


Dutch Earth SciEncES
DEvElopmEnt anD impact



The Hague 2012
Dutch Earth Sciences – development and impact
ISBN/EAN 978-90-818623-0-1
Corrected digital edition

Editorial Committee 
Bert Boekschoten, Bert Dijkhuis, Dick Van Doorn, 
Harry Doust, Leo Minnigh, Tom Reijers, Peter de 
Ruiter, Willem Steenken, Freek Van Veen.
Final editors 
Tom Van Loon, Harry Doust.
Coordinating editor
Peter Floor 

Publisher
Koninklijk Nederlands Geologisch Mijnbouwkundig 
Genootschap/KNGMG
Postbox 30424,  
NL-2500 GK  Den Haag 
kngmg@kiviniria.nl
tel +31703919892
fax +31703919840

Design and lithography  
Harry Harsema, Uitgeverij Blauwdruk, and  
Miek Saaltink, GAW ontwerp en communicatie
with Daphne de Bruijn, Jeroen Brugman and  
Wim van Hof (lithography).

Printed by  
Drukkerij Ten Brink, Meppel.

© 2012 Royal Geological and Mining Society  
of The Netherlands.
No part of this publication may be reproduced, 
stored in a retrieval system or transmitted in any 
form or by any means, electronic or mechanical, 
including photocopying,recording or otherwise, 
without the prior written permission of the 
publisher.      

The book is available as a pdf at kngmg@kiviniria.nl 

It is recommended to refer to this book or parts of 
this book in one of the following ways:

Floor, P. (coord. ed.), 2012. Dutch Earth Sciences – 
development and impact. The Hague, KNGMG, 304 pp.  
De Ruiter, P., and Fortuin, A.R., 2012. 
Religion and geology. 
In:  Floor, P. (coord. ed.), 2012. Dutch Earth 
Sciences – development and impact. The Hague, 
KNGMG, 138-139.

The publication of this book has been made 
possible by the generosity of our sponsors:     



Dutch 
Earth 
SciEncES
Development anD impact

Royal Geological and Mining Society of the Netherlands
1912 -2012 Centenary volume



prEfacE

It is a pleasure and an honour to 
be able to introduce to you the 
centenary volume of our society. 
The Royal Geological and Min-
ing Society of the Netherlands 
(KNGMG), founded in 1912, is the 
umbrella organization of earth 
scientists in The Netherlands 
and currently has well over 
800 members. The society aims 
to promote the earth sciences, 
provides professional network-
ing opportunities for members 
and champions the importance 
of earth sciences for society.

For a professional society, reach-
ing the milestone of our first 
centennial anniversary is no 
small achievement. A geologi-
cal grouch may argue that this 
is insignificant on our planet’s 
timescale, but I feel that a 100 
years of continuous service to 
science and profession bestows a 
certain respect and venerability 
to our society. Although we are 
still relatively young compared 
to our sister organizations, such 
as the Geological Society in 
Great Britain (1807), the Deut-
sche Geologische Gesellschaft 
(1848) and the Société Géologique 
de France (1830), we can 
nonetheless look back at a rich 
history of scientific discourse, 
publications and professional 
support. Dutch geologists and 
mining engineers have made 
fundamental contributions to 
many scientific and techno-
logical advances, and a great 
number of them have been or 
are a member of KNGMG.

Perhaps less jolly than the start 
of the Geological Society of 
London, which was founded in a 
Freemasons Tavern, our society 
was founded in a meeting room 

at the Technical University in 
Delft, and has had strong links 
to industry from the start. We 
owe a great deal to Willem van 
Waterschoot van der Gracht, 
who was the driving force 
behind the foundation of our so-
ciety on 9th March 1912 and also 
its first president. Van Water-
schoot and his co-founders had a 
vision to create an organization 
that would bind together, to pro-
vide a platform for the advance-
ment of the earth sciences. I 
find it difficult to imagine what 
the future looked like for those 
pioneers, but the momentous 
changes of the last 100 years 
must have been largely unim-
aginable. That same year Alfred 
Wegener proposed his theory of 
continental drift (Kontinental-
verschiebung); coal mining had 
only just started in The Nether-
lands; the rise of oil and gas was 
still in the future and the count-
less breakthroughs in scientific 
knowledge and understanding 
in the earth sciences we have 
made in the last 100 years were 
mostly beyond science fiction. 

Although impossible to say for 
sure, I like to think that some 
of the new geological ideas or 
scientific collaborations that 
shaped the past century, or even 
the start of a successful career, 
were sparked over a beer or two 
at an informal KNGMG ‘borrel’, 
or by reading our journal ‘Geolo-
gie en Mijnbouw’ (now Nether-
lands Journal of Geosciences). 
All too often, our daily jobs or 
research projects tend to nar-
row our vision, exacerbated by 
endless email and administra-
tive tasks tying us to our desks. 
By providing a platform for 
formal or informal professional 



contacts, exchange of ideas and 
cross-discipline communica-
tion, a professional society both 
broadens our horizon and binds 
together.
Nonetheless, our society, like 
many professional societies, is 
finding that we need to adjust 
our ways of working to the 
changing societal and profes-
sional landscape of the 21st cen-
tury. For a university graduate 
in earth sciences or geological 
engineering it is no longer a 
matter-of-course to become a 
member of KNGMG as it was 
only a few decades ago. Due to 
a variety of reasons, such as 
the fragmentation of the core 
geological discipline and the 
rise of the internet as an alter-
native way to build up tailored 
professional networks, profes-
sional societies like ours will 
have to adapt to continue play-
ing a binding role. No doubt 
the next 100 years will bring 
changes and innovations that 
are currently unimaginable; 
I am however confident that 
with the continued support, 
enthusiasm and brainpower 
of our members someone will 
be writing the preface to our 
bicentenary in 2112 in the same 
optimistic mood.

In this book we describe the 
origins and development of 
earth sciences in The Nether-
lands, and the influence that 
Dutch geologists and geologi-
cal research have had in the 
development of the profession 
in a broad, global sense. In the 
book, various authors describe 
in an accessible way how earth 
scientific and engineering 
research, education and indus-
trial / societal applications in 

The Netherlands, and from The 
Netherlands, have taken shape. 
The book is also intended 
for non-professionals, and is 
published in English to reach a 
wider audience. 

On behalf of KNGMG, I would 
like to extend a sincere thank 
you to our generous sponsors, 
EBN, GdF Suez,  Shell, TNO, 
Total  and Wintershall, as well 
as the Stichting Netherlands 
Journal of Geosciences for their 
support and financial contribu-
tions.  Finally, I would like to 
express my gratitude to the edi-
torial committee, coordinating 
editor and authors who have 
spent so many hours research-
ing, digesting and putting into 
text and context the history 
and multiple achievements of 
Dutch mining engineers and 
geologists.

I hope you will enjoy this book.

Menno de Ruig
KngMg PResident
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In the afternoon of May 24th 2007, 
Peter De Ruiter, at that time presi-
dent of the KNGMG board, Freek 
Van Veen and Peter Floor met at 
Freek’s apartment in Leiden’s 
historical centre to follow-up a sug-
gestion made to the KNGMG by Tom 
Reijers to explore the feasibility of 
publishing a jubilee volume to ac-
company the first centenary of the 
Royal Geological and Mining Soci-
ety of The Netherlands (KNGMG) 
in 2012. Peter Floor accepted the 
invitation to act as co-ordinating 
editor to organise the realisation of 
the book.
The meeting turned out to be the 
starting point for an intensive 
multi-year project. Now, almost 
five years and over 4,000 email 
messages later and with many hun-
dreds of megabytes of documents, 
hundreds of images in KNGMG files 
on our computers and Picasa, and 
over twenty co-ordinating commit-
tee meetings further, you hold the 
result of our work in your hands.  

Below, we sketch some milestones 
in the conception and realisation 
of the book in order to give you 
a feeling of what we wished to 
achieve.
Stimulated by a brainstorming 
session in the VU University of 
Amsterdam Earth and Life Sci-
ences Faculty building, an edito-
rial committee consisting of Bert 
Boekschoten, Leo Minnigh, Tom 
Reijers, Peter De Ruiter, Willem 
Steenken and Freek Van Veen was 
formed. Somewhat later Dick Van 
Doorn, Bert Dijkhuis and Harry 
Doust joined the committee. Tom 
van Loon and Harry Doust made 
themselves available to do the end-
reading of all texts.
The first meetings of the commit-
tee in late 2007 and early 2008 were 
dedicated to discussing the aims 
and objectives of the book and the 
completion of a preliminary list 

of possible topics that might be 
addressed. It became evident that 
not all aspects could be dealt with 
in the same way. Choices had to be 
made. The fundamental decision 
was then taken not to address 
physical geography, together with 
geology and mining constituting 
the common stem of earth scien-
ces, as such but to include it in 
the book wherever logical in the 
context. The same approach was 
followed for hydrology, geomor-
phology, soil science. Authors were 
invited to contribute on the basis 
of their expertise and familiar-
ity with the topic concerned and, 
gradually through the greater part 
of 2008, the contours of the book 
emerged.
The aim of the publication is to 
provide an overview for colleagues, 
both domestic and internationally, 
as well as for authorities and the 
general public, of what Dutch min-
ing engineers and geologists have 
achieved from the past centuries 
up to the present day, and the 
significance thereof. In particular 
we wanted to highlight:
-  developments in knowledge of the 

geology of The Netherlands and 
its former colonies, including in-
stitutions responsible for geology 
and mining; 

-  how natural resources have been 
exploited;

-  developments in university teach-
ing and research in the earth 
sciences and their contribution 
to our current understanding of 
planet Earth;

-  prominent Dutch scientists who 
contributed in a significant way 
to this understanding.

The book has running texts con-
taining the main narrative lines, 
page bottom texts in which certain 
themes or issues are elaborated and 
columns with short, but memora-
ble contributions and anecdotes. 

Authors were invited to write the 
running texts and were expected to 
furnish most of the other texts and 
illustrations as well. 
The overall aim was and is to 
present concise, accessible and 
readable information on the work 
of scientific pioneers before and 
at the dawn of geology in the 17th, 
18th and 19th centuries, on the 
work, experiences and memories 
of a generation of professionals 
active over the greater part of 
KNGMG’s first century - a period in 
which the profession underwent 
spectacular changes – and finally 
on the views of the next genera-
tion, now firmly rooted in modern 
geoscience. 
The editorial committee took an 
average of 60% running texts 
and 40% bottom texts, columns 
and illustrations as a target for 
the production of an attractive, 
lively book that invites the reader 
to browse. A consequence of this 
approach is that this book, though 
casting a backward glance in many 
respects, is not a historical treatise. 
It contains personal views, incom-
plete references, possible inaccura-
cies, etc. that historians might not 
be happy with. It has the advan-
tage, however, of having been 
written by the people who made 
the history themselves, before this 
generation becomes history itself.

The chapters in this book illustrate 
events and developments in which 
earth scientists played a major 
or dominant role. Since in most 
cases several authors were invited 
to contribute to a single chapter, 
co-ordinators were designated to 
integrate the individual contri-
butions. During the writing and 
editing process the responsibilities 
of these co-ordinators gradually 
increased, as they also took into 
account possible overlaps and gaps 
between the chapters and added 
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cross-references. 
We explained to the authors that 
they need not present original 
material only. After all, KNGMG 
published valuable volumes to 
mark its 50th and 75th jubilees, 
while impressive books on, e.g.,  
the Geology of The Netherlands 
and of Suriname were published 
recently. Such works, however, 
were written for a different read-
ership and with other intentions. 
We invited our authors, therefore, 
to bring the wealth of information 
together, enrich it with their own 
ideas and prepare it for interest-
ed, but not necessarily profession-
ally trained readers. This was a 
huge task with which scientific 
writers do not necessarily have 
much experience. 

Chapters 2 to 7 tell the story of 
the development and application 
of Dutch mining engineering 
and geology in the homeland and 
colonies, starting in 1568 and end-
ing today. These are preceded by 
an essay, chapter 1, for which we 
have invited the eminent scholar 
of Austrian birth, Wolfgang 
Schlager, trained in Vienna, and 
now professor-emeritus of marine 
geology and sedimentology at the 
VU University, Amsterdam to shed 
his light on the development of 
Dutch earth sciences as he per-
ceives it from his wider perspec-
tive. During his career Wolfgang 
has worked with Shell and the 
University of Miami. He received 
the KNGMG Van Waterschoot van 
der Gracht medal in 2009. A brief 
Epilogue by the editors concludes 
the text part of the book. Further-
more, an account has, of course, 
been included on the achieve-
ments of 100 years of the Royal 
Geological and Mining Society of 
The Netherlands.
Throughout the various texts a 
number of ‘typical Dutch threads’ 

are discernable. They include the 
fascination of the Dutch with 
water, wind and weather, the 
influence of politics, philosophy 
and religion on geological think-
ing throughout the centuries and, 
first and foremost, on commerce 
in a country with an intriguing 
mix of reverends and merchants. 
In addition to cross references in 
the text, a detailed table of con-
tents and a name index give the 
reader access to the subjects and 
persons dealt with.. A reference 
section  and further reading list 
will help those interested in delv-
ing deeper.
In describing the achievements 
of individuals we have decided 
not to go further than those of 
persons who have passed away or 
have (more or less) ended their 
careers. Younger generations may 
be mentioned in context, without 
going into details. They will, no 
doubt, receive full coverage in 
future jubilee publications of the 
KNGMG.
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KnGmG, a hiStoric 
ovErviEW

aad van ZuuRen and ab van adRicheM boogaeRt

One hundred years ago, the 
forerunner of the Royal Geo-
logical and Mining Society 
of The Netherlands (Konin-
klijk Nederlands Geologisch 
Mijnbouwkundig Genootschap, 
KNGMG) was born from a 
remarkable union of geolo-
gists and mining engineers. 
It was accomplished by the 
inspiring founding father, 
W.A.J.M. van Waterschoot 
van der Gracht, who had 
degrees in both disciplines. 
The present centennial cel-
ebration is a good reason to 
look back into the history of 
this Society. 
On the occasion of a jubilee 
it is customary to present 
a historical overview. This 
chapter draws heavily from 
the earlier reviews compiled 
by H.J. de Wijs (1962), J.W.R. 
Brueren (1972) and E. den 
Tex (1987) on the occasion 
of the 50-, 60-, and 75-year 
jubilees of the Society, re-
spectively. The compilation 
of the last 40 years’ activi-
ties since the last jubilee has 
been severely hampered by 
difficult access to data and 
missing documents. The ar-
chive of the KNGMG was dis-
persed over many localities, 
and although it has now 
been brought together at 
the Society’s current head-
quarters in the KIVI NIRIA 
building in The Hague, more 
work is needed to improve 
easy access to data.

The early days and member-
ship development

The turn of the 19th to 20th 
century saw the start of min-
ing activities in The Nether-
lands (mainly for coal) and 
in the East Indies (for met-
als, minerals and oil). The 
coal mines in South-Limburg 
employed a large number of 
mining engineers who felt the 
need to share their profes-
sional experience, and this 
led to the foundation of the 
Nederlandsche Mijnbouwkundige 
Vereeniging (Netherlands Min-
ing Association) at Heerlen in 
1904. Membership increased 
rapidly to almost 90 by 1908. 
Being outnumbered by mining 
engineers, it took more time 
for the geologists to organise 
themselves, but an inquiry 
held in 1911 indicated that 
there was broad support for the 
formation of an association for 
geologists, and in November 
that year the Nederlandsche Ge-
ologische Vereeniging (Netherlands 
Geological Association) was 
established at The Hague.
The precise date for asso-
ciation’s initial meeting, 11 
November 1911, corresponded 
with the opening of the car-
nival season and raised some 
suspicion among the invitees 
coming from South-Limburg 
that the convocation may not 
be wholly trustworthy! At this 
meeting the Council was al-
ready authorised to investigate 

the possibility of merging with 
the Mining Association and, 
after lengthy deliberations in 
both associations, agreement 
to join forces was reached in 
two separate meetings held in 
The Hague on 8 March 1912. On 
the following day, 9 March, a 
constitutive assembly was held 
in Delft where the founding of 
the Geologisch-Mijnbouwkundig 
Genootschap voor Nederland en 
Koloniën (Geological and Mining 
Society of The Netherlands and 
Colonies) was approved (fig. 1).
The leading mind in bring-
ing the two streams together 
was the eminent geologist/
mining engineer and lawyer 
W.A.J.M. van Waterschoot van 
der Gracht. His argument was 
‘keep together what to a cer-
tain extent belongs together’. 
It was therefore logical that 
the founding members elected 
him as their first president 
(fig. 2). The Bataafsche Petroleum 
Maatschappij donated 5000 
Dutch guilders to the trea-
sury and accepted the title of 
‘Founder’ of the Society. Today 
5550 shares of its legal succes-
sor, Royal Dutch Shell, are still 
booked on the balance sheet of 
the Society at their nominal 
value of e 1561.
Membership grew quickly to 
almost 500 in 1925 and reached 
its maximum in the mid 1980s at 
around 1550. Since then there 
has been a steady decline, and 
today there are less than 800 
members (Table 1). The marked 
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drop in the last decade is partly 
due to a tidying up of the 
membership register in 2007. 
Lack of interest by students, 
and mining engineers, com-
bined with increasing speciali-
sation appear to have caused 
the reduction in membership 
over the last twenty years. 
Regrettably, the ‘sense of union 
feeling’ of the Dutch geologists 
and mining engineers, which 
previously led them to become 
members of the KNGMG, no 
longer exists.
Since its foundation, the asso-
ciation has appointed 22 honor-
ary members in recognition of 
their exceptional merit to the 
Society. Of these, five are alive 
at present.

Organization and general 
activities

The newly established Society 
had a General Executive Board 
(Hoofdbestuur) consisting of 
three persons (later five), while 
the original ‘blood groups’, the 
Geological and Mining asso-
ciations, retained their own 
sections under its umbrella. 
The Geological Section (Ge-
ologische Sectie) and the Min-
ing Section (Mijnbouwkundige 
Sectie) had separate councils 
and together with the General 
Executive Board, formed the 
Board of Governors (Raad van 
Bestuur). Although the Society 

Fig. 2. Mr Dr Ir W.A.J.M. van Waterschoot van der Gracht, first president of the 
KNGMG, painted by his daughter Gisèle d’Ailly. 

Fig. 1. The convocation of the founding meeting of the KNGMG.
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fulfilled well its objectives, 
friction arose between the 
sections on many issues, partly 
because both the Society and 
its sections each had their own 
sources of income. The views 
and interests of the sections 
also clashed, particularly with 
regard to publications and 
their financing. This quarrel-
ling went on for many years, 
although to the outside the 
Society appeared united in its 
aims and objectives. The latter 
were, and still are: to promote 
the geological and mining engi-
neering sciences, to stimulate 
public interest in the fields of 
geology and of mining, to pro-
tect the professional interests 
of geologists and mining engi-
neers, and to strengthen the 
ties among these professionals.
The opposing views of the sec-
tions gradually faded away by 
the beginning of World War II 
and subsequently some of the 
old ‘antagonisms’ cropped up 
only sporadically. In any case, 
over the last 30 to 40 years 
the number of mining engi-
neers among the members has 
rapidly decreased as many of 
them have joined the society of 
engineers KIVI instead.
The general activities of the 
Society included holding an an-
nual general meeting in March, 
at which speakers were invited 
to deliver a lecture that was to 
be ‘comprehensible’ for mem-

bers of both sections. Through-
out the year the two sections 
of the Society also organised a 
wide variety of lectures as well 
as excursions (figs. 3 and 4). 
Nowadays the KNGMG furthers 
the communication between, 
and distributes information 
to, its members through its 
publications and its website. 
It represents their interests in 
various national and interna-
tional forums and organises an 
annual meeting in spring. The 
’Staring Lecture’, held in the 
autumn, is usually accompa-
nied by other topical lectures 
and the presentation of an 
award. Occasionally a congress 
or symposium is organised, 
often in cooperation with other 
like-minded institutions.

Jubilees
The Society has not missed the 
opportunities to celebrate the 
milestones of its existence. Suc-
cessively 25-, 40-, 50-, 60- and 
75-year jubilees were commemo-
rated with festivities such as 
banquets, lectures, conferences 
and excursions. On the occa-
sion of the 25-year jubilee a 
banquet was organised and Van 
Waterschoot van der Gracht 
summarised the main achieve-
ments of the Society in an 
article published in Geologie en 
Mijnbouw, the Society’s journal 
since 1931.
The 40 years jubilee was given 

much attention. A grand lunch 
was held in the restaurant of 
the zoo in The Hague. Invitees 
were not only the members, 
but also government officials 
and representatives of indus-
try. The then president of the 
Society, H.M.E. Schürmann, 
delivered the main speech. 
The name of the Society was 
changed in response to the al-
tered geopolitical situation into 
‘Geological and Mining Society 
of The Netherlands’. It was also 
granted the Royal Patent and 
allowed to carry the predicate 
‘Royal’ (Koninklijk Nederlands 
Geologisch Mijnbouwkundig Genoot-
schap, KNGMG).
The 50 years jubilee of the 
Society in 1962 was organised 
together with the 60 years an-
niversary of the Geologische Stich-
ting (Geological Survey of the 
Netherlands). The festivities 
were opened in the Ridderzaal in 
The Hague by the then Minister 
of Education, Arts, and Sci-
ences. The introductory speech 
for the Society was given by 
its President H.J. de Wijs. The 
main theme of the programme, 
‘Geology and mining in The 
Netherlands’, was addressed in 
a variety of lectures held in The 
Hague and Heerlen. Excursions 
including a visit to the Delta 
works and the salt industry 
in the province of Groningen 
concluded the festivities. The 
transactions of this ‘Jubilee 

Fig. 3. The second excursion of the Society’s Geological Section, 4-5 October 1913 
to Gaasterland (Friesland), led by H.G. Jonker and J.H. Bonnema. Participants 
gathering at the Mirdumerklif. 

Fig. 4. Same excursion. J.F. Deelkens, mining engineer, probing the boulder clay.

Table 1. Membership figures at the beginning of the indicated year. Apart from the depicted categories, the KNGMG has a small number of honorary members and a few 
dozen interested members and supporters.

year 1912 1922 1932 1942 1952 1962 1972 1982 1992 2002 2011
full members 162 398 479 479 537 801 929 1082 1187 1151 720
student members - 105 59 - 227 389 351 429 201 132 40
total members 162 503 538 479 764 1190 1280 1511 1388 1283 760
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Convention’, published in the 
Verhandelingen (Transactions) of 
the KNGMG, were hot stuff for 
the oil companies entering the 
Dutch oil scene after the discov-
ery of the giant Groningen gas 
field in 1959. 
The 60-year anniversary was 
commemorated with a sym-
posium on ‘New aspects of 
mineral and water resources 
in The Netherlands’ and a very 
elaborate narrative in Geologie 
en Mijnbouw on the history of 
the Society compiled by J.W.R. 
Brueren with a preface of the 
president of the Society G.L. 
Krol. In 1982, in the 70th year of 
the existence of the KNGMG, 
the Petroleum Geological Circle 
organised a 3-day conference 
entitled ‘Petroleum geology of 
the southeastern North Sea and 
the adjacent onshore areas’, the 
proceedings of which appeared 
in a special volume of Geologie 
en Mijnbouw. This conference, 
however, was not presented as 
an official anniversary event 
of the Society. The following 
jubilee was to celebrate the 
Society’s 75th anniversary in 
1987 during the presidency of 
H.J. Zwart. The main event was 
an international symposium 
in The Hague with the theme 
‘Coastal lowlands, geology and 
geotechnology’. The proceed-
ings of this symposium were 
published by Kluwer Academic 
Publishers under the auspices 
of the KNGMG. Further, a com-
prehensive jubilee book was 
published by the Society deal-
ing with the history of geology, 
geological and geophysical 
research and the exploration 
for mineral resources over 
the period 1912-1987 (see under 
heading Other publications). 
The present logo of the KNGMG 
originates from this 75th an-
niversary.
For the Society’s centenary in 
2012 a one day jubilee confer-
ence with the theme ‘Earth 
Resources: the Next 100 Years, 
Security of Supply’ is being 
organised.

Prizes and Lectures
In 1950 the Society instituted 
a bronze medal, named after 

its first president W.A.J.M. van 
Waterschoot van der Gracht, 
to be bestowed upon persons of 
outstanding achievements in 
the field of geology or min-
ing engineering. 57 medals 
have awarded at ceremonies, 
in recent years usually on the 
occasion of a half-day lecture 
programme. Gisèle d’Ailly-van 
Waterschoot van de Gracht, 
the first president’s daughter 
born in the founding year of 
the Society has, as beneficiary 
of the KNGMG, attended many 
of such presentations. In 2012, 
she is expected to celebrate her 
100th anniversary as well.
Another award was instituted 
in 1994 for a Master’s thesis of 
exceptional quality delivered 
by a student in the earth sci-
ences. The prize can be award-
ed each year and is named 
after B.G. Escher, professor in 
Geology at Leiden University 
(1922-1955).
In 1964, Ph. H. Kuenen initi-
ated the idea that the birthday 
of the ‘father of Dutch geol-
ogy’, W.C.H. Staring (1808-1877), 
should be commemorated with 
a Staring Lecture to be held 
each year in October. It is now 
often presented as a mini-
symposium accompanied by a 
number of lectures related to a 
specific theme.

Divisions, Circles and  
Committees

In 1924 the Society already 
discussed the possibility of 
forming separate, regional 
divisions. This counted in 
particular for the coal mining 
members based in Heerlen, and 
those in The Hague where most 
of the geologists resided. It 
would take, however, four and 
a half decades before this could 
be achieved.
In 1934, the Geofysische Kring 
(Geophysical Circle) was 
formed as part of the Geologi-
cal Section. This was the first 
indication that the Society’s 
statutes and structure were 
not sufficient to accommodate 
the desire of specialists to form 

their own interest groups. The 
inadequacy of the statutes and 
structure gave rise to ongoing 
friction between the Society’s 
Executive Board and the section 
councils, as well as between 
the members with regard to the 
formation of specialist groups.
In 1968-1969, a drastic reorgani-
sation of the Society became 
inevitable. To that end the 
Board, under the presidency of 
G.L. Krol, nominated a com-
mittee to propose a structure 
for the Society that would cope 
with the ongoing unrest within 
the sections regarding the 
status of specialist circles and 
regional divisions. After pro-
longed bickering, it was agreed 
in 1970 to abolish both sections 
and to allow regional divisions 
to be formed. Also specialist 
groups (kringen; Circles) were 
recognised as disciplinary units 
within the Society. Further-
more, the Board of Governors 
was disbanded and, instead, a 
Society’s Grand Council (Genoot-
schapsraad) was instituted, con-
sisting of at least 15 members 
representing all the units of 
the Society. Thus the coherence 
and cooperation of the various 
elements in the KNGMG could 
be promoted. The Grand Coun-
cil also acts as an advisory body 
to the Executive Board.
Following the installment of 
the new structure, nine Circles 
were set up in the period 1969-
1978, to add to the Geophysical 
Circle, which already existed. 
The circles have their own 
board, by-laws and members, 
who pay a modest membership 
fee. It was originally stipulated 
that circles’ members had also 
to be members of the KNGMG 
or an acknowledged kindred as-
sociation, but this rule has not 
been adhered to strictly during 
the last decades. This may have 
contributed to the decline of 
the number of KNGMG mem-
bers, although the fact that 
some Circles left the Society 
will also have played a role.
The regional Divisions (Afdelin-
gen) ‘Noord-Nederland’ and 
‘Limburg’ (thus fulfilling a 
long-standing wish of a part of 
the members) were also estab-
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lished, and three new com-
mittees were appointed: the 
Science Committee (Wetenschap-
scommissie) for advice on lecture 
programmes, nominations for 
prizes and the annual Staring 
Lecture, the Contact Commit-
tee (Contact Commissie) for social, 
and professional matters and 
liaisons with academic institu-
tions and the Field Trip Com-
mittee (Excursie Commissie).
During the following years 
these committees experienced a 
chequered history. The Science 
Committee was disbanded in 
1983, its functioning disputed 
by its members, and while the 
Contact Committee was for a 
long time successful in bring-
ing members together through 
the organisation of annual 
national ‘contact days’, in the 
late 1990s the Executive Board 
questioned its effectiveness. 
They noted a discrepancy be-
tween the statutory tasks of the 
Committee and what was actu-
ally accomplished in practice. 
Additionally, attendance at the 
‘contact dagen’ was found to be 
relatively small, mainly com-
prising retirees. Some overlaps 
with other nationwide events, 
such as the NAC (Nederlands 
Aardwetenschappelijk Congres) and 
the Staring Symposium were 

also noted. In 1999-2000 the 
‘contact day’ was succeeded 
by the KNGMG ‘Outdoor Day’ 
(Buitendag), organised by a new 
Committee, the ‘Networks-Out-
door Day’ (Netwerken-Buitendag). 
After both a field trip to the 
Oman Mountains in 2007 and 
an excursion to Solnhofen 
in 2008 had to be cancelled 
because of lack of participants, 
the Board decided to refrain 
from organising further excur-
sions. It took into account that 
field trips organised by the 
Circles are generally open to 
KNGMG members that are not 
members of that specific Circle.
In 1993 the Committee Profes-
sional Interests (Commissie 
Beroepsbelangen) was established 
to support the Dutch practising 
earth scientists. This Commit-
tee, which liaises with the Eu-
ropean Federation of Geologists 
(EFG), provides information on 
earth-science opportunities and 
training courses, but seems to 
have lost its impetus in the last 
couple of years.
The Divisions became Circles in 
2001, but this failed to save the 
Limburg Circle, which faded 
away in the first decade of the 
21st century. The withdrawal of 
the ‘Geologisch Bureau’ of the Geo-
logical Survey of The Nether-

lands from the town of Heerlen 
following the merger with TNO 
in 1997 made the group of geolo-
gists there too small to support 
a separate chapter in Limburg. 
The Geophysical Circle, the old-
est of them all, met a similar 
fate in the early 1990s. It could 
not compete with the attraction 
of the European Association of 
Exploration Geophysicists and 
ceased its activities in 1989. The 
other circles have functioned 
successfully, the Hydrological 
Circle so much so that it split 
off as a separate professional 
association in 1990: the Ned-
erlandse Hydrologische Vereniging 
(Netherlands Hydrological 
Society). In 2009 the Geochemi-
cal Circle left the KNGMG and 
embedded itself in the Section 
Milieuchemie (Environmental 
Chemistry) of the KNCV (Royal 
Netherlands Chemical Society).
The KNGMG now encompasses, 
in addition to the Netwerk voor 
Vrouwen uit de Aardwetenschap-
pen GAIA (Circle for Women in 
Earth Sciences: 143 members) 
and the regional Kring Noord 
(Circle North: 60 members), 
six specialists’ Circles. These 
are the Palynologische Kring 
(Palynological Circle: 158 mem-
bers),  Sedimentologische Kring  
(Sedimentological Circle: 120 

Fig. 5.  Symposium on the Groningen gasfield, 15-16 March 1968 in Groningen, held at the occasion of the Annual Meeting of the 
KNGMG. J.M.P. Bongaerts, the then director of NAM, addressing the audience.
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members), Paleobiologische Kring 
(Palaeobiological Circle: 126 
members), Petroleum Geologische 
Kring (Petroleum Geological 
Circle: 318 members),  Ingenieurs-
Geologische Kring (Engineering 
Geological Circle: 156 members) 
and Nederlandse Kring Aardse 
Materialen (Earth Materials 
Circle, which was constituted 
in 1991 by a merger of the 
related circles Mineralogische en 
Petrologische Kring and the Delf-
stofkundige Kring: 88 members). 
The number of members quoted 
above refers to the situation at 
the beginning 2011.
 

Publications

Already in the early days, 
the Society strived to pro-
mote scientific and technical 
publications in the field of 
geology and mining. Numerous 
regularly and single appearing 
publications have been issued 
throughout its history. From 
the start, the Society’s Regu-
lations prescribed that year 
books and transactions should 
be published, the latter albeit 
at irregular intervals. Regular 
publications appeared when 
the Society introduced the jour-
nal Geologie en Mijnbouw (Geology 
and Mining) in 1931. Since 1975, 
in response to the wishes of the 
members, a Newsletter (Nieu-
wsbrief, later Geo.brief) has been 
issued.

Jaarboeken 
Jaarboeken (Year Books) were 
published between 1913 and 
1937. They contained a variety 
of data such as membership 
lists, annual reports, finance, 
the status of the mining in-
dustry in The Netherlands and 
its colonies, etc. For financial 
reasons and because much of 
its contents appeared in Geologie 
en Mijnbouw, Year Books were 
discontinued in 1937.

Verhandelingen 
Right from the beginning, the 
Board favoured the Verhandelin-
gen (Transactions) van het Geolo-
gisch-Mijnbouwkundig Genootschap, 

as the publication medium of 
the Society, to be published in 
two series: geological and min-
ing. These Transactions were 
the only vehicle for publishing 
scientific articles under the 
auspices of the Society until 
1931, when Geologie en Mijnbouw 
appeared. 
Five volumes were completed 
in the mining series before the 
Transactions were terminated 
in 1963. They comprise three 
volumes with mixed contents 
and two monographs, one on 
the ore deposits of Mangani 
(Sumatra) and one, the last 
volume, on the coal potential of 
the Peel area (SE Netherlands). 
The geological series totals 32 
volumes, a number of which 
have mixed contents. Six are 
memorials or festive volumes 
in honour of prominent Dutch 
geologists, but there are also 
volumes with monographs 
on subjects such as geological 
investigations in Netherlands 
New Guinea and the geology of 
the Oman Mountains as well 
as volumes with proceedings 
of symposia (e.g. on the 1962 
Jubilee Convention and on the 
Groningen gasfield (fig. 5). The 
last volume of the geological 
series, on the stratigraphic 
nomenclature of The Nether-
lands, dates from 1980.

Geologie en Mijnbouw
In 1931 a proposal to issue an 
own journal was agreed in the 
annual general meeting of the 
Society. It was decided to hook 
on and absorb the existing jour-
nal Mijnwezen of the Mijnbou-
wkundige Vereeniging, a student 
association in Delft, notwith-
standing the resistance of the 
Mining Section. They judged 
the ‘standing’ of that journal 
to be unfit for the Society. The 
first issue of Geologie en Mijnbouw 
appeared on 1 April 1931. It was 
issued twice a month on the So-
ciety’s behalf by a commercial 
publisher.
The new journal was meant to 
replace the Year Books and, in 
addition, to include scientific 
contributions on geological 
and mining subjects. However, 
controversial views on publish-

ing, editorial and commercial 
issues led to much dissatisfac-
tion among the members. In 
1937, the Society, in response to 
ongoing criticism, instituted an 
editorial committee under L.U. 
de Sitter as editor-in-chief. In 
its original intent, the journal 
turned out to be not an accept-
able vehicle for scientific publi-
cations. The ties with Mijnwezen 
were severed and a rejuvenated 
version of the journal serving 
only the Nederlandsch Geologisch-
Mijnbouwkundig Genootschap, 
was published on a monthly 
basis from 1939 onwards. The 
term ‘new series’ (nieuwe serie) 
was added to the title, but was 
dropped in 1961. 
During World War II, Geologie en 
Mijnbouw continued to appear 
though at a bi-monthly rate 
only. In 1944 printing had to be 
stopped as distribution of elec-
tricity was discontinued and 
sufficient printing paper be-
came too scarse. After the war, 
Geologie en Mijnbouw was issued 
again on a monthly basis. The 
acquisition of advertisements, 
to cover the journal’s costs, was 
insufficient. This became worse 
after the closing of the Dutch 
collieries between 1966 and 
1974, which led to a substantial 
loss of income. Meanwhile, 
disagreement between mining 
engineers and geologists about 
the high cost of this pre-
dominantly geological journal 
continued. In 1968 costs were 
cut by changing of the printing 
house and revising the publica-
tion schedule from monthly 
to bi-monthly, then later in 
1975, to quarterly. Gradually it 
became evident that, with the 
increasing specialisation in the 
earth sciences and growing im-
portance of publication in peer-
reviewed periodicals, members 
preferred to publish their own 
papers in specialist journals 
rather than in a periodical of a 
general geological nature like 
Geologie en Mijnbouw. Along with 
the 1968-1969 reorganisation 
the Board therefore installed a 
committee to advise on the fu-
ture of the journal with regard 
to both contents and lay-out. 
This committee recommended, 
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among other things, that a 
monthly magazine containing 
scientific articles as well as 
‘popular’ items such as persona-
lia, book and lecture reviews, 
etc. should be issued. It was 
also suggested to transfer the 
publishing of the journal to a 
foundation, in order to limit 
the financial risks to the Soci-
ety. Retaining the publishing, 
editing and distribution tasks 
within the Society was no lon-
ger seen to be desirable by the 
Board, and in 1985 a reputed 
publisher, Martinus Nijhoff in 
Dordrecht (since 1988 succeeded 
by Kluwer Academic Publish-
ers), was contracted to take 
over the running of the journal 
and improve its international 
standing and distribution.
In the late 1990s increasing 
costs made it once again clear 
that the Society could no longer 
maintain an editorial office, 
and it was decided to join forces 
with the Netherlands Institute 
of Applied Geoscience TNO - 
National Geological Survey (NITG 
TNO) which ran the journal 
Mededelingen Nederlands Instituut 
voor Toegepaste Geowetenschap-
pen TNO (formerly Medelingen 
Rijks Geologische Dienst). The two 
periodicals were merged into 
a new, high quality periodical 
called the Netherlands Journal 
of Geosciences (NJG) with Geolo-
gie en Mijnbouw as a subtitle, to 
be managed by a newly created  
‘Netherlands Journal of Geosci-
ences’ Foundation represented 
by two members of the KNGMG 
and two employees of TNO. The 
new journal first appeared in 
2000. Its scope is to present 
geoscientific contributions per-
taining to The Netherlands, the 
North Sea region and relevant 
adjacent areas. The NJG is is-
sued quarterly and distributed 

among the members of the 
KNGMG as part of their mem-
bership privileges. Since 2005 it 
can be examined online. Over 
100 paying subscribers contrib-
ute significantly to defraying 
the Journal’s exploitation costs. 
Special issues of Geologie en 
Mijnbouw or the NJG are often 
reserved for the publication of 
contributions to conferences 
or symposia organised by the 
Society or its Circles.
An interesting and valuable 
spin off from the times that 
Geologie en Mijnbouw was issued 
on the Society’s own account 
(up to 1999), is that it was 
exchanged with many other 
related scientific journals from 
all over the world. These jour-
nals were transferred to the 
library of Delft University of 
Technology.

Newsletter/Geo.brief
The Nieuwsbrief (Newsletter) 
was introduced in 1975 to meet 
the wish of the members to be 
informed on professional and 
social events, Society news, 
including personalia, and book 
and lecture reviews. Since 
Geologie en Mijnbouw became a 
quarterly, it could no longer 
serve this purpose. Initially, 
The Newsletter was a small-size 
edition in typewritten text, 
appearing in 8 to 10 issues per 
year, but in 1994 it appeared in 
a new, more appealing format, 
both in contents and lay-out. 
A year later forces were joined 
with the NWO Gebiedsbestuur 
voor Aarde en Levenswetenschap-
pen (Organization for Scien-
tific Research, Section Earth 
and Life Sciences) and the 
Circle for Applied Physical 
Geography (KTFG) of the Royal 
Netherlands Geographical 
Society (Koninklijk Nederlands 

Aardrijkskundig Genootschap, 
KNAG), which led to a further 
improvement of the Newsletter. 
A modified version, Geo.brief, 
was launched in 2007 with a 
new lay-out in full colour and 
professional editing, making it 
a very attractive communica-
tion journal with eight issues 
per year. 

Internet
In this age of electronic com-
munication the KNGMG made a 
slow start. A fully grown web-
site, www.kngmg.nl, took off only 
in 2005. In 2010 an exclusive 
group was created on LinkedIn 
for KNGMG members. In the 
same year the social network-
ing site www.geologie.hyves was 
opened. 

Glossaries
As from the early days of the 
Society there was great inter-
est in producing multilingual 
(English, Dutch, French, Ger-
man and Spanish) glossaries 
(nomenclators) both of mining 
and geological terms. The min-
ing version was published in 
1949 and the geological nomen-
clature was presented in 1929, 
with entirely revised editions 
in 1959 and 1980. This laborious 
work was carried out by many 
members under the editorship 
of L.M.R. Rutten (1929), J. Tid-
dens & J. Visman (1949), A.A.G. 
Schieferdecker (1959) and W.A. 
Visser (1980).

Other publications
Many more initiatives were 
taken by the Society to pro-
mote and sponsor publication 
of special projects such as the 
Geological Map of The Nether-
lands on a scale 1: 200.000, in 
collaboration with the Geolo-
gische Stichting (Geological Foun-
dation, predecessor of the Rijks 
Geologische Dienst). This project, 
resulting from work carried out 
between 1936 and 1957, consists 
of 23 sheets and is accompanied 
by an explanation in Dutch and 
English called Geologische geschie-
denis van Nederland (Geological 
history of The Netherlands). It 
was edited by A.J. Pannekoek 
(1956) of the afore-mentioned 
Foundation.

Fig. 6. Conference on ‘Climate: facts, uncertainties and myths’, 20 November 2008 in 
Amsterdam. Participants in the hall of the Tropenmuseum (Museum of the Tropics).
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Another long-lived activity of 
the Society has been promot-
ing the publication of bibliog-
raphies. R.D.M. Verbeek, N. 
Wing Easton and J.F. Steenhuis 
were prominent editors of 
bibliographies of geologic and 
mining literature regarding 
the Netherlands East Indies 
between 1912 and 1951. Steen-
huis compiled a bibliography 
of the Netherland’s Antilles 
and Suriname between 1934 
and 1956. Wing Easton became 
renowned for his inventory of 
scientific and technical papers 
in Dutch libraries, published 
in 1935 with support from the 
Society.
As mentioned earlier, the KMG-
MG published on the occasion 
of its 75th anniversary a book 
on the history of the Dutch 
geological science and the 
mining activities: Seventy-five 
years of geology and mining 
in The Netherlands (1912-1987) 
(Visser, Zonneveld & van Loon, 
eds 1978). 
Under the auspices of the 
KNGMG, Kluwer Academic Pub-
lishers published the proceed-
ings of the 1987 Symposium on 
Coastal Lowlands, already men-
tioned above, and a selection 
of contributions from the 1993 
International Conference of the 
AAPG held in The Hague where 
the KNGMG acted as hosting so-
ciety. These publications could 
very well have been issued as 
volumes of the Verhandelingen, 
but for financial reasons that 
route was not chosen.

External contacts and  
affiliations

Cooperation with the organis-
ers of international congresses 
has been frequent, as with the 
1927 congress in Heerlen on the 
stratigraphy of the Carbonifer-
ous, the 1960 International Geo-
logical Congress in Copenhagen, 
where the KNGMG promoted 
the establishment of the Inter-
national Union of Geological 
Sciences (IUGS), and the 1993 
AAPG Conference in The Hague. 
In 1986 the KNGMG joined the 

newly founded Beta Federatie, a 
partnership of 15 professional 
organisations in the field of 
science and technology. Its 
mission is to promote the b-
sciences in society. During the 
last couple of years, however, 
this federation has shown little 
activity.
The KNGMG is the delegate 
for The Netherlands to the 
European Federation of Geolo-
gists (EFG). This organisation, 
among other things, adminis-
ters the EurGeol title for certi-
fied/accredited geologists. A 
most recent development is the 
agreement with the European 
Association of Geoscientists & 
Engineers (EAGE) to organise 
jointly the KNGMG Centennial 
Conference. This is expected 
to be beneficial to all members 
and will generate acceptable 
revenues for both Societies. 
More cooperation with the 
EAGE is envisaged.
Contacts with the academic 
world were and still are very 
frequent. Ties with student 
associations of geological and 
mining faculties merit special 
attention. On occasion, con-
gresses and symposia have been 
jointly arranged with these 
student organizations and regu-
larly their activities receive a 
subsidy from the Society. No-
ticeable is the bi-annual Earth 
Science Career Day (Aardweten-

schappelijke Loopbaandag), first held 
in 1999, which is organised by 
GeoVUsie, the VU Amsterdam 
geological student association, 
and sponsored by the KNGMG. 
It is a job fair where numerous 
companies present informa-
tion about themselves. Another 
bi-annual activity in which 
the KNGMG is involved, is the 
Netherlands Earth Science 
Congress (Nederlands Aardweten-

schappelijk Congres, NAC), with 
its venue in Veldhoven. There 
the academic world presents 
lectures and posters on ongoing 
research in their faculties. In 
2010, the NAC celebrated its 10th 
meeting.
In the International Year of 
the Planet Earth (2007-2009) 
the KNGMG was member of the 
Dutch organising committee. 

The Society’s share was to or-
ganise, in cooperation with the 
KNAG, TNO and the Royal Insti-
tute of Engineers (Koninklijk Insti-

tuut van Ingenieurs, KIVI NIRIA), 
a one-day conference in 2008 
with the theme ‘Climate: facts, 
uncertainties and myths’, thus 
responding to a subject of cur-
rent interest (fig. 6). 
The connection with the KIVI 
is noteworthy. Facilities in the 
KIVI NIRIA premises in The 
Hague are used by the Society 
for lectures and meetings. 
Moreover, the secretariat of 
the Society, including of the 
Society’s archive, is domiciled 
in the KIVI NIRIA office since 
the end of 2007.
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manufacturing industry and the first mining engineers with some degree of training in earth science.  
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The present volume is a remarkable document that impresses by its broad scope 

in space and time as well as the coordinated effort by so many authors. The time 

frame extends from the first beginnings of geologic observations in the Renaissance 

up to the present day; the geographic range covers the Benelux countries as well 

as the former overseas territories of The Netherlands. Thematically, the book deals 

with all forms of applied and academic studies, as well as the history of academic 

teaching. Finally, the present volume is remarkable because so many members 

of a relatively small society have heeded the call to chronicle the history of their 

science. 
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Classical geology is a child of the Enlightenment and was 
born in the outcrop terrains of the Phanerozoic rocks in 
Europe, notably in Great Britain, France, Germany and 
Italy. Very few of these outcrops lie in The Netherlands and 
consequently the country was a visible rather than a leading 
player in the early developments. The situation changed in 
the later part of the 19th century and since then the country 
has made major contributions to the geosciences. These 
contributions have been highly diverse but tend to cluster 
around the topics ’land from the sea’, marine geology 
and geodynamics. The work of Ph.H. Kuenen on turbidity 
currents was fundamental to the bloom of marine sedi-
mentology after World War II. In geodynamics, F.A. Vening 
Meinesz’ success in measuring gravity at sea was one crucial 
breakthrough in the development of plate tectonic theory. 
For both marine geology and geodynamics The East Indies 
turned out to be a particularly stimulating region. 

Defending the land against the sea has been a principal 
challenge for The Netherlands since the early Middle Ages 
and has left its imprint on the political and economic 
structure of the country. I have always been struck by the 
difference between my homeland, the alpine part of Austria, 
and The Netherlands. In alpine Austria, the typical form of 
settlement since early Middle Ages has been irregularly pat-
terned ’Streusiedlungen’ with the farm as the basic entity. 
Farmers and their families lived on their land and produced 
everything for daily life there. The few advanced goods 
needed were purchased at local markets. Community-scale 
operations were kept to a minimum and were essentially 
limited to defense and maintenance of major roads and 
mines. Thus, when disaster struck in the form of floods, 
snow catastrophes etc., the men stayed with their families. 
In The Netherlands, the irregular Streusiedlung is the original 
pattern as well. In the western lowlands, however, the bat-
tle with the sea required group efforts much more frequently 
and on a larger scale. As early as in the 13th century official 
authorities (waterschappen) were created to coordinate the 
joint efforts by the inhabitants of the low-lying areas to 
control the land everybody lived on. Inpolderen - enclosing 
lakes and shallow parts of the sea by dikes and pump-
ing them dry - turned out to be a stunningly successful 
approach. Larger, highly integrated communities were the 
result and the distribution of farms in the reclaimed land 
became highly structured. The pattern of old polders still is 

clearly visible from the air. Invisible from the air, however, 
is the system of democratically elected waterschappen, that 
manage the pumps and canals to keep the polders dry. 
Today, machines and protective structures have replaced 
the manual defense of the land. The inclination for large, 
concerted action is undiminished. Projects such as the 
Deltawerken represent truly national efforts that affect every 
citizen in one way or another. 
The present book with its detailed and thoughtful analysis 
of the history of Dutch geosciences invites a guess about 
what the future may hold. I expect the activities in this 
century to be linked to three themes: the concept of Earth 
System Science, climate change and the global competition 
for resources. 
 (1) Earth System Science has been defined slightly differently 
by different groups but the essence is clear (fig. 1-1): under 
the influence of gravity, Earth’s planetary matter differenti-
ated in layers of different density, with the densest matter at 
the core. In each layer, masses are in convective motion, the 
solid earth driven by gravity, nuclear decay and primordial 
energy, the fluid envelopes driven mainly by gravity and 
radiation from the Sun. The continuous exchange of matter 
and energy among layers creates a system of interactive 
components – the Earth System. The biosphere is not a 
physical layer but refers to the space inhabited by organisms 
in the atmosphere, the ocean and shallow lithosphere. In 
recent decades, our knowledge of the tempo and patterns 
of layer convection has advanced to a point where Earth 
System Science has become not only an ideal platform for 
teaching but also a powerful basis for forward modeling 
and predicting future changes to the system. The essence of 
Earth System Science needs to be taught at undergraduate 
level already and should serve as a basis for communication 
between the sub-disciplines of geoscience. Geoscientists 
must become experts of the Earth System in the same way 
that medical doctors are recognised experts of the system 
’human body’. Medicine may thus serve as a role model 
for geoscience teaching: all physicians share a certain basic 
knowledge of the human body and its functions and this 
knowledge provides the basis for collaboration from emer-
gency situations to cutting-edge research on fundamental 
principles of the system.  

(2) Preparing the country for a rising sea and changing 
climate will be a recurring theme for many years to come. 
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Fig. 1-1. Earth’s layers and their 
characteristic cycling times. 
Masses are kept in motion mainly 
by energy from the Sun, nuclear 
processes and gravity. Continuous 
exchange of energy and matter 
among layers creates the System 
Earth (from Schlager, 2008, after 
numerous sources). 
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Geoscientists, engineers and Dutch society at large can draw on 
century-long experience in this regard. However, the size of the 
task will increase because of the demand for long-term predic-
tions and the need to extrapolate beyond the range of condi-
tions recorded in the recent past. Figure 1-2 summarises crucial 
results of geoscience research that need to be communicated to 
the general public: the current  CO

2
-concentration in the atmos-

phere is far above the natural fluctuations of the past 800,000 
years and projections for the end of this century indicate that 
even more dramatic increases can be expected. Convincing the 
public of the urgency of the problem is a formidable task, partic-
ularly because the changes experienced in a human lifetime are 
small compared to the fluctuations in the daily weather. Medical 
science may again serve as a role model here, as for instance 
with the information campaigns on smoking or obesity

(3) Anticipating changes in world supply of natural resources will 
remain an important task for geoscientists in the industrialised 
nations. The decrease in overseas shipping costs and the emer-
gence of very large mineral companies after World War II fuelled 
the development of virtually global markets for most mineral 
resources. Rapid growth and industrialisation of SE Asia and 
South America has led to increasing competition for hydrocar-
bons and metallic ores. Geoscientists will have to closely follow 
these developments and identify viable alternatives, again with 
Earth System Science as a reference frame. Figure 1-3 shows 
an example of a commodity (oil) whose reserve additions lag 
behind consumption for several decades now. Situations such as 

this can be expected with increasing frequency in the future and 
geoscience input will be required for many of the solutions. 
The Dutch society’s skills in organising and running complex 
community efforts may offer the perfect qualification for tackling 
both the climate and resource problems ahead. There is every 
indication that Dutch geoscientists will contribute their share to 
the task.
I close this essay with a reference to J.W. von Goethe and his 
drama Faust. Goethe was very knowledgeable about geology 
and the closing verses of Faust II entail a supreme compliment 
to this country’s spirit in defending the land against the sea: 
Faust, the restless scholar and researcher, had bet with (devil) 
Mephisto that he would never be satisfied in his quest for insight 
and truth, would never say to an instant of time “verweile doch, 
du bist so schön”. He loses this bet (and is saved by God) when 
he enjoys moments of extreme happiness in watching a free 
people living on land claimed from the sea and defending it in 
an intense, coordinated community effort against the raging 
elements:

“Und so verbringt, umrungen von Gefahr, 
Hier Kindheit, Mann und Greis sein tüchtig Jahr. 
Solch ein Gewimmel möcht ich sehn!
Auf freiem Grund mit freiem Volke stehn!
Zum Augenblicke dürft ich sagen:
Verweile doch, du bist so schön!” 
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Fig. 1-3 World oil discoveries vs. production 1960-
2006. Note that annual production has consistently 
exceeded discoveries since the mid-1980s. Industry 
has responded in various ways, for instance by tapping 
unconventional hydrocarbon sources, such as oil shale 
and tar sands but these efforts have been insufficient 
to close the gap (modified after Burri, 2008). 
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2100 high-emission scenario Fig. 1-2. Record of CO
2
 fluctuations during the past 

800 ka based largely on measurements of air bub-
bles trapped in polar ice. CO

2
 concentration normally 

fluctuates in step with the 100-ka rhythm of ice ages 
and interglacials, driven by the Earth’s dominant cycle 
of eccentricity. The amplitude of the cyclic varia-
tion is about 100 ppm in atmospheric CO

2
 and peak 

values have remained below 300 ppm during the past 
800,000 years.  Since the industrial revolution, CO

2
 

concentration has risen 100 ppm above the natural 
levels of past interglacials, and projections for the end 
of the century are 150-500 ppm above present levels, 
depending on emission scenarios. Preparing the coun-
try for the concomitant climate change and sea-level 
rise represents an enormous challenge for Dutch society 
and its geoscientists. It should be noted that the curve 
above differs fundamentally from the controversial 
hockey-stick curve for the last 1000 years as it shows 
measured data on the y-axis, while the x-axis covers 
800,000 years (modified after Karl et al., 2009). 
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17th century polder landscape near Amsterdam



2   

Early attEmpts 
to undErstand 
tHE EartH 
(1568-1780)

Tom ReijeRs 

In a swampy estuarine-delta area along the north western borders of 

continental Europe, a Germanic population including the Batavieren tribe 

have struggled against the rising and falling sea for millennia, eking out a 

modest living. Early medieval monastic records speak of land lost and land 

gained through tempests and tides. From the 11th century onwards, dykes were 

built to keep the water out, making it possible to excavate peat from coastal 

bogs, so that salt could be extracted and houses heated, thereby creating new 

grazing and tillable lands. Under foreign governance, the population of the 

Low Countries gradually grew, as did their wealth and sophistication. With 

these changes the struggle for political independence and religious freedom 

commenced and scientific curiosity was born, included early interest in 

geology. 
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into the present-day Netherlands and Belgium. 
From the 1770s onwards, developments in natural 
philosophy and early attempts at geology/geognosy laid 
the foundations for the 19th - early 20th century geological 
investigations (see Chapters 4, 5, 6) that thrived on the 
economic development in the colonies (see Chapter 7). 
Controlling the ongoing rise of sea level remained a major 
concern, and was achieved with the help of early geologi-
cal thought. Modern Dutch earth science has emerged from 
these concepts, and still plays a major role in keeping the 
sea out of the Low Countries.

2.1 The universities in the Republic  

To understand why lawyers, clergymen and, in particular, 
physicians made significant contributions to the develop-
ment of natural philosophy and early geological concepts, 
a short review of early higher education in The Netherlands 
is needed. Already at the beginning of the struggle against 
Spain, the Dutch felt the need for a domestic non-Catholic 
university to educate future leaders of the new reformatory 
nation. The existing nearby catholic universities of Cologne 
(founded in 1388), Leuven (1425) and Douai (1562) no longer 
served, and the many ‘Illustrious Schools’ did not have the 
ius promovendi (fig. 2-1).
The Spanish siege (1573-1574) of the town of Leiden and the 
resistance by its revolutionary inhabitants was rewarded 
in 1575 with the establishment of the first university in 
the Republic (fig. 2-2). This was an unprecedented act of 
sovereignty by which the States of Holland and Zeeland 
together with Prince William of Orange demonstrated their 
independence (Cook, 2007). 
Although the university was established as non-Catholic, 
William of Orange successfully defended its indepen-
dence against attempts by the Reformatory Holland Synod 
to control the curriculum. Unrestricted academic freedom 
made it rather unique. This, together with the quality of 
its professors, ensured that Leiden University enjoyed an 
enviable Europe-wide scholarly reputation right from the 
beginning. This in turn attracted scholars and students, in 
particular from Scandinavia (e.g. Nicholas Steno) and Hun-
gary. Between 1626 and 1650, fourteen professors taught 
5713 foreign and 5363 Dutch students and the total number 
of students for this period (11076) exceeded that of Oxford 
and Cambridge combined (Colenbrander, 1925) .  
Other provinces of the Republic established universities 

In 1568, the Dutch revolted against their sovereign overlord 
and in 1581, by Act of Abjuration (Plakkaat van Verlatinghe) 
the country unilaterally seceded from the Spain of King 
Philip II. It established the confederated Republic of the 
Seven United Provinces (Republiek der Zeven Verenigde 
Provinciën) with The Hague - the seat of the States General 
(Staten-Generaal, the central institution representing the 
union) - as effective capital and Amsterdam (after Ant-
werp’s fall to the Spanish in 1585) as the main trading port 
and financial centre. 
Around this time the Dutch East and West India Companies 
(Vereenigde Oost-Indische Compagny, VOC, and Geoctroy-
eerd West-Indische Compagny, GWC) successfully broke 
into the Portuguese sphere of influence and went on to 
become major players in 17th century world trade. Freedom 
of conscience resulted in open discussions of fundamental 
theological and philosophical questions, as well as of issues 
of natural philosophy including early geology. The 18th cen-
tury, on the other hand, saw economic and political decline 
and stagnation during which London overtook Amsterdam 
as the leading European financial centre. Political rivalry 
between Royalists (Orangisten) and Republicans tore Dutch 
society apart. The French invaded The Netherlands in 1794 
and replaced the oligarchic Republic of the Seven United 
Provinces with the Batavian Republic (Bataafse Republiek). 
Later they turned it into the Kingdom of Holland (Konink-
rijk Holland) under Napoleon’s brother, and finally they 
made it an integral part of the French Empire. Following 
Napoleon’s defeat and on the basis of decisions reached at 
the Congress of Vienna (1815) an enlarged United Kingdom 
of The Netherlands was created, but in 1830 this fell apart 

Fig. 2-1. Universities around the Low Countries (double underlined), the new non-Catholic universi-
ties (underlined) and the ‘Illustrious Schools’ (dotted underlined). Note the asterisks (*) indicating 
the position of the universities of Franeker (Friesland) and Harderwijk (Gelderland), both of which 
were discontinued after 1811.

Fig. 2-2. The Academy building (former monastery of the Domini-
can White Nuns) of the University of Leiden before a tower was 
added in 1614. 

>
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in Franeker (Friesland, 1585-1811), Groningen (Groningen, 
1614-today), Utrecht (Utrecht, 1636-today) and Harderwijk 
(Gelderland, 1648-1811). Franeker was founded to prepare 
Frisians for a provincial career, but also managed to attract 
many foreign students. Groningen wanted to protect its 
students from the Armenian doctrine that prevailed in Lei-
den. It also competed with Franeker’s international reputa-
tion but managed to attract students from adjacent German 
states only. All universities were founded by provinces with 
voting rights in the States General and all catered primarily 
for provincial needs. Yet, Leiden and Franeker (and to a cer-
tain extent Harderwijk because of the low examination fees 
charged) also had a strong international appeal. Utrecht, 
however, from its foundation onwards, strongly reflected 
local demands. In addition, new ‘Illustrious Schools’ were 
established; the one in Amsterdam attracted many reforma-
tory savants from Leiden (fig. 2-1). 
Basic instruction for students at universities was already 
established in medieval time and not much changed 
through time. Students had to follow the seven liberal arts 
(artes liberales) that were composed of the trivium (classical 
grammar, dialectics and rhetorics) and the quadrivium 
(arithmetics, geometry, astronomy and music). The quad-
rivium included some of the basic disciplines of what later 
were to become early geology and geogony. 
From 1600 onwards, Leiden University, unburdened by tra-
dition, pragmatically associated itself with a practical mili-
tary engineering school the curriculum of which included 
fencing (fig. 2.-3, left), (military) arithmetic and surveying, 
all taught in the vernacular. Based on mathematical prin-

ciples, Simon Stevin (1548-1627) designed military defences 
(fig. 2-3, right) and army camps, making use of technical/
hydrological and early geological insights spelled out in his 
work on hydrostatics and fortifications: Principles of the 
weight of water (Beghinselen des Waterwichts) in 1586, 
The construction of fortifications (De Stercktenbouwing)  in 
1594 and New ways of building locks (Castrametatio, dat 
is legermeting and Nieuwe Maniere van Stercktebou door 
Spilsluysen ) in 1617 (Berkel, 1985). 
All this advanced education was preparatory to the final 
academic phase, which led to a doctorate in (reforma-
tory) theology, medicine or civil law. Appreciation for these 
disciplines is revealingly reflected in an engraving of Leiden 

FoundaTion oF Leiden 
univeRsiTy 
The initiative to found Leiden 

University originated with 

William of Orange in the 

period just preceding the Act 

of Abjuration from King Philip 

II in 1581. It was a time of 

uprisings when the people in 

this remote part of the realm 

of Philips II were attempt-

ing to terminate Spanish 

domination. In Dutch history 

books this time is referred to 

as the “Eighty Years’ War” 

and in Spanish history books 

as the “unrest in the North”. 

Leiden University satisfied 

the educational needs of the 

western provinces of Holland 

and Zeeland, isolated as 

they were from regions still 

under Spanish rule. Its Charter 

states that the university was 

founded ”….. in the name of 

King Philip II, after ample de-

liberations and on the advice 

of his beloved cousin William, 

Prince of Orange”! 

Simon Stevin (1548-1620) Fig. 2-3. The military mathematics and fencing school attached 
to Leiden University.

Fig. 2-3. The defence works at Moers, designed by Simon Stevin. 

The Danish medical student 
Niels Stensen (1638-1686), better 
known under his name as a sci-
entist, Steno, stayed in Leiden 
from 1660 to 1663 during his 
peregrinatio academica. There, he 
discussed the microanatomy of 
insects with Jan Swammerdam, 
philosophical and cosmogenetic 
matters with René Descartes 
and geography with medical 
doctor-geographer Bernard 
Varen (Varenius). He also 
acquainted himself with, and 
studied the sedimentary succes-
sion penetrated by a water-well 

dug to a depth of 66m at the Old 
Men’s Alms house (Oudemannen-
huis) in Amsterdam, described 
in detail by Pieter Pieterszn Ente 
in 1605 (fig. 3-8). Leaving Hol-
land for Paris, Steno observed 
that the coastline of the Low 
Countries had shifted through 
time. Together with new 
observations in Tuscany (Italy) 
(Yamada, 2009; Ziggelaar, 
2009), he used this to formulate 
the fundamental geological law 
of superposition in 1669, thus 
becoming one of the ‘fathers of 
stratigraphy’. 

sTeno in Leiden

Top part of a log of the water well at the Oudemanhuispoort 
in Amsterdam prepared by Pieter Pieterszn Ente (1605).

Fig. 2-4. Engraving of Leiden University library (1610). 
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Fig. 2-5. The Republic’s possessions in Brazil (1643).

particular Descartes, who increasingly focused on the ‘Book 
of Nature’. 

2.2 Mercantile activities,  
cartography and early  
mining efforts 
As the reformatory Republic was denied direct access to the 
tropical produce markets of the catholic Iberian Peninsula, 
it decided to challenge the Portuguese sphere of influence 
and establish its own mercantile network. Based on infor-
mation from the ‘spy’ Jan Huygen van Linschoten (1563-1611) 
and on detailed Spanish and Portuguese maps, the Dutch 
established a new route to the Sunda Strait and the Spice 
Islands of the East via the Cape of Good Hope in 1597. Such 
developments paved the way for the success of the Dutch 
East India Company (VOC, 1602) which traded in south east-
ern Asia, and of the West India Company (GWC, 1621), which 
operated mainly in the Atlantic Ocean between Africa, South 
America and Europe. During a short period (1624-1654), the 
West India Company colonised parts of Brazil, (fig. 2-5) and 
even became involved in early mining activities there (see 
Mining in Brazil).
Many early-geological thoughts in the Republic were 
contained in Athanasius Kircher’s Mundus subterraneus 
(D’Onderaardse Weereld, 1664), published by Elsevier during 
the initial years of operation of the West India Company. 
This book was perhaps the most popular of Kircher’s works 
then and now. It was translated into several languages, 
including Dutch (1682). A copy of the translated book was 
presented to Thomas Ernstuys, Director General of the West 
India Company, based in Elmina (present-day Ghana) be-
tween 1683 and 1685. With the presentation went the wish 
“… to extract tirelessly gold and many precious rocks from 
the intestines of the Earth, with which treasures from the 
African coasts we enrich our beloved Fatherland…..”    
Apart from the information mentioned in ‘Mining in Brazil’ 
and ‘D’Onderaardse Weereld’, the merchant companies 
VOC and GWC - primarily pursuing trade in spices and other 

University library in 1610 (fig. 2-4), which shows the 
percentage of books for each of the arts: history, litera-
ture and philosophy 38%; theology 28.5 %; law 24%; 
and medicine 9.5%.
Theology was the prime study, with law, medicine and 
philosophy being subordinate. The orthodox Leiden 
theologian Ghisbertus Voetius (1589-1676) became a 
popular professor at Utrecht University, at the opening 
of which in 1636 he categorically stated that “Holy Writ 
can rightly be called the Book of all Knowledge, the 
Sea of all Wisdom, and the Academy for Academics”. 
Voetian theologians opposed natural philosophers, in 

Conquering Portuguese sugar 
plantations was one thing,  
making a profit another. The 
Dutch - following the Spanish 
example - therefore soon also 
considered moving into silver 
mining. The “exploration strat-
egy” of the day stated:
(1) much silver is found in the 
Andes,    
(2) the sun melts all metals into 
subterranean tree-like veins (see 
below),   
(3) as the sun wanders daily 
from the East to the West, silver 
should also be present in east-
ern South America. 
This wishful thinking is re-
flected in 17th century historical 
documents, parts of which are 
cited in translation: 

 (1634, Lisbon, by Portuguese 
colonial advisor Luiz Álvares 
Barriga) 
 “…natural reasoning makes 
clear that there should be much 
gold and silver in this country 
because the sun, the father that 
creates metals in the earth, 
evidently will do so also in 
great quantities and perfection 
because Peru, lying on a straight 
line West from the province of 
Brazil, produces much gold and 
silver and so should Brazil do.”

(1646, Recife, Brazil, by Jodocus 
a Stetten serving in the West 
India Company)
“…..A mine sticks in a moun-
tain like a tree stands on a 
mountain, but the fruits grow 

quite differently. In a tree you 
have to look for them at the top 
of the branches, but in the mine 
at the bottom at the roots. The 
deeper the better, as experience 
will teach….”

Jodocus a Stetten, West India 
Company Pomerian clergyman 
for German-speaking soldiers 
in Brazil, was as interested in 
geognosy as he was in theology. 
After several expeditions to the 
interior, he eventually success-
fully opened a silver mine near 
the Sucurú River (present-day 
Paraíba State, Brazil). There he 
went with professional Hungar-
ian and German miners, Euro-
pean soldiers, African slaves and 
Indian guides. He managed to 

locate some mineral veins that 
he interpreted as “branches 
of a subterranean ore tree”. 
The professional miners soon 
discovered, however, that he 
was absolutely ignorant in min-
ing matters and they revolted, 
which made the field party 
unsustainable. Therefore, and 
because of a general revolt in 
June 1645 coupled with a failed 
competing effort by Mathias 
Beck in present-day Ceara state, 
the enterprise was called off. 
No further attempts were made 
during the period of West India 
Company domination. 

mining in BRaziL
Based on ReseaRch and a TexT By Benjamin Teensma, 2008
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merchandise - also gathered very diverse information during 
their voyages. These included:  
-  geography as recorded by the official VOC appointed cartog-

rapher (since 1602), Petrus Plancius (1552-1622), also author 
of Orbis Terrarum (1590; fig. 2-6);

-  geography as recorded by the official GWC appointed 
cartographers, Willem Blaeu (1571-1638) and Joan Blaeu 
(1596-1678) (see The Blaeu Atlas); 

-  geognosy as recorded by Goossen van Vreeswijk (1626-
1689), advisory geognost and metallurgist to both VOC and 
GWC, respectively, and Jodocus a Stetten (see Mining in 
Brazil); 

-  reports on volcanism already made during the first voyage 
to the East Indies.

All this information accumulated in the Republic and found 
its way into several publications and maps. Thus, as well as 
being Europe’s principal financial centre, Amsterdam also 
became an important centre for the production of maps, 
many of magnificent quality, and a great variety of books. 
Willem and Joan Blaeu were co-authors of the 11-volume 
Atlas Maior (1660-1663). One copy of this atlas was expanded 
with additional cartographical and topographical prints and 
drawings, the result of a lifetime of meticulous collecting 
by Amsterdam lawyer Laurens van der Hem (see The Blaeu 
Atlas).
Travelogues became an increasingly popular means of 
informing the general public about discoveries and adven-
ture. The first, the “Itinerary or journey of Jan Huygen van 
Linschoten by ship to the East or the Portuguese Indies”,  
or ‘Itinerario’ in short (Itinerario voyage ofte schipvaert van 
Jan Huygen van Linschoten near de Oost ofte Portugaels  
Indiën) was written in collaboration with Berent ten 
Broecke (Paludanus, 1550-1633) in 1596. Many more followed 
from the pens of humanistic savants, adventurers, seamen, 
traders and religious ministers. 
François Valentijn (1666-1727) twice appointed VOC religious 
minister in Ambon, compiled eight volumes entitled “Old 

and New Eastern Indies” (Oud en Nieuw Oost Indie) in 1724. 
It included almost all information on the East Indies at the 
time. He drew heavily on (or plagiarised) the long unpub-
lished work of his unfortunate blind friend Georg Everhard 
Rumphius, (1628-1702), “The curiosity cabinet of Ambon”   
(D’ Amboinsche rariteitkamer). This work, with its detailed 
descriptions of the flora, fauna, archaeological objects and 
fossils of the Moluccan Islands, was first lost in a fire (1687), 
then shipwrecked (1690) and was held up for a long time 
by the directors (de Heeren XVII) of the VOC, before being fi-
nally published in 1741, long after Valentijn had used much 
of the information. Rumphius’ work is the basis for all 
modern research in the Moluccas and Valentijn’s work be-
came compulsory study material for all prospective VOC and 
East Indies civil servants until the 19th century. All of these 
publications demonstrate a fascination with exotic marvels 
from distant lands, the classification of which eventually 
contributed towards general geological knowledge, see also 
7.1.1.

2.3 Collections and curiosity  
cabinets  

Curiosa, natural oddities and minerals from the East and 
West India Companies’ mercantile expeditions poured 
into the Republic and extensive collections were made. 
At Leiden University they were kept as study material in 
the Ambulacrum next to the Hortus Botanicus (fig. 2-8). 
Wealthy merchants (e.g. Nicolaes Witsen, 1641-1717, VOC 
director and mayor of Amsterdam), as well as physicians 
and non-academic apothecaries, ‘speycers’ (spice traders), 
‘grocers’ and traders in exotic products all became collec-
tors. Traders often attracted customers to their shops with 
a display of ‘cabinets of specimens and curiosa’. Berent 
ten Broecke from Enkhuizen was an early, well known 

Fig. 2-6. Orbis Terrarum (1590). World map by Petrus Plancius, official cartographer of the VOC after 1602.

G.E. Rumphius (1628-1702), 
the visionary from the East

François Valentijn, author of 
“Oud and Nieuw Oost Indië”
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the development of the disciplines conchology, mineral-
ogy, and geogony. It was characteristic of the Republic’s 
attitude to look upon collections of curiosa as evidence of 
the wonders of the Lord’s creation.   

physician-apothecary with such a cabinet. As his life is 
exemplary for the group and the time it is summarised 
here (see Paludanus, Berent ten Broecke).
The publication of books, the collection of curious 
objects and the study of natural philosophy thus played 
a prominent role in the Republic. They eventually led to 

The impetus to write the 
book was Kircher’s visit to 
Sicily (1637-1638), where he 
witnessed eruptions of the 
Etna and the Stromboli. He 
prefaced the work with a 
narrative of his trip, which 
included a spectacular 
descent into the crater of 
the Vesuvius. The work not 
only deals with early geology; 
Kircher adds fantastic specu-
lations about the interior of 
the earth, its hidden lakes, 
rivers of fire and strange 
inhabitants. Major topics 

include gravity, the moon, 
the sun, eclipses, ocean cur-
rents, subterranean waters 
and fires, meteorology, rivers 
and lakes, hydraulics, miner-
als and fossils, subterranean 
giants, beasts and demons, 
poisons, metallurgy and min-
ing, alchemy, generation of 
insects, herbs, astrological 
medicine, distillation, and 
fireworks. 

d’ondeRaaRdse WeeReLd  

Cross-section of the Earth according to Kircher. Note the holes with fire feeding 
the volcanoes and the subterranean lakes feeding springs. 

Fig. 2-7.  Academy building of Leiden University with the Hortus Botanicus (1594) and the Ambulacrum (at right-hand side, built in 
1600), in which collections of curiosa and literature were kept.  

Oil painting of Christiaan Huy-
gens by Caspar Netscher (1671)
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Fig. 2-8, above. Wave fronts from a point source refract in a 
medium with a higher refraction index, according to Chris-
tiaan Huygens’ wave theory. 
Below, Huygens’ principle of wave propagation is the founda-
tion of seismic refraction theory. Fig. 2-9. Drawing by Isaac Beeckman of instruments invented by 

Drebbel. Centre: his compound microscope.

Cornelis Drebbel (1572-1633), 
inventor of many things,  
including the compound 
microscope

2.4  Practical doers and  
philosophical controversies 

The curriculum of the new universities was strongly 
skewed towards theology, law and the humanities 
(Jorink, 2006). There was relatively little emphasis on 
natural philosophy and mathematics. If practiced at all, 
natural philosophy was limited to addressing the needs 
of physicians (Cook, 2007), while mathematics mainly 
served navigators. Snellius (Willebrord Snel van Royen, 
1580-1626) was a mathematician who rediscovered the 
law of light refraction in 1621. This describes the relation-
ship between the angles of incidence and refraction 
of waves passing from one isotropic medium such as 
water into another, such as glass (fig. 2-8).  Christiaan 
Huygens’ wave theory (see below) explains that wave 
fronts from a point source refract in a medium with a 
higher refraction index, and that waves reinforce each 
other if following the trajectory predicted by Snellius, but 
extinguish each other elsewhere. 

Because of the apparent disinterest of universities in natu-
ral philosophy and mathematics, an increasing number of 
savants, technicians and civil engineers started to practice 
various branches of natural philosophy outside the univer-
sities. The lively intellectual debates of the time frequently 
included speculative interpretations from the ‘Book of 
nature’, which led to early geological insights placed next 
to literal interpretations of the ‘Holy writ’. Thus, philologi-
cal, philosophical and religious dimensions were added to 
the debate. 

2.4.1 Non-university early-geological 
activities in the Republic

Wealthy collectors of curious natural objects and oddities, 
apothecaries, grocers, sailors, merchants and adventurers 
who recorded their events in travelogues, cartographers 
who accumulated new geographical information, and 
publishers of controversial books on natural philosophy 
- they all played a role in the development of early-geo-
logical insights in the Republic. In addition, Savants and 
philosophers, often of independent means and unattached 
to universities, as well as highly skilled technicians and  
civil engineers working on water wells, the exploita-
tion of bogs or the construction of polders, harbours and 
protective dykes, all significantly added to development of 
early-geological knowledge. Academies and societies were 
gradually established to become the focus for such extra-
university activity (Van Berkel, 1985). 

The Blaeu Atlas with the 
additions by van der Hem 
represents one of the finest 
17th century collections of 
maps, charts, topographical 
prints, drawings and views 
of towns, buildings and 
harbours, seascapes and 
landscapes, all contained in  
46 volumes, extended from the 
original 11 volumes in Blaeu’s 
Atlas major. It also includes 
four volumes of manuscript 

maps made exclusively for 
the VOC. A completely intact 
copy resides today in the 
Austrian National Library 
and its unique nature has 
been recognised through its 
inclusion (March 2004) in 
UNESCO’s Memory of the 
World Register.

The ‘BLaeu aTLas’  

Map of New Amsterdam and Manhattan from Atlas van den Hem. 

Zacharias Janssen  
(1580-1638)
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but emerges from reason and measurable natural laws. 
His Cartesian philosophy deeply influenced the intellectual 
discourse in the reformatory Republic. Right from its foun-
dation in 1636, however, Utrecht University raised opposi-
tion to the separation of theology from natural philosophy; 
a distinct domain of investigation for natural philosophy 

Christiaan Huygens (1628-1695) is best known as a naturalist, 
mathematician and astronomer. After studying mathemat-
ics and law in Leiden in 1645-1647, but without graduating, 
he became a member of the Royal Society of London (1663) 
and of the Académie des Sciences in Paris (1675), where he 
lived from 1666 to 1681. He carried out influential astro-
nomical, optical and mathematical work (Jorink, 2006). 
From a geological point of view his most significant work 
was the elaboration of the reflection and refraction laws 
earlier described by Snellius, which became known as the 
Huygens principle (fig. 2-8). In the 20th century it would 
become the foundation for refraction seismology. 
Zacharias Janssen (1580-1638) from Middelburg was a lens 
polisher, spectacle, telescope and microscope maker. He 
claimed several inventions but was later unmasked as a 
swindler.

2.4.2  Contrasting philosophies in the Republic

The Frenchman René Descartes (1596-1650) lived, worked 
and published in the Republic between 1629 and 1649. He 
produced a new cosmology and geotheory, which he pub-
lished in his Principia philosophiae (1644, Amsterdam, El-
sevier) (fig. 2-11, left). It was widely studied, partly because 
it was the first new cosmology since that of Ptolemaeus (2nd 
century A.D.) and was intermediate to Newton’s Principia 
(London, 1687) (Ruler, 1998). Descartes assumed that planet 
Earth is a relatively small cooling star, originally of the same 
composition as the sun and subjected to similar mechanical 
principles. He proposed that a contracting cooling core is 
surrounded by a rigid creaking crust, from which mineral-
ising fluids and volcanic products pour out (fig. 2-10).
As a philosopher, Descartes believed that knowledge of 
nature does not emanate from ancient texts, sacred or 
profane, nor from assumed divine forces and influences, 

Born in Steenwijk (1550) Berent 
ten Broecke prepared for uni-
versity study at the humanist Il-
lustrious Latin School at Zwolle. 
Between 1570 and 1586, he 
made his peregrinatio academ-
ica through Germany, Poland, 

Lithuania, Venice and Padua, 
where he finally graduated in 
medicine. He then travelled to 
Syria, Egypt, Palestine, Malta, 
Rome and Naples, before return-
ing to the Republic to become 
town physician, first in Zwolle, 

then in Enkhuizen.
In 1591 the curators of Leiden 
University unsuccessfully tried 
to attract him to the medical 
faculty as supervisor of the 
newly built Hortus Botanicus. 
They had expected him to come 

with his extensive collec-
tion of curiosities of “spices, 
fruits, plants, animals, cre-
ated beings, minerals, earths, 
poisons, rocks, marbles and 
corals” and donate them to the 
university. The turbulence of 
university life at the time and 
the multiple controversies that 
were current (see main text) 
put Paludanus off, however, 
and he decided to remain 
town physician / apothecary 
/ naturalist in Enkhuizen. He 
collaborated with Jan Huygen 
van Linschoten to produce the 
first and probably most famous 
travelogue Itinerario (1596), 
the report of the expeditionary 
first journey to the Spice Is-
lands. After his death, his col-
lection was publicly sold and 
eventually merged with the 
Danish Wormianum collection, 
where it is still to be found in 
The King’s Kunstkammer in 
Copenhagen.

PaLudanus (BeRenT Ten BRoecke) 

Left Berent ten Broecke (Paludanus) (1550-1633). Right, a detail of the frontispiece of Museum Wormianum (1655).

Baruch de Spinoza,  
around 1665

Fig. 2-10. The two phases in earth history according to Descartes. 
Above: Primordial situation with metalliferous, earth and water 
layers. Below: Cooling and contraction causing formation of  
ruptures, along which metalliferous fluids rise and pour out.  

Josephus Justus Scaliger 
(1540-1609)

Descartes, a painting (1648)  
by Frans Hals
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was considered undesirable. This view was enforced by 
the Republic’s States General throughout the 17th and 
the first half of the 18th century, in particular when the 
Jewish-Dutch philosopher Baruch Spinoza (1632-1677) 
radicalised Descartes’ philosophy (Jorink, 2006). 
In Leiden, the philologist Joseph Scaliger made astro-
nomical calculations and established an earthly ‘sacred 
chronology’ before that of James Ussher (1581-1656). His 
work, however, led to conflicting and disturbing conclu-
sions, such as that early pharaonic dynasties must have 
preceded the calculated date of Creation by centuries. 
His conclusions were published by Isaac La Peyrère 
(1596-1676) in his book Praeadamites (1665, Elsevier, 
Amsterdam; fig. 2-11, centre) and resulted in an immedi-
ate and strong theological reaction (Livingstone, 2008). 
This convinced the civil authorities that the book should 
be prohibited and so it was, although not before it had 
been reissued in the Dutch language.    

2.4.3  Engineers for military defence and  
waterworks 

Trade brought great wealth to the 17th century Republic, 
leading to rapid urbanisation and a growing demand 
for agricultural land. Technical advances in watermills 
enabled many lakes and swamps to be reclaimed, 
including 52 areas covering 75,000 acres (3000 km2). This 
added new agricultural land to Holland and changed 
the face of the province forever (fig. 2-12). Some of these 
works (e.g. the mill network at Kinderdijk-Elshout and 
the Beemster polder) are now included in the UNESCO list 
of World Heritage sites. 
Many water wells were dug, (mainly to access fresh wa-
ter for beer brewing), while quays, harbours and lake-
sides were protected with dikes, locks and canals. All of 
these waterworks required maintenance. Furthermore, 
military engineering work was carried out at this time 
in support of the Republic, which was at war: several 
people played a significant role in this early geological 
civil engineering. 
Pieter Pieterszn Ente dug a water-well to a depth of 66m 
in Amsterdam and described it in detail, thus producing 
the first known geological description of a succession of 
strata in Western Europe. The well description had a long 
lasting influence, was studied by Steno and became an 
important reference point in the early sedimentological 
work of Johannes Le Francq van Berkhey (see 3.2) 
Jan Adriaansz. Leeghwater (1575-1650) supervised 
various reclamation projects in Holland (fig. 2-12) and 

Fig. 2-11. Three (out of many) 
controversial books that were 
published, (De la Methode; 
Descartes, 1637), anony-
mously (Praeadamites; La 
Peyrère, 1665) or posthu-
mously (Ethica, Spinoza) in the 
Republic. 

Cornelis Drebbel (1572-1633) 
attended the Alkmaar Latin 
School, became an engraver 
and inventor and moved to 
London in order to demonstrate 
his perpetuum mobile, driven 
by differences in atmospheric 
pressure, and his solar-driven 
harpsichord. As tutor to the 
Prince of Wales he arranged 
for illuminated fountains and 

artificial thunder and lightning 
effects at court functions. In 
1610, he exchanged the court of  
St James for that of the Emper-
or Rudolph II in Prague, where 
he became head alchemist. He 
demonstrated the practical side 
of alchemy by distilling, subli-
mating and crystallising vari-
ous substances, thus contribut-
ing to the early development 

of chemistry (prior to Robert 
Boyle, 1627-1691). Back in Lon-
don in 1612, he produced a very 
powerful telescope, a perpetual 
clock working on atmospheric 
pressure differences, fountains 
driven by tidal differences, a 
manned submarine vessel and 
various solar-driven musical 
instruments. He maintained 
regular contacts with Con-

stantijn Huygens, the father 
of Christiaan, and both father 
and son Huygens inherited 
from Drebbel a strong interest 
in optics.  Drebbel constructed 
a thermoscope (the Drebbelian 
instrument, a combination of a 
thermometer and a barometer) 
from which regular thermo-
meters developed.

coRneLis dReBBeL, a PoLymaTh duTch invenToR and enTRePReneuR 

Fig. 2-12. Most lakes in Holland were drained between 1532 and 1650. The resulting  polders are 
recognisable from their regular shape. Note the IJ sea arm and the harbour of Amsterdam, with its 
shallow entrance. 
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published the Haarlemmermeer-boek (1641) in which 
he proposed that the dangerously expanding Haarlem-
mermeer, a lake southwest of Amsterdam be drained and 
reclaimed. This had to wait for the introduction of steam-
engine technology in the middle of the 19th century before it 
could be achieved. Now Amsterdam Schiphol International 
Airport is situated in the resulting polder (‘Schiphol’ refers to 
shallows in the lake where many ships were wrecked). 
Hendrik Stevin (1614-1668), son of Simon Stevin, built 
defensive waterworks for the Republic’s army (Staets Leger) 
(Berkel, 1985). His work on the military inundation line 
became of utmost importance for the defence of Holland 
and Zeeland in 1672, when armies of Louis XIV invaded the 
Republic (fig. 2-13). In addition he was the first, in 1667, to 
propose reclamation of the Zuiderzee, the vast lagoon in 
the central part of the present-day Netherlands. This project 
was partially realised in the first half of the 20th century. 
 Martinus Schoockius (1614-1669), professor of logic and 
natural philosophy at Groningen University, studied peat 
and other combustible earth resources, as well as the 

techniques to exploit them, publishing a treatise, Tractatus 
de Turfis, on the subject in 1658. By this time peat was the 
main source of energy for house heating and for industry 
since forests had been almost totally cut down. Increasing 
urbanisation, industrialisation and population growth led 
to extensive ‘wet’ de-bogging and peat excavation, which 
was gradually replaced by ‘dry de-bogging’ in concessions 
issued in the eastern and northern provinces of the Repub-
lic. In the 19th century this would result in the establishment 
of peat-digging communities (veenkoloniën).
Nicolaus Samuelis Cruquius (1678-1754), surveyor, civil en-
gineer, cartographer and founder of Dutch meteorology as 
an independent discipline, is best known for proposing the 
construction of a number of waterworks, none of which, 
however, was realised during his lifetime. As an independ-
ent surveyor he mapped lakes and polders and started to 
make continuous meteorological measurements (fig. 2-14). 
These he used to accurately map water levels, enabling him 
to predict that coastal erosion would affect the Haarlem-
mermeer and that sediments would build up in the IJ, the 

Fig. 2-13. The defensive inundation line of Holland and Zeeland in 1672-1673, which effectively prevented an invasion by the 
armies of Louis XIV.

Baruch SpINOza 
(1632-1677) 
 According to Spinoza, reason 

dictates that God and Nature 

are identical and follow 

eternal immutable laws. He 

distinguished natura naturans 

(creative nature) from natura 

naturata (created nature). 

State control on philosophies 

like his was relaxed only in the 

second half of the 18th century 

and his work was posthu-

mously published (fig. 2-11). 

Formal academic teaching 

in natural philosophy and 

mathematics started at Leiden 

University in 1747.
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sea-arm giving Amsterdam access to the open sea (fig. 2-12) 
when sea level rose. 
Melchior Bolstra (1704?-1776), surveyor of the Rijnland, 
a polder system in Holland,  made studies of possible 
improvements to quays on the Haarlemmermeer, as well 
as predictions of the silting up of the IJ and of major rivers 
in The Netherlands. On this he reported in 1754 in volume 
1 of the Proceedings of the Holland Company of Sciences 
(Verhandelingen van de Hollandsche Maatschappye der 
Weetenschappen, see 2.5). In the same volume, Johannes 
Lulofs (1711-1768), a professor in Leiden, complemented his 
own observations with those of Cruquius to articulate his 
concern on the possible effects of rising sea levels on the 
coast of The Netherlands. 
At this time, academies and societies started to play an in-
creasingly important role, partly due to the lack of attention 
paid to natural philosophy in the universities. 

2.5  Academies and societies  
(1752-1780) 

Simon Stevin (see 2.1) was an early protagonist of the exper-
imental approach (Berkel, 1985), which resulted a century 
later in the work of natural philosophers such as Willem 
Jacob s’Gravensande (1692-1742) - experimenting with static 
electricity (the Leiden jar) - and Petrus van Musschenbroek 
(1692-1761) - experimenting with variations in expansion 
coefficients of metals (Den Tex, 1998). At the time, universi-
ties put a rigid focus on theology, humanities and law, 
neglecting experimental natural philosophy for which they 
were poorly equipped (Jorink, 2006). Eventually academies 
and societies stepped in, organising prize-winning scientific 
contests to exchange ideas, data and scientific information. 
They published their results in journals (Verhandelingen) 
and arranged for the establishment of cabinets containing 
astronomical, physical and chemical instruments as well as 
implements for members to use in research and demon-
strations. Nature could also be studied in collections like the 
Naturalia and Rariora.
The first Dutch academy of national significance was the 
Holland Company of Sciences (Hollandsche Maatschappye 

Fig. 2-14. Fragment of the map of Delfland by Nicolaes and Jacobus Cruquius (1712).  

Fig. 2-15. The Oval Hall of Teylers Museum, built in 1779-
1784. A photograph taken in 2010, the year it was nominated 
for inclusion in the UNESCO list of World Heritage Sites.

der Weetenschappen), which focused on the humanities 
(Haarlem, 1752) and which was followed, again in Haarlem, 
by Teylers Second Association (Teylers Tweede Genootschap, 
1778), which had a focus on natural philosophy. Teylers 
Museum (also in Haarlem) became one of the cabinets with 
naturalia et rariora, the only one that still exists today, and 
a 2011 candidate to be included in the UNESCO list of World 
Heritage sites (fig. 2-15). Academies of less importance and 
with more restricted objectives were established through-
out the Republic (Israel, 1996). The strong central govern-
ment of Louis Napoleon, King of Holland (1806-1810), 
however, forced the academies to amalgamate into the 
Royal Institute (Koninklijk Instituut) in Amsterdam (1808). 
Somewhat later (1816), when The Netherlands had become 
independent again , this became the Royal Netherlands 
Institute of Sciences, Letters and Fine Arts  (Koninklijk 
Nederlands Instituut van Wetenschappen, Letterkunde en 
Schoone Kunsten), which evolved (in 1851) into the current 
Royal Netherlands Academy of Arts and Sciences 
(Koninklijke Nederlandse Akademie van Wetenschappen; 
see 4.4.5). 
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3   coordinated by tom reijers

EmErging sciEncEs 
and tHEir impact  
(1780-1877)

tom reijers 

In the troubled times of revolution and war (1780-1839) a number of early 

students in geology deserve special attention. 

Theoretical savants engaged in compiling encyclopaedic information or 

collections, but not in actual fieldwork or experiments. To this group belongs a 

lawyer-poet-author without any strong inclination towards natural philosophy, 

who happened to become the author of the first book on geology in Dutch. 

Experimental physicists and fieldworkers, one of which could even be described 

as a sedimentologist avant la lettre.

Their activities led to the work of the first Dutch geologist Winand Carel Hugo 

Staring (1808-1877) who, in the middle of the century, was the sole author of 

the first geological map of The Netherlands that showed, in addition to the soils, 

new geological concepts such as Diluvium and Alluvium. This map and his further 

work made him the Father of Dutch Geology.

At the same time the industrial revolution reached The Netherlands. Relatively 

late, Dutch manufacturing industries were established, and the use of steam 

power became common, also in the emerging mining industry both in the 

motherland and in The East Indies. For staffing the newly created bureau of 

mines (Dienst voor het Mijnwezen; 7.1)  trained engineers were required for 

which, in 1842, the Royal Academy (Koninklijke Academie) was established at 

Delft. Prior to the universities this Academy provided high-level manpower for 

the Dutch manufacturing industry and the first mining engineers with some 

degree of training in earth science.  

>



Petrus Camper (1722-1789), a well-known and respected 
physician-natural philosopher and a member of the French 
Académie des Sciences, was referred to by Goethe as “a 
meteor of spirit, science, talent and activity” (Ein Meteor 
von Geist, Wissenschaft, Talent und Thätigkeit). He was a 
professor of philosophy and anatomy at Franeker University 
(fig. 3-1), at Amsterdam’s Athenaeum Illustre and, later, at 
Groningen University (4.2.2). There he focused on estab-
lishing the similarities between the vertebrae of humans 
and animals, including those from a Miocene whale, 
found by a Swiss geogonist/early geologist, Jean André de 
Luc (1727-1817) (De Luc 1778, 1779,1793 and 1795) during the 
digging of a canal at Delden in 1778. He was a major influ-
ence on the young Georges Cuvier and became the Dutch 
founder of the science of comparative zoology. Although 
he compared the fossil Mosasaurus from Maastricht with 
a sperm whale, Cuvier correctly established the amphibi-
ous nature of one skeleton -  up to then thought to be a 
human drowned in Noah’s  Flood,  Homo diluvii testis -  
found by  the Swiss Scheuchzer at Oeningen (near Constanz) 
and purchased by Van Marum (see 3.2) for the collection of 
Teylers Museum.
Adriaan G. Camper (1759-1820) studied in Franeker and 
Leiden and became, like his father Petrus Camper, a 
physician-anatomist. He published a proposal for an 
improved classification of reptiles (1810) and identified the 
Mosasaurus as a reptile (fig.3-2). In 1811, he wrote a cata-
logue of his father’s and his own collection (the Museum 
Camperianum) that was donated to Groningen University 
(see 4.2.2).
Francois Xavier Burtin (1743-1818) was a natural philosopher 
from the Southern (then Austrian) Netherlands who studied 
at Leuven University and became a physician in Brussels. 
He was a member of several European academies, was 
owner of an extensive collection of fossils, minerals and 
paintings, and became particularly known for his beautiful 
book “Descriptions of fossil shells from Brussels” (Oryctog-
raphie de Bruxelles ou description de fossils, 1784). This 
book contains 32 hand-painted engravings of fossil shells 
from the shallow subsurface of the area around Brussels 
(fig.3-3).
In accordance with contemporary custom he described the 
morphology of the fossil species only, discussing neither 
their age (which was not known) nor the layers from which 
they came. Appreciation of the stratigraphic significance of 
fossils still had to grow through the work of William Smith 
(1769-1832) in England, yet Burtin claimed that fossils are 
an important proof for his earth model which he later ex-
plained in a prize contest (fig. 3-4). He rejected the theory 
that fossils were swept together during Noah’s Flood, 
proposing rather that they indicated that a tropical marine 
environment had existed around Brussels at some time in 
the geological past.  
This opinion aroused the curiosity of Martinus van Marum 
(see below) who sought to elaborate the ideas through the 
instigation in 1784 of a prize contest organised under the 
auspices of the Hollandsche Maatschappye der Weeten-
schappen (fig. 3-4). Burtin indeed wrote a Dutch and 
a French version of his theories and received an award 
(Burtin, 1789a,b).
Willem Bilderdijk (1756-1832) was poet, linguist, historian 
and barrister who, although not really fitting comfortably 
among the early geologists in The Netherlands (Eijnatte, 
1998), is included here because he wrote the first book 
on geology in Dutch (see Bilderdijk and Geology). He 

3.1  Theoretical natural  
philosophers and encyclopaedists 
  
Cornelis Nozeman (1721-1786) and Johannes F. Martinet 
(1729-1795) were both religious ministers and Dutch ency-
clopaedists who mainly lived under the Orangist ancien 
régime. In response to a 1769 prize contest by the Holland-
sche Maatschappye der Weetenschappen, they produced 
overviews of all the available publications on natural his-
tory in the Republic. For geognosy and geology, Nozeman 
supported the then recently published work of his friend 
Le Francq van Berkhey (see 3.2). Martinet’s contribution 
was a list of 37 publications on ‘the reign of minerals 
and ores’ and an inventory of what still remained to be 
learned. His book “Catechism of nature” (Katechismus der 
Natuur) in four volumes (1777-1779) became a bestseller 
with 6,000 copies sold within a year. An abridged and 
simplified copy, Small catechism of nature for children, 
was published in 1779. Reprints of this were still used at 
schools in the 20th century. 
In 1773, Maarten Willem Houttuyn (1720-1798), a physician 
and biologist, published a work in 37 volumes entitled 
“Natural history or detailed description of animals, plants 
and minerals following the classification of Mr Linnaeus” 
(Natuurlijke historie of uitvoerige beschrijving der dieren, 
planten en mineraalen, volgens het samenstel van den 
Heer Linnaeus). He also translated the “Natural history 
of fossilisation” (Naturgeschichte der Versteinerungen 
(Nüremberg, 1768-1773), or ”De natuurlyke historie der 
versteeningen, of uitvoerige afbeelding en beschryving 
van de versteende zaaken, die tot heden op den aard-
bodem zyn ontdekt”), a book with illustrations of great 
beauty and accuracy. No such illustrations had ever ap-
peared before, and they have hardly been surpassed since. 
The books portray and describe fossils in the cabinets of 
famous collectors such as Johann Ernst Walch at Jena, 
Adam Hildebrand at Naumburg, Jacques Theodorus Klein 
and Johann Hermannus at Regensburg as well as the large 
collection of Casimir Cristoph Schmidel.

Johannes F. Martinet  
(1729-1795)

Petrus Camper (1722-1789), 
painting from ± 1780

Fig. 3-1. Franeker University. 

>
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Adriaan Camper (1759-1820), 
lithography by Douillier, 
drawing by P.F. Gautier 

The young Willem Bilderdijk 
(1756-1832)

Fig. 3-3. Oryctography de Bruxelles (1784). 

Fig.3-2. Mosasaurus. Original skeleton exposed in the Muséum 

d’Histoire Naturelle in Paris.

Fig. 3.-4. Text of the prize contest of the Teylers Stichting (1784) 
to which Burtin reacted.

lived in the period that separates the ancien régime from 
the revolution that ended with the secession of Belgium 
from the United Kingdom of the Netherlands. He is best 
known as a poet, but worked as barrister in The Hague, 
where he refused the oath of loyalty to the new Bataaf-
sche Republiek. He moved to London (partly to escape 
his unhappy marriage) and subsequently to Brunswick in 
Prussia (1797-1806), where he lived for a short time with 
Swiss émigré and natural philosopher De Luc, professor 
extraordinary in geology at the University of Göttingen (De 
Luc, 1803; Schweizer, 2009). De Luc introduced Bilderdijk to 
the then new science of geology and, in return, Bilderdijk 
translated the book Geognosie of Karl Schmieders (1802) 
for him. This clearly awakened his interest in geology. In 
1806, he returned to the Kingdom of Holland, where for a 
while he worked for King Louis Napoleon. Subsequently he 

experienced financial difficulties, took to using opium 
and suffered from hunger. In the spring of 1811 he finally 
wrote down his geological knowledge in a book entitled 
“Geology or treatise on the formation and deformation 
of the Earth” (Geologie of Verhandeling over de vorming 
en vervorming der Aarde; see Bilderdijk and Geology). 
It ultimately appeared in 1813 with his name only as a 
signature in the vignette on the front page.
Bilderdijk never directly experienced nature and was, 
like many contemporary savants, a scholarly recluse 
who, in contrast to De Luc, never made his own field 
observations. He never achieved hands-on knowledge 
of geology in which he remained a dilettante. With his 
extensive bookish knowledge he was typical of the 18th 
century encyclopaedists, a representative of a breed that 
was, in his time, already declining in influence.  

Bilderdijk defines geology as “a 
link of interconnected know-
ledge on matter constituting 
the earth and its formation, as 
a result of which it became the 
real present-day earth”. He does 
not deal with the generation of 
the earth itself, only with its de-
formation. Thus he disconnects 
geology from cosmogony because, 
according to him, the only real 
cosmogony is the story of Moses 
written under God’s inspiration, 
which accounts for the forma-
tion of heaven and earth as a 
“visible and considered entity”. 

Shells and other animal remains 
found high in mountain areas 
and in unusual climatic zones 
are indications of the force of 
the deluge. However, the bibli-
cal flood lasted less than one 
year and therefore it could not 
explain the layering of fossilifer-
ous rock units, nor the observed 
faults, cavities, and general 
destruction on the earth. 
Volcanic activity raised the 
question of whether the inte-
rior of the earth is fiery and its 
products, alternating layers of 
ash and lava, raised doubts as 

to whether Biblical chronology 
allowed sufficient time for them 
to have accumulated. Bilderdijk 
refers shortly to the absence, in 
The Netherlands, of clear con-
temporary ideas on geology. He 
expected, in vain as it appeared 
later, that his book, written in 
the vernacular, would achieve 
“propagation of this profession 
and this study”. He had tried to 
write a popular scientific compi-
lation, a short overview rather 
than a complete one, which 
would have been impossible in 
any case within 136 pages.

bilderdijk and geology 

Frontispice of Bilderdijk’s book on 
geology. 
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3.2. Experimental natural  
philosophers and fieldworkers        

In contrast to savants, some natural philosophers-physicists 
carried out experiments or made observations in the field. 
Of those active during the Republic of The Netherlands, 
the best known are Martinus van Marum and Johannes Le 
Francq van Berkhey.  
Martinus van Marum (1750-1837) was an experimental 
physician with deep interest in physics and botany and one 
of the most important Dutch savants during the period. He 
studied in Groningen under Petrus Camper and became a 
general practitioner in Haarlem (1776). Politically he was an 
Orangist, but through good personal contacts with French 

His objective was to achieve a unity of belief, ethics and 
natural philosophy, but by the beginning of the 19th cen-
tury specialist geologists and professional natural scientists 
began to emerge, and this was not what Bilderdijk was. 
He remains an unlikely author of the first book on geology 
in Dutch. 

Martinus van Marum  
(1750-1837)

Johannes Le Francq van 
Berkhey (1729-1812)

Fig. 3-5. A surprisingly modern-looking North – South correlation section through the coastal area of Holland. 

Fig. 3-6. Fragment of a long cross-section through the upper 5 m of Holland’s subsurface between Haarlem and Hillegom  
(see also fig. 3-5).
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Bilderdijk (see 3.1), Berkhey did not escape abroad during the 
French occupation. For a long time his early geological work 
lay forgotten, but he made many original field observations 
which he interpreted intelligently and in surprisingly modern 
sedimentological terms; this all before the science of geology 
was even born. 
He published a two-volume encyclopaedic treatise with 
descriptions and classifications of sediments, rocks, fossils 
and minerals (Francq van Berkhey, 1771). It contained a 
detailed geological description of Holocene layers in Holland 
and a correlation of the succession in 23 locations (figs. 3-5,6,7) 
between Medemblik in the North and Schouwen in the South). 
At a time when geology as an independent science had not 

savants during the occupation, he managed to maintain a 
protected scientific position, and this he was able to retain 
after the restoration. In Haarlem he became a member of 
Teylers Tweede Genootschap (1779; see 2.5), the first director 
of Teylers Museum (1784) and secretary of De Hollandsche 
Maatschappye der Weetenschappen (1794). In 1784, Teylers 
opened its oval hall (fig. 2-5) and became the first public 
museum in The Netherlands.  
As museum director, Martinus van Marum made important 
purchases (e.g. a Mosasaurus skeleton and the Homo diluvii 
testis). He had good personal contacts with Faujas de Saint 
Fond, the professor at the Muséum d’ Histoire Naturelle in 
Paris charged with the confiscation of natural science objects 
in occupied territories, and was able to prevent the looting 
of Teylers Mosasaurus. However, even he was not able to 
prevent the original Maastricht Mosasaurus from being 
transported to Paris, where it can be seen to this day in the 
Muséum under catalogue number MHN-AC9648 (fig. 3-2). 
So far the French authorities have refused to return this sto-
len property. Faujas de Saint Fond’s description of Mososau-
rus was translated  by J. D. Pasteur in 1802 and published 
as Natural history of the St Peter Mountain at Maastricht 
(Natuurlijke historie van den St. Pietersberg bij Maastricht). 
In the winter of 1796-1797, Van Marum gave the first ever 
series of lectures on geology in The Netherlands. 
Johannes Le Francq van Berkhey (1729-1812) was a natural 
philosopher-physician, poet, pamphleteer and reader 
in natural history at Leiden University. He created a lot of 
patriotic enmity during the French occupation, and was 
even prosecuted and temporarily relieved of his university 
position. He never achieved a full professorship. In contrast 
to other Orangists like his contemporary lawyer-poet Willem 

Fig. 3-7. The trajectory of the cross-section through the upper 5 m of Holland’s subsurface  
(see also figs. 3-5 and 3-6). 

Fig. 3-8.  Redrawn log of the deep water well measured by Pieter 
Pieterszn Ente (1605) (see Steno in Leiden in ch. 2). 

Fig. 3-9. Drawing of a sand quarry near Katwijk by J.F. Le Francq van Berkhey.
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between its chairman, Jacob Gijsbertus Samuel Van Breda 
(1788-1867) and its secretary Winand Staring.
The commission also included Friedrich Anton Wilhelm 
Miquel (1811-1871), and was established in 1852 specifi-
cally to construct a geological map of The Netherlands. It 
was dissolved within three years, however, due to internal 
squabbles, and Staring was appointed to complete the map 
on his own, a task he completed in 1857. In 2002 Faasse 
commented that the fundamental problem with the Geolo-
gische Hoofdcommissie had been caused by a confronta-
tion between old (Van Breda) and new (Staring) geological 
concepts. Van Breda, as a university-based universal 
scholar, regarded the map as a summation of scientific en-
quiry. Staring, a specialised practical field geologist without 
university ties, considered that the map should form the 
basis for geological investigation of the Dutch soil. “Where 
Van Breda and Miquel aimed to produce a map that stood 
for universal knowledge of the earth crust, for a ‘monu-
ment’ to science, eternal and timeless, Staring saw the map 
as the beginning  of research and discussion, as a fallible 
‘moment’ in the history of science. And so, this ‘patriarch 
of Dutch geology’ paved the way for his successors” (Faasse, 
2002).
Thus this tale of 19th century Dutch geology, with the early 
surface reconnaissance of Dutch territory, can and will be 
told as the tale of the lives of Jacob Van Breda en Winand 
Staring.

Jacob Van Breda 
Van Breda (1788-1867) was born in Delft. At Leiden Univer-
sity, he took a doctor’s degree in medicine (July 1811) and 
one in natural sciences (December 1811). His love for natural 
sciences was probably passed on to him by his physicist 
father. He married into the Camper family (see 3.1 and 4.2.2) 
and five years later became professor in botany, chemistry 
and pharmacy at the Franeker atheneum. Next he was 
offered a professorship in botany, zoology and comparative 
anatomy, for which he moved to Ghent. He lost this job 
when the Belgian revolt broke out in the summer of 1830 
and he declared his support for the northern Netherlands. 
He returned home and was appointed extraordinary 
professor at Leiden. In 1835 he became full professor and in 
1839, he succeeded Martinus van Marum both as secretary 
of the Hollandsche Maatschappye der Weetenschappen 
and as director of Teylers museum. He retained his position 
in Leiden until his retirement in 1857, but kept his posts in 
Haarlem until 1864. He died in September 1867.
“In his youth, Van Breda was characterized as a charming, 
versatile intellectual. In the difficulties concerning his ap-
pointment, he proved to have willpower and perseverance 
whilst, when older, rigidity and ambition best describe 
him” (Breure, 1979).
Jacob Van Breda was no geological specialist. Like his 
predecessor in Haarlem, he was interested in many dif-
ferent fields of study as is reflected by his professorship in 
chemistry and comparative anatomy. In Leiden, however, 
these subjects included geology. During his years at Teylers, 
from 1845 to 1862, he studied electricity and physics and 
published extensively on these matters. His Ghent and 
Leiden professorships were geologically the most important 
periods for Van Breda, but his involvement in the produc-
tion of a map of the northern Netherlands in the period 
1852-1855 proved unsuccessful.

yet been defined, this was unique. The extent of his detailed 
descriptions can be seen on the contemporary picture of a sand 
quarry at Katwijk (fig. 3-9). 

3.3 Surface reconnaissance in  
the 19th century 
Willemjan barzilay

 
“It is a known truth, that in our Motherland the soil is 
regarded as of little importance for the geologists: lack of 
mountains, lack of mines, and all this seems for many to 
have taken the love for the geological study away!”  
(L.A. Cohen, 1842)   
The greatest achievement of 19th century Dutch geology was 
the publication of the 20 sheets of the geological map of 
The Netherlands by Winand Carel Hugo Staring (1808-1877). 
This was the first “real” geological map of The Netherlands, 
showing more than just the soils. It introduced new 
geological concepts like Diluvium and Alluvium, equivalent 
in modern terms to the Quaternary, and it included many 
modern field-based geological insights. For this work 
Staring was awarded a gold medal at the 1862 World 
Exhibition in London, and based on this map and his 
further publications, he came to be known as the ‘Father of 
Dutch geology‘.
Staring’s map was, however, not the first geological map on 
which The Netherlands were shown. The oldest were the 
German geological map (1821-1831) of Christian Kieferstein 
(1784-1866), and the northern France - southern Nether-
lands geological map (1822) of Jean Baptiste Julien baron 
D’Omalius d’Halloy (fig. 3-10). Already in 1808, the latter 
had made a publication on the geology of northern France, 
which he had extended to cover The Netherlands, but the 
map belonging to it did not appear until 1822 (fig. 3-10). In 
1810 D’Omalius d’Halloy had been commissioned to make a 
mineral map, but he did not start any scientific work on the 
subject until 1813, due to his appointment by King Willem I 
as governor of Namur (Namen). In 1828 he updated his 
map, but the final large, detailed version would never 
appear as planned. The published maps were issued at a 
scale of 1:4,000,000. On them much of The Netherlands 
were coloured grey (fig. 3-10)  indicating terrains mastozoö-
tiques (defined by D’Omalius as rocks in which mammifer-
ous quadrupeds were found; i.e. Cainozoic). Only the rocks 
that crop out in Limburg were distinguished as belonging to 
a separate period, which he named the Cretaceous (Terrain 
Crétacé). 
Comparing D’Omalius’ and Staring’s maps, the outstand-
ing nature of the latter with its many colours and shades is 
evident. In his rewritten version of Staring’s Natural history 
of The Netherlands (De natuurlijke historie van Nederland) 
(1856, 1860), which is better known as The Netherlands’ 
soils, Van Baren (see Epilogue 3.3) wrote that this map put 
The Netherlands ahead of all other countries “because for 
the first time the Diluvium and Alluvium were separated in 
subsections and their boundaries mapped as accurately as 
time and circumstances allowed”. Staring’s map demon-
strated that The Netherlands, despite the lack of mountains, 
granite and mines (see quote above) are geologically very 
interesting.
The production of the geological map of The Netherlands is 
closely connected to the history of the Geological Com-
mission (Geologische Hoofdcommissie) and the quarrel 

Bust of Staring, located next to 
the quarry at Losser, unveiled 
on 22 May 1968 to honour the 
‘Father of the Dutch geology’

Jacob Van Breda (1788-1867)
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Fig. 3-10. The Netherlands at a larger scale. 
Legend: grey = terrains mastozoötiques   (i .e Cainozoic); yellow = terrains Crétacés (i.e. Cretaceous); pale green = terrains ammonées 
(i.e. Jurassic and Triassic); pale blue = terrains pénées (i.e. Triassic and Zechstein); purple = terrains primordiaux (i.e. all older rocks); 
red = terrains pyroides (i.e. volcanic). 

Fig.3-10. The geological map of Jean baron D’Omalius d’Halloy (1783-1875), as it was published 
in 1822. D’Omalius had travelled extensively through France, but not in The Netherlands, where he 
visited only Limburg. With the exception of Limburg, The Netherlands are depicted in a single colour. 

Fig. 3-10. Life-size painting of Jean baron D’Omalius d’Halloy 
(1783-1875). 
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and two advisers. The scientific workers were Jan Egbert 
van Gorkum (1780-1862), survey director at the staff of the 
Quartermaster General, and Jacob Van Breda. Van Gorkum 
was made responsible for the practical part of the project, 
the collection of samples and the drawing and engraving of 
the map, whereas Van Breda took care of the scientific part, 
i.e. sample examination and geological and mineralogical 
description. The advisers were D’Omalius, who meanwhile 
was appointed Governor of Namur, and P.M. Bouesnell, 
chief engineer of the state mines. Although Van Gorkum 
and Van Breda actually carried out the project, they re-
quired advisers’ approval at almost every step.
The investigations started with surveys by specially trained 
staff who would map interesting locations, take notes on 
land use, make meteorological observations and collect 
rock, fossil and water samples. Van Breda then would 
investigate the region and identify areas of potential inter-
est for either industry or science. Subsequently, the officers 
would perform a detailed study of such areas, including 
detailed geological and topographical mapping. They were 
assisted by the various governors and local mining engi-
neers. When, in 1828, the project ran out of time, it was 
decided to concentrate on the areas that had already been 
marked as interesting beforehand, and the mapping scale 
was reduced from 1:100,000 to 1:200,000. Despite these 
measures, the commission did not meet the next agreed 
deadline (31 December 1829) and the project was extended 
by another year. It then ran into serious problems with the 
outbreak of the Belgian revolt which, in effect, meant its 
end. Both Van Breda and Van Gorkum left and the collected 
material was shipped to Leiden.
It was decided that the map was to be completed with the 

Mapping the southern Netherlands
Between 1813 and 1830 the southern Netherlands were part 
of the United Kingdom of The Netherlands (Ch. 2). The rise 
in industry and particularly of mining at the beginning of 
the 19th century created a growing need for knowledge of 
the surface and subsurface here. Therefore, on 20 March 
1825, the government commissioned the preparation of a 
geological map. The Ministry for Internal Affairs, Education 
and Science wrote to Van Breda in Ghent (1825): “As a result 
of this decision by His Majesty, The Netherlands will be the 
first among the Nations to have a map that, combined with 
a scientific description, can be used as a source of informa-
tion for anyone who, for whatever reason, holds interest in 
the products of the soil; not just the miner or the farmer, 
but also he that uses the products of the mines and farms 
shall see the benefits thereof. So far no mineralogical and 
geological map of these regions exists, and never before 
has there in any country been a map constructed on public 
authority such that those involved in the mapmaking were 
given all the resources they needed.”
The goal was to create a map and description of the area 
south of Ghent and east of Kortrijk. It had to “depict all 
matters related to geology and mineralogy”. The description 
had to provide accounts of all the important and curious 
geological phenomena and locations, and be accompanied 
by an explanatory cross-section. For the sake of clarity, 
topographical information was kept to a bare minimum. 
The expenses were estimated at 10,000 guilders a year. Four 
years and nine months were reserved for the project but, 
given the goals, it is no surprise that this deadline could 
not be met. To create the map and description, a com-
mission was appointed, comprising two scientific workers 

Fig. 3-11. Detail from the Choro-Mineralogical and General Hydrographic Map (Choro-mineralogische en algemeene hydrographische 
kaart, 1833), the result of the unfinished mapping project of the Southern Netherlands to which Van Breda contributed. 
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available information. Van Breda had already made a draft 
version that was never published (there is a copy in the 
archives of the Delft University of Technology), for which he 
had designed a colour scheme reflecting lithological differ-
ences and distinguishing more formations than D’Omalius 
(who only had used two units).
The seven sheets of this “Choro-mineralogical and general 
hydrographic map” (Choro-mineralogische en algemeene 
hydrographische kaart, 1833) of the Southern Netherlands 
were published between September 1833 and July 1834 (figs. 
3-11 and 3-12).  The end result was, however, not a map 
depicting ‘all’ matters related to geology and mineralogy. 
It had had to “sacrifice ... some of the originally intended 
objectives and became a chorographical (or regional de-
scriptive) map for the Public Service”. It shows the locations 
of, for example, copper mines, zinc refineries, slate quarries 
and potteries, but the geological investigations - Van Breda’s 
“formations” - which were depicted on the draft version, 
did not appear on the final map. The maps are actually 
barely readable and, because Belgium had by this time 
become an independent nation, they were not very useful 
to the Dutch government. They could, however, have been 
important to the history of geology in The Netherlands if the 
project had been completed. 
The mapping of the Southern Netherlands suffered from 
having too general an objective and it could be only partly 
saved by making several important sacrifices. While the 
project lacked specific objectives, however, it excelled in 
having a clear division of labour: Van Breda was the project 
scientist and Van Gorkum the project manager. The next 
map-making project that Van Breda became involved with 
(1852-1855) suffered from the lack of such an approach.

Fig. 3-12.  Part of the legend to the Choro-Mineralogical and General Hydrographic Map (Choro-
mineralogische en algemeene hydrographische kaart, 1833). 

In his dissertation Staring paid 
a lot of attention to Alluvial and 
Diluvial strata, the recognition 
and subdivision of which 
proved to be the most important 
advance in 19th century Dutch 
geology. Ostensibly uninspiring 
building materials like clay, 
sand, loam and erratics, 
identified as either belonging to 
alluvial or diluvial strata, made 
The Netherlands pivotal in the 
study of Quaternary geology. 
For this reason, some scientists 
have called “our Motherland 
very important. Where does one 
find diluvial strata better and 
more clearly exposed than in 
the eastern part of our country? 
Neither for the study of the 
Diluvium nor for significant 
parts of the Alluvium one 
does need to travel to strange 
countries as our country most 
certainly occupies ‘a first place 
in the alluvial era’ ”. The active 
deposition and accumulation of 
alluvial sediments means that 
The Netherlands is one of the 
best places to study the origin of 
clastic sedimentary rocks.

The concept “Diluvium” was 
introduced in 1815 by the English 
geologist William Buckland 
(1784-1856) to describe Diluvian 
detritus in a compilation table 
of English strata. He used the 
term to distinguish between 
Alluvian layers, deposited by 
rivers and wind, and Diluvian 
layers resulting from a large 
flood, and he pursued this idea 
further in his famous book 
Reliquiae Diluvianae (1823). 
According to Buckland, the 
Diluvium was deposited by a 
large flood that had covered 
Europe and possibly the entire 
world. “Buckland had …
dated this catastrophic event 
only a few millennia in the 
past; his forceful claim [was] 
that it was none other than 
the Biblical Flood” (Rudwick, 
2008). This claim was met with 
much criticism, but he had 
nevertheless built a strong case 
for the existence of a geological 
flood. In 1825 his English 
colleague Adam Sedgwick 
(1785-1873) endorsed Buckland’s 
separation of Alluvium from 

Diluvium and argued that these, 
indeed, represented separate 
geological periods, the Alluvium 
being the younger.
In 1827, the Dutch teacher 
Remmert Venhuis (1796-1882) 
introduced the terms in his 
natural history textbook A 
natural history of the province of 
Groningen (Eene natuurlijke historie 
der provincie Groningen). Another 
early user of the terms was 
physician Gozewinus Acker 
Stratingh (1804-1877) in his 
research of the province of 
Groningen.
Staring described both Alluvium 
and Diluvium in his dissertation 
but  he paid more attention 
to alluvial soils, probably 
because of their importance to 
agriculture. Staring followed 
Van Breda’s subdivision of 
the Diluvium into two parts: 
one with sediments that had a 
southerly provenance and the 
other in which the sediments 
were derived from the North. 
This idea first appeared in Van 
Breda’s copious annotations 
to Johann Hausmann’s 

(1782-1859) prize contest 
winning publication from the 
Hollandsche Maatschappye der 
Weetenschappen on the origin 
of erratic boulders, which Van 
Breda had translated into Dutch. 
His Diluvium interpretation 
was supported by Professor 
Pieter Harting (1812-1885) in 
Utrecht. Van Breda obviously 
played an important role in the 
application of the concept of 
Diluvium and Alluvium to The 
Netherlands. Because he was 
involved in Staring’s doctoral 
thesis, it seems a little unfair 
to attribute all honour for this 
19th century development to the 
latter. Nevertheless it would 
be Staring who would develop 
the idea further and made the 
concepts tangible by mapping 
them out.

the diluvium
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he returned to continue his studies. After attending Van 
Breda’s lectures on comparative anatomy and geology he 
wrote his father: “I really like him in both courses he gives. 
He does have an odd posture and moves a lot when he 
speaks, but other than that he speaks quickly, but clearly 
and without repetition and waffling, as for sure 2/3 of our 
professors do”.  
Van Breda suggested that Staring could become curator 
of the mineralogy department of the Leiden museum, 
and after graduation he decided to choose geology for his 
doctorate study. Staring initially considered investigating 
the origin of erratic boulders like the ones he had found 
at his parents’ estate but, in consultation with Van Breda, 
he decided to study the soil of The Netherlands in general. 
His dissertation aimed to be “an overview of all that has 
been published on geology of the Motherland”. He did 
not encounter a “completely empty country” as his father 
had expected, but found more than 150 publications on 
the subject. Most of the publications were in Dutch and 
included some from Van Breda and the chemist Antonius 
Henricus van der Boon Mesch (1804-1874), who became 
Staring’s official academic supervisor: Van Breda was Star-
ing’s actual supervisor, but as an extraordinary professor he 

Winand Carel Hugo Staring
In Leiden, Van Breda met Winand Staring (1808-1877), who 
was studying natural history. Staring was born as one of 
the eight children of poet A.C.W. Staring, and was home 
schooled until the age of fourteen. He went to Leiden (1827) 
to read law like his father, but did not like it, and with his 
father’s consent switched to natural philosophy. He greatly 
admired the chemistry lectures of Jan van der Hoeven 
(1801-1868) and the biology lectures of Casper Reinwardt 
(1773-1854), but liked zoology best because of the opportu-
nity it gave for anatomical research and skeleton prepara-
tion. He abhorred, however, memorising Latin texts. As a 
student he became intrigued by the writings of poet Willem 
Bilderdijk (1756-1831) who, in 1813, had anonymously pub-
lished a book on geology in the vernacular (ch. 2). 
The first contact between Van Breda and Staring was when 
the latter won a contest organised by Ghent University 
in 1830. Unfortunately, the prize ceremony, to which Van 
Breda invited Staring, was cancelled because of the Belgian 
revolt. Later, Staring participated as a member of the 
voluntary riflemen company of Leiden University (Kompag-
nie Vrijwillige Jagers der Leijdsche Hoogeschool) in the Ten 
Days’ Campaign (Tiendaagse Veldtocht). In October 1831, 

In Europe and especially in 
The Netherlands, an important 
18th and 19th century geological 
question revolved around 
the origin of the enormous 
boulders that could be found 
throughout the northern half 
of the country, especially in the 
province of Drenthe. There were 
so many that Drenthe became 
the main source of material for 
coastal dike improvements and 
road building. In prehistoric 
times such boulders had been 
used to construct megalithic 
burial chambers locally known 
as hunebedden (giant’s graves). 
The megalithic burial mounds 
had been investigated in the 
16th and 17th centuries, but 
the difficulty of access to the 
inhospitable and barren natural 
surroundings of Drenthe 
ensured that knowledge of 
them was limited elsewhere 
in the Republic. From the late 
18th century onwards, interest 
in the remaining 54 megaliths 
and their builders increased, 
but recycling of erratics was 
not forbidden by provincial and 
State law until the end of the 
19th century.
In the 19th century there was 
still no explanation for the 
origin of the erratics and the 
graves they formed, and in 1815 
a prize contest was initiated by 
the Hollandsche Maatschappye 
der Weetenschappen aimed 
at answering the question 

of the origin of the graves. 
Nicolaus Westendorp, a 
religious minister in Losdorp 
(Groningen), concluded that 
they must have been built by 
the Celts. This still did not 
answer the question from where 
the boulders came and in 1828 
the Hollandsche Maatschappye 
organised a second contest to 
answer that question. This 
time the German mineralogist 
Johann Hausmann (1782-1859) 
wrote the winning treatise (it 
was translated and commented 
on by Jacob Van Breda).
In the 18th and 19th centuries 
there were two main opinions 
on the origin of the boulders: 
Either they had grown or 
they had been transported. 
Advocates of the first approach 
thought that a sal fixum 
(fixing salt) caused growth 
of the erratics. This idea was 
supported by the presence of 
fossils of familiar organisms, 
including corals, embedded 
in the rocks, which suggested 
they had grown there, and were 
gradually being consolidated 
and lithified to form stone. 
Some even compared the 
‘growth’ of erratics to sexual 
reproduction in organisms.
In his doctoral thesis, Staring 
devoted several pages to the 
different hypotheses concerning 
the origin of erratics. He 
recognised two main groups of 
explanations: 

(1) erratics originate at their 
present location (he did not 
mention the growth-hypotheses 
in this group, but included the 
possibility that the erratics 
were remnants of eroded 
strata, or that they had been 
pushed up through crevasses, 
but he rejected this group of 
hypotheses);
(2) erratics were transported, 
either by floods of fresh river 
water or salt sea water. He also 
mentioned ice as a possible 
transport agent although, at 
that time, he had not yet read 
Lyell’s Principles of geology. 
Although he preferred this 
group of hypotheses, he did not 
express preference for any of 
the mechanisms.
Staring became familiar with 
Lyell’s work and the drift ice 
hypothesis after receiving his 
doctor’s degree. He discussed 
and adopted the hypothesis in 
his Natuurlijke Historie van 
Nederland and in 1858 devoted 
an article to the origin of the 
erratics. He proposed that the 
boulders were transported to 
the coast by glaciers and then 
carried by icebergs out to sea 
until, with melting of the latter, 
they sank to the bottom. Staring 
considered this hypothesis to 
be reasonable as it had been 
shown that present-day glaciers 
could transport such boulders. 
A severe problem with the drift 
hypothesis, however, was that 

if icebergs had transported 
the boulders, they would be 
expected to occur in ordered 
layers, and they did not. The 
discovery of moraine remnants 
on land opened the possibility 
that the boulders had been 
transported by land ice and 
this, coupled to the ice age 
concept, was advocated in The 
Netherlands through the work 
of Jan Lorié (1852-1924).
In 1861 the Hollandsche 
Maatschappij organised a 
prize contest to investigate the 
similarities between Silurian 
erratics from the north of 
The Netherlands and those 
of Silurian formations in SW 
Norway. After visiting Holland 
in 1865 to investigate Staring’s 
rock collection, the Swedish 
professor of geology and zoology 
at Lund, Otto Torell (1828-1900), 
entered the contest in 1866. He 
submitted his contribution in 
1867, arguing that the erratics 
had been transported by 
glaciers of land ice. He won 
the prize, but his manuscript 
was never published. It seemed 
that Torell never responded to 
repeated requests to edit and 
return the manuscript for final 
publication. After he had died 
in 1900, the manuscript was 
relocated, but unfortunately 
subsequently lost, and the prize 
was posthumously given to 
Torell’s widow.

erratic boulders in the netherlands    

Winand Carel Hugo Staring 
(1808-1877)
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Fig. 3-14. Winand Staring’s ‘Proefe eener geologische kaart van de Nederlanden’, which he pre-
sented in 1844. 

lacked the ius promovendi. Cooperation between the two 
supervisors was strained as Van Breda, as a ‘refugee’ from 
the southern Netherlands, was regarded as an intruder, but 
Staring experienced it as a minor nuisance only.
Staring completed his dissertation with a recommendation 
that twelve actions be undertaken; five on the Alluvium, 
four on the Diluvium, one on the Tertiary and two on gen-
eral matters. His subsequent primary and most important 
task was to produce a geological map of The Netherlands. 
The implementation of these recommendations became 
Staring’s life work. He was awarded the highest degree for 
his dissertation and on December 6th 1833 he wrote: “If I 
might have some spare time at my disposal, which I hope 
I shall have, then I shall not neglect to apply myself to 
the science of geology and attempt again, but then in my 
mother tongue, to provide a more extensive write up; I also 
hope I will be able to provide both a geological map of our 
Motherland and a history of our Alluvium”.

Staring’s geological work before 1852 
Unfortunately Staring’s job at the Leiden museum did not 
materialize and he turned his attention to agriculture. He 
missed the opportunity to study biology and geology, but 
kept himself informed with developments in these subjects. 
Four years after receiving his doctor’s degree he was eventu-
ally given his first geological job: upon receiving an applica-
tion for marl exploration around Eibergen and Winterswijk, 
the provincial council of Gelderland had established a 
commission to investigate the Tertiary there. Staring was 
chosen as a member. He explored the area on horseback 
and published “Geological peculiarities of the eastern 
quarter of Zutphen” (Het geologisch merkwaardige in het 
Oostelijke quartier van Zutphen, 1837). He concentrated on 
explaining why Gelderland’s agriculture lagged behind that 
of other regions, but he also discussed various strata be-

Fig. 3-13. The Twente sheet of Staring’s geological map of The Netherlands with enlarged legend. 
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B.W.A.E. baron Sloet tot Oldhuis LLM (1808-1884), who also 
became instrumental in Staring’s next step in his geological 
career.

Staring, Van Breda and the geological map
In 1846, Sloet tot Oldhuis organised the first Congress 
of Native Rural Economists (Congres van Vaderlandsche 
Landhuishoudkundigen) to address the question of why 
Dutch agriculture lagged behind that of surrounding coun-
tries and in comparison to other Dutch industries. Could 
improvements be achieved with more scientific involve-
ment and developments? The congress was, amongst 
others, attended by Van Breda and Staring. One topic of 
concern was the absence of a geological map. Baron Sloet 
tot Oldhuis emphasized “the great usefulness and necessity 
of a geological description of The Netherlands” and told the 
congress that the Overijssel Association had made a start 
by employing Staring to construct a provincial geologi-
cal description. Van Breda proposed that a commission be 
formed to draft an advice how a national project could be 
implemented. From his personal experience from the earlier 
mapping project (1825-1830), he pointed out the many 
difficulties that would be faced, and estimated that such a 
project would take six to eight years to complete. An ad hoc 
commission was appointed following Van Breda’s advice, 
consisting of Van Breda, Staring and Acker Stratingh, and 
at the next agricultural congress it presented its ideas. As 
with Van Breda’s first project, they recommended that the 
project should be given to two persons, who would require 
an estimated seven years to complete it and that it should 
be State- or Province-financed. The congress requested Van 
Breda, Staring, Van der Boon Mesch and L.A. Cohen (1817-
1889) to present the request on a personal basis to minister 
Thorbecke of Internal Affairs. Thorbecke asked advice 
from the Royal Institute of Sciences, which advised that a 

longing to different eras and paid considerable attention to 
soil formation in alluvial strata. He made descriptions of the 
outcropping Tertiary and Cretaceous layers and concluded 
that, though the marl was suitable for cement making, the 
quantities were insufficient to be economic. During these 
investigations he kept contact with Van Breda who had 
located and investigated Tertiary outcrops near Arnhem 
four years earlier, and who in 1837 published on the same 
Cretaceous deposits as Staring (fig. 3-13).
After this project Staring carried out geological research and 
combined these with Acker Stratingh’s map of Groningen 
to construct a proof of a geological map of The Netherlands 
(Proef eener geologische kaart van de Nederlanden, 1844, 
drawn at scale 1:800,000. fig. 3-14). 
Although partly based on Acker Stratingh’s map of Gron-
ingen  (see fig 3-15), an important difference between 
Staring’s map and the earlier one of Acker Stratingh is that 
the latter mapped different types of sediments and grouped 
them chronologically whereas Staring showed differ-
ent chronological units with the exception of the modern 
deposits which he indicated by type. He intended this map 
to be “a question to his fellow countrymen about what 
in those days was not known about the geology in The 
Netherlands”. Staring showed the Secondary and Tertiary 
strata next to Diluvium and Alluvium both as yet without 
subdivisions. However, it already made the map quite dif-
ferent from that of D’Omalius, who only used two colours. 
In several lectures Staring presented his map, which led 
the Overijssel Association to Develop Provincial Prosperity 
(Overijsselsche Vereeniging tot Ontwikkeling van Provinciale 
Welvaart) in 1844 to request from Staring an investigation 
of the geology of Twente, Salland and the Land van Vol-
lenhove, emphasising on the relation between geological 
strata and agricultural use of the land. Initiative for the 
studies were almost certainly by the Association’s president 

Fig. 3-15. On his map of the province of Groningen, Acker Stratingh distinguished between the different types of sediments that could 
be found. He grouped the sands, with the exception of the dune sands, as diluvial and the clay and peat as alluvial deposits.   
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logical education will soon be filled in by your knowledge of 
related sciences , and especially by your scientific talents”.  
Although others expressed interest in becoming the com-
mission’s secretary  (e.g. Salomon Bleekrode (1814-1862), 
professor at the Royal Academy in Delft),  Staring was 
appointed and the commission started its task of produc-
ing a geological map of The Netherlands. The commission 
was assisted by many official (corresponding) and unofficial 
(advising) contributors. The former were all local experts 
ranging from professors like Salomon Bleekrode and Pieter 
Harting, to medical doctors such as Gozewinus Acker Strat-
ingh, members of Leiden’s State Museum of Natural History 
and even a Member of Parliament! Most correspondents 
were geologically inexperienced, however, and some of 
them contributed very little.
 Van Breda soon delegated responsibility for respond-
ing to correspondence to Staring, who eventually received 
most mail. This proved to be the base for later problems 
within the commission. Staring’s tasks steadily increased 
and eventually he carried out almost all of the commis-
sion’s activities, from collecting the samples to coordinating 
investigations and drawing the geological map. By 1854 Van 
Breda’s presidency had become only supervisory. 

The break-up of the commission
Three years after its start, the commission collapsed. The 
first indications of failure emerged in July and August 1854, 
when Staring went surveying Drenthe, Groningen, Friesland 
and the Dutch Wadden Islands. In his absence Van Breda 
and Miquel drastically changed the budget drafted and 
approved by Staring. They also decided to survey Limburg for 
the map, overruling all the work of the local correspond-
ents. Staring, who became aware of these developments 
too late, responded bitterly. After his return, Van Breda 
increased the meeting frequency without reason, except 
apparently in order to keep his secretary in line. 
The next incident concerned the activities of one of the 
correspondents, Hermann Schlegel (1804-1884), conservator 
in the Leiden State Museum of Natural History and charged 
with the study of fossil reptiles. Van Breda tried to take over 
these activities, but Staring protested, using clear language: 
“Everyone is obliged to keep their word even if it turns out 
inconvenient to him later on”. Staring also blamed Van 
Breda for undermining Schlegel’s work by withholding ac-
cess to his own collection.
A climax was reached a few days later, when Van Breda 
presented a new plan for the completion of the project on 
time and within budget. However, this plan might have had 
more to do with the Schlegel-affair and it involved a huge 

geological map was desirable “both from a scientific and an 
economical point of view; that the drawing of the map can 
take place only following dedicated extensive and expensive 
research, which should be carried out by certain scientific 
workers“, to whom funds should be allocated. A detailed 
plan was required, which the minister requested from the 
four applicants.
The draft plan stated that the goal of the mapping project 
was ‘to define the Alluvial, Diluvial and Tertiary grounds, 
and also to depict the Tertiary, Cretaceous and Jurassic for-
mations’ and that it should be supported by drilling and the 
collection of fossils and rocks for comparison with those from 
surrounding countries. ‘It should also be investigated which 
wild flowers and plants characterise the different geological 
terrains, and to which culture those would be most useful’. 
The work was to be carried out by a three-headed commis-
sion assisted by regional experts. Thorbecke added 10,000 
guilders to his 1851 budget for the creation of a geological 
map. He commented: “There is a huge lack in knowledge 
of the geological origin of The Netherlands and this is partly 
the result of the lack in thorough research, which is essential 
for the creation of a geological description and map. The 
enormous importance the work has for sciences and the 
industries make it desirable that it is promoted and paid for 
by the government”.
Thorbecke appointed another commission to further develop 
the plan, with Staring, but not Van Breda, as a member. 
This commission reemphasized that the work should be 
carried out by a team of two or three members including a 
secretary, and should be supported by experts. One member 
should be responsible for the collation of all the material 
and for the drawing of the map. The secretary would be 
responsible for collecting all fossil and rock samples and 
handling all correspondence. An official division of labour 
was, however, never written down. 
The Geological Commission (Geologische Hoofdcommissie), 
formed by Royal decree (14 March 1852), was made up of 
Jacob Van Breda as president, Friedrich Miquel (professor 
at the Athenaeum Illustre in Amsterdam; see 4.2.5) and 
Winand Staring as members. It had, however, no secretary, 
and after consulting his colleagues, Staring reluctantly ap-
plied for the post (because it involved leaving his estate to 
live at the Pavillion in Haarlem, where the collected rocks 
and fossils were to be kept). To Staring’s application van 
Breda replied: “….Concerning the answer to…your ques-
tions: I did not need to think – I answer it with a confident 
Yes……and, without a doubt, if you had foreseen the course 
of events, you would  have visited several foreign mountain 
ranges, but I am also convinced that these gaps in your geo-

Uniformitarianism is gener-
ally regarded as one of the 
founding principles of modern 
geology. The idea is that, given 
enough time, current processes 
are adequate to account for all 
the geological features that can 
be found on Earth today. There 
was no need for great disas-
ters, a “Deus ex machina, [….] 
explaining all for which there 
was no other explanation” as 

Staring wrote. Both Van Breda 
and Staring were adherents of 
uniformitarianism, which was 
advocated strongly by Charles 
Lyell (1797-1875) in his “Princi-
ples of geology”.
Van Breda distanced himself 
from the ‘catastrophists’, who 
believed that only extraordi-
nary events could explain the 
features of the earth. “The 
conscientious observer”, wrote 

Van Breda, could find with 
little difficulty the missing 
pieces of the gradual develop-
ment. While disagreeing with 
his catastrophist colleague in 
Utrecht, N.C. de Fremery, Van 
Breda did, however, believe 
that a single flood had caused 
the diluvial deposits. Interest-
ingly, his belief in gradual 
change within the natural 
realm extended to the changes 

taking place in the organic 
world.
Staring was also a follower of 
Lyell’s uniformitarianism, but 
he went a step further than 
his old supervisor, interpreting 
the diluvial deposits to be the 
result of regular (non-cata-
strophic) deposition and not of 
a flood.

uniformitarianism in the netherlands 
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study of the erratics to be a specialist job, of only marginal 
importance for mapping. About Van Breda Staring was less 
subtle. His incompetence as a geologist had hindered the 
commission. He had very “superficial knowledge” and was 
unfamiliar “with the present-day state of affairs in sci-
ence”. Furthermore, he was an unqualified field geologist 
and “unfamiliar with the Dutch soils, which he only tried 
to learn to know through inefficient leisure excursions”. 
Map making for Staring was fieldwork, physically working 
in mud and clay. Van Breda, on the other hand, was an 
18th-century style scholar striving to realise the universal 
knowledge that was accessible in cabinet and library. As 
had been his approach in the mapping project of 1825-
1830, the knowledge he required came from nature brought 
to him. By contrast, Staring was a 19th-century scientist, 
who considered fieldwork to be a special skill, essential 
to the acquisition of knowledge of the Dutch subsurface. 
Van Breda and Staring therefore viewed the goal of the 
mapping project differently: for Van Breda the map was 
the culmination of existing geological research, but for 
Staring it was just the beginning of the enquiry. This dif-
ference in approach lies at the heart of the difficulties that 
the geological commission experienced. Lack of a formal 
work division and clashing characters did not help either. 
Illustrative for Van Breda’s scientific views were his attempts 
to have Heinrich Göppert’s (1800-1884) research on Franz 
Wilhelm Junghuhn’s (1809-1864) (see 7.1) Javanese fossil 
plants published as part of the work of the geological com-
mission. This fitted better with his goal to create a scientific 
monument rather than a modern geological map. It also is 
more consistent with his goal to gather everything related 
to geology, as he did in his first mapping project. 

Staring and the geological map of The Netherlands   
After the dissolution of the commission, Van Breda and 
Staring both tried to be appointed to complete the geo-

increase in the secretary’s workload. Staring, of course, 
objected and presented an alternative plan. The subse-
quent dispute escalated and Staring threatened to resign as 
secretary if the main points of his plan were not followed, 
one of which was related to the extent of field surveys. In a 
letter to the minister he explained that comprehensive and 
accurate field surveys were essential. The other commission 
members however believed that for map completion it was 
sufficient to have the correspondents check out a few things 
in the field but Staring deemed Van Breda’s and Miguel’s 
survey in Limburg as inadequate and unusable for the 
drawing of the map.
Minister Gerlach van Reenen (1818-1893) ordered the com-
mission to review Staring’s plan, but Van Breda refused 
and requested the minister to dismiss Staring, to appoint 
Miquel in his place and to add two or three new members. 
Van Reenen agreed to only the last of these requests and 
appointed Gerrit Simons (1802-1868), director of the Royal 
Academy in Delft (see 3.5), and Douwe Lubach (1815-1902) 
to the commission. Both had been correspondents, but 
the initiative did not work. On the 9th of August 1855, in 
the presence of the minister and the whole commission, 
the Pavillion was closed and sealed and the commission 
dissolved.

Differing views on map making and 19th century 
geology in The Netherlands 
Van Breda’s and Staring’s disparate approaches to map 
making became clear in their statements that followed the 
collapse of the commission. Van Breda stated that mak-
ing a “good” geological map required a combination of 
skills unavailable in one person. He believed it necessary 
to be familiar with all the formations in the surrounding 
countries and to be able to trace every erratic to its source. 
He thus implied that Staring was not capable of produc-
ing a good geological map as he, Staring, considered the 

Fig. 3-16. A profile through the Hondsrug, a sand ridge in the provinces of Groningen and Drenthe constructed by Cohen in 1842.  
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excursion along the Meuse valley in the Ardennes on the 
occasion of the northern France Mézières summer field 
meeting of the French Société Géologique. All participants, 
including several English geologists among whom Buck-
land, were deeply impressed by his explanations. In the 
same year, aged 26, he became professor in geology at the 
University of Liège and acquired funding from the Belgian 
government to create a 9-page geological map of Belgium. 
He presented the first edition of the map in 1849. Only 48 
years old André Dumont passed away in 1857.

Other geologists in the 19th century
Besides the ‘professionals’, many laymen and dilettants  
(amateurs) were interested in science and wanted to carry 
out research. These people often got involved in natural 
history rather than in physics or chemistry which demanded 
substantial knowledge and skill as well as equipment to 
carry out experiments. Doing natural history required only 
careful observation. The ‘laboratory’ could already be found 
just outside one’s house.
Many early 19th century geological observations in The 
Netherlands are the work of these ‘amateurs’ but this ap-
pellation has no bearing on the quality of the work they 
produced or on their importance. As has been noted before 
(ch. 2), these early geologists were often vicars or physicians. 
The 1830s saw a transition from amateur to professional, 
however, as with the increasing importance of education the 
practitioners became teachers, lecturers and professors. The 
research of the ‘amateurs’ was mainly regional - Groningen 
and Limburg were well investigated provinces. These ‘ama-
teurs’ were in the best sense “experts of their own country”. 
The following sections give an impression of the diversity of 
people and subjects that were investigated during the 19th 
century.

Groningen
Gozewinus Acker Stratingh (1804-1876) was a physician in 
Groningen with an interest in geology. He published histori-
cal, archaeological and geological treatises on the province. 
In 1837 he published a geological map (fig. 3-15) represent-
ing all information and data collected by civil servants, 
teachers and amateur geologists. 
Levy Ali Cohen (1817-1889), also a physician in Groningen, 
was another ‘amateur’ occupying himself with geology. He 
published two treatises on the Hondsrug under the title 
‘Contributions to the geology of our Fatherland’ (Bijdragen 
tot de geologie van ons Vaderland), both of which ap-
peared in 1842. They describe a profile of the Hondsrug (fig. 
3-16), an enigmatic ridge stretching through Drenthe from 
Groningen to Emmen. That it might have been formed as 

logical map. Van Breda was supported by Miquel, while 
Staring stood alone. The minister once more asked the Royal 
Academy of Sciences for advice, and an advisory committee 
was appointed with Pieter Harting, a former correspondent, 
as a member. He wrongly believed that the quarrel within 
the former commission was due to Staring. The committee 
suggested that a single person should complete the map, 
and although it did not recommend someone specifi-
cally, Staring was eventually appointed. He completed the 
map three years later, although supervision of the printing 
took several years longer (fig. 3-13). In 1856, Staring had 
published the first part of his book “The natural history of 
The Netherlands” (Natuurlijke historie van Nederland), in 
which he discussed the Dutch alluvial soils and related them 
to agricultural interests. The publication showed him to be a 
capable field geologist who could clearly formulate his find-
ings, and it is probably thanks to this that he gained the ap-
pointment. It is actually possible that Staring wrote the book 
to prove that he was the best candidate, as it was published 
quite soon after the demise of the commission, but another 
reason might be that he needed the money - as the com-
mission was dissolved, so the salary ended. Staring stated in 
his book that he had written it to rectify a lack of knowl-
edge of the Dutch subsurface in foreign countries, quite 
understandable considering that the Dutch had little idea 
of their own soil. Van Breda protested that the publication 
had made use of information acquired with governmental 
funding and was thus property of the Geological Commis-
sion. He argued that the combined work of the commission 
should not be hijacked by one single person. In addition, he 
noted that Staring had expressed certain theoretical opinions 
about the Dutch delta, not shared by other members of the 
commission. In his defence, Staring noted that the other 
members were free to publish using the same material. It is 
likely that Van Breda felt that the publication damaged his 
chances to be appointed to complete the map.
The second part of Staring’s “Natural history” (1860) dealt 
with diluvian and older strata. He had expanded Van 
Breda’s two-flood interpretation into a tripartite divi-
sion of diluvian strata, with the Rhine, the Meuse and the 
Scandinavian Diluvium as sources. He removed the Biblical 
interpretation of Buckland and argued that, despite evolving 
ideas on the nature of the Diluvium, changing the name 
would cause more harm than good. In both volumes he 
showed himself to be a follower of Lyell in believing that time 
was the most powerful geological force. He also followed 
Lyell’s hypothesis that erratic boulders were transported 
by icebergs. At the end of the second volume, Staring also 
shortly discussed the antediluvian world history (Ge-
schiedenis van de voorwereld), in which he showed himself 
to be a follower of Darwin’s theory of evolution.
Staring’s achievements, the completed geological map and 
his book Natuurlijke historie van Nederland, ensured that 
he would become known as the ‘Father of Dutch geology’. 
A complete geological map of The Netherlands at a scale 
similar to Staring’s has not been made since.

André-Hubert Dumont 
The Belgian ‘professional’ geologist André-Hubert Dumont 
(1809-1857) was the first to define the Maastrichtian part of 
the Cretaceous. Like his father he was a mining surveyor. At 
the age of nineteen he won a prize for a brilliant memoire 
on the geology of Liège (Luik, 1832). One of the judges, 
D’Omalius d’Halloy was so impressed, that he urged Dumont 
to study geology at the university. In 1835 Dumont led an 

’Early surface reconnaissance’ 
was carried out by people who 
would probably be classified 
now as ’professional geologists’. 
This would, however, be wrong 
as the notion that a scientist is 
a professional – someone who 
is paid for doing research – is a 
very modern one. Prior to the 
19th century, research was carried 
out in a person’s spare time. A 
gentleman-scientist did not need 

to work and had ample spare 
time, but a university professor, 
who was appointed to provide 
education, had less. Professors 
became professional researchers 
only when research became an 
integral element of their duties 
after the Law on Higher Educa-
tion was passed in 1876. This 
matter will be further discussed 
in 3.4 and ch. 4.

more geology in the 19th century
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in the study of geological processes, it took some time 
before his work was fully appreciated. Geology in The Neth-
erlands needed an impulse, and this had to wait for the 
implementation of the Law on Higher Education (passed in 
1876; see 3.4 and 4.1), which restructured academic educa-
tion in general and established formal geological depart-
ments at the four state universities. This, in combination 
with the already established Royal Academy in Delft (see 
3.5) and the emergence of the oil- and mining industries in 
the Dutch colonies at the end of the 19th and the beginning 
of the 20th centuries, propelled geology in The Netherlands 
to prominence in the 1930s and 1940s.

3.4 Dawn of university geology 
Willemjan barzilay

Apart from geology in the Delft mining curricula with their 
special status (see 3.5), geology did not exist as an inde-
pendent diploma study at Dutch universities for most of the 
19th century. The most important geological developments 
occurred in other European countries (see 3.3). It was not 
until the passing of the Act on Higher Education in 1876 that 
geology received its first independent chairs, one at each 
state university. Consequently, none of the three newly ap-
pointed professors was Dutch. An examination of university 
history is illuminating, not only to see how chairs in geol-
ogy were created, but primarily to see how an absolute low 
for science in The Netherlands at the beginning of the 19th 
century, was turned into an impressive high by its end. The 
changes in education created a ‘new’ university, followed 
by a Second Golden Age around 1900. 

The state of science at the beginning  
of the 19th century
The beginning of the 19th century is often seen as a nadir 
for sciences in The Netherlands. The generation of Willem 
Jacob ’s Gravesande (1688-1742) and Pieter Musschenbroek 
(1692-1761) was not followed by scholars of similar stature. 
Scientific endeavor declined in surrounding countries as 
well, but was less intense and of shorter duration than in 
The Netherlands. For example, in France men like Laplace 
and Lavoisier had already come forth by the end of the 18th 
century.
Part of the explanation is that not only science but the 
entire Republic was in decline in the 18th century. The 17th 
century ‘Golden Age’ (see ch. 2) was definitely over. The 
treasury was empty because of the wars of Austrian suc-
cession, the Republic had been economically surpassed by 
the surrounding countries, and the French invasion of the 
southern Netherlands had caused unrest in the North. This 
downturn in the health of the Republic was interpreted to 
be a consequence of moral deterioration in the country. In 
1795, the country became a French vassal state; in 1806, it 
was transformed to a French vassal monarchy and in 1810 it 
simply was incorporated into the French Empire.
Despite declining related activities, society as a whole 
became more and more interested in science which, it 
was widely thought, could rescue the Republic from the 
predicament it was in. Some thought that science might not 
only have practical value but might also stimulate a moral 
revival. Professors in the early 19th century often emphasised 
the pedagogical value of science and the concept of Bildung 
(formation) that studying the sciences could improve the 

a result of land ice was not suggested until the end of the 
1860s, and the Hondsrug would continue to be the subject 
of geological investigations for many years to come. Eugène 
Dubois, for instance, the first permanent professor in geol-
ogy in Amsterdam (see 4.2.5.) published on the subject at 
the beginning of the 20th century. 
Fossil-bearing glacial erratics around Groningen formed 
another focus. From the late 18th century onwards, the 
naturalist Van Swinderen and others collected these and 
published their findings. 
Gerard Azings Venema (1808-1873) was a surveyor who be-
came mayor of Winschoten. He was an expert on peat and 
wrote several articles on peat and soils in Groningen.

Limburg
Joseph Augustinus Hubertus Bosquet (1814-1880), a 
pharmacist in Maastricht, carried out extensive palaeon-
tological research and at such an exceptional level that, as 
one of only very few Dutchmen, he was presented with the 
highest merit medal in geology, the Wollaston Medal of the 
Geological Society of London in 1868. He was a correspon-
dent for the Geological Commission.
Egon van der Elst (1826-1897) could be classified as a 
professional scientist as he worked as a mining engineer 
(see 3.5). He was director of the Kerkrade coal mine and 
also acted as a correspondent to the Geological Commission. 
He published an overview on the coal mines in Limburg, 
which was accompanied by a map.

Epilogue: the significance of Staring’s map
The production of the geological map of The Netherlands 
was a major achievement but it did not immediately lead 
to an increased interest in geology. Staring had probably 
hoped that it would, as it was for him the starting point 
for further research. To that end he published in 1860 an 
overview of matters that still needed to be investigated. 
Knowledge of the subsurface had progressed such ”that 
The Netherlands no longer appear as a blank spot on the 
geological map of Europe, but it is equally so that the 
geology of The Netherlands is far from being a finished and 
closed book”. He was appointed professor of geology and 
mineralogy at the Royal Academy (Koninklijke Academie) 
at Delft in 1862-1863, but the following year he started as 
inspector of secondary education.
Nothing much seemed to happen after Staring’s publica-
tions. It took nearly half a decade before the government 
was willing to finance a new map-making project. It was 
not until 1908 that a reprint of his Natuurlijke historie ap-
peared and it was not until 1920 that a new version, edited 
by J. van Baren (see 4.2.7) was published. A Dutch transla-
tion of Staring’s Latin doctoral thesis did not even exist 
until 2001, when Aart Brouwer in Leiden finally provided 
one. The further geological mapping of The Netherlands is 
addressed in ch. 5. 
Concerning the interest in geology in The Netherlands 
Staring wrote in 1864:”Many still believe that there is no 
geology in The Netherlands and there is no need to worry 
about the way our soil originated, with the only argument 
supporting this opinion being the lack of mountains. And 
others, and amongst them many of our housewives, per-
ceive something ungodly in knowledge of the subsurface!”  
He thus expressed a sentiment similar to that of L.A. 
Cohen’s, quoted at the beginning of 3.3. Although Staring 
with his research on the Alluvium and Diluvium had dem-
onstrated the special position occupied by The Netherlands 

King Willem I (1772-1843)
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ment of mathematics and natural-science faculties, empha-
sising the increasing importance of the latter. The curriculum 
was enriched with several practical aspects like mathematics 
for civil engineering and astronomy for navigation.
A similar assessment of the academic landscape took place 
in the southern Netherlands and several cities bade for 

character of students and of the population as a whole. 
Interest in the sciences had led to the formation of learned 
societies in the 18th century (ch. 2), where scientists and 
laymen could freely exchange ideas. These societies assumed 
the role of universities in stimulating science, but they were 
unable to do as much as in other European countries. Before 
sciences could flourish again, the universities had to be 
reformed.
The first important university reform in the 19th century took 
place after the French had left. During the French annexa-
tion, the universities had been incorporated into the French 
academic system, and only Leiden and Groningen had 
remained as académies. Utrecht had been demoted to école 
secondaire and the universities of Franeker and Harderwijk 
were even closed.

Organic Decree of 1815
The reorganisation of Dutch academic education after the 
French annexation was laid down by King Willem I in an Or-
ganic Decree (Organiek Besluit) that mainly related to higher 
education. Leiden, Groningen and Utrecht were reinstated 
as universities and gained a uniform character with equal 
status. Leiden was allotted a few more professors, who also 
received a slightly higher salary. Franeker, Harderwijk and 
Amsterdam (which in 1876 would be upgraded to university 
status), became national atheneums; this meant that they 
provided academic education but could not grant academic 
titles. The Organiek Besluit also provided for the establish-

Fig. 3-17. Solemn opening in the presence of King Willem I of the first academic year of Gent University in the throne room of the town hall, Gent, 7 October 1817. 

Fig. 3-18. Leiden students preparing for  a ‘learned position in society’ (1829-1830).
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was possible, however, after passing examinations in the 
mathematics and sciences faculty, to take one’s doctorate 
degree on a geological subject. Winand Staring is, of course, 
an example of one who did, but he was not unique in this 
respect. S.J. van Royen is another example who, in 1850, 
wrote a thesis on the soils of Drenthe.

Changes in the 19th century
Dutch learned societies tried to stimulate research by 
formulating scientific prize contests. The Hollandsche 
Maatschappye der Weetenschappen posed 412 such contests 
between 1838 and 1864, of which 79 referred to geology. Of 
the latter, 69 were posed by Jacob Van Breda.
From the middle of the 19th century onwards, the popularity 
of the societies declined and no new ones were founded 
after 1830. A group of professors, the so-called ‘fiftiers’ 
(Vijftigers), which included Pieter Harting, laid the basis 
for the scientific revival in the Dutch universities. Most of 
these professors worked at the University of Utrecht, and 
they were important for several reasons. One was dem-
onstrated by the chemist Gerrit Jan Mulder (1802-1880). 
Before succeeding De Fremery in Utrecht in 1840, Mulder 
had taught at the Clinical School, which provided education 
for second-grade medical personnel, like midwives and 
pharmacists. Mulder had a well-equipped laboratory at 
this school, which he used to carry out some high quality 
research. As he wished to continue his investigations at the 
university, he took it with him and used it to teach students 
the practical skills they would need in their future work. 
The laboratory did not yet become a place where students 
could do research, but thanks to Mulder it at least became 
part of the university.
Another important aspect of these Vijftigers was that, 
although they themselves did not regard research as an es-
sential task of a professorship, they delivered high-quality 
research, which gained international recognition. Pieter 
Harting saw the task of a professor to educate students to 
become the defenders of the nation’s welfare. Research 
began to play a role because it was seen as important in 
shaping their character: it required for example patience 
and determination. Science, and scientific research more 
specifically, was not only useful for the increase in welfare, 
but it also had an intrinsic value. These Bildungideale 
contributed to making research part of the academic cur-
riculum. Furthermore, the Vijftigers are also credited with 
creating broad support for science. Pieter Harting began 
with the publication of the popular-scientific magazine 
Nature’s Album (Album der Natuur) in 1852.
Besides the changes it introduced at universities, the law of 
1876 also changed the preparatory training. Up to the mid-
dle of the 19th century pre-university education consisted 
of two distinct tracks: a classical one, educating students 
to contribute to a scholarly society, and a modern one, 
training students to partake in business and industry. These 
two paths led to the development of two distinct social 
groups. The classical education was given at Latin schools, 
which had an exclusive relationship with the universities, 
based upon the universal language of scholarship, Latin: 
one could go to university only via the Latin school. It was 
not until 1876 that Latin was ‘formally’ abolished as the 
principal language at universities, although some teach-
ing in Dutch had already started in the 1860s. It was long 
feared that discarding Latin would lead to a loss of prestige 
for the universities in the learned world.
Criticism of the preparatory education was widespread in 

favour of being awarded a university. Mirroring his deci-
sions in the north, the King decided on 25 September 1816 
to create three state universities in the cities of Leuven, Gent 
and Liège. Those of Gent and Liège survived the breakup 
of the United Kingdom and flourish up to the present day. 
In Leuven, however, the celebrated and historic Studium 
Generale which had been closed since 1797 was reestab-
lished in 1834 as Catholic University and the state university 
was discontinued.
Despite the novelties some things remained the same. 
The universities retained the broad, humanist notion of 
knowledge reflected in their aims. They were required 
to provide a broad scientific education that prepared the 
student for a ‘learned position in society’. Academic educa-
tion meant erudition and scholarship and students were 
expected to acquire universal knowledge - every student 
at the mathematics and sciences faculty had to take exams 
in mathematics, physics, botany, mineralogy and general 
principles of chemistry as well as show competence in Latin, 
Greek and rhetoric.
Although modernised in certain aspects, the universi-
ties were still not organised in the way they are today. 
Professors were appointed within a faculty rather than 
for a specific subject and were given a broad educational 
task. This meant they had to teach a variety of subjects, 
including some that were not their specialty. The emphasis 
was heavily on provision of education and the transfer of 
knowledge; research, the generation of new knowledge, 
was not part of the job and if a professor did any, it was in 
his spare time and usually in support of his teaching. The 
more courses the professor taught, the more he earned. 
Moreover, it was a way to add to his poor salary because 
students paid for the individual courses they followed. 
An example is N.C. de Fremery (1770-1844) who, during 
a 45-year career, as well as running a medical practice, 
taught courses in medicine, chemistry, pharmacy and 
natural history, including geology and mineralogy. He was 
appointed to the professorship because he had been willing 
to compile a natural-history cabinet for the university and 
finance it. Professors of interest from a geological point of 
view, like Jacob Van Breda and Pieter Harting, were also 
active in other disciplines. Pieter Harting, for example, 
investigated groundwater and the Dutch soil, partly as a 
contributor to the Geological Commission (see 3.3), but he is 
mainly remembered for his microscope work.
Professors were often appointed at a relatively young age 
and remained in their university until they passed away. 
The unfocused workload and extended tenure of profes-
sorships might not have been directly responsible for - but 
quite likely sustained - the scientific low at the beginning 
of the 19th century. Although new blood found its way 
slowly into the university, it was difficult for the profes-
sors to keep up with all the innovations in the various 
disciplines. An exception was De Fremery, who in the 1830s 
developed into a palaeontologist of some international 
standing.
The Organiek Besluit had some influence on academic geo-
logical education because mineralogy became a compulsory 
examination subject at first degree level (kandidaatsexa-
men) for students in the mathematics and sciences faculty. 
Mineralogy thus became firmly rooted at the university, 
but it was often taught by less qualified persons (min-
bevoegden). Courses in geology at a higher level (doctoraal 
examen) were dependent on the interest of the professors 
and might be taught in one year but not in the next. It 
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3.5. The Royal Academy  
(Koninklijke Akademie), 
Delft  (1842-1864)
jaap deelder

Early mining in The Netherlands 
If we ignore prehistoric mining of silica concretions for 
primitive tool production, the earliest mining activities in 
The Netherlands were carried out from the Middle Ages until 
the mid 19th century, but were limited to some quarrying. 
Specifically since the 11th century outcropping and shallow 
underground coal seams in the valley of the river Worm, a 
tributary of the Roer in the south of Limburg, were exploited 
in a primitive way by the monks of Rolduc Abbey. Min-
ing skills were empirically developed locally or through 
exchange of experience with similar activities in the area, 
e.g. in Germany. 
Similarly, in Belgium (in the period 1814-1839 part of The 
United Kingdom of the Netherlands) flint mining had flour-
ished since prehistoric times. Quarrying has always been an 
important activity in Belgium, the eastern and southeastern 
areas being blessed with abundant channel sediments and 
rock exposures in the valleys cut by the Meuse tributaries 
into the Ardennes plateau. Early 19th century exploitation 
of surface and shallow coal and iron deposits led to the 
development of local ironworks that became considerable 
industrial activities in the eastern and southeastern regions.
Also deposits of lead and zinc paved the way to a mining 
and metallurgical industry that was later on to be strongly tied 
to the exploitation of copper, lead and zinc in Katanga, the 
southeastern province of Congo, during Belgian colonial rule.

Early engineering expertise
Early 17th century technical academic education for land-sur-
veying and construction of fortifications was provided by the 
engineering school attached to Leiden University, founded 
by Simon Stevin in 1600 (see 3.2). Dutch military engineers 
usually acquired training at military academies abroad 
until small artillery schools were opened at a number of 
localities in Holland (1789 and 1805). These were all closed 
by Napoleon during the French annexation (1810-1813). 
Thereafter, a proper Artillery and Engineering School, also 
providing tuition in civil engineering and naval architecture 
(scheepsbouw), was opened at Delft in 1814. This school was 
closed in 1828 and its programme transferred to the Royal 
Military Academy (Koninklijke Militaire Akademie, KMA) at 
Breda.
The following three changes in society and in the political 
situation after the Napoleonic period showed the need for a 
proper engineering education for non-military purposes.
(1) With the resurgence of the Dutch manufacturing industry, 
which had gone into a deep decline during the latter part 
of the 18th century, and the expansion of the waterworks 
in The Netherlands permitted by the development of steam 
power, came the demand for technical expertise for  civilian 
industrial activities. 
(2) The 1810 French Mining Act (Mijnwet; see ch.5) had made 
the Dutch state owner of all underground mineral resources, 
to be exploited through concessions. For the earliest small 
coal mines, the Domaniale mine (Kerkrade) and Neuprick 
(Bleijerheide), the technical expertise was obtained from 
Germany. It was not until 1852 that a Dutch mining engineer 
(Ego Van der Elst) was employed in the Dutch mining indus-
try and for many years he remained the only one.
(3) The Dutch colonies in The East Indies, in British custody 

the 19th century and eventually led to reform in the 1860s. 
An important development was the introduction of a new 
secondary Higher Civilian School (Hogere Burgerschool, 
HBS). It was meant neither for specialised professional 
training nor as a preparation for a scientific education, 
but was adapted for the general needs of the time. The 
students were taught mathematics, physics, chemistry (the 
HBS was equipped with rooms for physics and chemistry 
experiments), geography, modern languages, economy, 
natural history, mechanics, cosmology and mineralogy. An 
important condition was that the courses had to be taught 
by someone who had graduated in that particular subject. 
Although not planned, the HBS proved to be an excellent 
preparatory training for university and its success led to an 
increase in the number of students in the mathematics and 
science faculties. All but one of the early 20th century Dutch 
Nobel prize winners had an HBS background: Van ‘t Hoff, 
Lorentz, Zeeman, Kamerlingh Onnes and Einthoven. Van 
der Waals trained as primary school teacher and, on his 
way to academic fame, followed an unorthodox education 
path to realise his ambition to be a teacher of mathematics 
and physics at an HBS. All in all, the quality of education at 
the HBS reinforced the need for the reform of the academic 
education. 
In summary it is clear that, in acknowledging the impor-
tance of the laboratory and research work, the Law on 
Higher Education (Wet op het Hooger Onderwijs) of 1876 
initiated changes that marked the transition of science from 
Bildung (formation) to science as Forschung (research). It 
might also be seen as the transition from scholarship to sci-
ence. This evolution will be elaborated upon in ch. 4.

Fig. 3-19 Nobel prize winners H. Kamerlingh Onnes and  
H.A. Lorentz in front of the heliumliquefactor, Leiden, 1908.

3 / EmErging sciEncEs and thEir impact 53



(1), but the first engineers in the NOI appeared to have very 
little knowledge of Indonesian languages. Mining students 
(and later students in chemical engineering) also received 
tuition in chemistry.
Although it was not formally proscribed in the programme, 
mining students had to attend a foreign mine academy 
for the subjects that could not be taught at the Academy. 
In the early years this was done in the British tin region of 
Cornwall, because tin was one of the prime interests of the 
Dutch government. In later years students usually went to 
the German academies at Freiberg or Clausthal.
Governor-General Rochussen (1845-1851), under whose 
authority Mijnwezen would fall, was less confident about 
the future of mining in the Dutch Indies than Baud and 
advised against giving the mining students a ‘firm prospect’ 
of becoming employed by Mijnwezen. He requested that 
they be given an additional curriculum at the Academy 
”to pave the way for alternative employment in case of 
disappointment in their mining future”. This was, however, 
considered impractical by the director of the Academy.

First directors  - The first director of the Academy, State 
Councillor Extraordinary Antoine Lipkens, was of a technical 
bent. He had developed an optical communication system 
for the armed forces (1830). Having studied at the French 
Ecole Polytechnique he employed a similar strict regime at 
the Academy.  Under his directorship (1843-1846), the cur-
ricula and regulations in the first years of the Academy were 
continually altered, much to the detriment of the students. 
Students at Leiden University jokingly referred to their col-
leagues at Delft as ‘cadavers on which tests are carried out’. 
Lipkens stepped down in 1846 and died the following year.
He was succeeded in 1847 by dr. Gerrit Simons, physicist 
(Utrecht) and expert on the use of steam power in land 
reclamation. Simons had already served as professor in 
mechanical engineering at the Academy since 1845.
As Simons belonged to the rising liberal political side 
in Dutch society, he did not support the rather restric-
tive approach of his predecessor and maintained a more 
relaxed regime, allowing an atmosphere of freedom at the 
Academy.

Accommodation - The Academy was housed in a complex 
of spacious 18th century mansions between the Smitsteeg 
and the Poppesteeg, facing the Oude Delft (OD) canal. Its 
main building, now numbered OD 95, is still known as 
the former central office of the technical university. It had 
previously housed the Artillery School and after this was 
moved to Breda it had been used temporarily during the 
Belgian war of secession (1830-1839) as a military hospital.
The Napoleonic period and this war had drained the Dutch 
Treasury and for many years there was virtually no public 
funding available for the Academy, which depended almost 
entirely upon tuition fees. Laboratory facilities were limited 
and tuition consisted mainly of classroom lectures. Most 
teachers were part-time only.
As the overall number of students increased rapidly, 
several of the adjacent buildings were made available for 
the Academy, but eventually the capacity of the Academy 
was stretched beyond its limits and in its later years more 
and more coursework had to be given in other localities in 
town.
The number of mining students at the Academy was always 
small, due to limited employment opportunities with 
Mijnwezen. It was only after the establishment of private 

during the Napoleonic era, were formally returned to 
The Netherlands by the Treaty of London (13 August 1814). 
Disputes on specific items were only solved by a second 
treaty, also of London (1824). In the following century Dutch 
rule was gradually extended from Java to the other islands 
of this vast archipelago, and the realisation grew that their 
rich soils not only provided abundant valuable agricultural 
products but also hid largely unknown mineral deposits 
that should be explored and exploited to benefit the Dutch 
treasury (see 7.1).
J.C. Baud, Governor-General (1833-1836) of the Dutch Indies 
(Nederlands Oost-Indië, NOI) and Minister of the Colonies 
(1840-1848), strongly advocated the establishment of a 
bureau of mines (Dienst van het Mijnwezen) for the NOI, 
and to train mining engineers for it in Holland, with a 
guaranteed outlook for employment.

Formal establishment of the Royal Academy
On 8 January 1842 a Royal Decree was signed by King Wil-
lem II to establish a Royal Academy (Koninklijke Akademie) 
at Delft with Crown Prince Willem Alexander as patron. The 
Academy would provide highly qualified manpower for the 
Dutch manufacturing industry and, in particular, for em-
ployment in the NOI. The Academy was opened to students 
in January 1843.
With the establishment of the Royal Academy, the en-
gineering section was removed from the Royal Military 
Academy and returned to Delft.

Study programmes and curricula - Students at the Academy 
fell into four categories:
(1) Those requiring scientific technical education for employ-
ment in the public service, both in the motherland and in 
the colonies, such as with the bureaus of water manage-
ment in The Netherlands and in the NOI (Waterstaat) and 
with the bureau of mines (future Dienst van het Mijn-
wezen); these students were given the firm prospect to be 
placed in such positions upon completion of their studies;
(2) Future civil servants for the NOI (Oostindische 
ambtenaren);
(3) Future civil servants at the Treasury in The Netherlands 
(these included inspectors of weights and measures (ijkers); 
(4) Civilian engineers for the manufacturing industry 
(burgerlijke ingenieurs voor de nijverheid).
The programme for group (3) could be completed in one 
year, for the other groups it required four years study.
After an initial common year, students in civil engineering 
and in mining followed different curricula. After passing 
the examination at the end of the fourth year they received 
the degree of candidate engineer (adspirant ingenieur) and 
then had to gain practical experience by working one or 
two years in a relevant industry or on study tours abroad. 
After a final examination they then became engineers for 
Waterstaat or Mijnwezen.
Prospective students had to pass an admission examina-
tion and attending classroom lectures was mandatory. The 
minimum age for entry was 16 years.  Each study year lasted 
ten months without vacation, with four days of compara-
tive examinations at the end of each month and a promo-
tion examination at the end of each year.
The curriculum comprised general scientific subjects such 
as mathematics, physics and natural history for students 
in categories (1) and (4) in their first common year, and 
Indonesian culture and languages for category (2). This 
latter also had to be followed partly by students in category 

First Royal Academy director 
Antoine Lipkens

Royal Academy director dr 
Gerrit Simons
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done, but he took great interest in the development of the 
mining enterprises in the NOI.

Mining engineers - Only 18 mining engineers graduated 
at the Academy in its 22 years of existence and all but one 
joined Mijnwezen. They were involved in many exploration 
and exploitation activities and their reports cover descrip-
tions of many occurrences, particularly of tin and coal, but 
also of iron ore, gold, copper and, in later years, oil. Essen-
tial reports were produced for the eventual establishment 
of mining enterprises such as the Billiton Maatschappij (tin) 
and the Koninklijke Nederlandsche Maatschappij tot Ex-
ploitatie van Petroleumbronnen in Nederlandsch Indië, now 
grown into the Royal Dutch Shell group (see 4.5 and 7). They 
kept in contact with the Academy and its staff. On occasion 
samples were sent to the Academy for further examination 
and analysis. Such samples, and the results of the examina-
tion, were sent by boat, a journey that took three months 
(in each direction) in those days.
As with many other Europeans employed in the tropics, a 
large proportion of the early engineers died rather young. 
Tropical diseases and the hot, humid climate, for which 
a Dutch way of life, with heavy clothing, heavy food and 
heavy drinking was unsuitable, took their toll.

From Royal Academy to Polytechnical School 
In 1856 the popular director Simons became Minister of 
the Interior and for three years the administration of the 
Academy was carried by a council of teachers. In 1859 a new 
director was appointed, J.A. Keurenaer, a retired major of 
the Royal East Indian Army. He set up a rigid regime, with 
strict regulations, which led to years of conflict with the 
students, culminating in the closure of the Academy for two 
months in November 1861 following the refusal by many 
students to sign a new set of regulations. In reaction, a new 
debating society was formed within the DSC, Vrije Studie 
(Academic Freedom).
The Secondary Education Act (Wet op het Middelbaar 
Onderwijs) of 1863 included the decision to close down 
the Academy in 1864 and to replace it with a Polytechnical 
School. The programme for the civil servants was transferred 
to Leiden University, and the closure of the Academy became 
a fact on the 30th June 1864 (fig. 3-20).

Remarkable mining engineers
Of the mining engineers from the Academy period, two 
deserve special attention in view of their descent, life and 

mining enterprises in the last quarter of the 19th century 
that interest in a mining study increased (see  4.2.1).

Professors and teachers  - During the time that the Royal 
Academy existed there were 14 professors, 5 of them 
initially employed as teacher (leraar) and promoted to 
professor after some years. After the closure of the Academy 
in 1864, 7 of the professors continued in the Polytechnische 
School.
The specific technical study options were civil engineering 
(including geodesy), mechanical engineering and mining 
engineering, with mathematics, physics and chemistry as 
supporting subjects.
For the first mining students nearly all of the course was 
delivered by the teachers Donnadieu and Bleekrode.
Carel Frederik Donnadieu (1812- 1858) obtained a doctor-
ate in medicine at Leiden University in 1835 and set up a 
medical practice in Delft. His main interest, however, was 
chemistry, for which he was appointed lecturer at the Delft 
Academy in 1843. He was promoted professor upon recom-
mendation by the Crown Prince in 1846.
Salomon Abraham Bleekrode (Groningen 1814-Delft 1862) 
entered Groningen University aged 15 and left six years 
later with doctorates in medicine and obstetrics and in 
mathematics and physics. The latter included natural his-
tory, geology and mineralogy. He had a successful medical 
practice in Groningen, but also developed himself into an 
expert on fibre technology. He was appointed teacher at 
the Delft Academy (1844) to teach mineralogy, geology and 
metallurgy, in addition to botany and zoology. He became 
professor in 1846 but is not remembered as an inspiring 
teacher of geology. Much of his time was devoted to indus-
try and most of his publications are on industrial subjects, 
which were, besides geology, his main field of interest. 

Students - Most of the élèves entered the Academy at 
the tender age of sixteen, but there were some notable 
exceptions, such as Cornelis De Groot, who became the first 
mining engineer appointed from Delft.
Some of the élèves stayed at their homes or with rela-
tives, but most were accommodated at boarding houses in 
Delft, such as that of Van Moock. For many years this was a 
well-known boarding school, but when the Academy was 
opened it gradually changed itself into a boarding house 
for students.
In the first year a total of 48 students were enrolled, which 
rose to 117 the following year. They set up a social club, the 
Sociëteit Mercurius which was, however, abolished shortly 
afterwards by Lipkens, as “having a bad influence on the 
young élèves”. Under the more liberal Simons they were 
allowed to set up the Sociëteit Phoenix in 1847, initially 
in a locality on the Oude Delft, opposite the Academy, 
but moved frequently in the following years. In line with 
students at Dutch universities, the Academy students then 
organised themselves in the Delftsch Studenten Corps 
(DSC) in 1848, with a Sociëteit and sub-societies. The DSC 
also concerned itself with defending student interests in 
academic matters, notably in their opposition to the rigid 
management of director Keurenaer in the last years of the 
Academy, whose policy eventually led to its closure and the 
establishment of the Polytechnical School.
When Willem Alexander ascended the throne as King 
Willem III (March 1849), Academy patronage passed to his 
brother, Prince Hendrik. The new patron did not concern 
himself as much with the Academy as his brother had 

Fig. 3-20. Front view of Oude Delft 95, the main building of the 
Royal Academy, with students celebrating the ‘funeral’ of the 
Academy, midnight, 30th June 1864.
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the mining operations greatly improved. He then remained 
active in other functions in The Netherlands for many more 
years. He was invested with a knighthood (Ridder in de 
Orde van de Nederlandsche Leeuw) and with the French 
Legion d’Honneur.  He died in 1896.
His upper and upper-middle class contemporaries de-
scribed Cornelis De Groot as arrogant, a bully, impertinent, 
uncouth and ill-mannered ”as is to be expected from 
people of that class”. There can be little doubt that he was 
extremely ambitious, with a strong urge to prove himself 
and it must have been unpleasant to work for him. But 
even those who detested him had to admit that he was a 
very hard worker, a ‘go-getter’, who achieved a great deal 
as the first Head of Mijnwezen in the pioneering days in 
NOI.

Aquasi Boachi (± 1827-1904), an extraordinary mining 
engineer
Historical background - From 1637 to 1870 the Dutch main-
tained a tiny settlement around St. George del Mina (Fort 
Elmina) on the African Gold Coast (now Ghana), which was 
a centre of the trade in slaves and gold (see ch. 2). In March 
1837 an agreement was concluded between the Asantehene 
(king) of the Asante (Ashanti), Kwaku Dua, and the Dutch 
government represented by major-general Verveer, where-
by the Asante would supply recruits for the Dutch colonial 
army in exchange for firearms and ammunition. To gain 
access to the sea, the Asante people of the interior fought 
frequent battles with the Fante people of the coast. Because 
the Fante had often attacked Elmina, supply of weapons to 
the Asante gave the Dutch a useful ally. The Asante had es-
tablished dominance over most of the neighbouring tribes 
and nearly all the recruits supplied to the Dutch, the British 
and the French came from these tribes.
As a token of good faith Kwaku Dua gave his eldest son, 
Kwasi Boakye, and the eldest son of his elder sister, Kwame 
Poku into Dutch custody, with the understanding that they 
be educated in Holland as wards of the Dutch king Willem I.

Schooling in The Netherlands - In Holland Aquasi Boachi 
and Quame Poco, as their names were usually written in 
Dutch orthography of that time, were placed in the board-
ing school of S.J.M. Van Moock in Delft. This school gave 
secondary school education to about 20 boarders, many of 
them with parents in the NOI, and a number of day school 
pupils. At that time there were still two types of secondary 
school in The Netherlands, ‘Latin’ schools, with arts and 
classics, essential for admission to a university, for which 
Greek and Latin were required, and ‘French’ schools, with 
modern languages and more science subjects (see 3.3). 
Van Moock’s was a French school. As is the case with most 
Africans, Aquasi had a gift for languages and in a short time 
he became fluent in Dutch and German and could speak 
and read English and French well. He was also proficient in 
science subjects.
The young ‘Ashanti princes’ were popular guests in The 
Hague society, most likely as coveted exotic curiosities.

Mining study - When the Royal Academy was opened, Aq-
uasi was enrolled in the programme for mining engineers, 
after passing the admission examination in August 1843. 
He started in January 1844 and did his last examination in 
1847. He opted to go on to the German mining academy at 
Freiberg for his mandatory foreign study, probably because 
he was fluent in German and was acquainted with the 

career: Cornelis De Groot and Aquasi Boachi.
Cornelis De Groot came from a working-class family, had 
several jobs, enrolled at the Academy aged 25 years, gradu-
ated as civil engineer, was appointed mining engineer and 
first Head of Mijnwezen and had an impressive career in 
mining, wholly thanks to his ambition and perseverance.
Aquasi Boachi was of royal African descent and became 
a ward of the Dutch king. He was the first to graduate as 
mining engineer at Delft and was briefly employed by 
Mijnwezen, but then spent most of his life as a tea planter 
in the NOI.
Aquasi Boachi and Cornelis De Groot were the subjects of 
a recent, highly successful novel by Arthur Japin (The two 
hearts of Kwasi Boachi), a mixture of fact and (much) fic-
tion.

Cornelis De Groot (1817-1896), an ambitious engineer
Early life and education - Cornelis (‘Kees’) De Groot was 
born in Delft on 25 March 1817, the son of a wool and silk 
dyer. His mother was Deliana Van Embden and on his birth 
certificate his father’s name is written as ‘Cornelis De Groot 
van Embden’, the name that Kees used in his last years and 
is still the family name.
Kees started work at the age of 13 in various humble jobs 
and then served for seven years in the 10th Regiment of 
Lancers, where he rose to the rank of sergeant-major. 
Antoine Lipkens met him in Delft and encouraged him to 
enrol at the Academy. As a result Kees became a student 
on the first course programme, starting in January 1843 to 
become a civil engineer for Waterstaat. After completing his 
four  years study at the Academy he became a candidate 
civil engineer (September 1846) and proceeded on his two 
years of industrial practice.

Supervisor for mining students - In 1847 De Groot was tem-
porarily appointed supervisor for the four mining students 
that had commenced as candidate mining engineers on 
their mandatory study programme in Cornwall. After com-
pletion of this programme they sat for their final examina-
tion in Delft in January 1850. The examination board was 
a hurriedly assembled group of gunnery officers and civil 
engineers, of whom De Groot was one. Since he had been 
with the students on part of their study tour in England, De 
Groot was probably the only person on the board able to 
ask pertinent questions on mining subjects.

Appointed mining engineer - Civil engineer De Groot was 
appointed mining engineer 2nd class for the NOI on 19 
February 1850, although he had not followed the course 
programme for mining students at the Academy. Upon 
arrival in Batavia in July 1850 he was appointed head of the 
recently established Mijnwezen.
Three of the four candidate mining engineers that he 
had examined followed later in the year and were then 
appointed mining engineer 3rd class with Mijnwezen. The 
fourth, Ego Van der Elst, withdrew from the Mijnwezen 
programme and remained in The Netherlands. He was ap-
pointed supervisor for the next group of candidate mining 
engineers on their study tour in Cornwall and then became 
assistant-director, and later director, of the Domaniale mine 
near Kerkrade. Aquasi Boachi, the first mining engineer to 
graduate from Delft, also arrived in the NOI in August 1850.
From Mijnwezen to Billiton / De Groot retired from govern-
ment service in 1866 and became resident mine manager at 
Billiton (see 7.1). Under his management the profitability of 
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Vereeniging van Delftsche Ingenieurs (Association of Delft 
Engineers). From three njais (local housekeepers/common 
law wives) he had five children, his eldest son born in 1852, 
the last in 1890. Boachi died in 1904.

It is remarkable that the first two mining engineers from 
Delft were haunted by their origins throughout their careers. 
Cornelis De Groot was marked by his class, Aquasi Boachi by 
his race.

Duke of Sachsen-Weimar-Eisenach, who had close family 
ties with the Dutch House of Orange. He completed this 
study in 1849.
The Minister of the Colonies, Baud, had offered Boachi the 
position of chief mining engineer to develop the gold fields 
on the Gold Coast, leased from the Asante, with some Saxon 
miners as assistants, but Boachi declined the offer on the 
grounds that he could not return to the country of his royal 
birth as a Dutch public servant.
Quame had followed his cousin at the Academy in 1845, but 
gave up his study after a year, joined the Dutch army and 
was stationed at Fort Elmina as a mere corporal in 1847. After 
two miserable years at Elmina he shot himself  in February 
1850, an unusual act for an African.

Mining engineer extraordinary - In 1850 Boachi left for 
the NOI to join Mijnwezen. Before his departure he was 
appointed by Royal Decree ‘mining engineer extraordi-
nary’, with the assurance that he would always remain 
this and should be treated accordingly. This may have been 
with good intentions to protect him or even to secure him 
preferential treatment as a ward of the Crown, but it did 
reflect the firm conviction of Governor-General Rochussen 
that ‘in the NOI, with its Asian population, no black person 
should be seen in any position in which he might have 
authority over a European’. As a result Boachi did not really 
have a career with Mijnwezen and was practically only an 
assistant to its Head, Cornelis De Groot, who treated him as 
an inferior. He carried out a few independent missions to 
investigate coal occurrences and there are several publica-
tions of his in scientific magazines (some in German). Some 
of his work is occasionally acknowledged in some of the 
much later yearbooks of Mijnwezen.
When even visits to the king in Holland could not really 
change the situation, Boachi left Mijnwezen (1856). He was 
given a quite ample government pension and a plot of land 
in West-Java. He spent the remainder of his life mainly as a 
tea planter in the NOI, without much commercial success. He 
kept in touch with ex-colleagues and friends and during a 
visit to Holland (1893) he was made Honorary Member of the 

Fig. 3-21. Kwasi Boachi in Buitenzorg (Bogor) around 1900, aged 
approx. 73, with his youngest children Kwamina, eleven, and 
Kwasi jr., nine years old.
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The last sections of chapter 3 describe how, fuelled by the needs of the Dutch 

colonies, training of mining engineers took off early, while in geology and 

mineralogy only occasional courses were given and few doctorates were 

awarded. Full diploma studies had to wait until the Higher Education Law 

(1876) was implemented, but that new legal framework did not keep univer-

sities and their geology and mining engineering professors from developing 

in quite different ways. This chapter deals with those developments in their 

local, national and international context. 

First, in 4.1, the general development trends are reviewed against the situa-

tion as a whole. The Dutch educational system has specific characteristics that 

in a number of aspects differ from those of neighbouring countries. In order 

to provide full understanding for less involved readers, background informa-

tion, as far as relevant to the general picture, is interwoven in lighter font 

within the main text, which focuses on the development of Dutch university 

earth science.

Characteristic Dutch academic terminology is explained overleaf. 

Then, in 4.2, the characteristics, and the ups and downs of the individual in-

stitutes up until the present day will be sketched. Local professorial ‘dynasties’ 

or ‘schools’, but also the diversifications resulting from legal reforms in the 

1980s and beyond, are visualised in professorial lineages as they developed in 

the various institutes. 

The older ‘schools’ have spawned a number of outstanding Dutch earth 

scientists and some of their contributions to understanding our planet are 

highlighted in 4.3.

The post-1876 academic system did not operate in isolation. Hence, interfaces 

with society (4.4) and, more specifically, with industry (4.5) conclude this 

chapter. >



>

Between 1877 and the 1990s Dutch 
universities were classified as 
either state universities (rijks-
universiteiten) or (since 1908) as 
private universities (bijzondere 
universiteiten). Among the latter 
is the Free University of Amster-
dam, see general context in 4.1.1. 
In this book we shall simply refer 
to ‘universities’ only.
Academic staff (wetenschappelijk  
personeel) comprise all personnel 
charged with teaching and re-
search, from full professor down 
to the youngest assistant. 
At private universities professors 
and readers were appointed by 
their boards, at state universities 
until the 1990s by the Crown. 
A full professor (gewoon hoogleraar) 
is the holder of an academic 
chair.
To cope with the increasingly 
diverse tasks of professors a 
number of initiatives have gradu-
ally emerged:
•  spreading the responsibilities 

of the terms of reference of the 
chair (leeropdracht) over more 
than one full professorship; 

•  delegation of part of the leerop-
dracht to a reader (lector);

•  creation of part-time professor-
ships or readerships, mostly for 
persons whose primary func-
tions lie outside the univer-
sity (buitengewone hoogleraren/
lectoren);

•  award of personal professor-
ships (persoonlijke hoogleraren/
lectoren ) to exceptionally gifted 
members of staff; occasionally 
granted when a call to fill a 
chair elsewhere is imminent; 

•  creation of private 
professorships/readerships 
(bijzondere hoogleraren/lectoren) 
sponsored by recognised outside 
entities, mostly to introduce a 
new subject at the university, 
but also to give senior staff 
members for whom no chair is 
‘available’ the ius promovendi  
(right to graduate PhD students) 
which is reserved for professors 
and readers;

•  introduction of a variety of  
staff (wetenschappelijke staf = 
academic staff minus profes-
sors and readers) positions and 
career systems to handle the 
various tasks.

In this book, especially in the 
professorial lineages in 4.2, no 
distinction is made between the 
different kinds of non-full profes-
sorships, except in individual 

cases where appropriate, and the 
same applies to the wetenschap-
pelijke staf.
In the 1980s the government 
abolished the position of lector 
as part of a general reform of 
the salary system for professors 
aimed at reducing the total remu-
neration of the highest ranking 
category of academics. Lectoren 
became professors (hoogleraren A) 
and professors became hoogler-
aren B. This explains why, in 
more recent years no lectors ap-
pear in the professorial lineages 
anymore.
From 1887 to 1982 (two-phase 
structure law, see 4.1.4) exami-
nations comprised a candidate 
examination (kandidaatsexamen) 
following about 3 years of study, 
without effectus civilis, and a final 
doctoral examination (doctoraal 
examen) after about 3 more years 
of study (but with no fixed limit).  
The student graduated with the 
title doctorandus (drs). except in 
Law, where the title is master 
(meester, mr). From 1982 up to 
the introduction of the BaMa 
structure in the 2000s, a first-
year examination (propedeuse) had 
to be taken within 2 years and 
a doctoraal examen at a maximum 
of 4 years later. Graduates from 
Delft (technical) and Wageningen 
(agricultural) universities tra-
ditionally are awarded the title 
engineer (ingenieur, ir; see 4.2.1 
and 4.2.7 respectively) following 
their ingenieursexamens.
Today’s BaMa structure is the 
result of a decision by Euro-
pean ministers of education to 
standardise qualifications within 
Europe with the titles Bachelor 
(with effectus civilis but as yet little 
used in The Netherlands), and 
Master. 
Degree programmes are called 
studies and courses are compo-
nents of studies.
Before 1982 a doctorandus or 
ingenieur could prepare for a 
Doctor’s degree (title doctor, dr.) 
by writing a dissertation only. 
Thereafter a selection of relevant 
additional courses became obliga-
tory.
The research and writing of a 
PhD thesis (proefschrift) by the 
promovendus is formally super-
vised by the promotor, although 
part of the work may be done 
in close collaboration with a 
member of his staff. Defence of 
the thesis (promotie) takes place at 

a formal academic ceremony last-
ing exactly ¾ hour, presided over 
by the Rector. 
Until the 1980s promovendi were 
usually awarded a temporary 
staff appointment, in princi-
ple for four years, as assistant. 
Although research for their thesis 
was their primary task, they had 
to contribute to the departmental 
teaching and other activities. 
In the 1980s they were awarded 
bursaries, grants being restricted 
rigorously to 3 years, which led to 
unavoidable effects on the scope 
and depth of doctoral research. 
For the ministry the importance 
of the measure was more PhD 
students for the same budget.  
Until the early 1990s the or-
ganisational subdivisions at Dutch 
universities were fixed in Higher 
Education Laws and accompa-
nying Academic Statutes: thus, 
earth science lay in the Faculty of 
Mathematics and Science, Subfac-
ulty of Geology (later Geology and 
Geophysics). Within each subfac-
ulty the professors were free to 
organise their institutes as they 
wished but more recently these 
statutes have been relaxed and 
regrouping across original faculty 
borders became possible. Subfac-
ulties could also opt to become 
faculties, thereby establishing di-
rect contacts with the university 
boards and administration. 
Generally the buildings in which 
subfaculties or parts thereof were 
housed were called institutes or 
laboratories. The word depart-
ment is avoided in this context.
The 1970 University Administra-
tion Law (see 4.1.4) introduced 
the department or vakgroep as the 
basic unit in the new univer-
sity consultation- and decision-
making structure. Formerly such 
matters were senate affairs, 
to which only professors and 
readers belonged. The vakgroep 
comprises the professors and all 
other members of the academic 
staff working in a particular 
area, covered by the chairs of 
the professors and readers in the 
vakgroep, e.g., petrology, mineral-
ogy and crystallography.   Such 
an area is also called a ‘discipline’ 
or ‘subdiscipline’ in english pub-
lications from The Netherlands. 
To avoid confusion, we shall use 
the term ‘subject area’ (vakgebied) 
for the pre-1970 situation and 
‘department’(vakgroep) for the 
period since.

dutch academic terminology   
The characteristic Dutch academic terminology is explained below, thus avoiding repetition in the text.
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Bilderdijk (1813), half a century after Charles Lyell’s Principles 
of geology (1830), twenty years after Charles Darwin’s Origin 
of species (1859) and 33 years after Bleekrode’s first Lessons 
in Delft (3.5) diploma studies in geology were finally intro-
duced in Dutch universities. 
The law had great consequences for academic geological ed-
ucation. For the first time, geology had independent chairs. 
It is illustrative for the state of geology in The Netherlands 
that the first professors came from Germany. Groningen ap-
pointed F. Van Calker (in 1877), Leiden K. Martin (also in 1877) 
and Utrecht C.A.E. Wichmann (in 1879). Amsterdam would 
not have a full professor until 1899, when Eugene Dubois, 
who started his career as a medical anatomist, assumed the 
chair. In 1891 Amsterdam had appointed G.A.F. Molengraaff 
(see 4.3.1) as extraordinary professor, but during that time 
he was carrying out geological expeditions to Borneo (see 
7.1) and in 1897 he left for Transvaal in South Africa (see 
4.2.1-4.2.5).
Although an important step had been taken, the presence 
of academic chairs in geology did not immediately result in a 

betWeen ProFessors
Peter de ruiter

A famous literary novel, 

Between professors (Onder 

professoren) was written by 

the physical geographer, senior 

lecturer and later reader at the 

university of Groningen, Willem 

Frederik Hermans. He describes 

in a cynical but colourful way 

how relations between top 

academics can be ruled by 

jealousy, gossip and slander 

and thus destroy the saintly 

image of the quiet, objective, 

intelligent, entirely honest pro-

fessor, who may be forgiven for 

being a little absent-minded 

from time to time.

A sad example of bad beha-

viour ‘between professors’  

was the fight between J.H.F. 

Umbgrove and his predeces-

sor at Delft H.A. Brouwer who, 

upon his appointment in Am-

sterdam, took with him most 

of the fossils collected by Jonker 

on the island of Timor in 1916. 

This ‘fossil loot’ came to light 

in a doctorate thesis of 1931 

by Mrs E.J. Koperberg, which 

describes some of these fossils. 

In this publication Brouwer 

Some characteristic features of 
Higher Education in the period 
1877-1940 are:
Professors, later also Lectoren 
(readers, for narrower subject 
areas, often preliminary to full 
chair status), were appointed 

by the Crown. Their chairs 
covered subject areas listed in 
the Academic Statute and new 
chairs, based on developments 
in science, needed approval of 
the minister. The appointments 
were lifetime and with immedi-

ate tenure. Later also appoint-
ments based on exceptional 
personal qualities became possi-
ble. Professors and readers have 
the ius promovendi, to confer the 
doctor’s degree. The academic 
orientation was predominantly 

towards Germany, England and 
France, to the USA only incipi-
ent (Carnegie, Rockefeller).
Industry was not encouraged 
to approach universities for 
cooperation in applied science 
(see TNO).

characteristics 1877-1940

4.1 General trends in teaching and 
research development

4.1.1 Up until World War II – State involvement 
in a liberal setting
Peter Floor, incorPorating text Fragments by Willemjan barzilay 
and Willem Van der linden

Until the Organic Decree of 1815, promulgated shortly after 
the end of the French occupation, universities had great 
independence and far-reaching privileges. Thereafter, they 
lost their legal independence and became state institutions. 
The King approved budgets, and payments were made by 
or in the name of the relevant ministry. Professors were 
appointed by Royal Decree upon nomination by the board 
of governors (College van Curatoren).
The 1876 Higher Education Law created a totally new frame-
work for the organisation of university studies, involving 
new objectives for the university. It now had to educate 
and prepare students for the independent practice of sci-
ence or for a function in which scientific knowledge was 
required: in other words, no longer encyclopaedic teaching, 
but preparation for specific professions. The realm of science 
was subdivided into studies, and geology became one of 
them. This meant that the students were provided with a 
focussed training in clearly-defined subjects and experi-
mental work. This required more staff, because a professor 
was no longer appointed in a faculty only, but for a specific 
subject area. Such new professors contributed to the mod-
ernisation of the universities, which became equipped with 
better facilities such as laboratories. The law also increased 
the number of universities from three to four by upgrading 
the Atheneum in Amsterdam. The subjects comprising a 
study were regulated by the Academic Statute (AS) of 1877. 
When formulating the Statute care was intentionally taken 
to avoid overlap between, on the one hand geology taught 
at university and, on the other hand mining engineering 
taught in Delft; or rather, to position them as far apart as 
possible in order to make geologists optimally science-
minded and distant from the economic motives of practical 
earth scientists. 
It is interesting to speculate why government was willing 
to make these teaching investments, as the 19th century 
was actually characterised by a lack of science policy. The 
government was really only responsible for providing edu-
cation and for that reason the state universities had been 
solely places of education. For whatever reason, however, 
the Law on Higher Education was passed in 1876 and after a 
slow start, it would trigger a Second Golden Age in science.

So, almost a hundred years after publication of James 
Hutton’s Theory of the Earth (1785), sixty-three years after 
the first book on geology in the Dutch language by Willem 

had, without her knowledge, 

added a statement that the 

collection belonged to the 

Amsterdam Geological Insti-

tute. An unholy fight broke 

out, the principal combatants 

being Brouwer, aided by his 

assistant De Marez Oyen, and 

Umbgrove who wanted the 

collection to be sent back to 

Delft. Molengraaff and later 

also Rutten attempted to me-

diate, but things deteriorated 

so much that lawyers and 

secretaries of state became 

involved.

In 1937 Brouwer organised 

another expedition to Timor 

and in that way obtained his 

own Amsterdam collection, 

but the controversy dragged 

on - without heavy fight-

ing but with no armistice 

either - until 2002 when the 

collections from Amsterdam 

and Delft were reunited in the 

Naturalis Museum in Leiden 

(see 4.4.2). Peace eventually 

broke out 85 years after the 

fossils had been collected from 

the slippery slopes of Timor. 

F.J.P. Van Calker, Groningen

J.K.L. Martin, Leiden

C.E.A. Wichmann, Utrecht 

S.A. Bleekrode,  
Royal Academy, Delft

The first generation of 
geology professors.
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It was not only the introduction of studies that marked the 
transition in 1877; the relationship between the universi-
ties and government authorities became more explicit: 
university boards of governors became the representatives 
of the minister. 
With minor adaptations the 1876 law lasted until 1960 
when a new Higher Education Law was adopted in 
conjunction with fundamental changes in secondary 
education. 
Parallel with the formal regulation of Higher Education, 
another much more public debate raged: How should 
public (liberal and socialist) versus denominational 
(Catholic and Protestant) education be handled? Early 
in the 20th century, this discussion was settled with the 
so-called ‘pacification law’ of 1905, in which public and 
private/denominational education at all levels were given 
equal opportunities for development. This law ensured 
that graduate diplomas issued by the protestant Free 
University in Amsterdam, founded by Abraham Kuyper in 
1880 (see 4.2.6), had the same civil status as those of the 
public universities.  
The law had to be monitored and protected against 
political whims: until the 1970s Christian political parties 
managed to occupy the position of minister of education 
and, as a result, state influence on the whole educational 
system was exceptionally strong, at least until the 1980s.
The same law of 1905 also gave university status to the 
Polytechnic School in Delft which was renamed Technische 
Hogeschool Delft (see 4.2.1). From 1905 onward, general 
context and earth science developments equally apply to 
mining engineering in Delft. This is not always specifically 
mentioned.
In 1917 the Royal Netherlands Academy of Science, con-
cerned by the acute state in which the country (neutral 
during World War I) found itself, placed the following 
question before government: ”Is it not urgent that all 

flourishing of the geological sciences. The first professors 
were met with a low interest in their subjects. It was 
not uncommon that planned courses were cancelled 
because there were not enough attendees. A possible 
reason might be that students first had to take exami-
nations in general natural sciences before they could 
specialise in geology. Moreover, the almost complete 
absence of hard rock in the country did not stimulate in-
terest amongst the youth. There were only three doctoral 
graduations (promoties) in geology in the first decade 
after 1877, two of which had begun their academic train-
ing before 1877 and had followed part of it in a foreign 
country. In the next two decades each professor had 
only two doctoral students.
Besides a lack of interest, the new professors were also 
confronted with poor housing and natural-history col-
lections that were in a poor state. Budgets were soon 
created to take on assistants, but it took quite a while 
before these were actually appointed. Van Calker was 
the first to receive an assistant after having worked 14 
years on his own, while Wichmann had to work single-
handedly for 29 years! 
It would take nearly half a century before student num-
bers rose, and this was after another educational reform 
embodied in the new Academic Statute of 1921. Students 
who wanted to study geology could then do so from 
the very start. This shortened the studies to the regular 
five years. Fieldwork was included as an important 
component. The reforms were necessary because at the 
beginning of the 20th century there was an increased 
demand for academically-trained geologists, in addition 
to the numerous mining engineers, in the flourishing 
mining industries of the East Indies. Dutch geology in the 
first half of the 20th century would eventually jump to 
the forefront of geological research worldwide.

The framework of the 1930 law 
on the regulation of applied 
scientific research gave TNO the 
freedom to develop into an or-
ganisation performing research 
in the applied natural sciences 
on behalf of government, pri-
vate parties and other sectors 
in society, most specifically for 
small and medium-scale enter-
prises. Cooperation with the 
large, internationally-operating 
Dutch multinationals has taken 
place as well and continues to-
day: A close bond with Shell has 
resulted, for instance, in many 
studies in the area of carbon 
capture and storage (CCS). In 
scope and size TNO was, and has 
remained, quite unique in the 
World. 
At the end of 1945 TNO had some 
300 employees only, but the 
organisation grew spectacularly, 
and by the 1970s there were 35 
institutes with some 4800 em-

ployees. Gradually the need was 
felt to redefine the role of TNO 
leaving intact, however, its large 
degree of independence from 
government influence. A first 
push was provided by the Na-
tional Advisory Council for Sci-
ence Policy on Innovation (1972), 
which prompted the ministry to 
react with a note listing the pri-
mary tasks of TNO: Application-
oriented technical and (natural) 
scientific research, but with 
more intensive contributions 
from the social sciences; contin-
ued administrative independ-
ence from government; a more 
centralised organisation and 
no more independent special-
ist organisations, such as those 
permitted under the 1930 law. 
Readjustment was also needed 
in the parallel but younger 
organisation for pure research 
(see text ZWO/NWO).  A second 
note from the ministry about fi-

nancial matters added strength 
to the relationship between the 
funding of TNO and the type 
and content of its services: Pre-
viously the primary relationship 
had been with the Minister of 
Finance - in the future it was to 
be with the Minister responsible 
for Science Policy, a develop-
ment that was in line with 
other reorganisations at that 
time in the relations between 
government funded institutions 
and budget holders. The new 
TNO-Act was adopted in 1985, 
and was followed by a related 
Royal Decree in 1986, which 
regulated aspects in the law still 
needing specification; both are 
still operative.
The law requires TNO to develop 
a strategic plan every 4 years. 
This plan forms the basis for 
agreements with the govern-
ment and TNO’s business rela-
tions. Annual budgets and mid-

dle term investment plans are 
derived from the strategic plan. 
More importantly, the original 
lump sum budget is split up into 
three parts, a basic subsidy, sub-
sidies earmarked in the budgets 
of relevant ministries for agreed 
activities and, finally, income 
from contracts with ministries. 
In addition TNO is required to 
raise an agreed percentage of its 
overall turnover from private 
funding.  It goes without say-
ing that this new regime did 
not always run smoothly in all 
sectors of the organisation. TNO 
underwent two major phases of 
restructuring in the first decade 
of this millennium, fitting 13 
different institutes into 5 core-
areas, recently forming a matrix 
organisation. 
Nowadays TNO reports to the 
Ministry of Economic Affairs, 
Agriculture and Innovation, 
constituted in 2010.  

tno: innoVation avant la lettre    
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4.1.2.  World War II
bert boekschoten, bert dijkhuis, harm rondeel, 
klaas maas, Peter Floor

We cannot let the war period 1940 -1945 pass unnoticed. 
The occupiers first tried to pose as liberators and offered the 
Dutch, as their most closely-related people, integration in 
Das dritte Reich. When it came to the signing of declarations 
of loyalty and the distribution of identity cards, however, 
aversion grew. Restrictive measures imposed on Jews and 
the recruitment of a work force for the war industry and of 
soldiers for the Ostfront led to outspoken resistance. At the 
end of 1940 Jewish professors were dismissed, an action 
that aroused courageous protests at several universities. 
Gradually, universities were closed and German caretakers 
appointed to ’protect’ buildings and what they contained. 
Professors, staff and students played their parts in many 
resistance groups and quite a few did not survive.  Profes-
sors continued lecturing in private or went into hiding when 
not taken prisoner or hostage. In order to continue their 
studies,students moved as much as possible to  universities 
that were not yet closed, escaped to England, overseas or 
via Spain, went underground or got caught, usually with 

the knowledge and experience available in the country 
be geared towards making the best possible use of the 
scarce resources and production facilities?” Committees to 
study the problems were established, and several years 
of work followed. The last committee (chaired by F.A.F.C. 
Went) expanded the scope of the basic questions, in order 
to elaborate a way of organising government involve-
ment whereby the advantages that characterise research 
in private enterprise and institutions are adopted, while 
avoiding the related disadvantages’. This committee’s 
advice, presented in 1925, helped to prepare a law for the 
regulation of applied scientific research (1930), which re-
flected the government’s aim to improve the contribution 
of science and technology to the development of society. 
The Netherlands Organisation for Applied-scientific Re-
search (Nederlandse Organisatie voor Toegepast-weten-
schappelijk Onderzoek, TNO) was founded in May 1932, 
at a time of global economic crisis when governments 
worldwide were desperately seeking ways to improve 
the economic potential of their countries. In view of the 
importance and impact of TNO for Dutch earth science (see 
chapter 5), some further characteristics are summarised in 
the text on TNO. 

During World War II, the joint 
collieries in Limburg and, to a 
lesser degree, the Bataafsche Pe-
troleum Maatschappij (BPM) gave 
extensive and rather unusual 
support to the academic geology 
and mining engineering com-
munities. 
The immediate effect of German 
occupation in May 1940 was 
that travelling abroad became 
impossible. As most if not all 
geological doctoraal and PhD 
theses in those days were based 
on field mapping projects, 
major problems arose when 
their traditional mapping areas 
in Italy and Switzerland could 
no longer be reached. In 1941, 
at the instigation of De Sitter, 
a member of Escher’s staff 
in Leiden, this problem was 
pragmatically solved by Van 
Waterschoot van der Gracht, 
Chairman of the Mining Coun-
cil, and Schürmann, BPM Head 
of Exploration in The Hague, 
together with Groothoff, Direc-
tor of the State Mines. They 
organised a cooperative effort 
between the joint collieries, 
Bataafsche Petroleum Maatschap-
pij and the State Commission 
for Geodesy to embark on a 
new geological and geophysical 
survey of The Netherlands. This 
programme provided thesis 
projects and employment for 
some 40 geology and mining en-
gineering students and recent 
graduates, as well as jobs for a 
number of ‘stranded’ experi-

enced geologists who were un-
able to return to their overseas 
positions because of the war.
Under war conditions it must 
have been quite tricky to ar-
range funding for this survey. 
Acknowledgements in a PhD 
thesis of Francken in 1947 
refer to a ‘slush fund’ (Zwart 
Potje), which was “filled by the 
directors of the State Mines 
and a number of persons and 
institutions”. Zwart Potje hints 
at a secret budget, the details 
of which were not made public 
or discussed openly during 
the war. In addition, BPM also 
supported editorial efforts, 
reimbursed printing costs and 
had Doeglas carry out heavy-
mineral analyses for students at 
its R&D laboratory in Amster-
dam.
The students assigned to this 
programme were supervised 
by Jongmans, director of the 
Geological Bureau in South 
Limburg. Some of the research 
projects had clear direct 
relevance to the coal mining 
industry but for some thesis 
topics this was tenuous at best: 
Petrological investigations of 
the coal measure sediments of 
South Limburg (The Nether-
lands), Splits and wash-outs in 
The Netherlands coal measures 
and Kolenpetrografische studiën 
are clearly topics of direct 
relevance to the mining indus-
try. However, topics such as A 
contribution to the understand-

ing of the Upper Senonian in 
Limburg, Gravel investigations 
in South Limburg and Sediment 
petrography of the overburden 
in Limburg appear to have had 
very limited relevance at the 
time.
What is most amazing, howev-
er, is that two of the five papers 
mentioned above were written 
in English with a summary in 
Dutch, while the other three 
were in Dutch with an exten-
sive summary in English. Al-
though these five publications 
were printed during the war, 
none of them had even a brief 
summary in German! One can 
only assume that the German 
authorities paid little attention 
to the details of the activities 
carried out under the catch-all 
term ‘coal mining operations’, 
as long as sufficient coal came 
to the surface.     
Whereas the original objective 
was to provide students with 
thesis projects so that they 
could complete their studies, 
this cooperative arrangement 
became even more beneficial 
to the participating students 
in the second half of the war. 
In March 1943, the German oc-
cupation authorities required 
all students to sign a declara-
tion of loyalty. By doing so they 
promised ‘not to engage in any 
activities aimed against the 
German Reich’. Those who did 
not sign were refused admis-
sion to the university and, in 

addition, any male student who 
did not sign officially became 
unemployed. All unemployed 
males between the ages of 18 
and 35 were automatically eligi-
ble for the dreaded work camps 
in Germany.
Arbeitseinsatz had started on a 
semi-voluntary basis in the fall 
of 1940. However, the number 
of ‘volunteers’ was ‘disappoint-
ing’ and, when in early 1942 
heavy losses made on the Rus-
sian front necessitated the mo-
bilisation of many more young 
German males, new workers 
were needed to keep the war 
machine going. This prompted 
Reichsmarschall Hermann Göring 
to make Arbeitseinsatz com-
pulsory. In The Netherlands, 
the only official way to avoid 
it was to have an ‘essential 
occupation’, i.e., essential to 
the German war effort. Such oc-
cupations were principally vital 
positions in the public service 
and jobs in farming and the 
food supply industry, as well as 
in the industries that directly 
served the German war effort. 
The latter category included the 
South Limburg coal mines.
The students working at the 
joint collieries or the Geological 
Office were thus protected from 
transportation to Germany for 
forced labour, as were the other 
geologists and mining engineers 
involved in this large-scale geo-
logical and geophysical survey 
of The Netherlands. 

earth science under coVer
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lamentable perspectives. In 1944-1945 war raged over the 
east of the country and famine was the fate of the west.
During the war years students of geology and mining 
engineering were cut off from their staging grounds abroad. 
From all universities a great number of advanced students, 
doctoral students and academic staff, unable to work be-
cause of the wartime standstill, found temporary employ-
ment with the Geological Survey, thanks to an initiative of 
W.A.J. Van Waterschoot van der Gracht. A whole series of 
valuable monographs on Dutch geology and palaeontology 
resulted. The occupiers facilitated this because they consid-
ered these subjects as kriegswichtig - apparently they did 
not look too closely, as the studies were far from applicable 
in any wartime economics (see earth science under cover).
The German occupation authorities expelled all Jewish 
staff from the universities in November 1940. The protest 
lodged against this unlawful discrimination by the Leiden 
Law-Faculty dean Cleveringa, was followed by a student 
strike and then the closure of the university by the German 
authorities, first for lectures and other public activities, but 
from November 1941 onwards for all activities. Study facili-
ties for the Leiden geology students had somehow to be 
arranged elsewhere. Young students moved to Amsterdam 

Fig. 4-1. Memorial window Mining 
Institute. Text : 1940-1945
Those who perished (Zij die vielen).
 
Prof.dr.ir.J.A.A. Mekel,
J.R. Bezaan, L.F. Klein Bog,
H.A.E. Burgers, J.L. Larive, P. Egas,
E.C. Scheffer, A. Von Faber,
E. Sibinga Mulder, P.C. Groenewege,
H. Simon Thomas, H.J.D. Hamers,
J.W. Van Slooten, J. Hardeman,
R.J. De Vries, J.L. Hesselberg,
L.J.C. Vuyk, J.T.H. Van den Honert,
H.J. Van Zadelhoff, C.W. Van Holst 
Pelekaan, F.H. Bloemgarten.

J.A.A. Mekel 

In 1942 the first tunnel under 
the Nieuwe Maas in Rotterdam 
was commisioned. In 1939 F. 
Florschütz and I.M. Van der 
Vlerk published a spectacular 
article Thousand centuries history 
of the underground of Rotterdam, in 
which they reported on the re-
sults of pollen analysis and pal-
aeontological studies of the sed-
iments sampled in the building 
trench. Pollen analysis (known 
as palynology since 1944) had 
proved to be useful in the study 
of the history of vegetation 
and climate in the Quaternary.  
The article contained a pollen 
diagram of the Late Glacial and 
Quaternary, illustrating the 
rapidly changing vegetation 
in the area. Fossil grape seeds 
were found at a depth of 11 m, 
indicating that the climate had 
been warmer at one time, while 
many fossil vertebrate bones 
were identified from the deep 
gully dredged in the river, such 
as mammoth, rhinoceros, bison 
and giant deer. 
The first quantitative analysis 
of fossil pollen in peat was car-
ried out in 1916 by the Swedish 
palaeobotanist  Lennard Von 
Post. In The Netherlands the 
pioneer of the young science of 
palynology was Frans Flor-
schütz (1887-1965), who started a 
private pollen laboratory at his 
home in Velp. His first publica-
tion on the Pleistocene flora 

of The Netherlands dates from 
1925. From 1939 he investi-
gated samples for the Bataafsche 
Petroleum Maatschappij (Shell) 
and, in recognition of the clear 
benefits, the company opened a 
pollen laboratory at Maracaibo 
(Venezuela) in 1947. Apart from 
providing valuable correla-
tions of non-marine bore-hole 
samples from Lake Maracaibo, 
an interesting find was the 
appearance and increase of 
Podocarpus pollen in Oligo-Mi-
ocene sediments. This discovery 
helped to date the uplift of the 
Venezuelan Andes. Subsequent-
ly the company established a 
laboratory in The Hague (see 
4.5.1) where pollen from various 
exploration wells in Nigeria, 
Colombia, Trinidad, Borneo and 
New Guinea were analysed.
In 1947 Florschütz became the 
first professor of palynology 
at the Geological Institute of 
Leiden University. He investi-
gated Quaternary bog and lake 
sediments in The Netherlands, 
Belgium, Austria, Italy and 
Yugoslavia and started age 
determination studies of Terti-
ary and Triassic brown coals in 
Austria and Yugoslavia. Besides 
the biostratigraphic applica-
tions he initiated, in coopera-
tion with famous archaeologist 
A.E.Van Giffen, pollen studies 
to support dating of archaeo-
logical finds and to characterise 

the botanical environment in 
which prehistoric Man lived. 
This led to the founding of the 
Biological-Archaeological Insti-
tute at Groningen University 
in 1954 under H.T.Waterbolk.  
After his retirement in 1959 
Florschütz lectured at Nijmegen 
University and continued 
his research in Spain, where 
he stimulated palynological 
research into Early Pleistocene 
deposits at Padul.  
Several pupils of Florschütz 
have gained international 
recognition. In 1959 Thomas 
Van der Hammen (1924-2010) 
initiated research into palaeo-
ecology and climate history, 
integrating geology and biology 
at Leiden University. Later, as 
professor of Palynology at the 
University of Amsterdam, he 
extended his research to South 
America. There palynological 
and radiocarbon age dates of 
peat bogs in the high cordillera 
of Colombia showed that the cli-
matic phases of the Late Glacial 
and Holocene were perfectly 
synchronous with the European 
phases. In 1970 he started the 
large Ecoandes project - result-
ing in 7 volumes of Studies of 
Tropical Andean Ecosystems - which 
fundamentally changed our 
perception of the dynamic his-
tory of tropical ecosystems. Van 
der Hammen has more than 
300 major papers to his name. 

Waldo Zagwijn introduced 
applied palynological research 
to the Netherlands Geological 
Survey. He described the type 
locality of a newly discovered 
early Pleistocene interglacial at 
Tegelen (Limburg), the Tiglien, 
and defined the internationally 
controversial Plio-Pleistocene 
boundary based on pollen. He 
established a palynological-sed-
imentological master scheme 
for the last 3 million years and 
constructed a set of 12 palaeo-
geographic maps of The Neth-
erlands. He became involved 
in subsidence studies and 
supported Saskia Jelgersma’s 
calculated Quaternary sealevel 
rise curve with palynological 
data (see 5.4.2).
At Utrecht University a paly-
nological research group was 
established by Frits Jonker, one 
of Florschütz’s pupils, when 
he was appointed professor of 
Palaeobotany and Palynology 
in 1960. 
Following the retirement of 
Van der Hammen (1989) and 
of Jonker (1978), palynology in 
The Netherlands continued to 
flourish, Henry Hooghiemstra 
and Henk Visscher following 
in their footsteps with new re-
search directions, and promot-
ing links between academia and 
industry.

an early industry-releVant deVeloPment: Palynology
Frederik Van Veen, With contributions by thomas Van der hammen †, henry hooghiemstra and tjalling Waterbolk. 
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Thanks to this mutually cooperative situation a strong cohe-
sion developed.
During the war most of the staff was still present, except for 
Professor J.A.A. Mekel, who was arrested for his illegal activi-
ties and shot after a sham process. A stained-glass window 
in the mining engineering building commemorates both him 
and those students who died during the war. Professor Mekel 
has also been honoured by attaching his name to the new 
central avenue in the university campus area.

4.1.3 The heyday of university earth science 
(1945-late 1960s)
Peter Floor 

At the end of the war, the universities found themselves - 
like many other public bodies - in a lamentable state, their 
buildings damaged, valuable objects removed and only part 
of the personnel returning. Old and new students waited on 
their doorsteps, eager to resume normal life. Because of such 
extremely difficult circumstances the universities found it 
hard to turn the new start into new opportunities.
Universities reopened, however, soon after the end of the 
war and in the optimistic mood of the moment made the 
best of their limited opportunities. Some hurdles had to be 
taken first, like vetting and ‘clearance’ of personnel based 
on their wartime behaviour. Some were denied the right to 
continue in their function. Other professors, like many opin-
ion leaders in the civil service, who during the war closure or 
in hostage camps had reflected intensely on how to rebuild 
society after liberation, came back with fresh ideas about 
the formation of a more egalitarian academic community. 
Here and there initiatives were taken to realise such ideas, 
but eventually the antebellum tradition prevailed.Because 

and Groningen, accompanied by senior students A. Brouwer 
and E. Den Tex, and by Professor Van der Vlerk, an intimate 
friend of Kuenen. 
Eight Leiden students arrived in Amsterdam at an institute 
with a population of which a relatively large part was 
German friendly, many of them members of the national 
socialist movement NSB. Several conflicts arose. The loyalty 
declaration of March 1943, which had to be signed by 
students for entrance to the university, was signed by a 
relatively high percentage of the geology students, possibly 
stimulated by opinions held by H.A. Brouwer (at Delft 
University, where the senate advised students to sign, this 
percentage was also high). A refusal to sign led to a move to 
German work camps. The result was that the universities no 
longer registered students for the 1944-1945 course.
Another section of the Amsterdam students was actively 
engaged in the resistance, most prominently Ary Prins. He 
gathered military data and transported illegal material, 
amongst others weapons, for the couriers’ organisation  
‘Rolls Royce’, one of the leaders of which was geology 
student Karel De Vries. Ary was arrested and shot 7 Janu-
ary, 1945. The Geological Institute keeps a bronze plaque 
in his honour. Other students in the resistance were Wim 
Uytenbogaardt , Jan De Gruyter, Jan De Haan, Vic De Munck, 
Walter Kupsch en Rob Scholten. De Gruyter was actively 
engaged in falsifying documents for Jews in hiding and for 
other illegal activities. 
In Delft the Technische Hogeschool was closed several times 
after protests related to the exclusion of Jewish professors 
and the razzias carried out to gather labourers for the war 
industry.
Mining students were helped as much as possible by the 
scientific staff using available material, but no geologi-
cal excursions or visits to active companies could be made. 

In September 1945 prime min-
ister Schermerhorn and his 
minister for Education, Arts 
and Sciences concluded that the 
development of ‘non-applied 
oriented research’ risked lag-
ging behind as compared with 
surrounding countries. The 
need for a TNO-like organisa-
tion (see 4.1.1.) especially for 
‘fundamental research’ was 
felt.
Professor Vening Meinesz (see 
7.1.5, 4.3.3), one of the country’s 
leading scientists, was sent on 
a factfinding mission to the 
USA: ‘how is scientific research 
organised in the States and how 
far behind is Dutch research 
in reality?’ Several committees 
and ministers later, and after 
an informal start with a budget 
of 500.000 Dutch guilders, the 
Law on Pure Scientific Research 
came into effect on 1 April 1950. 
In contrast with the main focus 
of TNO at that time, ZWO was 
also to serve the humanities 
and social sciences. 

While ZWO was being estab-
lished no time was wasted in 
the areas of scientific comput-
ing, fundamental research of 
matter (Fundamenteel Onderzoek 
van de Materie, FOM) and nuclear 
research. For each of these 
areas foundations were created 
in 1946 to administer large-
scale facilities, and in 1949 a 
foundation for the running of 
astronomical radio telescopes 
followed. It was intended that 
a similar organisation for 
biological and medical research 
would be established also, but 
this did not materialise. Once 
ZWO was up and running the 
existing foundations were 
brought under its umbrella. 
A foundation for chemical 
research was created as the 
first direct offspring of ZWO in 
1956. A variety of other founda-
tions was to follow, one being 
for isotope geological research 
(see IGO in 4.2.5. and 4.2.6.). 
Understandably, the financial 
arrangements lagged behind 

in the early post-war years but 
later they improved rapidly. In 
percentages of the budget, the 
experimental sciences absorbed 
some 75-80 %, some 10 % was 
spent on humanities and social 
sciences, and the remainder 
went to biological and medical 
sciences. Concern about the 
preferential treatment of the 
experimental sciences gradu-
ally grew, but until the 2nd half 
of the 1980s little changed. By 
1989 the corresponding percent-
ages were 62 (experimental) 
and 16 (humanities and social). 
Biological, oceanographic and 
earth sciences together received 
11.5 % and medical science 9%.
Meanwhile ZWO became 
involved in system-wide dis-
cussions between ministers, 
policymakers and ‘the field’ 
about the best way to organise 
and fund research, in and out-
side the universities. The hot 
topic was - and remained for 
dozens of years - the preferred 
ratio between research money 

going directly to the universi-
ties (‘first stream’) and the 
money to be allocated by ZWO 
(‘second stream’). Generally 
speaking the first stream is 
relatively large as compared 
with surrounding countries and 
universities were very reluctant 
to let that change. Another 
issue was that the government 
obliged ZWO to respect pri-
orities set in the government’s 
science policy (for instance 
regarding nuclear science at 
that time). As a result, for more 
than a decade trench warfare 
was waged between ministers 
of different political colours 
and the university world. Once 
a law became effective in 1988 
putting research in a new 
jacket, ZWO was reconstituted 
as NWO (Netherlands Organisa-
tion for Scientific Research) 
with more independence from 
the ministry, and internally 
decentralised so as to direct its 
focus nearer to areas of major 
scientific research.  

zWo/nWo the netherlands organisation For Pure scientiFic research  
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Geological map of the northwestern Iberian Peninsula (1967). Upon decision at a regional meeting (1965) of groups and individu-
als active in the area (from the universities of Bordeaux, Coimbra, Fribourg, Leiden, Lisboa, Montpellier, Münster, Oviedo, Poitiers, 
Salamanca and Sheffield) this map was compiled by Leiden (Peter Floor, under Emile Den Tex), drawn in Leiden, printed in Lisboa, 
and published in Spain. Academic cooperation before ERASMUS.

Easy note making during a Leiden University Alps excursion, 1978.The traditional Matterhorn-dominated last-day group photograph in 2004, of an Alps 
excursion, in this case of the Free University with Anne Fortuin (right).

Staff to student radio contact 
at the end of a day of Utrecht 
University fieldwork in the 
Western Australian desert.

Amsterdam geology students 
in action.

Looking with John Savage for a Swiss hammer solution to nearby structural problems in 
the Southern Pyrenees.

Emile Den Tex with petrology students on the northern Galician coast, 1961.

Fig. 4-2.  Fieldwork and excursions at Dutch universities
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secondary school examinations had not been taken (the 
formal entrance requirement for tertiary education in The 
Netherlands) and fresh admissions to university had been 
impossible in the last war years, improvised examinations 
were instituted and multiple student intakes were organ-
ised, so as to regulate the wave into a manageable flow.
Invited by universities and academics abroad that wished 
to do something to improve (health and) professionalism, 
many professors and students spent some time abroad. 
The Marshall Plan and the Fulbright Programme had their 
effects. Many students made their way to the USA, crossing 
the Atlantic as dishwashers aboard passenger ships, etc. All 
this contributed to an increasing focus on the USA.
Once families that survived the Japanese camps in the 
Netherlands East Indies started returning to the homeland, 
a new wave of highly motivated students arrived at uni-
versities. On the other hand many young people, including 
students who had already had their share during the war, 
had to go into military service to be deployed in the decolo-
nising East Indies (1945-1949).
Much later, quite another effect would hit the whole 
educational system: from 1965 onwards, the post-war baby 
boom reached universities.

Many factors influenced academic developments in the 
Earth Sciences in the period from 1945 to the end of the 
1960s. 
The pre-World War II administration by Senate and Board  
of Governors (Senaat en College van Curatoren) was 
continued. Based on multi-annual development plans 
and annual budget proposals the 100% state funding went 
directly from ministry to universities with earmarked al-
locations. The number of professors and readers was small 
in comparison with systems abroad. Individual chairs were 
negotiated directly between universities and ministry (ap-
plied for in the development plans). In contrast with other 
European countries and the USA, staff members have civil 
servant status and no professor’s title. However, the 1960 
Higher Education Law and Academic Statute recognised the 
increasing role played by the staff and enabled their voices 
to be heard on academic matters in the academic Senates 
(legally constituted by the professors and readers only). 
Research time being included in academic staff salaries, the 
quantitative role for secondary research funding through 
the Netherlands Organisation for Pure Research (see ZWO/
NWO) was small. Applied research, which might have 
contributed to the research budget, remained not done in 
universities because of the availability of the fully equipped 
TNO. With minor exceptions a full separation between tech-
nical, agricultural and ‘traditional’ universities persisted, 
although some cross-over studies were initiated in new 
institutions.
Study programmes generally followed the lines of the 
pre-war period. New study programmes were created in 
order to both attract and accommodate more students. 
Student enrolment grew also as a result of policies to make 
universities more accessible to youngsters from families 
with non-academic backgrounds. Once the most immedi-
ate problems of war recovery were over and government-
imposed funding restrictions were gradually released, rising 
student numbers and growing specialisation led to an 
increase in teaching staff, particularly below the level of full 
professors and readers, and to the splitting up of chairs into 
more specialist ones. Because all professors and most staff 
members had both teaching and research as main tasks 

student organisations
Students at Dutch universities 

have a tradition of organising 

themselves into societies, the 

oldest of which date from the 

first half of the 19th century. 

There were social clubs, clubs 

for students of the major 

confessional denominations 

and associations of students 

belonging to certain (groups of) 

studies. In the latter category, 

students in mining engineer-

ing and geology were not the 

least active. The fact that many 

graduates went overseas and 

were eager to maintain contact 

with their institutes certainly 

stimulated their activity. The 

Mijnbouw-kundige Vereeniging 

in Delft, which celebrated its 

centenary in 1992 (see 4.2.1), the 

Leidse Geologische Vereniging 

(see 4.2.3), the Utrechtse Geolo-

gen Vereniging, the Geologische 

Vereniging (at the UvA), and 

Geovusie (at the VU) have all 

organised lectures by local, 

Dutch and foreign professors 

that provided a significant ad-

dition to the curricula. The um-

brella Nederlandse Geologische 

en Mijnbouwkundige Studenten 

Organisatie (NGMSO) arranged 

for visits of international lectur-

ers and each year organises 

congress with foreign keynote 

speakers, the venue rotating 

between member universities. 

Democratisation, restructur-

ing and a greater emphasis 

on effective study have had an 

impact on these associations, 

but they are all still alive and 

active, some only as alumni as-

sociations following the closure 

of their subfaculties. 

Fig. 4-3. Student organisations. The Utrechtse Geologen Vereniging (UGV) on excursion.

included in their appointments, the amount of research 
potential grew correspondingly. This led to an increas-
ing shortage of adequate space and equipment and to 
further budget needs. 
The full separation of universities (tertiary education) and 
polytechnics (Hoger Beroeps Onderwijs, HBO) with sec-
ondary education status, both drawing secondary school 
leavers, gave rise to the queer situation that universities 
by law had to give free admittance whereas HBO was 
allowed to control its inflow. 
Absolute freedom of study choice for new university 
students was the rule but the increasing student numbers 
and great annual variations per study resulted in oc-
casional mismatches between teaching load and staff 
capacity, menacing research output. Students started to 
complain and some first entry restrictions (numerus fixus) 
were eventually adopted at the end of the period.
The legal requirement for equal opportunity status 
in development, granted at the beginning of the 20th 
century (see 4.1.1), prevented a natural process of quality 
differentiation among universities. Hence all school leav-
ers could find a similar level of education in their nearest 
university and a majority opted to do so. The govern-
ment decided to create some new universities (Twente, 
Eindhoven, Maastricht, Open University), and upgrade 
existing institutions to full university status (Rotterdam, 
Tilburg, and later Maastricht). These measures did not 
concern geology studies.
International education was organised in separate insti-
tutions, e.g. the International Training Centre for Aerial 
Survey ITC (see 4.2.8), and the Institute for Hydraulic 
Engineering IHE (Delft). 
The Netherlands Universities’ Foundation  For Interna-
tional Cooperation NUFFIC, later called the Netherlands 
organisation for international cooperation in higher 
education, was created in 1952 to assist universities in 
their international cooperation, originally mainly to assit 
cooperation with developing countries, but later more 
generally in line with the increasing national policy focus 
on internationalisation. 
Separate from but closely linked to the universities, 
research institutes, like the Netherlands Institute for Sea 
Research (Nederlands Instituut voor Onderzoek der Zee, 
NIOZ; see 5.4.2 and 4.3.8), were created as part of ZWO. 

After the virtual stand-still during the war, the post-war 
period was one of growth and expansion of the geologi-
cal sciences. Thanks to the automatic coupling of research 

Emile Den Tex with petrology students on the northern Galician coast, 1961.
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time to the teaching tasks of all academics, the foundations for 
future excellence were laid. 
Graduate geologists with mapping experience were in great 
demand; the Dutch coal mines, internationally operating oil 
companies and, initially, the colonies had many vacancies. 
Moreover, Dutch mining engineers and geologists had a good 
reputation all over the world and many found their way into 
foreign employment (see ch.7). The interest of freshmen in 
these studies was stimulated with the appeal of adventure, 
machismo, and the world as one’s oyster. This was a period 
when there were few female students - but those that were 
held their own. A noticeable group of students were youngsters 
recently returned from the colonies with first-hand experience 
of what geology and mining could mean.
Given the demand for field-trained graduates and the lack 
of rock outcrops in the country, fieldwork practices initiated 
before the war were reanimated as soon as possible. Excursions 
organised by the different subject areas aimed at familiarising 
students with as many geological phenomena as neighbouring 
European countries could offer and with the different speciali-
sation options for their further study. The loss of the colonies 
and the closure of the Dutch coal mines led to a significant 
shift, not in employment opportunities, but in a shift of the 
destination of graduates to world-wide in oil and mining 
companies, geological surveys and universities. It also resulted 
in a noticeable decline in student numbers.
In the first part of the period from 1945 to the end of the 1960s 
almost all geology professors linked their research to issues 
arising from the field areas where their students received their 
training in geological mapping (see description in 4.2.3 and 
below). With growing diversification and the entry of new pro-
fessors, the number of field areas increased, and selected areas 
were studied from a wider, more specialised and more detailed 
array of perspectives. Furthermore, laboratory-oriented chairs 
came into being. Students, however, were not allowed to carry 
out laboratory studies as a replacement for field-training, but 
only as an addition to it. 
In many European countries locals will have witnessed Dutch 
geology students seemingly roaming around aimlessly, and 
wondered how young people could so sacrifice themselves 
without apparently looking for gold. 
Major mapping projects, in cooperation with local authorities, 
were run in the course of time in, for instance: 
Scandinavia (H.A. Brouwer, De Roever; Amsterdam UvA, Uyten-
bogaardt; VU), 
Swiss and Italian Alps (Van Bemmelen; Utrecht), 
Corsica (H.A. Brouwer; UvA), 
French Alps (Niggli, De Roever; Leiden), 
French and Spanish Pyrenees (De Sitter, Zwart, Pannekoek; Leiden), 
Cantabrian Mountains, Spain (De Sitter, A. Brouwer; Leiden), 
Galicia, Spain (De Roever, Den Tex; Leiden), 
Portugal, (Westerveld, Oen, Mac Gillavry; UvA),
Betic Cordillera, Spain (Egeler, De Roever, Mac Gillavry; UvA), 
Apennines, Italy (Ten Haaf; Utrecht, Van de Fliert; VU), 
Mediterranean area (Rutten, Drooger; Utrecht).
The Netherlands, Quaternary geology (Van der Vlerk, 
Florschütz, Pannekoek; Leiden, Wiggers;VU). 
In addition, expeditions were undertaken to remote 
areas like the Peruvian Andes and the Himalayas 
(Egeler, De Booij; UvA), and Tanzania (Oen; UvA).
The accumulation of regional and thematic experience in these 
areas, based on student mapping, doctor’s degree theses and 
work by senior academic staff, led to the formation of specialist 
research ‘schools’ with widely recognised reputations, which 
were able to attract new staff from abroad. 

Fieldwork, a Dutch speciality
jacques touret

When, in the summer of 1980, I heard (with utmost 
pleasure) my name recommended by the nominating 
committee for the vacant position of Ertskunde-Mineral-
ogie-Petrologie professor at the Vrije Universiteit Amster-
dam, I prepared for a move which, I could not imagine 
then, would last until the end of my academic career, 
some twenty years later. My first official contact with my 
colleagues was then in the sunny city of Briançon, the 
starting point of a memorable excursion which, after a 
complete transect of the Alps, ended some two weeks later 
in Zurich: A small group of about 10 students, a top-class 
organisation in the hands of the VU-staff and, for each 
part of the section, local guides from the best universi-
ties (notably ETHZürich). None of this could compare with 
what I had known from my preceding positions in Nancy 
and Paris, where excursions, always for a much larger 
group of students, lasted only for one, or rarely two days. 
The difference was even more striking for fieldwork which, 
I discovered soon, was an essential part of the teaching 
system: several weeks, up to one month in various locali-
ties, each directly connected with the research interests 
of the teaching staff or the research programs run by the 
university department. It was not always easy for the stu-
dents to combine the interests of structural geologists and 
petrologists: for instance, firstly one month in Spain, then 
another month (or more) in Finland. But apparently the 
students (and staff) did like it, and succeeded in main-
taining their reputation as the Flying Dutchmen (Vliegende 
Hollanders) that Dutch tourists have in my home country.
Besides some differences in mentality - few full professors 
in France dare to be really in charge of teaching fieldwork, 
they prefer to leave this supposedly accessory task to as-
sistants - the major issue is money. Accustomed to paying 
low fees for entering the university (this is still a major 
debate to-day) French students are extremely reluctant to 
share any field work expenses, even for food and lodging. 
The rule for Dutch students has been a participation of 
about 50%, giving them the possibility to organise a really 
professional work period already during the 2nd or 3rd years 
of the university curriculum. This fieldwork can eas-
ily be integrated in larger projects, either run within the 
department, or in collaboration with other organisations. 
Detailed mapping of Southern Norway, considered by the 
Norwegian Geological Survey as one of its major projects in 
the 1990s, was largely done by Utrecht students.
Extensive fieldwork at an early stage of the university 
education leads naturally to dedicated work at more 
advanced levels: microprobe or other sophisticated tech-
niques can be applied to the student’s own samples, etc. 
As, in the golden years of Dutch universities, students had 
almost free access to most advanced equipment, all this 
work has resulted in an incredible amount of informa-
tion, much of it (apart from what could be used in PhD 
theses and publications by supervising staff) still hidden 
in students’ master reports or in endangered rock and 
thin-section collections. But it has also succeeded in giv-
ing Dutch-educated students the reputation of extremely 
good field-geologists, highly valued, notably by geological 
surveys all over the world. It is to be hoped that, in these 
days of economic crisis and systematic budget reduc-
tion, Dutch universities will keep their leadership in this 
domain: virtual education will never replace the eyes and 
a good hammer in the field.
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Laboratory expansion
With the development of more and more sophisticated 
laboratory equipment, for example, for the X-ray deter-
mination of minerals, radiometric age determination and 
micro-analysis, many problems arising in the field have 
been solved. The study of field-related topics also triggered 
original experimental work, such as in Utrecht to simulate 
or solve conditions leading to the formation or deformation 
of rocks (4.2.4).
Other laboratory-based research areas that evolved from 
the focus on field work include the following:
The geophysics school initiated by the work of Vening 
Meinesz in Utrecht developed in several directions, from 
applied theoretical modelling (Vlaar) to palaeomagnetic 
studies (Zijderveld). The schools of De Roever in Amster-
dam and Leiden and Den Tex in Leiden were both strongly 
focussed on poli- and plurifacies metamorphism, while 
Den Tex also initiated X-ray studies of crystal fabrics. The 
relationship between microtectonics and metamorphism 
were studied by Zwart and Williams in Leiden and, later, 
experimental work was added in Utrecht (see 4.1.5).  
Micropalaeontology also became an important field of 
research in Utrecht (Drooger). The steps taken by Kuenen 
and Van Straaten in Groningen on the road to modern 
comparative sedimentology yielded a number of talented 
alumni who have played important roles in the develop-
ment of sedimentology and marine geology (see 4.3.8, 
5.4.2), areas that were pursued with enthusiasm by De Raaf 
and his staff in Utrecht.
In the 1960s geology started to evolve from a descriptive 
and partly even intuitive applied science, and to integrate 
itself into the mainstream of the natural and experimental 
sciences. 
Plate-tectonics became established on a firm base thanks 
to detailed mapping of ocean floor magnetic anomalies, 
required for the detection of nuclear submarines dur-
ing the Cold War period. Understanding of the integrated 
geodynamic model of planet earth gave rise to a number 
of breakthroughs in a variety of geological disciplines and 
Dutch researchers, either active in the country or in positions 
abroad, have played their part in many of them (see 4.3).                                                                                           
The increased sophistication of research fed the need for 
external funding to supplement the allocated share of the 
university budgets. ZWO has provided support in two ways, 
on the one hand through funding of individual proposals, 
and on the other by providing the funds for the Foundation 
for Isotope Geological Research (Stichting Isotopen Geolo-
gisch Onderzoek, IGO,see 4.2.5 and 4.2.6), the laboratory 
responsible for radiometric age determination services. 

By the end of the 1960s, as elsewhere in Europe, tension 
had built up between academic authorities and professors 
on the one hand, and students and staff on the other. Stu-
dents and staff demanded participation in policy decisions 
at their universities, reflecting the universal call for more 
democracy at that time. Discontent was ventilated over 
the lack of space, facilities and sufficient teachers, in the 
general lack of quality, while differing perceptions about 
the relevance of studies and the right of teachers to assess 
performance of students surfaced.  
In the same period, minister I.A. Diepenhorst, eminent 
scholar, famous radio speaker and former rector of the Free 
University Amsterdam, raised the question as to whether 
each university’s growth ambitions, laid down in their 
development plans, would not need some national coordi-

I.A. Diepenhorst, Minister of 
Education and Science

democratisation!
bert boekschoten

The democratisation move-

ment was initiated by the 

vastly increased student and 

staff population, which was 

benefiting from the now firmly 

established Dutch welfare state, 

following the long economic 

upsurge of the sixties (built on 

the revenues from Groningen 

gas!). This led to a widespread 

optimistic vision of a playful 

future, free from drudgery and 

subordination, financially se-

cure for the foreseeable future, 

and safeguarded by a benign 

Marxist government. Dedica-

tion to science and diligence 

were not promoted as primary 

virtues – societal impact was 

underlined. Long-lasting 

effects of the ‘democracy’ were 

a more humane communica-

tion within Academia and a 

loss of status for professors. In 

the short-term, however, the 

disturbances hurt the students 

that had limited time to spend 

at university. Some geology 

staff members took a leading 

role in this (in hindsight over-

estimated) leisured revolution; 

notably Tom de Booij at the 

Amsterdam UvA Geological 

Institute.

Fig. 4-4. Improvised entrance to the barricaded occupied central 
office of the University of Amsterdam (Maagdenhuis; 1968)  

nation to avoid ‘unnecessary overlaps’. In a letter written in 
1965 he announced some concrete actions to be taken in a 
small number of studies, one being geology.

4.1.4  Struggle for continuity and relevance  
(late 1960s – 1990)
Peter Floor and Wout nijman, including texts by niek rengers

An outside observer would probably characterise the 
Dutch university landscape at the end of the 1960s as fairly 
traditional, somewhat provincial, lacking cross-fertilization 
between in-house non-traditional disciplines, lacking 
easy contacts with industry, and without a reasonable mix 
including foreign students in university and town. Some 
kind of ‘shake up’ had to come, but how? 
The strong state influence in Dutch education manifested 
itself in ‘steering by law’ of the whole system instead of ex 
post changes developed by the university world itself. As a 
consequence each government attempt to change met with 
overt resistance or, once imposed, with obstruction or a 
search for loopholes in order to escape. This cat and mouse 
game between ministry and universities went on for many 
years and affected many issues. Scores of new laws and law 
revisions, policy notes, rules, regulations, etc. would be 
issued and debated in the period to come. In some cases 
a new law or regulation had to be implemented before an 
older one was really operational.
The coincident democratisation movement of the late 1960s 
deserves separate attention. The urge for change was felt so 
strongly and was above all so loudly manifested that, once 
again, the government had to act by changing the law – 
and, precisely during this period of heated discussion, the 
geologists had to find an answer to former minister  
Diepenhorst’s ‘invitation’ to come up with plans to stream-
line their discipline, see below.  Minister Veringa of educa-
tion, professor of municipal law from Nijmegen, adapted 
the municipal law to suit the university situation (University 
Administration Law, 1970) but apparently ‘overlooked’ the 
fact that a university is a professional organisation while a 
municipality is a collection of individual citizens living to-
gether. As a result the universities got their elected councils 
and commissions, but the senates lost their functions. The 
law created a situation in which it was not the academic 
staff, from full professors to the youngest assistants, but the 
students and administrative and technical staff together 
who held the majority in the university council. Although 
the universities obtained the freedom to organise the im-
plementation of their democratic structures as they wished, 

4 / University earth science 69



to merge the Leiden and Utrecht staffs in a fully equipped 
new building in Utrecht, and to coordinate without 
overlaps the geology programmes and specialisations of 
the two institutes in Amsterdam. Wageningen, Delft and ITC 
were not involved in this operation (for details, see 4.2).
The restructuring efforts took place concurrently with the 
democratisation processes that challenged the hegemony 
of the chairs. The existence of, and not least the rivalry 
between too many chairs in the same earth-scientific 
disciplines hampered the renewal process. In staff and 
student circles the reorganisation of teaching and research 
and the reallocation of tasks became hot topics in the late 
1960s. Now the staff started an open exchange of ideas and 
the National Staff Consultation Earth Sciences (Landelijk 
Stafoverleg Aardwetenschappen, LSA) was born.
The LSA concentrated on questions like: ‘How do we over-
come the strong separation that exists between the fields of 
geology, geochemistry, geophysics, and physical geography?’ 
‘How do we avoid too much overlap in teaching?’ ‘Can 
contacts between industry and university be promoted?’  
LSA representatives visited the respective institutes to explain 
their views.  They wanted to bring disciplines such as 
geophysics and structural geology, petrology and geochem-
istry closer together, and to create space, in the lowlands of 
our country, for sedimentology as a separate discipline with 
the same status as stratigraphy, palaeontology, structural 
geology, and physical geography. At the relatively new Free 

no university escaped from paralysis in decision making, 
nor were they spared increasing institutional bureaucracy to 
keep matters under control. 
This unhappy concoction contributed to a severe loss in the 
status of universities in society, and – worse - in politics. 
The man in the street found them irrelevant, and when 
the need for severe budget cuts came universities found 
themselves without public support to protect their basic 
values. Several adaptations of the 1970 Law in later years 
aimed at removing major inefficiencies did not address the 
fundamental errors incorporated at the beginning. 
It should be emphasised, however, that despite these ad-
ministrative wranglings, many academics managed to carry 
forward their primary functions and reached admirable 
results in their research and teaching.

The order of Minister Diepenhorst that the university world, 
comprising the national Academic Council and universi-
ties, should present proposals for restructuring the earth 
sciences (herstructurering aardwetenschappen) had two 
objectives, (1) development of modern, adaptive, cutting-
edge teaching, and (2) research at a lower cost than could 
be supported in the existing expansive subfaculties. The 
restructuring process is described in Herstructurering Aard-
wetenschappen. 
At the end of a painful couple of years the minister decided 
to (partially) close the studies in Groningen and Leiden, 

The basic choice of the govern-
ment was simple and conformed 
to the then ruling organisa-
tional ideology: big is beautiful 
and mergers result in economies 
of scale - the geology curriculum 
was regarded as notably expen-
sive with its excursions and 
fieldwork and increasing need 
for laboratory equipment. Since 
Utrecht University had a central 
geographical position, was in 
absolute number of students the 
largest university of The Neth-
erlands, and had ample room 
for construction on its newly-
acquired but still empty campus 
(the Uithof, close to the national 
meteorological institute KNMI, 
centre for earthquake studies 
at De Bilt), it could promote 
itself as the obvious choice 
for a merged national geology 
subfaculty. 
To put pressure on the proceed-
ings the government blocked all 
successions in vacant professo-
rial chairs, although an excep-
tion was successfully argued 
for the appointment of Zwart 
to De Sitter’s chair in Leiden in 
1969. The formally independ-
ent national academic council 
(Academische Raad) commissioned 
an ad hoc committee to advise 
on the restructuring of the 

earth sciences, to be chaired 
by Utrecht University curator, 
E.J.W. Verweij, a former director 
of Philips NatLab and an influen-
tial man with a great gift for 
persuasion. In May 1969, in line 
with the government’s wishes, 
but now based on arguments 
developed by the committee 
itself, the concentration of all 
university geology in one large 
new building on the Utrecht 
campus  was proposed. What 
next? The advice displeased all 
subfaculties, with the logical ex-
ception of Utrecht. It was clear, 
however, that a solution that did 
not involve a reduction of the 
number of faculties would be 

unacceptable. The relatively new 
geology faculty at the Free Uni-
versity Amsterdam, with about 
20 staff members and as many 
students, had the backing of the 
protestant political parties, that 
of the University of Amsterdam 
had the backing of the munici-
pality of Amsterdam, but the 
single-chair Groningen faculty 
with its incomplete curriculum 
was, from the start a primary 
candidate for closure, while the 
Leiden subfaculty could not in-
duce its university board to take 
a firm stand - resulting in noth-
ing better than a declaration 
that the lawful decisions of the 
government would be loyally ex-

ecuted. This was in 1971. It 
became clear that the real issue 
was whether Utrecht or Leiden 
should close. After endless, emo-
tional internal debates, Leiden 
decided to give in, and at that 
stage the ministry judged that 
time had come to take decisive 
action: Two large institutes 
would remain, Utrecht, and 
Amsterdam (comprising the Uni-
versity of Amsterdam and the 
Free University) concentrated 
at the Free University, leaving 
a small presence in Leiden. As 
before, the actual implementa-
tion would take many years. 

Postscriptum 
Willem Van der linden

In hindsight, against the 
prevailing, mostly ill-founded 
feelings, territorial imperatives 
and such, it can be said that the 
decision of the Dutch govern-
ment - obviously inspired by 
thrifty, economic considerations 
- to reorganize and restrict the 
distribution of geological sub-
faculties in The Netherlands to 
the two localities, Utrecht and 
Amsterdam (three if you also 
count Delft’s Faculty of Mining 
and Petroleum Geology) was an 
excellent move.

herstructurering aardWetenschaPPen (1965 – 1979) 
klaas maas

Card text distributed by UvA professor Hermes after heated discussions in 1973, 
illustrative of the impact of the reorganisations on many of the earth scientific 
community.
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cal prospecting methods enabled oil companies to locate 
prospective productive areas without the need of extensive 
surface surveys. Field geologists were much less in demand 
and people trained in physics, chemistry and informatics 
were being employed instead.
Other challenges emerged as well. The spirit of the late 
1960s produced citizens more critical of the growing 
economy, seen to be often at the expense of the natural en-
vironment both at home and abroad. This led to a demand 
for trained people to staff government agencies and dedi-
cated environmental companies and organisations. Earth 
scientists ‘new style’ with new skills were well-positioned 
to play a role in this expanding area, but ‘traditional geolo-
gists’ were often disadvantaged. There were winners and 
losers and this created tensions that were not always easy to 
handle under the existing administrative conditions.

New ! Engineering geology
One new development came up in the struggle for rel-
evance. When discussing new programmes for the future 
concentration at Utrecht, the establishment of an applied 
geology division was proposed. TU Delft mining engineer-
ing, however, insisted that an engineering geological degree 
programme would be better situated in the Delft faculty, 

University subfaculty integration between physical geog-
raphy and geology already existed in the Institute of Earth 
Sciences (4.2.6). 
In the 1970s and triggered by the LSA, a remarkable staff 
initiative merits closer description. Sedimentologists, aware 
of the high potential of their expertise, decided to launch 
an Interuniversity Sedimentology Course (Interuniversitaire  
Opleiding Sedimentologie) which combined all post-
candidate teaching in sedimentology in the country into one 
major doctoraalexamen course, which rotated on an annual 
basis between the four university institutes at Amsterdam 
(two), Leiden, and Utrecht. The course covered a wide range 
of topics, varying from recent sediments and hydrodynam-
ics, through carbonate and siliciclastic sediments, sequential 
and basin analysis and sediment geochemistry to applied 
sedimentology. Lectures were given by experts from the 
respective universities and from industry (see 4.5.1). The 
course included individual and group fieldwork for docto-
raal theses in Quaternary (Netherlands and Italy), Miocene 
(Germany) and Palaeogene (southern Pyrenees) sediments. 
Students were accepted for major and secondary doctoraal 
specialisations. The success of this national course, based 
on the ideas developed in the LSA, was such that in 1972 an 
interuniversity department (vakgroep) of sedimentology was 
created to administer it, based at Leiden and Utrecht. Inevi-
tably, this national sedimentology department disappeared 
in the final round of reorganisation, with the amalgamation 
of the two geological institutes at Utrecht in 1979. 
But did the earth science community succeed in taking 
further steps towards an integrated approach to System 
Earth? Yes and no. The seeds were sown but it took until 
the mid-1990s before closer ties were made between, for 
instance, geophysics and structural geology or geochemistry 
and petrology, and still longer to bring geology, geophysics 
and geochemistry together with the entire field of geography 
under the one roof of the Faculty of Geosciences at Utrecht 
University.

Search for relevance
Meanwhile, external developments affected the environ-
ment and forced geology to reinvent itself to a large extent. 
The rapid development of sophisticated instrumentation 
influenced both earthscience studies and the industrial 
exploration of natural resources. Remote prospecting meth-
ods turned out to have great advantages while geophysi-

In the 1960s soil mechanics was 
already well developed in The 
Netherlands; its problems, how-
ever were approached mostly 
without very much considera-
tion of the geological conditions 
of the construction site. At 
the TU Delft civil engineering 
department soil mechanics was 
taught without an introduction 
into the geology of the Dutch 
deltaic soft soil environment.  
Geologists were not considered 
to be of any help in the site 
investigation or the design stage 
of large engineering works.

The Netherlands Geological 
Survey, on the contrary, was 
convinced of the important role 
that geologists could play in 
civil engineering. Furthermore 
NEDECO, the consortium of 
large consultants and contrac-
tors with worldwide activities 
in the civil engineering branch 
were confronted with a lack of 
Dutch geologists with enough 
understanding of the engineer-
ing characteristics of the ground 
in which their projects had to be 
situated. Nedeco’s projects were 
not only situated in areas with 

the same soft-soil geological 
conditions of The Netherlands, 
but also in hard rock ground 
conditions in which stability 
problems could only be solved 
with a good background in rock 
mechanics.
Rock mechanics was a discipline 
taught in the mining depart-
ment of the TU Delft, but its 
focus was more on (deep)subsur-
face mining applications than 
on civil (near)surface engineer-
ing applications.
Photo-geology for engineering 
geologists was taught at the ITC 

to mid-career geologists from 
developing countries since 
September 1961 with a 12 months 
post-graduate course, and since 
1967 with an 18 months follow-up 
MSc course in applied geological 
surveying. Until 1975 there were 
however no major programs in 
engineering geology at the Neth-
erlands universities, so Dutch 
geology students went abroad, 
mostly to the UK (Durham 
University and Imperial College, 
London) or Germany (Karlsruhe) 
to obtain MSc or PhD degrees in 
Engineering Geology. 

engineering geology in the netherlands
niek rengers, Peter VerhoeF, michiel maurenbrecher

Fig. 4-5. David Price. For his central role in the development  
of Engineering Geology in Dutch Academia he was awarded the 
Van Waterschoot van der Gracht  Penning of the KnGMG at his 
retirement from Delft University in 1993.
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The confessional parties began to lose their grip on the 
education ministry and ideologically-driven labour party 
ministers eagerly took their place. They started to renovate 
the system, in particular to make access to higher education 
available to a much higher percentage of school leavers. 
Higher professional education was no longer formally sec-
ondary education and became part of the higher education 
system alongside universities. This change was followed 
by endless discussions as to whether the two (higher 
professional schools and universities) should merge or stay 
separated.
University study programmes had a fixed length of about 6 
years but there was no limit to the time a student could stay 
at the university to obtain the final diploma. In an effort 
to satisfy budget cuts, the government made plans to limit 
the programme length to four years and the duration of 
studies to six years. This Two-phase Structure Law of 1982 
(Wet Tweefasenstructuur Hoger Onderwijs) would result in 
another bureaucratic overhaul in the following years.
During more or less the same period the government 
initiated operations (including budget cuts) aimed at a 
nationally-coordinated streamlining of the studies on offer 
at each university: The task distribution and concentration 
(taakverdeling en concentratie) in 1982 and the selec-
tive shrinkage and growth (selectieve krimp en groei) in 
1986. In effect, these operations aimed at the same kind of 
changes that geology had undergone in the early seventies, 
although with one major difference: now not the ministry 
but the university boards were made responsible and they 
had to organise the internal processes and the national 
coordination. In many cases this resulted in a nation-wide 
playing of ‘happy families’ (kwartetten), ignoring the 
intrinsic values of local studies or personal qualities.

Implementation of the concentration in Utrecht took from 
1971 to 1979, largely because the new building had to be 
completed. Initially, the programmes of the restructured 
subfaculties resembled those of their constituent parts. The 
perspectives and interests of students in all stages of their 
studies had to be accommodated. Moreover, the two-phase 
structure proposals, which were announced and debated 
at the same time, would inevitably lead to the obligation of 
another reform. 
At the time the geology subfaculties finally agreed with or, 
rather, no longer resisted their earlier restructuring, they 
did so in the confidence, fed by the assurances of several 
relevant authorities, that they would be safeguarded 
against future cost-reduction operations. This turned out 

under the leadership of the recently appointed professor 
David Price. He developed an engineering geology cur-
riculum that formed a specialisation course in the final 2-3 
years of the mining engineering degree. He started in 1977 
with a small, but dedicated staff and a handful of Dutch 
students, most of whom came from Delft University of 
Technology. During the first decade, however, many geol-
ogy students from Leiden, Utrecht, and Amsterdam were 
awarded a major in Engineering Geology from their own 
University after following the courses in Delft. 
Right from its beginning in 1977 the TU Delft and the ITC 
engineering geology group headed by Niek Rengers col-
laborated closely in the teaching of engineering geology. 
This developed in 1984 into a joint course, delivered in 
the English language with mixed groups of Dutch (TUD) 
ingenieur and international (ITC) MSc. students, taught by 
staff from both institutions. The curriculum was focused 
on a wide range of geological environments, from hard 
rock to unconsolidated (deltaic) environments under 
various climatological conditions. In this way it catered 
for the needs of students from developing countries from 
all continents but also prepared Dutch students for work 
as consultants and contractors in the international civil 
engineering construction business. The study became very 
successful: around 1989 there were 75 students from The 
Netherlands and developing countries enrolled in this 
combined TUD-ITC MSc programme. By the end of the 20th 
century more than 200 Dutch graduates and 250 interna-
tional ITC graduates had found their way into consultan-
cies and contractors working either in or from bases in The 
Netherlands. Since 1988 also PhD research programmes in 
Engineering Geology were offered in very close coopera-
tion between ITC and TU Delft. The first PhD in engineering 
geology was awarded at TU Delft to the ITC student from 
the Nigerian Building and Road Research Institute Joseph 
Akinyede with a thesis Highway cost modelling and route 
selection using a geotechnical information system. 
Emphasis on the practical side of the profession distin-
guished the joint TUD-ITC curriculum: fieldtrips were 
organised to large Civil Engineering projects in Western 
Europe as well as a mid-term joint group project of at least 
2 to 3 months, usually in Spain, to apply the techniques 
and methods that were taught during the courses. The 4 
to 5 weeks of group fieldwork for these mid-term projects 
characteristically included the execution of soil and rock 
engineering tests in the (field) laboratory. The curriculum 
was completed with a five to six months individual project 
of practical or theoretical content.

Fig. 4-7. Student protest against budget cuts during the occupa-
tion of the Institute of Earth Sciences at Utrecht in 1988.

Fig. 4-6. Mixed group of TUD and ITC students carrying out a tilt 
test to determine rock discontinuity friction properties. 
(Okertalsperre April 1986).

ingenieurs-
geologische kring 
  niek rengers and Peter VerhoeF

In the 1960s Engineering 

Geology and Rock Mechanics 

were developed as disciplines 

in their own right in Central 

Europe. This resulted in the 

founding of the International 

Association for Engineering 

Geology (IAEG) in 1966 and the 

International Society for Rock 

Mechanics (ISRM) in 1962. 

On April 24, 1974, the  

Ingenieursgeologische Kring, 

or Ingeokring, of the KNGMG 

was founded during an IAEG 

International Symposium 

at the ITC in Enschede. First 

chairman was ir. Bob Hage-

man, the later director of the 

Netherlands Geological Survey. 

Membership of the Ingeokring 

was not exclusively open to 

KNGMG members, but also 

for civil engineers and others 

interested in the subject. From 

its start, the Ingeokring has 

known a large membership 

(always more than 100, pres-

ently 175), geologists and en-

gineers from academia as well 

as from industry. Soon after its 

start the Kring was accepted by 

the IAEG as the Dutch national 

group of IAEG; some years 

later the Ingeokring was also 

accepted as Dutch national 

group for the ISRM.

Right from its start engineer-

ing geology students at the 

Mining Faculty of Delft Univer-

sity of Technology were closely 

involved in the activities of 

the Ingeokring. It publishes a 

Newsletter in the English Lan-

guage. It organises symposia, 

lectures and visits to large civil 

engineering projects in The 

Netherlands, Belgium, and 

Germany, and also a two-

yearly competition among 

Dutch and international 

students for the best MSc thesis 

in geotechnical engineering or 

engineering geology.
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Geology by definition does not 
stop at national borders and 
this is certainly the case for 
the Dutch geoscience landscape 
in all its aspects, including 
research, training and the job 
market. Dutch geoscience has 
always had a strong interna-
tional presence, partly rooted 
in its early focus on the geology 
of Indonesia. In the post-war 
period, with major research ef-
forts based on fieldwork in the 
Mediterranean area (including 
Italy, Greece, Spain and Portu-
gal) and Scandinavia, this effort 
expanded further in the Euro-
pean realm. After the establish-
ment of the European Union 
(EU) and the development 
of new instruments to foster 
mobility of researchers and stu-
dents in the European research 
area, this internationalisation 
increased, enabling systematic 
and long-term cooperation on a 
full European scale to be estab-
lished.  The further growth of 
the EU with new members from 
central and eastern Europe and 
the frameworks made avail-
able through the EU and the 
European Science Foundation 
(ESF) made it possible to launch 
large-scale research efforts in 
areas such as the Pannonian Ba-
sin and Carpathian Mountains, 
connecting fundamental earth 
science research with societally 
relevant domains such as geo-
hazards and geo-energy. 
The Dutch geoscience commu-
nity has embarked on a major 
effort in self-organisation and 
integration of its research 
efforts, as well as in PhD and 
MSc training, benefiting from 

the advent of national research 
schools. This development has 
contributed strongly to creative 
research environments, while 
the addition of short training 
courses has attracted foreign 
students and researchers. The 
increasing internationalisa-
tion of the job market, both in 
academia and industry, also 
made it clear that obtaining 
international experience in an 
early phase of a research career, 
by exposure to and participa-
tion in multinational research 
efforts was more than ever 
a strong plus for the CV of the 
individual geoscientist. Early 
examples of international coop-
eration were provided by Dutch 
participation in global pro-
grams such as the international 
Ocean Drilling Programme, 
the International Lithosphere 
Programme (ILP) and the In-
ternational Global Correlation 
Programme (IGCP) in the early 
1990s. Dutch earth scientists 
have occupied leading positions 
not only in the ILP, but also in 
many international geoscien-
tific associations and unions. 
Dutch membership of global 
research programmes was 
strengthened by coordina-
tion of its contribution to the 
European framework through 
NWO’s membership of the ESF. 
In this way global participation 
has gone hand in hand with 
European pooling of resources 
and research facilities. A recent 
example of this development is 
the new Dutch membership of 
the International Continental 
Drilling Programme (ICDP).
The period 1990-2010 has also 

seen a rapid development in 
the organisation of geosciences 
at a full European scale, in 
many cases with strong Dutch 
participation. This applies in 
particular to the European 
Union of Geosciences (EUG) 
and the European Geophysi-
cal Society (EGS). In the 1990s, 
both societies expanded rapidly 
and subsequently merged into 
the European Geosciences 
Union (EGU), now a full-grown 
counterpart of the American 
Geophysical Union. Dutch earth 
scientists have served as presi-
dents of both EGS and EGU. The 
Netherlands organised the EUG 
meeting of 1993, and the EGS 
has met twice in The Hague, 
with much involvement of the 
Dutch geoscience community.
Another important initiative 
at European level has been 
the development since 1988 
of the European Academy of 
Sciences (Academia Europea), 
with Dutch leadership of its 
Earth and Marine Sciences sec-
tion. The establishment of the 
European Research Council in 
2007, with its research budget 
of more than 1 billion euro per 
year has also opened unparal-
leled opportunities for research-
ers to compete for funds on the 
base of scientific quality . Two 
Dutch geoscientists have served 
in the Council so far. Integra-
tion took also place in the do-
main of applied earth sciences. 
Eurogeosurveys, the organi-
zation in which the national 
geological surveys of European 
member states cooperate, is a 
prominent example. In various 
geo-energy themes, including 

CO
2
 storage and geothermal 

energy, The Netherlands have 
played a leading role in two re-
search framework programmes 
of the EU, and are influential in 
setting the future EU research 
agenda on the geo-energy tran-
sition.
Scientific outreach is now 
increasingly seen to be essential 
to securing societal acceptance 
of the fruits of earth science 
research and training. A promi-
nent role was played in this 
context by the International 
Year of Planet Earth (2007-
2010), which was a result of 
Dutch initiative and leadership.
A further example of Dutch 
leadership in European coopera-
tion is provided by the Neth-
erlands Research Centre for 
Integrated Solid Earth Sciences 
(ISES; see below), which took 
the initiative to launch a Euro-
pean-scale project Topo-Europe, 
in which at present 23 countries 
participate. The project inves-
tigates the coupling of deep 
earth and surface processes and 
their control on the topography 
of Europe and its continen-
tal margins. In addition to 
playing a leading role in the 
coordination of seismological 
data storage by KNMI, ISES has 
set the stage for the European 
Plate Observing System. These 
developments can be expected 
to lead to breakthroughs in this 
domain in the years to come, 
and to provide an attractive and 
competitive environment for 
coming generations of earth 
scientists.

internationalisation in the dutch geosciences: some examPles
sierd cloetingh

to be a deception. In carrying out the nation-wide cost-
reduction operations of 1982 and 1986 the university boards 
were clever enough to find arguments (student numbers for 
instance) for geology departments to be involved.  
When the dust settled, the geology subfaculties at Leiden 
and Amsterdam (UvA) had disappeared; most activities, staff 
and assets had been transferred to either Utrecht University 
or to the Free University Amsterdam. Also Utrecht lost part 
of its staff. 
All these measures had serious effects on the care and ac-
cessibility of libraries and collections (see 4.4.2 and, e.g., 
4.2.3).
The concurrent implementation of the Two-phase Structure 
Law reduced the average curriculum length by 2 years. 
Fieldwork came under severe threat and, with the changing 
focus of the study from classical geology to the wider scope 
covered by earth sciences, lost most of its unique value.

4.1.5 Since 1990: Consolidation,  
cooperation and internationalisation
Wout nijman 

Much of the development in the geosciences since 1990 
occurred in the remaining three institutes at Utrecht, 
Amsterdam (VU) and Delft and is amply described in 4.2.4, 
4.2.6, and 4.2.1.  In the following only some general 
trends will be highlighted. See also 4.4.5. 

New horizons
In the new landscape of the geosciences, the turmoil of 
reshuffling the localities, their people and their contents, 
had passed. One now had to focus on raising the quality 
of teaching and research to high international standards, 
and on playing a substantial role in the internationalisa-
tion of university education, beginning with European 
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Although universities were granted more autonomy in 
this respect, the initiative resulted neither in budget sta-
bility nor in less control from ’The Hague’: The terminol-
ogy changed but the uneasy relations remained. The ev-
erlasting policy of budget cutting had to be compensated 
for by achieving such a high quality level of teaching and 
research that external funding from (inter)national bodies 
or third parties could be attracted. Regular self-evalu-
ation and quality control by international peer groups 
was adopted as a basis for negotiating a fair share of the 
institutional budgets. After 2000 these procedures were 
integrated into the coordinated European peer review as-
sessment system in the framework of the BaMa teaching 
reforms and the creation of the European Research Space 
(see below). 

Faculties and Research Institutes
The present-day structure of Dutch universities comprises 
faculties and research institutes. The responsibility and 
budget authority of the faculties lie in the hands of the 
faculty deans. Allowing for small differences in leadership 

cooperation (see text box Internationalisation). The speciali-
sations were expected to better respond to the demands in 
society with respect to sustainability, energy and ecologic 
evolution. The concept of “System Earth” became more im-
portant: a discipline with a focus on the interfaces between 
atmosphere, hydrosphere, biosphere and lithosphere, and 
enhanced by the rapid development in planetary science. 
This holistic approach implied that the barriers between 
disciplines within the geological institutes should be 
removed and that interdisciplinary links with, e.g., geog-
raphy, climatology, biology, astrophysics and technology 
should be created. This gave rise to such new disciplines as 
biogeology, marine and isotope geochemistry, hydrology, 
early life studies, and geodynamics, often taking the place 
of the classical disciplines of stratigraphy, petrology and 
structural geology.

Budget pains
In the early 1990s the government moved from regula-
tion by the ministry towards deregulation.  No longer were 
budgets earmarked; lump-sum funding was introduced. 

H.M.E.Schürmann,  
a rare benefactor 
Dr Heinrich Moritz Emil 
Schürmann, a man with an 
impressive personality, may 
be considered as an eminent 
representative of the pre-Sec-
ond-World-War generation of 
geologists. Born in Düsseldorf, 
Germany, he joined the Bataaf-
sche Petroleum Maatschappij 
in 1913 after obtaining his doc-
tor’s degree at the Rheinische 
Friedrich-Wilhelms-Universität 
Bonn, and started his career as 
a geologist in Egypt with the 
Anglo-Egyptian Oil Fields Ltd. 
From 1914 to 1930 he worked in 
the Dutch East Indies. In 1930 
he became Head of the Geology 
Division of Royal Dutch Shell 
in The Hague, a position which 
he retained until he retired 
in 1951. Under his leadership 
new geophysical methods for 
exploration were developed and 
valuable contributions were 
made towards research into 
hydrocarbon genesis.
Schürmann’s interest and 
expertise covered many fields 
of geology, stretching from his 
services to the oil industry, obvi-
ously focussing on Phanerozoic 
hydrocarbon basins, to the Pre-
cambrian crystalline basement. 
One of his first industrial as-
signments was a study in 1913 of 
the Neoproterozoic sediments 
(and occasionally crystalline 
basement) of the Arabian Nu-
bian Shield in Egypt. This study 
was performed to allow the oil-

bearing Phanerozoic sediments 
to be differentiated from the 
‘dry’ Neoproterozoic sediments. 
In recent times, understanding 
of the Neoproterozoic structures 
in the Middle East is regarded 
as crucial to petroleum-geologi-
cal research. 
After his retirement, his inter-
est in the geology of the Precam-
brian crust, primarily (but not 
restricted to) the basement of 
Egypt and northern Africa was 
renewed.
The results of his scientific in-
vestigations were published in 
Fortschritte der Mineralogie, as 
a series of contributions under 
the heading Massengesteine 
aus Aegypten I – XX between 
1937 and 1961. In 1966 and 1974 
Schürmann published two 
monumental monographs - both 
still consulted and cited - on the 
Precambrian of North Africa 
and adjacent northern Red Sea 
area.
Schürmann fostered numer-
ous new initiatives, both 

internationally and in The 
Netherlands. He promoted 
isotope geochronology facilities 
in The Netherlands which, in 
1962 led to the establishment 
of the Foundation for Isotope-
Geological Research (see 4.2.5, 
4.2.6). His achievements were 
widely recognised and earned 
him, amongst others, the ‘Van 
Waterschoot van der Gracht 
penning’, the highest medal of 
distinction in the earth sciences 
in The Netherlands awarded by 
the Board of the KNGMG in 1972.
In 1949 Schürmann established 
the Stichting Dr Schürmann-
fonds (Schürmann Foundation), 
initially in order to ensure the 
safe-keeping of the Schürmann 
collection, and later mainly to 
foster and promote research  on 
the study of - in his time still 
poorly known - Precambrian 
terrains in general and the Pre-
cambrian of Egypt in particular.

Research sponsored by the 
Schürmann Foundation
During its more than 60 years 
of existence, the Schürmann 
Foundation has financially 
supported fieldwork research 
on Precambrian terrains all 
over the world; since 1981 to a 
total of more than 250 projects. 
After supporting numerous 
smaller and short-lived projects 
in the period up to the 1990s, 
the foundation has changed its 
policy and now mainly sponsors 
a number of longer-term research 
programmes. From 2002 to 2007 

the Foundation also sponsored a 
special chair ”Precambrian Sys-
tem Earth” (held by Professor 
Passchier) at the VU University 
Amsterdam to promote the inte-
grated study of the early evolu-
tion of the Earth with emphasis 
on linking deep crustal and 
surface processes. In addition 
the chair aimed at strengthen-
ing Dutch geological research 
into the Precambrian and 
stimulating public outreach, as 
well as international scientific 
cooperation.
Long-term research programmes 
sponsored by the Schürmann 
Foundation in the last two 
decades have been and continue 
to be:
•  the Pilbara Project 1990-2006: 

sedimentological and structur-
al-geological investigations in 
the granite-greenstone terrane 
of the west Australian Pilbara 
Craton (Ypma, Universities of 
Delft and Adelaide; Nijman 
and White, Utrecht Univer-
sity; Wijbrans, VU University). 
Major aims have been the 
detailed structural history of 
the Archaean of especially the 
East Pilbara Craton and the 
reconstruction of its early Ar-
chaean sedimentary / volcanic 
environment.

•  the Zimbabwe Project (1995-
2000): thrust deformation 
and sedimentation in the 
Zimbabwean greenstone belts. 
(Dirks, Witwatersrand Univer-
sity, Johannesburg, previously 
University of Harare).

the dr schürmann Foundation
charles arPs and Phil WesterhoF

H.M.E. Schürmann (1891-1979)
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 Research Schools and Research Centres 
Since the early 1990s, research institutes in the 
universities have established Research Schools, 
aimed at providing a broad and coherent educa-
tion for PhD students. In order to achieve this, the 
research schools include groups from a number of 
institutes, and are structured to produce a coherent 
research programme. Each research school can be 
established only with the approval of the Royal 
Netherlands Academy of Arts and Sciences (KNAW), 
followed by peer review at six year intervals (to 
provide re-accreditation).  
A research school functions as an independent 
organisational unit and its level of finance is guar-
anteed by the university or universities involved for 
a period of at least four years. The aims and char-
acteristics of the research schools are comparable to 
the Graduiertenkollegs in Germany, the system of 
Écoles doctorales in France and Graduate Schools in 
the Anglo-Saxon university systems.

structures, the institutes are managed by department 
heads, or by scientific and managing directors, and 
directors for education or teaching. The institutes are 
divided into departments, sections or groups, all headed 
by one of the full professors. With this, the scientific 
leaders have become the key players in a research 
organisation that is more transparent than those of the 
preceding decades. 

Raising the quality of teaching and research: New 
forms of organisation in research and education 
A tendency to enlarge faculties became a characteristic 
response to the need to cope with the increasing de-
mands of multidisciplinarity, scientific cooperation, and 
expensive equipment. At Utrecht University, for instance, 
the geological and geographical disciplines combined to 
form a Faculty of Geosciences, while at the Free Univer-
sity in Amsterdam two faculties merged to form a Faculty 
of Earth and Life Sciences. At the same time faculties 
and institutes combined their efforts in a variety of new 
institutions. 

•  the Earth’s Earliest Basins 
Project (since 1998); a 
follow-up to the Pilbara  
project aiming at the recon-
struction of the Archaean 
sedimentary environment, 
its hydrothermal activ-
ity, signs of early life and 
structural control on the 
West Australian Pilbara and 
South African Barberton 
greenstone belts. (Nijman, 
Van Bergen, Utrecht Uni-
versity ; De Wit, University 
of Cape Town; Kisch, Ben 
Gurion University, Israel).

•  the Namibia Project (since 
2003): tectonic evolution of  
Neoproterozoic mobile belts 
in Namibia (Kaoko- and 
Damara), with emphasis on 
extensive geologic mapping 
and structural-geologic 
analysis (Passchier, VU 
University Amsterdam / 
University of Mainz; Trouw, 
Federal University of Rio de 
Janeiro).

•  the Barberton Drilling 
Project (since 2010): as a 
direct consequence of previ-
ous investigations in that 
area, Dutch geologists (Ma-
son, Van Bergen, Utrecht 
University;  Vroon, VU 
University) now participate 
in an ICDP (International 
Continental Scientific Drill-
ing Program) - supported 
drilling project in the Bar-
berton greenstone belt. 

•  CLM (subcratonic lithos-

pheric mantle) Project 
(since 2003), research 
programme conducted by 
Davies (VU University Am-
sterdam) focussing on the 
preservation and destruc-
tion of Archaean conti-
nents through the study of 
diamondiferous xenoliths 
in kimberlites in crustal 
remnants of the Tanzanian 
Craton, the Kaapvaal Cra-
ton, and the Aldan Shield of 
Siberia.

The projects have resulted 
in a considerable number  
of MSc and PhD theses, and 
articles in peer-reviewed 
magazines.

Site distribution of projects funded by the Schürmann Foundation between 1980 and 2012, against a background of 
Archaean Banded-Iron Formation from the Pilbara, Western Australia.

the schürmann collection
Schürmann had been a collector since his secondary school days. During 
many field-trips, all over the world, he was able to build up a collection of 
about 16,000 specimens of (mainly Precambrian) minerals and rocks, 5,300 
thin-sections, and hundreds of relevant documents and items of archaeolog-
ical importance. He also had a special interest in glaucophane-bearing rocks 
and inclusions in basaltic rocks of the Finkenberg – in fact a continuation 
of his PhD thesis – and other basalts in the Eifel of western Germany.
Initially, he kept his gradually expanding collection in his private house, 
but in the late 1960s they were donated to the National Museum of Geology 
and Mineralogy (at present Naturalis) in Leiden. The collection has been 
reorganised and made accessible for future scientific reference.
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Centre for Geo-ecological Research  (ICG; since 1994). 
ICG investigates the evolution of landscapes over a 
range of spatial and temporal scales; the response of 
landscape-forming processes to tectonic, climatic, bi-
otic, human and other factors; the transport of water, 
sediments and chemicals in the landscape and the 
formation of spatial patterns of landscape elements as 
a result of these processes. It evaluates the landscape 
in terms of hazards, risks and sustainability. The ICG 
is a research school in which researchers and PhD 
students from the universities of Amsterdam (UvA and 
VU), Utrecht and Groningen participate, in cooperation 
with Alterra Green World Research in Wageningen and 
the Netherlands Institute of Applied Geoscience TNO 
(NITG-TNO).

Netherlands Research Centre for Integrated Solid Earth 
Sciences (ISES; since 1998).
In the 1997 science budget, the Minister of Educa-
tion, Culture and Science instigated a ‘bonus incentive 
scheme’, aimed at turning a very restricted number of 
research schools into top-flight international research 
centres (NRCs). In 1998 a total of six NRC applications 
were selected and granted. Among these was ISES, 
which aimed at developing new directions of research 
in Solid Earth Sciences. Its current programme started 
mid 1999 and is explicitly aimed at exploiting the 
proven strengths of the existing research groups NSG, 
VMSG and CTG (see above). It bridges the gaps between 
the participating research schools and contributes to 
closer relationships between fundamental and applied 
geosciences, by integrating all participating multidis-
ciplinary science and technology activities in one coher-
ent structure. It is also in the process of establishing 
one datahandling infrastructure to obtain full integra-
tion between modeling and observations. Since its 
start, ISES has run a large number of PhD and Postdoc 
projects, invited guest researchers from internationally 
renowned institutions and invested in state-of-the-
art instrumental facilities, IT infrastructure and data 
acquisition campaigns. 

Darwin Center for Biogeosciences (since 2004).
The Darwin Center for Biogeosciences (originally 
Biogeology) aims at research on biosphere-geosphere 
interactions in the geological past and present. The 
overall theme is the study of biogeochemical cycling 
and resulting environmental change. This includes 
reconstructions of abrupt changes in the past and 
their impact on biota over long time scales. Proxies are 

Netherlands Research School of Sedimentary Geology  
(NSG; since 1994).
The NSG is a cooperative effort of the Free University Amster-
dam, Utrecht University, and the University of Amsterdam. 
With two research themes the school promotes the under-
standing of the process-oriented aspects of our planet and 
their impact on energy and environmental issues. The pro-
gramme Sedimentary Basins and the Underlying Lithosphere 
comprises topics like the formation and deformation of 
sedimentary basins, the analysis of basin fills, and the fluid 
flows within the basins. The focus of the second programme, 
Paleo-environments and Earth System History, is on global 
changes like sea level fluctuations and the relationships with 
tectonic processes, on rhythmic and catastrophic events, and 
on actuostudies such as neotectonics and actuosedimentology. 
Teaching and research is at a national and European advanced 
(PhD) level in active partnership with other organisations and 
the users of earth science expertise (industry, government). 

Vening Meinesz Research School of Geodynamics  
(VMSG; since 1996).
The VMSG addresses the solid earth as an integral part of 
System Earth, and includes interfaces with the outer earth 
components. This field of science encompasses the motions 
and dynamic processes that occur on a wide range of tempo-
ral and spatial scales in the Earth, including the underlying 
mechanisms and their interactions. The scales involve ranges 
from seconds to hundreds of millions of years, and from the 
atomic to the planetary scale. The VMSG consists of research 
groups from the Institute of Earth Sciences at Utrecht (IVAU) 
and the Department of Earth Observation and Space Systems 
(DEOS) at Delft University of Technology.

Centre for Technical Geoscience, (CTG; since 1993).
The CTG was founded by the boards of TU Delft and ITC.  
At present the centre is a cooperation between the Geosci-
ence Faculty at the TU Delft and the Hydrology Department of 
Utrecht University. Its scientific mission is the development 
and dissemination of innovative and integrated geotech-
nologies in the areas of sub surface imaging, characterisation 
and engineering for cost effective and ecologically sound 
utilisation of subsurface resources. The CTG has committed 
itself to integration in the applied geosciences, recognising 
that it is essential that increasing utilisation of the subsurface 
is based on responsible management in its broadest sense. 
Soci0economic exploitation of geoenergy, groundwater and 
the subsurface, integrated with responsible management of 
geohazards and care for the geoenvironment is essential for 
densely populated countries such as  The Netherlands. 
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rated good to excellent, a welcome and inspiring indica-
tion that geoscientific research and teaching are heading for 
better times after the many waves of reorganisation of the 
1970s and 1980s. 

Focus on societal relevance
Many of the measures taken in the period since 1990 have 
been fed by the strong conviction that the money spent 
on higher education should for a large part be directed at 
questions related to durability, energy resource evaluation, 
environmental issues, and such like. This approach opened 
windows in the earth scientific community to societal 
demands.
At Utrecht University in 2010, a common priority theme of re-
search, Earth and Sustainability, has been formulated within 
the faculties of Earth Science and Science. This initiative has 
now been formalised in the Institute of Sustainability. A 
quote from its objectives:
“A multidisciplinary approach and a growing interaction 
between the various research themes is the basis for discov-
ering and implementing long term solutions for a sustain-
able world. The themes related to sustainability comprise a 
unique chain of knowledge that ranges from high quality 
fundamental research in nanosciences (chemistry and phys-
ics) to development, analysis and implementation of new 
technologies for sustainable energy and sustainable pro-
cesses. The earth-related themes can be arranged from ones 
that address fundamental aspects of System Earth including 
natural risks and hazards, to the impact of climate change 
on the earth surface and its ecosystems, and eventually to 
human induced effects of global change.
Viewed at the highest level of aggregation, the themes 
constituting the focus area Earth and Sustainability cover the 
whole of natural processes going on within System Earth on 
the one hand, and the impact of man on this natural system 
including the search for sustainable use of energy and re-
sources, on the other. However, the level of interdisciplinary 
collaboration is not equally intense and active over the full 
range of themes: two main areas of activity can be recog-
nized, each carried by established forms of cooperation. The 
first is dealing with earth, climate and environment, and 
forms the scope of the Utrecht Center of Geosciences.  
The second is composed by the groups working on energy, 

pivotal to reconstructions in the past, and proxy develop-
ment requires process studies at the interface of biology and 
earth sciences. Fifteen research groups from six different 
institutions (from the universities of Utrecht, Nijmegen, 
Amsterdam,Wageningen and the sea research institute NIOZ)  
started collaborating in this virtual research center, initiating 
seventeen interdisciplinary research programmes. By the 
end of 2008 the team of scientists comprised 43 PhD stu-
dents and postdocs. Since 2009 ten new research programs 
have been funded and the team of scientists has expanded 
to include 22 more PhD students and postdocs. Substantial 
funding is provided by the participating institutions and by 
NWO. The centre is hosted at the University of Utrecht.  

Graduate schools
During recent years a, with respect to cooperation between 
universities, opposite and therefore not everywhere 
welcomed development is taking place, with the establish-
ment of Graduate Schools, each restricted to one university. 
For example, in Utrecht, the UU has formed the Geosci-
ences Graduate School, and at the Vrije Universiteit VU the 
Graduate School for Earth, Environment and Ecology. The 
three Universities of Technology in The Netherlands, in 
Delft, Eindhoven and Twente, are considering establishing 
another graduate school. 

The BaMa structure of university education
The Bachelor-Master structure of university education, 
introduced in the Netherlands by law in 2002, is the direct 
consequence of the 1999 Bologna Declaration by the minis-
ters of education of the 29 European countries. The declara-
tion aims at unifying the structure of European higher edu-
cation into an Anglo-Saxon style undergraduate (Bachelor) 
and graduate (Master) levels that can be compared and 
approved reciprocally. Objectives are to increase the op-
portunities for effective academic mobility and preparation 
of alumni for Europe-wide employment. Introduction of 
the BaMa structure has intensified the exchange of students 
between European universities. 
Within the framework of internationalisation of higher 
education, American style university colleges have been 
created in the Netherlands and Belgium. Closely tied to uni-
versities, the colleges have strongly internationally oriented 
BaMa programmes and accept students only according to 
sharp rules of selection. In The Netherlands, the University 
College Utrecht (operational since 1997) is the first institution 
of this type and the only one offering an honours degree 
in geology. The Utrecht University College now has 700 
students (of which 250 from outside The Netherlands).  

Quality control and peer review
From 1991 on, in order to gain a better control the money 
flow towards scientific institutions, the government tight-
ened its grip on the quality of higher education by intro-
ducing a system of formalised evaluations of the curricula 
and research programmes. The Bologna Declaration also 
included agreements on cooperation in quality control and 
curriculum development and in the meantime these have 
been implemented in The Netherlands and Flanders.

After an early try-out in 1991, the first rounds of peer review 
visits for the geosciences took place in the second half of 
the 1990s and have been repeated at regular intervals.
With minor exceptions the geological disciplines have been 

Fig. 4-8. Cover of a folder promoting geoscience studies at 
Utrecht University  in 1998.
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materials and catalysis. Some of the latter activities are 
brought together within the Utrecht Center of Energy. Sus-
tainable development forms the linking pin between these 
two main research areas.”
The same emphasis on societal relevance and sustainability 
is also basic to a publication of the KNAW, Agenda 2020: 
Education and research agenda for the Earth Sciences in the 
Netherlands (see also chapter 4.4.5). 
With respect to the teaching programmes, the omission in 
the past of firmly establishing earth sciences in secondary 
education has led to several attempts to bring the geosci-
ences to the attention of teenagers. In 2006 for instance, 
the Utrecht institute developed a new earth science module 
that is currently being implemented at Dutch secondary 
schools as part of the new course programme Nature, Life 
and Technology. The institute also participates in the post-
academic training of secondary school teachers in geosci-
ences. Another initiative was the Geotruck, an interactive 
mobile classroom, driving through the country from 2005 to 
2010, whereby secondary school students were made aware 
of major environmental challenges and the role played by 
our planet in their causes and effects.

It may be concluded that the geosciences, in particular 
the geological ones, have left their rather isolated posi-
tion within the science faculties and are facing a future of 
cooperation with sister sciences in the struggle to provide 
sustainable solutions for the Earth. On the other hand, the 
incorporation of geology into larger faculties and other in-
stitutional combinations is, by at least some of the scientists 
involved, considered to carry the risk that their connections 
in the international development of the more basic but 
perhaps societally less relevant disciplines of their branch of 
science may be lost. 

Fig. 4-9. The Geotruck, ”Mobile classroom full of knowledge and adventure“, awaiting future 
geoscience students. 
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4.1.6  Professorial lineages
Peter Floor

The evolution through time of the numbers of professors 
and readers, together with their associated job descrip-
tions, provides valuable insights into the way each of the 
eight earth science (sub)faculties seized opportunities for 
development and differentiation in teaching and research. 
It also illustrates the impact that some of the more general 
and specific external influences had on overall progress in 
the various disciplines.
Pedigree-like successions were very evident, especially 
before the 1980s, and they contrast with purpose-driven 
developments, initiated by a small number of pioneering 
professors at Delft and Amsterdam VU University, which 
led to a broader coverage of subjects linked by common 
disciplinary characteristics. Such developments were later 
also adopted in Utrecht, when research became a more 
dominant factor in determining the structure and composi-
tion of working units.

Our colleagues at the different institutions have taken 
the utmost care to provide us with accurate data. In most 
cases they also wrote the contributions in the chapter that 
follows, where background information can be found. It 
has been our initiative to summarise the developments 
in a visual systematic ’lineage’ format. We apologise for 
any omissions or inaccuracies; if present they are always 
unintended.
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2010
2003
2000
1990
1985
1983
1980
1979
1977
1975
1973
1972
1970
1969
1963
1962
1960
1958
1955
1950
1947
1946
1945
1940
1939
1934
1932
1930
1924
1920
1911
1910
1900
1890
1880
1877

Groningen

F.J.P. Van Calker P
crystallography, mineralogy, 
geology, palaeontology,  
physical geography
1877-1911

J.H. Bonnema P
crystallography,mineralogy, 
geology, palaeontology, 
physical geography
1911-1932

(Ph.H. Kuenen)
geology, palaeontology, physical geography
1934-1939

Ph.H. Kuenen L 
1939-1946                      

Ph.H. Kuenen P       
1946-1972           

L.M.J.U. Van Straaten (P)                 
marine geology, petrology
1962-1972

L.M.J.U. Van Straaten P
geology
1972-1985

(G.J. Boekschoten) 
palaeontology
1969-1977

G.J. Boekschoten L
1977-1980

G.J. Boekschoten P
1980-2003

R. Herber (P)
geo-energy

H. Postma (P)                        
phys.&chem.
oceanography
1963-1985 

(W.F. Hermans)        
1958-1972     

in dept of physical geography     

in subfaculty geology                            

W.F. Hermans (L)  
phys_geography
1972-1973                                      

A.W.L. Veen L
1973-1975

A.W.L. Veen P
1975-1985

W.J. Jongmans (P) 
palaeobotany
1932-1950

in dept of botany
end of full geology diploma programme

start of geology programme for kandidaatsdiploma

P. Terpstra
crystallography, 
mineralogy
1924-1939

in subfaculty chemistry

P. Terpstra L
1939-1946

P. Terpstra P
1946-1955

W.G. Perdok L
applied crystallo-
graphy, mineralogy                                                                                                                                       
1955-1960                               

in subfaculty physics

W.G. Perdok P    
1960-1979

end of intake geology students

(L.M.J.U. 
Van Straaten)
1946-1962

in faculty of science
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2012
2010
2008
2006
2004
2002
2000
1998
1997
1996
1995
1994
1993
1992
1991
1990
1989
1988
1987
1986
1985
1984
1983
1982
1981
1980
1978
1976
1974
1972
1970
1969
1968
1967
1966
1965
1960
1955
1950
1945
1940
1930
1929
1928
1927
1926
1925
1920
1915
1910
1905
1900

1864
1842

Delft

J.L.C.Schroeder van der Kolk P geology,mineralogy 1898-1905 
Th. H. Behrens P geology,mineralogy,mining 1875-1905
H. Vogelsang P geology,mineralogy,palaeontology,mining 1864-1874
W.C.H.Staring P geology,mineralogy 1862-1863
S. A. Bleekrode P geology,mineralogy 1844-1862 

C. J. Van Loon P
1902-1915  
C. J. Van Loon        
geology,geology of 
resources,mining
1899-1902      

M. Clément P
mining
1907-1913

J.A.R. Stuffken L
mine surveying, surveying
1908-1911

S. J. Ver
maes P
metallurgy, 
docimasia
1902-1927

J. F. Van Bem
melen P
historical 
geology, pal-
aeontology
1906-1907

H. G. Jonker P
historical geology, 
palaeontology
1908-1917

Z.S.Beijl L mine surveying, surveying
1912-1913

W. A. 
Knol P
mining
1914-1925

J. De Koning Knijff L
mining, mine surveying, surveying
1913-1915

J.De Koning Knijff P
1915-1924

T. W. Van  
der Veen P
geology of 
resources
1916-1925

H. A. 
Brouwer P
palaeon-
tology
1918-1929

C. L. Van 
Nes P
mining
1925-1949

H. F. 
Grondijs P
geology of 
resources
1926-1951

M. H. 
Caron P
metal-
lurgy, 
docimasia
1928-1951

G.J.A. Grond P
mine surveying, 
mine damage
1947-1960

Th. R. 
Selden
rath P
mining
1949-1967

C. Schouten P
1951-1961

C. Schouten L
mineral 
processing, ore 
microscopy
1945-1951

J. E. De 
Graaf P
metallurgy, 
docimasia
1951-1975 W. F. C. 

Engelbert van 
Bevervoorde P
economic 
geology
1951-1966

J. Dufour P
historical 
geology, 
palaeon-
tology
1955-1968

A.C.W.C. Bot L       
metallurgy, 
docimasia
1956-1973

P. Th. 
Velzeboer P
mining
1961-1981

W. Maas P
physics in 
mining
1961-1979

H. J. Roorda P
mineral 
processing
1962-1984

J.J. Dozy
geology
1968-1976

A.H.F. 
Graadt van 
Roggen L
mining
1968-1978

J.J. Prins L
ore micro-
cospy
1969-1974

T. H. Van  
der Harst P
geology of 
fossil fuels
1980-1991

M. G. Atjak P
alluvial mining, 
marine mining
1980-1981

P. Van 
Leeuwen P
mining
1981-1990

S.  
Dijkstra P
explora-
tion geo-
chemistry
1981-1990

H. Altena (P)
ventilation, 
climate 
control
1982-1992

P.J.M  
Ypma (P)
general 
geology, 
geology of 
resources
1984-1995      

K. J.  
Weber P
production 
geology
1985-2000

W. P. C.  
Duyvesteyn P
resources 
processing
1985-1989

A. Grierson (P)
mining
1986-1987

R. H.  
Heerema P
resources 
processing
1986-2002

G. Van Weert P
resources  
processing
1990-1995

W. L. Dalmijn (P)
resources recycling
1991-now

M. A. Reuter P
Resources 
processing
1996-2005

S.M.Luthi (P)
applied geology
1999-now  

Mining engineering Resources processing Geology of resources

readjust-
ment 

with civil 
engineer-

ing

consolida-
tion & 

interna-
tionalisa-

tion

repeated 
changes

new blood

massive 
retirement

higher 
level
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2012
2010
2008
2006
2004
2002
2000
1998
1997
1996
1995
1994
1993
1992
1991

1990
1989
1988
1987
1986
1985
1984
1983
1982
1981

1980
1978
1976
1974
1972
1970
1969
1968
1967
1966
1965
1960
1955
1950
1945
1940
1930
1929
1928
1927
1926
1925
1920
1915
1910
1905
1900

1864
1842

J.L.C.Schroeder van der Kolk P geology,mineralogy 1898-1905 
Th. H. Behrens P geology,mineralogy,mining 1875-1905
H. Vogelsang P geology,mineralogy,palaeontology,mining 1864-1874
W.C.H.Staring P geology,mineralogy 1862-1863
S. A. Bleekrode P geology,mineralogy 1844-1862 

J. A.  
Grutte rink P
mineralogy, 
crystallography, 
petrography
1906-1949

H. G. Jonker P
historical geology, 
palaeontology
1908-1917

G. A. F. 
Molen
graaff P
geology, 
geology of 
resources
1906-1930

(J. A. Grutterink)      
1905-1906

J. A. A. Mekel P
geophysics
1929-1942  =

J. H. F.  
Umbgrove P
historical geology, 
palaeontology
1930-1954

F. J. 
Faber P
general 
geology
1946-1969

W.F. De Jong L
Crystallography    
1947-1966

H. J. De 
Wijs P
general 
geology
1949-1979

J. A. M. A. 
Thomeer P
petroleum 
engineering
1950-1971

O. Koefoed P
geophysics
1951-1982

P. Schier
beek P
mining law, 
mining 
politics
1964-1980

G. Ter  
Bruggen P
geological 
airphoto in-
terpretation
1967-1970

P. Ben
nema L
crystallog-
raphy
1969-1976

W. H. Van 
Eek P
petroleum 
engineering
1970-1978

D. N. Dietz (P)
reservoir 
engineering
1973-1983

W. Uyten
bogaardt P
geology
1977-1984

A. W. J. 
Grupping P
petroleum 
engineering
1980-1989

D. G. Price P
engineering 
geology
1980-1993

D. Van Hilten P
general geology, 
mineralogy,  
petrography
1980-1987

W.  
Matthieu (P)
petroleum 
engineering
1980-1982

B. G.  
Taverne (P)
mining law, 
mining 
politics
1981-1997

J. F. Hol
trop (P)
Production 
technology
1981-1985

A. M. Ziol
kowski P
geophysics
1982-1992

H. J. De 
Haan (P)
reservoir 
engineering
1984-1991

J. J. Van 
der Vuurst 
de Vries (P)
petroleum 
engineering
1986-1996

F. R. Van 
Veen (P)
applied sedi-
mentology
1987-1996

J.  
Hagoort (P)
reservoir 
engineering
1987-1997

A. F.  
Richards (P)
marine 
engineering 
geology
1988-1994

J. F. Holtrop P
production 
technology
1990-1997

F. Walter (P)
geotechnic-
geothermal 
engineering
1991-1996   

M.  
Peeters (P)
petro-
physics
1993-1998

C. P. J. W. 
Van Kruijs
dijk (P)
reservoir 
engineering
1993-2005

J. T. 
Fokkema P
technical 
geophysics
1994-2002

D. D. Genske P
engineering 
geology
1994-1997

S. B. Kroonenberg P
applied geology
1996-2009

P. K. Currie P
petroleum 
engineering
1997-2008

J. D. 
Jansen (P)
production 
technology
1999-nowF.D.  

Van der 
Meer (P)
geophysics
1999-2004

C.P.A.  
Wapenaar P
technical 
geophysics, 
petrophysics
2001-now   

R. J. Arts (P)
technical geophysics, 
petrophysics
2004-2009

W.A. Mulder P
technical 
geophysics, 
petrophysics
2005-now

W. R. Rossen P
reservoir engineering
2006-now

P. L. J. Zitha P
production 
technology
2007-now  

G. Bertotti (P)
geology  
2011-now

Technical University Delft (Technische Hogeschool Delft)

Polytechnic (Polytechnische School)

Royal Academy (Koninklijke Academie)

from VU

Geology s.l. Geophysics & petrophysics Engineering 
Geology

Law Petroleum engineering

readjust-
ment 
with civil 
engineer-
ing

consoli-
dation & 
interna-
tionalisa-
tion

repeated 
changes

new blood

massive 
retirement

higher 
level
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2012
2011
2010
2004
2000
1998
1993
1990
1987
1983
1980
1979
1978
1977
1975
1973
1972
1971
1970
1969
1968
1967
1966
1964
1963
1962
1961
1960
1959
1958
1957
1956
1955
1950
1949
1948
1947
1940
1938
1933
1931
1930
1928
1922
1920
1910
1900
1890
1880
1877

Leiden

J.K.L. Martin P
geology,  
palaeontology,
mineralogy, 
crystallography
1877-1922

B.G. Escher P
geology,  
palaeontology,
mineralogy, 
crystallography
1922-1947

I.M. 
Van der 
Vlerk P
1947-1961

J.D. De 
Jong L
sedimen-
tology
1963-1972

(A. Brouwer)   
1948-1958

A. Brouwer L
historical 
geology, 
palaeon tology
1958-1962

A. Brouwer P
1962-1987

F. Florschütz (P)
palynology 
1948-1959

(Th. Van der 
Hammen)
1959-1966

(P. Westbroek)
1970-1983

1983-1998

P. Westbroek (P)
geophysiology
1998-2002

J.R. Wijbrans (P)
geology
2011-now

(F. Florschütz)
1947-1948

I.M. Van der Vlerk (P)
1938-1947   

I.M. Van der Vlerk (L)
historical geology, palaeontology
1931-1938

(I.M. Van der Vlerk)
1928-1931

physical geology
1947-1955

S.O. Schlanger (P)  
 Sedimentology
1975-1977

E.H. Niggli P
petrology
1947-1949

petrology, 
mineralogy , 
crystallography
1949-1955

W.P. De Roever P
petrology,  
mineralogy, 
crystallography
1955-1958

E. Den Tex P
petrology,  
mineralogy, 
crystallography
1959-1979P. Hartman L  

crystallography
1959-1973

P. Hartman P  
1973-1979

(L.U. De Sitter)  
1933-1948

L.U. De Sitter (P)
geol. & geoph. 
mapping 
1948-1955

structural geology
1955-1958

J.G. Hagedoorn (P)
exploration geophysics
1958-1968

J.G. Hagedoorn P
1968-1977

L.U. De Sitter P
1958-1968

H.J. Zwart P
structural geology
1969-1979

P.C. Zwaan (P)
gemmology 
1978-1993

(G.L. Krol)
ore geology 
?-1979

C. Voûte (P)
Applied  
geology,  
geohydrol-
ogy
1964-1971

(M. Brongersma 
– Sanders)
oceano graphy
1956-1970

A.J. Pannekoek P
physical geology
1955-1975

from Utrecht 

in department of biochemistry
closure 

remaining 
subfaculty 

Leiden

concen-
tration 
Utrecht

separation 
institute 

from 
museum

in faculty of science
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1988
1985
1984
1982
1980
1978
1977
1976
1975
1970
1969
1965
1964
1963
1962
1960
1957
1955
1954
1952
1951
1950
1949
1948
1946
1945
1942
1941
1940
1939
1936
1935
1932
1930
1929
1928
1926
1925
1921
1920
1910
1907
1900
1898
1897
1895
1891
1889
1878

J.H. van ’t Hoff P
chemistry, geology, 
mineralogy
1878-1895

G.A.F. Molengraaff (P)
geology, palaeontology, 
crystallography
1891-1898

(G.A.F. Molengraaff)
1889-1891

J.L.C. Schroeder (L) 
van der Kolk
geology, 
palaeontology, 
crystallography
1897-1898

geology, palaeontology, 
mineralogy
1926-1928

M.E.F.T. Dubois P
1907-1926

M.E.F.T. Dubois (P)
geology, palaeontology, mineralogy, 
crystallography, physical geography
1898-1907

H.A. Brouwer P
general and practical 
geology and petrology
1928-1957

C.G. Egeler P
general geology 
1957-1982

H.J. Mac Gillavry P
palaeontology
1965-1978 

H.J. Mac Gillavry P
stratigraphy and 
palaeontology
1952-1965 

J.J. Hermes P
stratigraphic geology and 
petroleum geology  
1963-1984

Oen Ing Soen P
petrology, ore geology, 
mineralogy
1976-1988

W.P. de Roever P
1957-1975

W.P. de Roever L
petrology, 
mineralogy and 
mineralogical 
crystallography
1949-1955

P. Terpstra (P)
mineralogy and 
crystallography
1941-1948

J.M. Bijvoet L
crystallo graphy, 
descriptive mineral-
ogy, thermodynamics 
and applications in 
chemistry
1929-1939

J.M. Bijvoet  
1925-1929

A.H.P. Gerth P
1942-1945

A.H.P. Gerth (P)
stratigraphic 
geology and 
palaeontology
1929-1942

M.G. Rutten (P)
stratigraphic geology 
and palaeontology
1946-1951

J.W.A. Bodenhausen L
general geology
1965-1969

N.J. Vlaar (P)
General 
geophysics
1977-1985

K. Helbig (P)
exploration 
geophysics 
1978-1985

J. Hospers P
solid earth 
geophysics
1964-1975

G.L. Smit Sibinga P
1946-1963

G.L. Smit Sibinga L 
geomorphology and 
physical geology
1940-1946

(G.L. Smit Sibinga)
1936-1939

J. Westerveld P
1954-1962

J. Westerveld (P)
economic geology, 
economic mineralogy
1946-1954

J. Westerveld L 
economic geology  
and mineralogy
1939-1946

(J. Westerveld)
1936-1939

J. Versluys (P)
economic geology 
and mineralogy
1932-1935

E.C.A. Abendanon (P)
Distribution and 
economic significance 
of minerals in E and 
W Indies
1921-1925

no intake of new students 

jointly with 
chemistry

<from Utrecht>

Universiteit van Amsterdam

=

closure of subfaculty UvA

=

National 
restruc-

turing
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2012
2011
2010
2008
2006
2004
2002
2000
1998
1996
1994
1992
1990
1988
1986
1984
1982
1980
1978
1976
1974
1972
1970
1968
1966
1964
1962
1960
1957
1956
1955
1954
1952
1951
1950
1948
1947
1946
1940
1936
1930
1927
1925
1921
1920
1910
1900
1890
1880
1879

Utrecht

L.M.R Rutten P
geology, palaeontology
1930-1946

R.D.  
Schuiling P
geo-
chemistry 
& experim. 
petrology
1972-1997

C.H.  
van der 
Weijden P
1980-1999

G.J. de 
Lange P
marine 
geochemistry 
& chemical 
oceanography
2003-now

C.H.  
van der 
Weijden L
marine 
geo-
chemistry 
& hydro-
geochem-
istry
1978-1980

H.A.J Oonk P
thermodynamics 
in geochemistry
1990-1994 

H.A.J  Oonk P 
thermodynamics
1994-2002

G.H.R. von Koenigswald (P)    
stratigraphy, palaeontology
1947-1951

G.H.R. 
von 
Koenigs
wald P    
1951-1968

D.J.  
Doeglas (P)
sedimen-
tology
1955-1964

J.F.M. de 
Raaf (P) 
Sedimen-
tology
1964-1972

S.O.  
Schlanger P  
Sedimen-
tology
1975-1977

P. Marks P
1981-1986

J.W.F. 
Reumer P
2010-now
J.W.F.  
Reumer (P)
palaeon-
tology of 
vertebrates
2005-2010

P. Marks L
system. 
palaeon-
tology & 
historical 
geol.
1975-1981

(P. Marks)
1952-1975

S.D. Nio P  
sedimen-
tology
1985-1990

D. Eisma P
sedimen-
tology
1990-1997 

P.L. de 
Boer P
sedimen-
tology
1998-now

Th. E. 
Wong (P)
sedim geol 
of the NL 
subsurface
1996-2008

C.J. van der 
Zwan (P)
applied 
stratigraphic 
prediction
2005-2008

S.M. 
Hassani
zadeh P
hydro-
geology 
2004–
now

R.J. Schot
ting (P)
quantita-
tive water 
mgt semi-
arid reg.
2007-now

C.W. Drooger P
stratigraphy, 
palaeontology
1969-1988  

J.E. 
Meulen
kamp P
stratigraphy 
& palaeon-
tology 
1990-2005  

E. Jansma (P)
dendro-
chronology 
& quaternary 
paleoecology  
2007-2011  

J.S. Sin
ninghe 
Damsté P
molecular 
palaeon-
tology
2004-2010

S. Schouten P
molecular 
palaeon-  
tology   
2010-now

H. Brinkhuis P
marine palynology   

J.W. de 
Leeuw L
organic  
geo-
chemistry
1989-1995

J.S. Sin
ninghe 
Damsté P
organic  
geo-
chemistry
2010-now

J.W. de 
Leeuw P
1995-2008

P.A. 
Schenck (P)
organic  
geo-
chemistry
1977-1991

P.S.J. van 
Cappel
len P
geo-
chemistry 
(general, 
bio- and 
hydrogeo-
chemistry)
1999-2011

J.B.M.  
Middel
burg (P)
biogeo-
chemistry 
2005-
2009

J.B.M. 
Middel
burg P
geo-
chemistry
2009-
now

A.F Bouwman (P) 
nutrient transport 
from 
land to 
sea
2011-
now

E.C.J. Mohr (P)
general pedology 
esp. in the tropics
1927-1952

F.A. van 
Baren (P)
pedology
1956-1965

F.A. van 
Baren P
1965-1975

F.R. 
Moor
mann P
pedol-
ogy
1978-
1987

G.J. van der 
Zwaan P   
biogeology   
2003-2008

L.J.  
Lourens P 
paleocli-
matology
2011-now

C.W. Drooger (P)
1966-1969

C.W. Drooger L           
micropalaeontology
1961-1966

(C.W. Drooger)           
1952-1961

=

Integrated research programmes Climate and environment

Faculty  
of Geo-
sciences

Faculty  
of Earth 
Science

Research 
schools

National 
restruc-

turing

VML
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2012
2011

2010
2008
2006
2004
2002
2000
1998
1996
1994
1992
1990
1988
1986
1984
1982
1980
1978
1976
1974
1972
1970
1968
1966
1964
1962
1960
1957
1956
1955
1954
1952
1951

1950
1948
1947
1946
1940
1936
1930
1927
1925
1921

1920
1910
1900
1890
1880
1879

C.E.A. Wichmann P  
geology, mineralogy, palaeontology, 
crystallography                                                           
1879-1921

H.A. Brouwer (P)       
geology
1925-1950

E. ten 
Haaf L
general 
geology
1964-1980

E. ten 
Haaf P
1980-1982

E. ten Haaf (P)  
structural 
geology
1982- 1987

R.L.M.  
Vissers P
2004-now

R.L.M.  
Vissers (P)
orogenesis & 
lithospheric 
extension
1999-2004

S.G.  
Trooster P      
general  
geology
1946-1950

M.G.  
Rutten P        
general  
geology
1951-1970 

S.H. 
White P
structural 
geology & 
tectonics
1990-2007

H.J. 
Zwart P
structural 
geology
1980-1988

M.R. 
Drury P
electron-
microscopy 
& nanos-
tructures
2010-now

F.A. Vening 
Meinesz (P)
geodesy,  
cartography 
and geophysics
1927-1957

J.G.J  Scholte (P)
general geophysics
1957-1963

J.G.J  Scholte P
Geophysics
1963-1970

J.C. 
d’Arnaud 
Gerkens (P)
exploration 
geophysics
1966-1977

O. Koefoed 
(P)
exploration 
geophysics
1950-1966

B.  
Collette P
1979-1988 

R.D. van der Hilst P
seismology
2001-2004

A.H.M. 
Nolet P
geophysics
1985-1992

R.K. Snieder P
seis mology
1993-2000

J.A.  
Trampert P
seismology
2004-now

K. Helbig P
exploration 
geophysics
1976-1992

J.C.  
Mondt P
exploration 
geophysics
1993-2001

N.J. 
Vlaar P
theoretical 
geophysics
1973-1998

W. Spak
man P  
mantle 
dynamics
2001-now

J.D.A.  
Zijderveld 
(P)
paleo-
magnetism
1981-1995

C.G Lang
ereis P
paleo-
magnetism
2004-now

C.G. Lang
ereis (P)
paleo-
magnetism
1999-2004

M.J.R  
Wortel P
tectono-
physics
1989-2011/ 
now

B.  
Collette L
Marine 
geophysics
1972-1979

J. Veldkamp (P)
earth  
magnetism, 
seismology
1955-1974

R.W. van 
Bemmelen (P)      
economic 
geology
1951-1962

A.C. Tobi L
petrography
1962-1981

A.C. Tobi P
petrology 
1981-1985

H.Das P
radio-
analysis  
in geo-
chemistry
1991-1997 

H.N.A  
Priem (P)
isotope-
geology
1970-1989

H.N.A  
Priem (P)
isotope 
geo-
chronol-
ogy & 
planetary 
geol.
1989-1997

R.W. van 
Bemmelen P
1962-1969

M. Hale (P)
economic 
geology
2005-2010

C.J. Spiers (P)
experim. rock 
deformation
1994-1997

C.J. Spiers P 
earth 
materials
2007-now

C.J. Spiers P
1997-2007

L.M.R Rutten P     
geology, mineralogy, palaeon-
tology, crystallography                                                           
1921-1930

J.I.J.M. Schmutzer P
crystallography, mineralogy, 
petrology
1929-1946

W. Nieuwenkamp P
crystallography,  
mineralogy,  
petrology
1947-1964

geochemistry & 
mineralogy
1964-1968

E. Den 
Tex P
petrology, 
mineralogy, 
crystallog-
raphy
1978-1984

P. Hartman P
crystallo-
graphy
1978-1987

B.H.W.S.  
De Jong P
Petro logy 
and ex-
perimental 
petrology
1989-2006

=

=

Integrated research programmesDynamics of the solid earth

Faculty  
of Geo-
sciences

Faculty  
of Earth 
Science

Research 
schools

National 
restruc-
turing

=

=

<from Delft>

VMLVML

J.D. van Wees (P)
J. de Jager (P) S.A.P.L. Cloetingh P

from VU from VU
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2012
2011
2010
2009
2008
2007
2006
2005
2004
2003
2002
2001
2000
1999
1998
1997
1996
1995
1994
1993
1992
1991
1990
1989
1988
1987
1986
1985
1984
1983
1982
1981
1980
1979
1978
1977
1976
1975
1974
1973
1972
1971
1970
1969
1968
1967
1966
1965
1964
1963
1962
1961
1960

VU University Amsterdam

K.E.  
Behre (P)
palynology 
1993-2000

W. Zagwijn 
(P)
palynology
1989-1993

T. Van der 
Hammen 
(P)
1977-1989

G.J. Boek
schoten (P)
palaeontology
1985-1998

A. Breimer (P)
palaeo biology
1975-1982

(A. Breimer)
1965-1975

P. Andriessen P
isotope geo-
chemistry
2000-now

(P. Andriessen)
1990-2000

(G.R. Davies)
1992-2004

G.R. Davies P
petrology
2004-now

J.L.R. Touret P
ore geology, 
petrology,  
mineralogy
1980-2000

W. Uytenbogaardt P                                     
mineralogy, petrology
1960-1977  

C.W. Pas
schier (P)
precambri-
an geology
2002-2008 

JD. Van 
Wees *) (P)
integrated 
basin in-
formation 
systems
2007-2012 

S.A.P.L.  
Cloetingh *) P
Tectonics
1988-2012

H. Doust (P)
hydrocarbon 
systems, 
regional 
geology
2000-2010

W. Murris (P)
hydrocarbon 
systems, re-
gional geology
1995-2000

J.T. Fokkema (P)
applied  
geo physics
2001-now

J. De Jager *) (P)
hydrocarbon 
systems, regional 
geology
2011-2012

D. Kroon P
paleo ecology, 
palaeoclima-
tology
2001-2006

J.E. Van 
Hinte P
palaeon tology, 
strati graphy
1977-1998

T.C.E. Van 
Weering (P)
palaeoocea-
nography
2006-2010

J. Reijmer P
sedimentol-
ogy, marine 
geology
2006-now

W. Schlager P
sedimentol-
ogy, marine 
geology
1983-1998

J.R. Van de Fliert P
historical geology, 
tectonics
1960-1984

J. Smit (P)
event 
stratigraphy
2004-now

(J. Smit)
1984-2004

H. Stau
digel P
isotope 
geology
1992-
1997

to Delft

phased out

subject areas

research groups

mineralogy, petrology

isotope 
geochemistry

petrology sedimentology, 
marine geology

marine biogeology climate change,landscape geodynamics

historical geology, tectonics

tectonics, structural geology

physical geology, geology of the quaternary

*)   per 1-1-2012 in Geosciences Utrecht University

part of            
faculty 

of earth 
and life 
sciences

research 
schools

research 
institutes

   faculty 
of earth 
sciences

   integra-
tion 

of UvA 
geologists

national 
restruc-

turing

Institute 
of Earth 
Sciences

start of 
geology 

diploma 
pro-

gramme
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2012
2011

2010
2009
2008
2007
2006
2005
2004
2003
2002
2001
2000
1999
1998
1997
1996
1995
1994
1993
1992
1991

1990
1989
1988
1987
1986
1985
1984
1983
1982
1981

1980
1979
1978
1977
1976
1975
1974
1973
1972
1971
1970
1969
1968
1967
1966
1965
1964
1963
1962
1961

1960

H. Renssen P
climate change,  
landscape 
dynamics 
2009-now

A.J. Dolman P
Ecohydrology 
2001-now

N.A. De 
Ridder (P)
1980-1989

N.A. De 
Ridder (L)
hydrology 
1978-1980 

J.W Erisman (P)
integrated  
nitrogen studies
2011-now

L.A. 
Bruijn
zeel P
land use, 
hydrology
2008-now

(L.A. 
Bruijn zeel)
1975-2008

W. Mook (P)      
application 
nat. isot. in 
exogene earth 
sci.
1986-1997

I. Simmers P
geographical 
hydrology
1980-1994

P.J. Stuyf
zand P
chemical 
hydro-
geology
2004-now

J.J. De Vries P  
1996-2004

J.J. De Vries (P)
hydrogeol., 
groundw. 
development
1989-1996

(J.J. De Vries)
1970-1989    

G.B.  
Engelen P
hydro-
geology, 
geographi-
cal hydrol-
ogy
1971-1992

(G.B. Engelen)
1962-1971

H. Tennekes (P)   
meteorology
1977-1998

P. Groen P
1964-1978 

H. Vugts (P)
meteo rology
1981-1998

(H. Vugts) 
1970-1981

P. Groen (P)
meteorology, 
oceanography
1952-1964

J.E. Vermaat P
earth sciences 
and economics
2011-now

J. Vanden
berghe P
quater nary 
geology,  
geomorphol-
ogy.
1996-2011

J. Vanden
berghe (P)
pleistocene 
geology, 
geomorphol-
ogy
1987-1996

Th. Levelt P
landscape 
geography
1980-1996

W. Roeleveld P
1980-2000

W. Roeleveld L
phys. geol., 
geol. quater-
nary
1978-1980

(W. Roeleveld)
1970-1978

Th. Levelt L
physical 
geography
1977-1980

(J. Vanden
berghe)
1976-1987

(H. Renssen)
2002-2009

A.J. Wiggers 
(P)
1977-1982

A.J. Wiggers P
physical geogr., 
quaternary geol.
1960-1977 

A.J. Wiggers (L)      
geology
1957-1960

phased out

oceanography

climate change,landscape geodynamics hydrology, geoenvironmental sciences earth science and economics

physical geology, geology of the quaternary

part of 
faculty 
of earth 
and life 
sciences

research 
schools

research 
institutes

faculty 
of earth 
sciences

integra-
tion 
of UvA 
geologists

national 
restruc-
turing

Institute 
of Earth 
Sciences

start of 
geology 
diploma 
pro-
gramme
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2012
2011
2010
2002
2000
1996
1993
1990
1985
1982
1981
1980
1971
1970
1964
1960
1955
1950
1946
1942
1940
1933
1930
1920
1918
1910
1903
1901
1900
1896
1890
1880
1876

Wageningen

H. Van Cappelle  
botany, zoology, 
mineralogy, 
geology
1896-1901

J. Van Baren  
mineralogy and geology 
applied to agriculture, 
horticulture, forestry
1903-1918

J. van Baren P
mineralogy and geology
1918-1933 †

C.H. Edelman P   
mineralogy, petrology, 
geology, agrogeology
1933-1946

D.J. Doeglas L   
mineralogy, petrology, geology
1946-1955

D.J. Doeglas P   
1955-1970

J.D. De Jong P                      
mineralogy, petrology, 
geology    
1970-1982

S.B. Kroonenberg P
geology
1982-1996

(A. Veldkamp)   
geology and geomorphology       
1996-2002  

A. Veldkamp P land dynamics 
2002-2010

(vacant) 
earth and environment   
2010-now

(W.A.J. Oosting)
1933-1946

C.H. Edelman P
soil science
1946-† 1964                  

J. Bennema P  
trop soil sci
1971-1985

P. Buringh P
trop soil sci
1964-1981

L. Van der Plas (L) 
clay mineralogy
1970-1980
(L. Van der Plas)
1964-1970 

L. Van der Plas (P)
1980-1993

under J. Bouma P Land evaluation

Rijks land bouw school, State Agricultural School

Land bouw hogeschool, Agricultural University

department of soil science and geology

Wageningen University and Research Centre WUR
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2012
2011
2010
2009
2008
2006
2005
2004
2003
2002
2000
1999
1997
1991
1990
1989
1988
1987
1983
1982
1980
1971
1970
1968
1967
1966
1965
1964
1960
1957
1954
1952
1951
1950

ITC Enschede

H.T. Verstappen P
1968-1989

J.F.M Mekel L
geology
1960-1980

K.D. Revertera L
geology
1954-1964

(K.D. Revertera)
1952-1954

J.F.M Mekel P
1980-1982

A.G. Fabbri P
Geology
1989-2002

(F.D. Van der 
Meer)
1989-2005

S. Dijkstra P
1980-1990

S. Dijkstra L
mineral 
exploration
1967-1980

(S. Dijkstra)
1965-1967

F.D. Van der 
Meer P
earth subsurf.
syst. anal.
2005-now

M. Hale P
mineral  
exploration
1990-2011

C.V. Reeves P
exploration 
geophysics
1983-2004

J.L. van Genderen P 
operationalisation 
Remote Sensing appl. 
in earth sci
1991-2009

G.P. Kruseman (P)
groundwater 
resources surveys
1990-1997

J. J. Nossin P
aerospace 
survey for 
appl. geo-
morphology
1989-1999

A.M.J. Meijerink P
(geo-) hydrology
1988-2005

Z. Su P
spatial 
hydrology 
& water 
res. mgt
2004-now 

V. Jetten P
Nat. 
hazards 
& disaster 
risk mgt
2006-now

R.G. Bos (P)
irrigation 
water  
management
2003-2008 

W. Verhoef P
Adv. earth ob-
serv. for water 
res. appl.
2006-now

(A.M.J. Meijerink)
1967-1988

J. J. Nossin (P)
physical  
geography
1980-1989

(J. J. Nossin)
1967-1980

H.T. Verstappen L
geomorphology
1965-1968

(H.T. Verstappen)
1957-1965

C. Voute P
1967-1987

^

C. Voute L
phys. & appl. 
geology
1965-1967

^

integra-
tion 

as 6th 
faculty 

into 
Twente 

University

ITC-PhD 
degrees 

with 
Dutch and 

foreign 
univer-

sities

main 
seat from 

Delft to 
Enschede

start of 
(ITC-) MSc 

degrees

start 
of first 

courses

founding 
of ITC
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they were asked to be selective in the choice of topics 
they reviewed. This has resulted in a kaleidoscopic set of 
stories that illustrate how successive professors, growing 
in numbers over the years and with increasing staff sup-
port, substantiated their visions of how to orient and run 
relatively small academic communities. Because lifetime-
appointed professors and readers have such an impact in 
Academia, these verbal accounts are supported visually 
by what have been dubbed ‘professorial lineages’, in the 
style of family pedigrees. These lineages show the growth 
paths, differentiation of subject areas into specialisations, 
consequences of reshuffles on the way that geology has 
been taught in various parts of the country and the shift 
from the dominance of subject-related and teaching-
oriented chairs to a less rigid grouping around research 
themes, institutes/schools, etc.
Delft had already been training mining engineers for 
decades when universities started geology diploma studies 
in 1877. Its story begins in section 3.5 and is continued 
in 4.2.1 and because it is the only one of its kind in the 
country, is dealt with more elaborately. For the academic 
general context, terminology, etc., see 4.1.

4.2.1  Mining engineering in Delft

The polytechnic (Polytechnische School, PS), 
Delft  (18641905)
jaaP deelder

Academic freedom, an academic programme, 
but no academic status.
The Secondary Education Act (Wet op het Middelbaar 
Onderwijs) of 1863 provided for the establishment of a 
polytechnic (Polytechnische School, PS) at Delft to replace 
the Royal Academy and, following a royal decree (Konin-
klijk Besluit, KB), the academy was closed on 30 June 1864 
(see 3.5). The Patron of the Royal Academy, Prince Hendrik, 
agreed to maintain this function at the polytechnic school, 
alongside an administration comprising a director/professor 
and an administrative board (Raad van Bestuur), compris-
ing the professors at the PS.
Admission was open to anyone with a diploma A from a 
Hogere Burgerschool (HBS, see 3.4) and proof of  proper 
moral conduct. Having paid the school fees, students were 
free to follow any lectures of their choice, also in other 
disciplines. There were no admission examinations or 
transition examinations.  Having obtained diploma B after 
successful completion of their first two years, students were 
exempt from school fees, and could continue studying for 
their final diploma C. They were not, however, given a firm 
prospect of becoming employed after graduation.

The first director, Lewis Cohen Stuart
The first director of the PS was Lewis Cohen Stuart, a civil 
engineer with a passion for geodesy. In 1863, at the age 
of only 36, he was awarded an honorary doctorate from 
Leiden University for his trail-blazing geodetical work. The 
first programme of high-precision levelling measurements 
in The Netherlands (Rijks Waterpassing), based on the 
Normal Amsterdam Level (Normaal Amsterdams Peil, N.A.P.) 
was started in 1875 under his direction. Students of the PS 
contributed to the measurements as part of their practical 
training. As a student he had been one of the founders of 
the Delftsch Studenten Corps (DSC, see 3.5) and as lecturer 
(since 1851) and as director of the PS he was very popular 

4.2 Characteristics and development 
of the university centres

The general development from early mining engineering 
and geology studies, leading to earth science and from 
there into geosciences, as well as their general academic, 
legal and organisational context were the subject of the 
first part of this chapter. Because of the legal straitjacket 
the development was largely a shared one, at least till 
the 1990s, and presenting full histories of all centres 
would have resulted in many overlaps. Having brought 
the common trends together in 4.1, the characteristics and 
distinctions of the individual centres will be discussed 
in this part. Authors were given only limited space and 

Fig. 4-10. The entrance of Oude Delft (OD) 95 in recent times.  
This building successively housed the Royal Academy, the  
Polytechnical School and the technical university in its early 
years. It is still known as Oude Hoofdgebouw (former head 
office) of the TU. The stone in the wall is the reference point of 
the n.A.P. (Amsterdam ordnance zero).

the institute For 
oriental studies, 
delFt
With the establishment of the 

Polytechnische School, the 

teaching programme for the 

civil servants destined for the 

East Indies was transferred 

to Leiden University. For a 

relatively small town such as 

Delft, the presence of a large 

number of students formed an 

important economic factor and 

the loss of a quarter of them 

to another town led to strong 

protests from the local citizens. 

In 1864, employing lecturers 

from the defunct academy, 

the Delft municipality opened 

an independent institute for 

oriental studies (Gemeentelijke 

Instelling voor Oosterse taal-, 

land-, en volkenkunde). After 

some years this institute drew 

more students than the pro-

gramme at Leiden University, 

but it was closed 1 January 

1901.
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tions of rock specimens that had been so obviously lacking 
at the Academy.
Vogelsang passed away in Delft, aged only 36 years. He was 
succeeded by Theodor Heinrich Behrens (Büsum, Germany, 
1842 - Delft, 1905), who became a pioneer in microchemis-
try. This eminent scientist was a stickler for academic excel-
lence and accepted only the very best students.

The study programme for mining engineering
With the appointment of Vogelsang, study at a foreign 
academy such as Clausthal or Freiberg (see 3.5) was no longer 
mandatory, but because a single person could not possibly 
give the mining students all the tuition required, the practice 
of further study in Germany or foreign study tours continued 
into the 20th century. As a result, the study programme for 
mining engineers took one to two years longer than the 
other programmes. In practice, students usually went for 
a year to a German academy after their third year at Delft, 
then returned for their formal fourth year, at the end of 
which they sat for their final examination and diploma C. 
Those graduates that were accepted by the bureau of mines 
in the Dutch Indies (Dienst voor het Mijnwezen, see 3.5 and 
7.1) then proceeded on a foreign study tour, at govern-
ment expense, which often took another year. Their study 
tour reports were regarded as of more importance for their 
ranking in the Mijnwezen hierarchy than their actual date of 
graduation.

Mining engineers
Mining engineers with Mijnwezen were particularly involved 
in the exploration, prospecting and evaluation of deposits of 
tin, coal, gold and iron ore. They soon found that study at a 
German mine academy and even foreign study tours could 
not really prepare them adequately for their tasks under 
primitive conditions in the vast undeveloped regions in the 
Indies. They had to learn and develop ‘on the job’.
The full statutory complement of mining engineers with 
Mijnwezen  was fifteen (chief engineers and engineers 2nd 
and 3rd class). Vacancies occurred only when previously em-
ployed Delft mining engineers died or left service, so mining 
students often had to switch to another study programme if 
jobs were not available there and because no other employ-
ment prospects for Dutch mining engineers existed until the 
last quarter of the century.
34 mining engineers graduated from the PS in the 35 years 
from 1864 to 1899; among them some renowned luminaries 
like Rogier Verbeek and Adriaan Stoop (see 7.1).
Thanks to a more liberal mining legislation, which favoured 
private enterprise in the Indies and the expansion of the coal 
mines in Limburg (see 6.2), there was an explosive increase 
in the number of mining students at the PS at the end of the 
century - another 58 mining engineers graduated in the 6 
years from 1900 to 1905.

with his students. After his untimely death in 1878 
he was succeeded by the physicist Johannes Bosscha, 
who, as director, continued his liberal policy.

Study at the PS
The PS was opened to students on 26 September 1864 
and 91 enrolled, out of which 81 had been students 
at the Royal Academy. Five did not enrol for a specific 
programme but in order to follow selected lectures 
only. The vast majority of the students followed the 
civil engineering programme. Other four-year course 
programmes were in naval architecture (scheepsbouw), 
mining engineering, mechanical engineering and 
architecture (bouwkunde). A three-year programme in 
chemical engineering (scheikundige technologie) was 
added a few years later and the programmes for mining 
and for chemical engineering were then brought under 
one department (Afdeling der Scheikundige Technolo-
gie en Mijnbouwkunde).
The technical subjects were taught mainly by selected 
teachers who were employed part-time and did not 
have a seat on the Administrative Board. Most of them 
gave lectures for a few hours a week only and, as at the 
Academy the facilities were very limited, with hardly 
any laboratory facilities or library. 
The PS occupied the premises of the Royal Academy. 
In the following years the Delft municipality pur-
chased adjacent houses for the PS and some new and 
larger buildings were built, but the overall number of 
students rose rapidly and space remained hopelessly 
inadequate. More and more lectures and even practical 
training had to be given in other localities in town.

First professors for the mining students
The mining students were fortunate in having a real 
mining man as professor, Hermann Vogelsang (Winden, 
Germany, 1838 - Delft, 1874). After completing gymna-
sium at Bonn in 1856, he started training for the post of 
government mine-official, which involved two years of 
practical experience at various mines and some study 
tours. After his military service he studied geology, 
petrography and mineralogy at Bonn University and 
obtained a PhD in 1863. A paper on the origin of the 
volcanoes in the Eifel region won him a gold medal 
from the Hollandsche Maatschappij der Wetenschap-
pen at Haarlem and led to his appointment as professor 
at the PS  in 1864. He taught mineralogy, geology, pal-
aeontology and mine exploitation. In a very short time 
he became fluent in Dutch and he was held in very 
high esteem both by his students and by his colleagues 
for his lucidity in lecturing, his erudition and his gentle 
personality. He pioneered the use of the microscope in 
the study of minerals and rocks and started the collec-

Hermann Vogelsang (1838-1874)

In 1892 there were thirteen 
mining students at the PS, four 
of whom decided to set up an 
association of mining students, 
the Mijnbouwkundige Vereeniging 
(MV).  These four founders were 
R.J. Boers, A.F.W. Kerssen, A.H. 
van Lessen and E.A. Neeb.

The MV started modestly, the 
members meeting fortnightly, 
arranging lectures by students 
and invited speakers and, after 
1897, subscribing to technical 
mining magazines for circula-
tion among its members. In 1903 
the MV issued its first annual 

(Jaarboek) and in 1904 it organ-
ized its first excursion.
For 120 years the MV has held 
mining students and graduates 
from Delft together in a fashion 
not found in other disciplines. 
Most mining graduates become 
extraordinary members and 

keep in touch through the asso-
ciation. Since 1967 the MV runs 
its own pub in Delft (Café Het 
Noorden), a unique meeting place 
where mining students and 
engineers that work in Holland 
and those that are in Holland on 
leave or are retired can meet.

the mijnbouWkundige Vereeniging (mV)
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Hendrik. Thus, having provided technical education at 
academic level for more than sixty years, Delft finally received 
formal recognition with academic status.
54 professors and 17 lecturers, including 7 professors from 
the Royal Academy, were appointed during the existence of 
the PS, and 26 professors continued through the transi-
tion to serve in the Technische Hogeschool. They included 
J.Kraus, who had been professor of waterworks (water-
bouwkunde) within the civil engineering department since 
1898, and who became the last director of the PS in 1901. 
He became the first Rector Magnificus of the Technische 
Hogeschool in 1905, an unsurprising choice: one of his tasks 
as director of the PS had been to prepare it for transition to 
university status.

Technical university Delft 19052012
bert dijkhuis

Following developments in society and in the industry, it 
became apparent that the technical education programmes 
in The Netherlands needed to be redirected towards more 
scientific approaches.
The elevation of the Polytechnical School to Technische Ho-
geschool (TH, best described as Technical University) in 1905, 
was in accordance with this philosophy. In fact it formed 
a university with only one faculty, technology, subdivided 
into departments as opposed to the faculties and subfacul-
ties in the other universities. This elevation brought the 
technical education in The Netherlands into a competitive 
position with other European universities. The character of 
higher technical education in The Netherlands was later 
highlighted by a statue of Prometheus, the Greek god bring-
ing fire and therefore innovation to humanity.
Next to the rank of professors (hoogleraren), the rank of 
readers (lectoren) was introduced, thus further increasing 
the status of academic technical education.
Another organisational change was the introduction of a 
yearly alternating leadership of the Rector Magnificus and 
a deputy, the latter being prepared for the rectorate of the 
next year. After World War II the tenures of Rectors became 
longer depending on availability and needs. Professors of 
the mining engineering department also took their share 
with G.A.F.Molengraaff  (deputy 1924-1925), J.A. Grutterink 
( deputy and Rector 1931-1933), H.J. De Wijs  (deputy 1955-
1956, Rector 1962-1967), J.T. Fokkema (Rector 2002-2010).
With the university status came the ius promovendi. Since 
that time over 5000 doctorates and more than 100 honorary 
doctorates have been awarded, especially after the World 
War II.
Changes in society and industry only had a low impact in 
the first 40 of the more than 100 years of existence of the 
technical university. But after World War II, like the other 
Dutch universities, it experienced a steady growth of yearly 
intake of new students, and in the last decades of foreign 
students. 
Within the university also the department, later faculty, 
of mining was repeatedly forced to adapt and adjust, by 
accommodating new requirements in the study programmes 
to prepare new graduates for their changing role in the 
industry.
The most important drivers for change can be summarised 
under the following headings and will be dealt with in 
subscripts or in the main text: political-economic issues, 
social issues, industrial developments, women in mining 
engineering, foreign students, international cooperation, 
post-graduate research.

Mining engineers from Delft become professors at Delft
In 1897 Behrens was appointed professor in his favourite 
subject, microchemistry, and his chair in the earth sciences was 
taken over by Jacobus Schroeder van der Kolk (see also 4.2.5.). 
At the same time, the mining engineer Van Loon was ap-
pointed lecturer (leraar) in mining exploitation. Van Loon was 
the first mining engineer from Delft to return there as a lecturer.
In 1902 a second mining engineer from Delft, Stefanus Vermaes, 
was appointed to a new chair for docimasia (assessing com-
ponents of collected ore samples), metallurgy and mineral 
processing and Van Loon was promoted to professor. With 
three professors covering the main subjects, the extra study at 
a German academy was no longer required and was finally 
abandoned in 1905.

Van Loon, the renewer
Carel Jan Van Loon (Amsterdam, 1859 - The Hague, 1915) 
started his study of mining engineering at the PS in 1880. 
After obtaining diploma B he applied to Mijnwezen but 
was not accepted as candidate mining engineer because no 
vacancies existed. Van Loon did not switch over to another 
programme as most rejected candidates did, however, but 
continued for his diploma C as mining engineer, which he 
obtained in 1885. He then worked as a common miner in 
Germany in order to gain practical experience. When, in 
1887, Mijnwezen unexpectedly did urgently require another 
mining engineer, Van Loon was traced and given a job. 
Unfortunately, as with others before him, he had to return to 
The Netherlands for health reasons in 1897.
During his tenure as professor, with an explosively increasing 
number of students in mining engineering, Van Loon relent-
lessly and successfully pushed for change and development. 
Some years after the PS had been elevated to the status of 
technical university (in 1905), mining engineering became 
a separate department (Afdeling der Mijnbouwkunde) in 
1912. It could now occupy its own premises: a magnificent, 
new, spacious building in the Wippolder on the outskirts of 
Delft, with all the required modern laboratories and other 
facilities. Deservedly, Van Loon became the first administra-
tor (beheerder) of this Gebouw voor Mijnbouwkunde, but he 
died shortly afterwards.

Elevation of the PS to a technical university 
By Royal Decree of 4 July 1905 the PS was granted the status 
of a technical university (Technische Hogeschool, TH; see also 
4.1.1.). The TH was opened on 10 July by Queen Wilhelmina, 
accompanied by Queen-Mother Emma and Prince-Consort 

Carel Jan Van Loon (1859-1915)

Hans De Wijs (1911-1997)

Fig. 4-11. Prometheus bringing fire to the world. This statue was 
erected in front of the former university main building in 1953 
and has now been moved to the Mekel campus boulevard close 
to the new auditorium of the university. 
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Fig. 4-14. Mining engineering statistics: numbers of students and graduates.

1930-1940   Consolidation in the Depression 
During the period 1925-1930 all of the professors retired 
or left. With only small interruptions, however, most 
were succeeded by very capable new professors and their 
number remained at six, sometimes seven, enabling the 
teaching programme to remain stable.
Thanks to the stability and the quality of the scientific 
staff, research into new mineral processing technologies, 
such as those that allow segregation of concentrates out of 
bulk ores and the recovery of metals could be carried out. 
M.H.Caron patented the Caron-process suitable for leaching 
nickel and cobalt laterites generated by strong weathering 
of peridotites and similar mafic rocks. 

These drivers proved instrumental in the change from deliver-
ing ‘doing’ engineers for management of field operations to 
‘designing and planning’ engineers participating in the front-
end approval activities and follow-up performance analysis 
for continuous development of mineral resource deposits.

1905-1912   Towards an independent university  
department 
More or less coinciding with the change to university status, 
two mining professors of the Polytechnical School were suc-
ceeded by a number of new professors, opening opportunities 
to react to demands for more qualified university graduates 
capable to face new requirements.
Specific needs for mining engineers arose from the expand-
ing coal industry in Limburg in the southeastern part of The 
Netherlands. In addition, there were increasing employment 
opportunities in the colonies and other countries. Geologi-
cal exploration in the Dutch East Indies (see 7.1) required a 
considerable improvement of the geological background and 
practical mining experience of new engineers. 

1912-1930    Stabilisation at an elevated level  
In addition to the elevation to the Technical University status 
and the influx of new professors, mining engineering became 
an independent department, separated from chemistry. 
Moreover, new accommodation was specifically built in 
1912-1913 outside the Delft city centre: the Instituut voor 
Mijnbouwkunde. One of the wings required fortified piling to 
accommodate the extra weight of the Mineralogical Museum 
with its collections of minerals, rock specimens and fossils. 
Because of the high cost of the new building, the interior was 
not completed until after the official opening. To save money, 
students did most of the removals with primitive means, e.g. 
carrier tricycles. 
The six new professors appointed in the period 1902-1907 and 
the additional two in 1914-1917 enabled a substantial diversifi-
cation of the course programme to be achieved, with geology, 
historical geology, palaeontology, geology of natural resources, 
geological surveying, mining, mine surveying, metallurgy, 
mineral processing; a considerable expansion compared to 
the programme of the former Polytechnical School which 
contained geology, mineralogy, mining and geology of natural 
resources only (see professiorial lineage TUD).
The strengthening of the geological side of the department 
was concomitant with substantial new concepts, such as 
the introduction of the theory of continental drift and the 
investigations that resulted from it. Examples include the 
gravity expeditions of F.A. Vening Meinesz with submarines 
of the Royal Navy to investigate the boundaries between sial 
and sima areas and also the structural features in the deep 
subsurface (see also 4.3.3, 4.3.5 and 7.1.5).

Fig. 4-13. TU Delft statistics: numbers of students and graduates. 

Fig. 4-12. new Mining Department building 1912.
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and adventurous mining engineers working in remote 
and less developed areas, and able to solve local mining 
problems through sound theoretical knowledge and practi-
cal skills.
Ultimately, a compromise new programme was introduced, 
which would produce all-round mining engineers, suitable 
for employment in a broad range of industries, anywhere 
in the world and in conditions ranging from hardship to 
comfortable accommodation. To enable these changes, 
some subjects in the old programme had to be reduced or 
even eliminated. The new programme consisted of a com-
mon basic training of four years of solid mining engineering 
education followed by one year with some specialisation 
in one of the areas of coal mining, ore mining, petroleum 
engineering, metallurgy or geology, and including stints of 
practical training in coal mines, oil industry, mine survey-
ing, geological surveying, and ore mining in the summer 
periods of the later study years.

1951 – 1965   Stabilisation and signs of change
A broad field of expertise was introduced by new, experi-
enced and industry trained professors, covering the various 
mining-oriented technologies and also some supporting 
subjects like mathematics, physics, mechanical engineer-
ing and statistics. 
Both the increase of academic staff, and more significantly 
the widening of the mining programme with full chairs/
readerships in geophysics, petroleum engineering and 
docimasia (assessing components of collected ore samples) 
assured the development of all-round mining engineers. 
New subjects introduced into the study programme and 
into the research arena were thermodynamics, rock me-
chanics, petrological processes, statistics, mechanisation in 
mining and its logistics and mechanical engineering. 
The system of study grants or loans (pending study results) 
introduced after World War II, provided opportunities for 
brighter secondary school graduates from lower income 
families. This probably accounts for the strong increase of 
student numbers of mining with a peak in 1965, but it was 
followed by a reduction. 
This reduction was probably linked to a societal feel-
ing that industry in general was the cause of worldwide 
environmental problems, particularly for instance, with 

The geological section focused more on applied aspects as 
compared to the more theoretical geological subfaculties of 
the other Dutch universities. 
A new direction was opened with the establishment of 
a chair of geophysics with J.A.A. Mekel, which allowed 
students to learn the technologies needed to investigate the 
deeper underground.

1940-1945 The war years
On several occasions during World War II the Technische 
Hogeschool was closed following protests related to the 
exclusion of Jewish professors and the razzias to collect 
labourers in support of the German war effort (see further 
4.1.2). In total 65 mining engineers and students did not 
survive the war.

1945 – 1951 Towards the all-round mining engineer
The group of professors who carried the department and 
the study programme through World War II retired and was 
succeeded by ‘new blood’ in a short period (1946-1951), 
once more providing an opportunity to initiate necessary 
changes.
During World War II it was realised that the existing study 
programme (from 1911) did not meet the requirements 
imposed by the technological developments in industry 
during the 1930s. An expansion to cover the improvements 
in production and processing of ores, coal and oil, the 
mechanisation of labour and the increase of capital and 
operating costs in modern mining operations was required.
Students and young mining engineers suggested that the 
traditional, generic mining education should be abolished 
in favour of more specialisation and that the study should 
add more modern geology and mining technology, sum-
marised in:
The need for better education in tectonics to improve 
understanding of geological structures as demonstrated by 
geophysics; 
A final mining study project to encourage independent and 
more in-depth investigation by students rather than simply 
absorbing more knowledge.
There was opposition to the changes proposed, as it was 
anticipated that specialisation might remove some of the 
employment opportunities for the traditionally educated 

M.H. Caron (1883-1958)  

Traditionally mining engi-
neers found employment in 
areas made unattractive by the 
surface manifestations of min-
ing: waste deposits and large 
open-pits in developed areas; 
in developing areas mines and 
oil fields are often situated in 
remote locations e.g. in desert, 
mountain or tropical forest 
environments.
Because they automatically 
belonged to the management 
level, they were often also 
involved as leaders/organisers/
contributors to social activities 
of the local population 
Necessarily wives and children 
had to accept and adapt to 

these conditions. How unat-
tractive this may appear to be, 
almost always the relatives of 
mining engineers look back 
with satisfaction and endear-
ment to those years. For the 
children it was the freedom 
of roaming around with few 
restrictions: an adventurous 
existence, which in retrospect 
was remembered in fondness. 
For the wives often a non-tra-
ditional life started as wife of 
the boss: in the first place she 
became manager of the house-
hold, including managing the 
hired servants and arranging 
most family affairs; secondly, 
she had to take part in and lead 

social activities of the local 
community.
Mining engineers made their 
careers going through the 
ranks of management or by spe-
cialisation. Some rose to high 
company positions and were 
therefore indirectly   involved 
in issues of the country of their 
activities. Others later entered 
university careers, educating 
new mining engineers applying 
their knowledge and passing on 
their practical experience. 
Some achieved scientific status 
and recognition because of 
their research, e.g. M.H. Caron 
for his nickel leaching process, 
J.Gramberg for his work on 

rock mechanics. Many experi-
enced mining engineers had af-
ter or parallel with their career 
a second position as experts for 
official advisory committees 
and in professional bodies. 
Finally, many found employ-
ment in jobs not specifically re-
lated to mining, e.g. as teacher, 
garage owner, or in patent 
offices, banks, printing compa-
nies, electronics companies or 
the pharmaceutical industry. 
An extraordinary career was 
followed by Henk Badings, who 
after graduating at his father’s 
will successfully fulfilled his 
aspiration of becoming a music 
composer.

driVers For change: mining engineers and society
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Dutch dykes, via road works to tunneling, especially the 
relatively new application of tunneling through soft sedi-
mentary formations. The new section was set up with ITC 
and led to joint courses, etc. (see 4.1.4 and 4.2.8). In the 
late 1990s, however, the educational activities of ITC were 
moved to Enschede,as part of a streamlining effort in the 
technical university world.                  
The process of greater and earlier differentiation and 
specialisation that was introduced by the new study 
programme of 1965 later resulted in some lack of clarity 
and disagreement. In the second half of the 1970s the lack 
of consensus amongst the academic staff with respect to 
mission definition and objectives, manifested itself in a 
failure to establish proper staff plans and make proper 
use of the facilities that support educational and research 
policies and efforts. 
As this happened shortly before the intended restructuring 
of scientific education in The Netherlands (the two-phase 
structure law; see 4.1.4.), the University Board decided 

respect the environmental consequences of strip mining 
and waste disposal at the surface and in surface waters: 
Industry was seen as dirty and undesirable.
By the early 1960s, however, there were new signs that 
change was needed, helped by the appointment of new 
professors replacing retiring colleagues. In their inaugural 
addresses they announced that changes in society and 
technical developments in the industry demanded more 
differentiation in the educational programme, with a 
greater emphasis on mathematics, physics and mechani-
cal engineering as bases for later specialisation, thereby 
rendering the broad-mining-engineer concept obsolete.
Additional retirements during the 1960s and subsequent 
new appointments made that by mid 1960s the teach-
ing programme could be changed in favour of the new 
requirements, at the expense of programme content 
that had become less relevant or obsolete. These ideas 
reflected scientific and technical tendencies towards more 
applied science-oriented technical design, analysis and 
planning responsibilities compared to the older duties of 
practical management, for which experience and sound 
judgement were needed. On the other side the mecha-
nisation of work in the mines and in the petroleum 
industry required a better understanding of physics in 
mining and an enhanced dialogue between the mining 
engineers and the mechanical engineers who designed 
and supplied mining machinery and transport equip-
ment.

1965 – 1980 Towards specialisation
A restructured study programme was introduced in 1965, 
increasing the weight of mathematics and physics. More 
time was made available for specialisation and in 1971 the 
common programme was even reduced to just over two 
years. 
Mid 1970s a new section was added creating the option to 
graduate in Engineering Geology. This option bridged the 
gap between geological understanding and civil engineer-
ing design/construction activities ranging from the typical 

Regularly the mining depart-
ment academic staff discussed 
the consequences of gradual 
depletion of the rich and 
easily exploitable resources. 
New technologies were crucial 
in assessing the viability of 
resource developments against 
a background of increasing 
operational complexities such 
as deeper mines, encountering 
higher temperatures; mining 
and processing lower grade 
resources in larger volumes; 
deeper oil and gas wells on-
shore, often targeting gas with 
corrosive components; deeper 
oil and gas wells offshore with 
increasing water depths; seabed 
mining of ores; in situ recov-
ery of resources from difficult 
deposits.
In response to these needs of the 

mining industry at large (both 
shaft mining and borehole min-
ing) research and development 
brought improved and new tech-
nologies, while computerisation 
and the increasing availability 
of advanced software provided 
opportunities for modelling, 
performance analysis and 
economic evaluation of projects 
with a high degree of variation 
and repeatability.
In general terms, all these 
trends emphasised that the 
higher production cost involved 
required larger deposits to be 
found, improved technologies 
for higher production volumes 
be employed and the cost be 
economised through better 
design, all to be assessed within 
the economic analysis of the 
project.

In addition to these develop-
ments within the resource 
industry, society increasingly 
demanded that waste products 
should be recycled as much as 
possible in order to restrict envi-
ronmental damage. Fortunately, 
the separation of waste into us-
able product streams makes use 
of technologies that, to a large 
extent, are already available in 
the mining industry. New job 
and business opportunities for 
mining engineers are the result.
These industrial developments 
and concurrent changes in so-
ciety demanded changes in the 
educational system. 
One of those social issues was 
the fact that employment for 
young, inexperienced mining 
engineers for initial practical 
training in developing countries 

gradually became more difficult. 
Local authorities and socie-
ties demanded that their own 
young graduates, often edu-
cated at universities in Europe 
and North America, be given 
priority of employment. With 
the increasing demands for 
experienced mining engineers, 
however, older staff were still 
welcome to fill the gaps until 
local staff could fill the ranks. 
Basic training and employment 
opportunities and training to 
gain experience had therefore 
to be sought in other, mainly 
western countries.
Fortunately, this could be 
achieved through the increasing 
demand for young engineers in 
the new oil and gas develop-
ments mainly offshore in the 
North Sea.

driVers For change: industrial deVeloPments

Fig. 4-15. Excursion of a mixed group of TUD and ITC students and staff to Canelles Dam  
(Spain; 2007).

4 / University earth science 95



More research capability in relation to the study programme. 
This coincided with an increased influx of new students, 
from 1981 onwards including female students, stretch-
ing the capacity of the facilities and teaching staff. In this 
period an all-time high of more than hundred new first 
year students was reached.
Especially the number of new petroleum engineering 
students increased substantially, leading to the decision 
to change the faculty to Faculty of Mining and Petroleum 
Engineering.
In addition, the research capability had to increase to cope 
with contract demands from the industry and to align 
itself with the new measures for university standing and 
income. Lack of experienced staff, facility infrastructure 
and administrative support led to problems in contract 
research with delays and cost overruns. As a consequence 
the University Board reactivated the external commit-
tee at the end of 1985. This committee was then asked 
to provide advice on the use of personnel, facilities and 
equipment, but also on the functioning of the faculty 

in 1981 to establish an external advisory committee for 
mining, chaired by former minister Toxopeus, in order to 
resolve the emerging impasse.

1980 -1985 Organisational changes and a chaotic  
situation again
The two-phase structure was formally introduced in 1982, 
reducing the study programme to 4 (later 5) years and 
making it more challenging for the students to develop 
themselves in breadth and depth.
The external advisory committee proposed the following 
measures:
Division of the faculty in two sections:
•  exploitation and processing of resources together with 

engineering geology (EVI);
•   petroleum engineering and geophysics (PTG);
Elimination of metallurgy as a thesis option and coupling of 
mining and processing technology; 
Rapid filling of  vacant positions and expansion of academic 
staff to accommodate expected future requirements; 

In line with the worldwide 
independence movements, the 
Dutch colony of The East Indies 
became the independent state 
of Indonesia in 1949, later also 
including the western half of 
New Guinea under the name 
Irian Jaya. This meant a loss 
for Dutch mining companies of 
coal, hydrocarbon and metal 
minerals concessions and conse-
quently of job opportunities for 
Dutch mining engineers. 
Since the end of World War II, 

The Netherlands had been a 
small producer of gas for local 
consumption in the eastern 
provinces and an oil producer 
from oil fields in western prov-
inces and from Schoonebeek 
field, at that time the largest 
known oil field in continental 
Europe. Relatively few mining 
engineers were employed in the 
domestic Shell affiliate NAM. 
The discovery of the giant Gron-
ingen gas field in 1959 provided 
a new and strong impulse to-

wards high pressure technology 
gas production and distribution 
development. A nationwide 
transport and domestic distri-
bution system was established, 
converting the Dutch energy in-
dustry to a gas based economy. 
Ample employment opportuni-
ties for mining engineers and 
geologists were generated in the 
NAM operations.
A consequence, however, of 
these developments was the 
accelerated closure of the Dutch 

coal mines. As in most other 
European collieries, they could 
no longer compete with cheap 
supply from other countries 
with far cheaper surface mined 
coal. This meant the end of job 
opportunities for mining en-
gineers in a traditional target 
area (see also 5.1, 6.1, 6.2, 7.1).

driVers For change: inFluence oF Political-economic changes

Above: Coal production old roof support system. 
Below: Coal production modern roof support system.

Above: Deepening of shaft.
Below: Coal transport to shaft.

Above: Underground inter-
connection Dutch mines.
Below: Destruction of mine-
shaft tower.

Fig. 4-16. Rise and fall of the Dutch coal mining industry, a story in 6 pictures 
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management. It resulted amongst other things in a rec-
ommendation that a faculty secretary-business manager 
should be appointed, being a member of the faculty 
board but reporting to the University Board.

1985 – 2004 Consolidation and international coopera-
tion.
Following the establishment of the two main sections 
EVI and PTG, five choices for graduation thesis subjects 
were offered: mining, mineral processing, engineering 
geology, petroleum engineering and technical geophys-
ics, each including quality contract research. The specific 
expertise requirements for such research conflicted, 
however, with the requirement to establish as much as 
possible a common study programme within each of 
the main sections. Several professors were dissatisfied 
and left, and were not directly replaced due to budget 
problems and difficulties to attract qualified successors.
In this period fewer students enrolled in mining and 
mineral processing study options. Therefore international 
cooperation between European mining faculties was 
promoted in order to create a joint programme. Thus 
the tasks could be shared between the participating 
faculties. 
Also the name of the faculty was changed again, this 
time to Faculty of Applied Earth Sciences, more in line 
with modern concepts perhaps, but far less clear with 
respect to programme content. 
Towards the end of the century the university incorpo-
rated a number of faculties into larger ones in order to 
create a smaller number of macro-faculties.

Since the establishment of 
the Delft mining faculty only 
a small number of doctorates 
have been obtained. Essentially 
mining engineers were edu-
cated to manage the operation-
al mining and ore processing 
operations and in general had 
no time or opportunity for PhD 
research.
From about 1980, however, 
there has been a strong in-
crease of doctorate research 
studies, partly because of the 

shift of mining expertise from 
operational to planning of 
development tasks. Moreover, 
natural resources are becom-
ing scarcer and more difficult 
prospects (more complex geol-
ogy, more difficult recovery, 
more complex processing) have 
to be exploited, requiring more 
pure engineering expertise and 
fundamental knowledge. 
On the lecturing side the 
evolving needs were achieved 
through more specialisation, 

employing part time lecturers. 
On the research side a strong 
industry funded post-graduate 
research effort was developed. 
As a result, the number of 
doctorate research projects pro-
gressively increased, up to the 
current (2011) level of some 150 
concurrent contract research 
projects.
A very important consideration 
in this development has been 
the standing of the faculty and 
university in comparative eval-

uation exercises and research 
rankings, and the consequent 
overall attraction for students 
and post-graduates.                                                                                                                  
Finally, contracted doctorate 
projects create a substan-
tial cash flow, enabling the 
faculty to pay researchers, buy 
sophisticated equipment for the 
laboratories and employ extra 
staff. The faculty has been very 
successful in this respect, being 
a front runner among the Delft 
university faculties.

driVers For change: Post-graduate research

Fig. 4-17. new accommodation for Applied Earth Sciences 2004.

Copper mine in Peru.

Fig. 4-18. Bulk mining of low grade resources from large open pits. 

Brown coal mine in Germany, visit of Delft mining students.
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2004 – 2012 From the old Mining Institute to the new 
Geoscience wing
With the creation of the macro-faculty of Civil Engineering 
and Geosciences (a combination of the Civil Engineering, 
Mining and Petroleum Engineering and Geodesy faculties) 
the need to share common services and if possible pro-
gramme elements became important. One of the conse-
quences was the incorporation of the engineering geology 
option in the geo-engineering section of civil engineering. 
Students can become engineering geologists, geotechnical 
engineers, tunnels and underground structures engineers, 
and foundation engineers. In 2004 Applied Earth Science 
moved out of the old 1912 Mining Institute building to a 
new wing, attached to Civil Engineering. 
Accommodation to this location demanded adaptations 
from the academic staff, students and the mining students 
association MV, all of whom are, at the same time, striving 
to maintain their own identity. 
The future will certainly bring new changes, but this is 
nothing new in the history of the mining engineering 
education in The Netherlands.  
Finally, a brief account is offered of the Mijnbouwkundige 
Vereeniging, which over time has played such an important 
role in instilling and maintaining an ‘esprit de corps’ among 
Delft mining students and engineers. 

The Mijnbouwkundige Vereeniging (MV), the mining 
engineering students association 
From the onset of its existence, the MV has contributed 
to the education of the mining students by own activities 
such as excursions to quarries and mines, symposia and 
the issue of yearbooks with geological, mining, mineral 
processing and mining law articles. In this sense the MV 
executive committee has also been participating in the 
faculty education programme committee to represent the 
students’ interests.
An important aspect of the MV is the exploitation of its 
own pub Het Noorden out of the legacy of Jan Garos, 
the previous owner and also operator of the restaurant 
Prinsenkelder, where traditionally many mining related 
events took place. Since the mid 1930s Garos and his 
wife Fiep built up a close relationship with the mining 
students and the MV by providing time and space for the 
MV gatherings, including cheap meals. In recognition Jan 
Garos was awarded a golden honorary membership.
The MV has awarded 66 honorary and 5 golden honorary 
memberships to professors, other academic staff and 
non-academic persons in appreciation for special efforts 
for the students and the MV.
Many new mining engineers, having received their de-
gree and diploma in formal morning coat, celebrate this 
by a reception for relatives and friends in Het Noorden. 
Part of the graduation celebration formerly used to be 
the removal of the young engineer from the warmth 
of student life into the ’cold society’ and the offering 
to Prometheus of the forcibly almost disrobed mining 
engineer at the base of his statue (fig. 4-11) in front of the 
university main office building, where willing student-
friends had put the removed clothes on top of Prometh-
eus’ torch. Watched by the administrative staff the new 
mining engineer had to recover the garments by himself.
Since some decades the new mining engineers, still in 

Traditionally, mining has 
been the work of men, 
women and children only 
taking part in some support-
ing activities at the surface. 
Women were only allowed to 
visit underground opera-
tions by special exception, 
for instance if they were 
being escorted as members of 
Royalty.   
Female students were 
therefore not accepted for 
mining engineering studies, 
as they could not obtain the 
obligatory underground ex-
perience. It was only in 1956 
that the first female student 
was admitted, a Hungarian 
mining student refugee with 
underground experience. 
By the 1980s, when all Dutch 
coal mines had, as in many 
other European countries, 
been closed, the underground 

experience requirement was 
reduced to short visits e.g. to 
Belgian coal mines. Later, even 
these visits became impossible 
due to further closures.
From then onwards female stu-
dents became regular entries, 

their number often being in 
the order of 15-25% of the min-
ing engineering intake, a high 
number compared to the average 
percentage of female students at 
Delft Technical University.                                                                        
Society perceptions changed 

as well and graduated female 
mining engineers could 
gradually be employed in some 
traditionally excluded posi-
tions such as that of petroleum 
engineer on drilling locations 
or offshore platforms. 
As more and more gradu-
ate positions changed from 
operational to planning rather 
than operational functions, 
more and more female mining 
engineers could be employed.
In contrast, female students 
carrying out specific geology 
studies at other universities 
were not subjected to restric-
tions, as practical experience 
requirements could be fulfilled 
in surface activities, such as 
laboratory work or at geologi-
cal surveys. In spite of this, 
trends there have been compa-
rable, probably because other 
issues apply equally.     

Women in mining engineering

Queen Juliana visiting the Dutch States Mines in 1948.

Fig. 4-19. Mijnbouwkundige Vereeniging: Pub Het noorden, logo, Jan en Fiep Garos.
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formal dress, receive a Haeckel, the sign of their responsi-
bility in mining operations.
As can be expected, the MV has its own culture, also with 
some more public events. New honorary members are 
brought from the faculty to the Prinsenkelder and then to 
Het Noorden in a procession, the new honorary member 
dressed in a special outfit, each time different.
An annual event is the award of the Maarten-schoot-in-
de-Gracht medal, followed by a swim in the Delft canal in 
front of Het Noorden.
Santa Barbara, the saint protecting the miners, is 
honoured by the yearly celebration of her birthday, 5 
December, on the first Friday of that month. This often in-
cludes a speech by a mystery guest, the Barbararede, each 
time explaining who Barbara really was in ever changing 
stories, e.g. the daughter of Neptune, the daughter of 
Sinterklaas or a Viking goddess. The ceremony is concluded 
by singing the mining song Glück Auf for a safe return out 
of the mine. 

4.2.2. Geology at Groningen University   
hemmo Veenstra 

Groningen’s geographical excentricity  
and geological focus
Groningen is situated in the northeast of the country. For 
geologists the presence of huge numbers of erratic rocks of 
all dimensions in neighbouring areas to the south presents 
an attraction. Especially the hunebedden built from huge 
blocks in the province of Drenthe drew early attention, as 
it was soon understood that the granitic blocks originated 
from Scandinavia. In the 18th century, professional stone-
gatherers and stone-prickers collected large amounts of 
cobbles from Drenthe and transported them to the coast 
of the Zuyder Zee (the present IJsselmeer) to reinforce the 
slopes of the dikes or for use as road-surface material.
For a long time the origin of the erratics remained a 
mystery. In 1778 the learned Frenchman Jean-André le Luc 
visited Groningen and climbed the tower of the Martini 

The mining and mineral 
processing sections of the min-
ing faculties in Europe had 
increasing difficulties in justify-
ing their wide range of speciali-
sations they offered, or even for 
their continued existence.
As a response Hans de Ruiter, 

senior lecturer in Delft, devel-
oped an initiative to create one 
common curriculum for the first 
part of the master programme, 
to be divided between four 
participating mining faculties 
at Exeter, Aachen, Helsinki and 
Delft. In this way each could 

survive with a reduced number 
of academic staff and students, 
each faculty contributing an 
agreed part of the programme 
based on its own expertise, and 
the students moving to each of 
the faculties for 2-3 months pe-
riods. Later the Krakow mining 

faculty in Poland was incorpo-
rated into this European joint 
programme.
In recognition of his efforts de 
Ruiter was awarded an honorary 
doctorate at Helsinki University 
of Technology in 2005.

international joint education Programmes                                                                      

With the introduction of the 
bachelor-master structure in 
2005, the possibility was created 
for bachelor graduates from 
other faculties or universities 

to complete their study with a 
master degree in mining engi-
neering, provided the required 
background knowledge was sup-
plemented with the necessary 

mining oriented courses.
Many students from countries 
outside Europe have taken up 
this option, supported by grants 
from their country of origin. As 

an indication, this group has, 
in some years, formed some 
5% of the total master-student 
population.

Foreign students

Fig. 4-20. Haeckel, symbol of 
responsibility. This supervisor tool 
is used to measure and to detect/
remove loose rock in the roof.  

Fig. 4-21. Mining symbols formed by 2009 first 
year students As part of introductory excursion 
new mining engineering students depict Schlegel 
und Eisen. 
 

Fig. 4-22. Mining patron in  
Europe: Santa Barbara.

Fig. 4-23. Mining patron in South  
America: El Tio.
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gained great respect from palaeontologists world-wide. 
His professorship was terminated for reasons of economy 
in 1932. Under Bonnema three graduates defended their 
theses.
Bonnema’s successor was Philip Kuenen. His nomina-
tion for a professorship was cancelled by the occupation 
authorities in 1943 but was eventually confirmed in 
1946.  Under Kuenen and his co-worker and later (1972) 
successor, Bert van Straaten, the Groningen Institute 
became well-known internationally not in the least 
through the introduction in The Netherlands of sedi-
mentology as an important discipline within the earth 
sciences. Their scientific merits are more fully covered 
below and in 4.3 and 7.1. 
Under Ph.H. Kuenen (1946-1972) 36 students passed 
their kandidaats examination, one his doctoraal exami-
nation and 11 geologists defended their PhD theses.
During L. M. J. U. Van Straaten’s full professorship (1972-
1983), 86 students passed their kandidaats examination 
and 11 geologists defended their theses.
Geological activities in Groningen benefited much from 
the help of P. Terpstra (1886-1973) from the subfaculty 
of chemistry, who taught the geology students crystal-
lography and mineralogy. Terpstra had studied physics 
in Groningen and was appointed tutor of crystallog-
raphy at the university in 1924. When Kuenen had a 
mathematical or hydraulic problem, Terpstra could solve 
it. Apart from teaching he pointed out that stereonets 
could elegantly provide solutions to complicated tectonic 
problems. Terpstra became reader in 1939 and received 
a professorship in 1943. He wrote a number of books 
about crystallography and crystal optics, including 
Crystallometry (Terpstra & Codd, 1961), as well as pock-
etbooks about precious stones and sun-dials. Moreover, 
he published the booklet Thousand and one questions 
on crystallographic problems. According to the preface 
this booklet was intended for junior students, but even 
his co-workers– Perdok and Hartman – had difficul-
ties in solving the issues he raised. Both eventually 
became professors of crystallography, Hartman in Leiden 
and (later) Utrecht, while Perdok succeeded Terpstra in 
Groningen in 1957. 
W.G. Perdok (1914-2005) studied chemistry in Gronin-
gen. He wrote a thesis about spherical molecules, which 
earned him a doctorate cum laude. Kuenen often relied 

Church fully convinced that he would be able to observe 
the mountains from which rivers had brought the stones.
The celebrated Petrus Camper (1722 – 1789; see 3.1) could 
not solve the problem of the origin and transport of the 
erratics either. Camper‘s collection of a few hundred fossils 
and about 2000 mineral pieces was donated by his son to 
the university, where part of it later formed the basis for 
teaching and study by the first geologists in Groningen. In 
1866 Torell ventilated his land-ice theory in Sweden and 
won a prize for it from the Hollandsche Maatschappij der 
Wetenschappen.  It took, however, about 15 years before 
his theory was widely accepted in northern Germany and 
The Netherlands. 

Reputation based on a succession of  
excellent professors
No qualified Dutch candidates being at that time avail-
able, the first professor appointed in Groningen, like his 
colleagues in Leiden and Utrecht, was German. In his in-
augural address Friedrich Julius Peter Van Calker (1841-1913) 
reviewed the gradual change from description of minerals 
and rocks to physical and chemical investigations. Thus it 
is understandable that Van Calker - besides the collecting 
of erratics - made many journeys to study and compare 
the presumed parent rocks in Scandinavia and in the 
Baltic countries. Torell’s land-ice theory was defended by 
Van Calker in a lecture to the Society of Natural Sciences in 
Groningen on 17th November 1881. 
A periodical Mitteilungen aus dem Geologischen Institut 
Groningen was founded by Van Calker in 1905 but unfor-
tunately, only three volumes appeared. They contained 
articles about erratics, ostracoda and the basalts of Skåne 
(Sweden), this last item by Van Calker himself. Professor 
Van Calker was an amiable man, highly cultivated with a 
love of music and painting, whose practical courses were 
especially highly esteemed by the students. 
Under Van Calker four students graduated, among them 
his successor in 1911, J. Bonnema. 
In his inaugural address Bonnema reviewed the teaching 
of geology in The Netherlands and advocated the need 
for a Geological Survey. It was a plea for more specialised 
professors of geology. Most of his ideas were realised in 
the course of time. He worked mainly on ostracods from 
erratics, exposed rock and boreholes up until his death in 
1941. Due to his meticulous work on ostracods Bonnema 

kuenen: 
rector magniFicus
Accepting his appointment as 

Rector Magnificus of Gronin-

gen University in 1961, Kuenen 

outlined the boundaries be-

tween geology and other sci-

ences and expressed his regret 

that geology and geophysics 

were drifting apart through a 

lack of mathematical insight 

amongst geologists. At the 

same time he stated that geo-

physicists were not prepared to 

engage in what they saw as 

the rather simple profession of 

geology.

Fig. 4-24, 25.  Ph.H. Kuenen As Rector Magnificus, and inspecting a mud volcano.
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Full study, no study, partial study, no study 
From the beginning the study of geology was embedded in 
the Faculty of Mathematics and Natural Sciences. The study 
of social geography was embedded in the combined facul-
ties of Mathematics, Natural Sciences and Arts, a situation 
that still existed when physical geography was established 
by W.F. Hermans in 1953. In later years social and physical 
geography were combined with prehistory in an inter-
faculty, but after 1973 physical geography and soil science 
formed a special group in the subfaculty of geology. 
From 1877 to 1933 students of geology could complete their 
studies in Groningen. This possibility did not exist from 
1933 to 1945. As compared with elsewhere, a relatively 
large portion of geology lecturing at Groningen was for 
non-geology students. In fact, from 1933 to 1945 subsidiary 
courses were the only ones given, except for some wartime 
teaching of ‘refugee students’ in geology. Groningen was 
a relatively safe haven for wartime students: during World 
War II the Nazis closed Leiden University in the autumn 
of 1940 and the students had to continue their studies 
elsewhere. About 10 students of geology chose Groningen, 
where Kuenen gave special courses. However, the grim 
reality of  the German occupation, especially for the male 
students, meant that this had to stop in 1943 (see also 
4.1.2). 
From 1945 to 1983 courses were given only for the kan-
didaats examination, so students had to continue their 
studies elsewhere. In 1983 the study was terminated as part 
of the national reorganisation of geology studies  
(see 4.1.4).

on his help with his experiments: for instance, when 
Kuenen found frosted quartz grains in a circular flume 
during an abrasion experiment, Perdok could convince 
him that chemical action was the cause, because small 
holes in the frosted grains appeared to be frosted as 
well when seen under a powerful microscope. For 
another experiment Kuenen needed angular grains of 
various sizes, and Perdok advised him to use calcite, 
as this mineral always cleaves into rhombohedra. As 
quartz is slightly more soluble in seawater than in 
fresh water, Kuenen designed a tilting apparatus to 
imitate surf action on quartz sands. For this experi-
ment several hundred litres of seawater had to be 
purchased in Den Helder. Perdok suggested that 
artificial seawater made with 77.8% NaCl, 10.9% MgCl2 
and 4.7% MgSO4, would be much cheaper. Although 
the experiment lasted several weeks, no significant 
rounding of the grains was measured. 

Few students, few staff, much research time
Van Calker needed an increasing amount of space 
to house his growing collection of erratics, miner-
als, rocks and fossils and, accordingly, a brand-new 
Mineralogical-Geological Institute, built for the, at that 
time, enormous amount of 109,660 Dutch guilders, 
was opened by him on 18 November 1901. 
The number of students and staff, however, fell short 
of the assumptions on which the building had been 
planned, so at first the university housed parts of the 
faculty of arts in the empty rooms and, later, the Crys-
tallographic Institute. Keeping student numbers low 
actually became Kuenen’s strategy - his kind of re-
search could not cope with the presence of a busy de-
partment – so he opted for a partial diploma (prekan-
didaats) study only. The students had to go elsewhere 
for their doctoraalexamen. In the post-war boom 
period academic staff allocation was based mainly 
on student numbers. In Kuenen‘s case this worked in 
his favour and he was able to devote himself to the 
studies which, in 1950, culminated in the publication 
of his well-known book Marine geology. Kuenen did 
not foresee, however, that the low number of students 
would make his subfaculty vulnerable to the upcom-
ing nation-wide reorganisations. 

Bert Van Straaten

Fig. 4-26. Geology building at its completion

Kuenen was the geologist 
attached to the Snellius I ocea-
nographic expedition (1929-30; 
see 7.1) in the former Nether-
lands Indies archipelago. The 
relatively low teaching burden 
left him ample time to study 
the Snellius samples as well as 
to work on many other themes 
that drew his attention. At 
Leiden, Kuenen had performed 
geological experiments on salt 
domes and folding together 
with Escher. At Groningen Uni-
versity he continued this work. 
However, Daly’s 1936 paper on 
the origin of submarine can-
yons led Kuenen to experiment 

with muddy sands in a long 
flume erected in the garden of 
the Geological Institute. To his 
astonishment the sediment-
loaded current produced 
graded bedding. In later years a 
circular flume was constructed 
to study the rounding of pebbles 
and sand grains.   
With the financial support of 
Shell (see 4.5.1) Kuenen could 
organise the Orinoco Shelf 
expedition to the Guiana shelf 
in front of the Orinoco river 
delta in 1952 and 1953. Several 
studies on the sediments of this 
open shelf were published by, 
for instance, Tj. H. Van Andel & 

H. Postma, B.W. Koldewijn and 
D.J.G. Nota. The foraminifera 
of the bottom samples were 
studied by C.W. Drooger & 
 J.P.H. Kaassschieter. 
Kuenen’s successor Bert Van 
Straaten (see 4.8) studied the 
sediments of the Wadden Sea 
and the formation of the west 
coast of Holland, using 
boreholes, fieldwork in the 
dune area, and sampling of the 
neighbouring sea floor. He also 
investigated the bottom 
sediments of the Adriatic Sea 
and the depositional environ-
ment of the Solnhofen lime-
stone.  Several of his works,  

in particular those on the 
recent and subrecent sediments 
of The Netherlands, are 
considered classics of sedimen-
tology. 
Both Kuenen and Van Straaten 
took their teaching very seri-
ously, and their lectures, often 
with an audience of less than 
10 students, were fascinat-
ing. Curiosity thus raised, was 
considered to be as important to 
a student’s further career as the 
factual knowledge acquired.
For instance, Bouma and Van 
Andel were inspired by this pro-
lific Groningen environment.

kuenen and Van straaten, groningen-based Founders oF sedimentology
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the geology collections and had lecture rooms and labo-
ratories. It was opened in 1893. 
Combining leadership as professor-director of both the ac-
ademic subject area and the museum of geology was es-
sentially the policy that B.G. Escher (1885 – 1967), Martin’s 
successor in 1922, maintained. Escher too was a lobbyist 
for adequate accommodation of his growing institute, and 
in 1933 a new wing was added to the Garenmarkt build-
ing, effectively doubling the available space. 
The new wing at Garenmarkt 1B, with state of the art 

4.2.3. Geology at Leiden University  
klaas maas

Cohabitation with a museum as landlord and partner
Geology at Leiden University started as a spin-off of the 
establishment of the national museum for natural history 
there in 1820, and became a doctorate option within the 
faculty of natural sciences; five doctorates were granted 
between 1820 and 1877. For a more complete account of the 
museum development, see 4.4.2. The true start of geology 
as an independent diploma study, however, had to wait 
until the 1876 law on higher education created geology 
chairs for the three state universities and the University of 
Amsterdam. The Leiden chair was offered to a 25 year old 
German doctor, Karl Martin (1851-1942; see 4.1.1, 4.4.2) 
who, as a visiting scientist at Leiden’s natural history mu-
seum, had made a favourable impression on the director. 
At the start of Martin’s appointment (1877) his lecturing 
facilities were restricted to one small room above a stable 
at the back of the museum complex, adjacent to the rooms 
that housed the geological collections (see 4.4.2). The 
primary responsibility of Martin’s chair was to manage the 
museum and he successfully lobbied for the construction 
of a new building at Garenmarkt 1 B, which did justice to 

The new wing of 1933 had been 
designed for a population of 30 
students, but at its opening that 
mark had already been passed. 
The numbers made the easy 
social contacts of small groups 
difficult and that was the main 
reason for the founding in 1933 
of the Leiden Geological Associa-
tion (Leidsche Geologische Verenig-
ing). Since then, the LGV has 

built a fifty year solid record of 
representing Leiden in (inter)
national geoscience student un-
ions, for organizing all sorts of 
academic and social events from 
scientific symposia attended by 
internationally renowned geo-
scientists, to friendly football 
matches between the science 
faculty student associations and 
against the institute’s techni-

cal staff. Its raison d’être was to 
facilitate and stimulate social 
contacts between students and 
scientific staff and, notably, 
between senior and junior stu-
dents, partly through the fresh-
men’s introduction. In its later 
years the LGV gained a certain 
notoriety by virtue of the rite de 
passage, the introductory excur-
sion for first year students, 

the kennismakingsexcursie, KE. 
My own KE was notable for the 
play-act hanging of the tallest 
of my co-freshmen somewhere 
in the dunes west of Haarlem 
where the ‘barchane’ dune mor-
phology was to be explained. 
After the closure of geology in 
Leiden the LGV converted itself 
into an active alumni associa-
tion.

leidsche geologische Vereniging

Fig. 4-27. Main entrance to the 1933 institute, some months before removals to Utrecht in 1979.

Fig. 4-28. Leiden Geology’s monument: a carefully preserved 
neo-gothic facade.

Emile den Tex
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geological communications (Leidsche Geologische Meede-
delingen, LGM, published from 1925 to 1983), a journal in 
English and more oriented towards the professional/indus-
trial practice. Utilising the new national guidelines for the 
university curricula (Academisch Statuut of 1921) Escher then 
thoroughly reprogrammed and modernized the study. He 
also introduced as basic elements of the curriculum excur-
sions and fieldwork in the Bergamasc Alps, where future 
celebrities like Kuenen, De Sitter and Dozy got their initial 
training. In 1933, after sustaining a leg injury which pre-
vented him from personally overseeing the senior students’ 
fieldwork, Escher entrusted this task to his assistant L.U. De 
Sitter, whose enthusiastic guidance and thorough manage-
ment of the fieldwork programs would establish the Leiden 
geology school with a reputation for solid fieldwork-based 
professional training.
As elsewhere in Leiden University, developments at the 
Garenmarkt came to a halt during the war years (see 4.1.2). 
With the post-war recovery however geological excursions 
and fieldwork were expanded and intensified. De Sitter’s 
students commenced systematic mapping of the central 
Pyrenees in 1948 and of the southern Cantabrian Mountains 
in 1952.
De Sitter’s fieldwork approach was followed by Leiden’s 
petrology department and at some distance by the palaeon-
tology and sedimentology students who used (criticised and 
modified) the PhD maps of de Sitter’s department as basis 
for their own doctoraal and promotie research.

Growth and diversification: from unity of command to 
living apart together
After the war Escher’s chair was split into its specialist parts. 
He was given emeritus status in his 70th year in 1955 and was 
eulogized and knighted. His portrait, painted for his 25th 
jubilee, now adorns the portrait gallery in the Senate Room 
of the historical Leiden academy building. His successor 
Pannekoek became the first hoogleraar-directeur of just 
the institute (without any responsibility for the museum), 
a position which would soon rotate between the four full 
professors as a kind of temporary community service. As 
a result the guiding idea of unity of command and a one 
person final responsibility for the entire subfaculty was 
gradually lost. At a time when academic staff positions were 

teaching and research facilities, became known as ‘the 
institute’ as separate from ‘the museum’. However, Escher 
remained in charge of both entities. After his retirement in 
1955 this was to change: A.J. Pannekoek (1905 – 2000) his 
successor in physical geology, became director of the insti-
tute, while I. M. Van der Vlerk (1892-1974), his successor in 
palaeontology and historical geology, was appointed direc-
tor of the museum, which then became a separate faculty 
unit. In 1966, the museum was relocated into a separate 
building and the vacated Garenmarkt wing was renovated 
and added to the institute (1972). During this period of 
initially formal and later physical separation, conflicts of 
interest began to grow. With the expansion of the activities 
of the institute, the original advantages of the cohabita-
tion, viz. the use of the museum’s collections for teaching 
purposes, the sharing of the library, the combined technical 
support services and the storage of samples collected by the 
institute in the museum began to turn into a burden. Com-
petition for the same resources increasingly strained mutual 
relations and finally the museum was made completely 
independent from the institute (1969).

A fieldwork based professional training 
In 1877, K. Martin accepted a ‘holistic’ geology chair: his 
terms of reference were to teach the full geology spectrum 
(geology, palaeontology, mineralogy and crystallography) at 
the Faculty of Mathematics and Sciences, which then had a 
complement of 42 students. Students who chose geology as 
their major were few and far between; during K. Martin’s 
45 years tenure only 5 geology doctorates were granted 
(just as many as in the preceding 1820-1877 period). Under 
his successor, Escher, a professional geologist in his midlife 
with ample industrial experience, this would change. In 
1933 there were 33 students and in 1955, the year of Escher’s 
retirement, more than a 100. Escher saw the geology pro-
gramme as primarily a professional training for geologists to 
be employed in mining and, foremost, in the exploration 
for oil and gas. When Escher inherited Martin’s chair he 
realised that the full spectrum of subjects could no longer 
be taught by one person. So he delegated the lectures and 
practical exercises in palaeontology and historical geology 
to a lecturer. Escher also replaced Martin’s Sammlungen 
des Geologischen Reichsmuseums in Leiden by the Leiden 

De Sitter organised the struc-
tural geology fieldwork into 
three mapping phases: each 
year a new area was staked out, 
parcelled into areas of about 
25-30 km2 and consigned to 
teams of two junior students at 
the end of their third year, to 
be mapped in 5-6 weeks under 
weekly supervision of staff, as 
their instruction and practical 
exercise in geologic mapping. 
This training (oefenkartering) was 
obligatory for all third year stu-
dents, irrespective of future spe-
cializations. The oefenkartering 
areas were then assembled into 
areas of 75-100 km2 and allotted 

to senior students of structural 
geology as their doctoraal survey 
area, with less supervision but 
a much closer scrutiny of the 
resulting maps, cross sections 
and report, to be presented as a 
doctoraal scriptie. Several doctoraal 
areas would then be consigned 
to a promotie student for his PhD 
thesis with a geological map at a 
scale of 1: 50,000, complying to 
state-of-the-art survey standards 
and with a detailed description 
and analysis of the stratigraphic 
and structural history of the 
area. In this way the Leiden 
geology subfaculty has published 
quality surveys of a number of 

geologically interesting parts 
of orogens in several European 
countries. De Sitter’s system was 
underpinned by the voluntary 
meeloper arrangements (literally 
a companion during a walk) by 
which junior students benefit-
ted from the knowledge and ex-
perience of senior students and 
which added 2 to 3 months field 
experience to their training. 

de sitter’s FieldWork system

De Sitter taught structural geology in the field.

Escher’s portrait at his  
25th jubilee, as painted by  
Edgar Fernhout.

Two wings were added to 

the overcrowded institute just 

before the country and, by 

extension, Leiden (see 4.1.4) 

commenced its “democrati-

sation” movement and the 

discussions on university 

restructuring A bonus was that 

the spacious entrance hall of 

former school building could 

be converted into a space 

where the entire geological 

community could meet for 

coffee and tea. Opening and 

closing times were fixed, but 

this facility made it possible for 

the staff and students to meet 

informally and involve them-

selves in the debate about the 

institute’s future. This turned 

out to be very beneficial in 

reducing tension and the 

danger of clashes between the 

various subgroups.
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Breakup and closure
When the government’s nation-wide reorganisation of the 
geology studies was first announced in 1965, the Leiden 
professors did not have a common spokesman and could 
not agree on a common policy. In the ensuing political 
manoeuvring, described in 4.1.4, Leiden lost its position 
to its competitors in Utrecht and Amsterdam. Protracted 
negotiations resulted in a decision to transfer the Leiden 
subfaculty to Utrecht – with the exception of its stratigra-
phy/palaeontology department which would remain as 
support for Leiden’s biology department. The realisation 
of this break-up, which involved the construction of a 
new faculty building in Utrecht, took place in September 
1979 when finally the move of the larger part of Leiden’s 
subfaculty was effected. A convention between all of the 
universities involved, with the government as observer, 
guaranteed that the newly established constellation would 
not be touched by reorganizations for at least the first five 
years. However, in May 1981 Leiden’s university board faced 
the need for an expansion of the ‘rump’ subfaculty to cope 
with a full first phase programme of four curriculum years 
(Two-phase Structure Law, see 4.1.4). It then decided to 
close down the geology subfaculty altogether, as an easy 
way to contribute to Leiden’s budget reduction targets, 
foreseen in the national austerity programmes of the early 
1980s. The actual closure of the institute came in 1983. 
The original building at Garenmarkt 1B was turned over to 
the museum, to be used for office space and collection stor-
age and Garenmarkt 1A was occupied by the Environmental 
Studies Centre. Leiden’s last geology PhD student, Gerard 
van Loevezijn was lodged in the Astronomy observatory; 
and Leiden’s last geology professor, Aart Brouwer, held 
his valedictory lecture in 1987 in the lecture theatre of the 
Gorlaeus Laboratory for Chemistry.
Finally the Garenmarkt 1B building was sold to a project 
developer and refurbished as opulent apartments for 
well-to-do city dwellers. The neo-gothic facade at least has 
been preserved with care.
In the 57 years of its full existence (1922-1979) Leiden geol-
ogy received between 900 and a 1000 freshmen of which 
about 620 graduated and about 220 obtained a PhD. Of 
the latter, 29 became ordinary or extraordinary profes-
sors. Enrolment numbers, strongly fluctuating throughout 
these years, averaged 5 in the 1920s, 12 in the 1930s, zero 
in the war years, peaked to 36 in 1945, averaged 17 in the 
1946-1950 post-war period, averaged 23 in the mid fifties, 
climbing steeply to almost 40 in 1957, and dropped again 
to an average of 15 in the late fifties and most of the sixties. 
The final years 1968-1978 again showed a modest increase 
to an average of 20 (i.e. far from matching the national 
increase in overall student numbers in that period). All-
in-all, striking fluctuations, mirroring economic, social or 
historic trends and events or behaving erratically, just like 
the market.
It is unlikely that a geology study will ever be re-estab-
lished at Leiden University. Geological thoughts have, 
however, not altogether departed from its lecture theatres. 
Following the closure of the institute in 1983 Peter West-
broek was assimilated into the biochemistry department, 
where he was well positioned to continue his research (see 
4.3.9) and geology teaching to biology students. Moreover, 
Naturalis (see 4.4.2) concluded a cooperation agreement 
with the university that included placements for students 
in its various research areas. Finally, in contrast to the view 
during the restructuring period that the loss of geology 

generously augmented in response to increased student 
numbers, specialist subject groups were formed around of 
the four full chairs. Under Pannekoek, sedimentology grew 
and developed its own line of teaching and research, later 
to culminate in the inter-university sedimentology course 
IOS (see 4.1.4). Annual enrolment numbers rose to 30-40 
new students in the years 1956 and 1957 bringing the entire 
student population near to the 200 mark. 
Fieldwork forming the backbone of all subject areas, the 
considerable numbers of students made it possible to com-
pile reliable geological maps covering several parts of the 
Variscan orogen in the northern Iberian Peninsula, and also 
to elaborate key areas in PhD theses and scientific publica-
tions (see also 4.1.3).
With a solid reputation, both nationally and internationally, 
enough staff, enough students, sufficient job market op-
portunities for its alumni, enough lab and desk space after 
the former museum wing became available (in 1966) and, 
after the occupation in that same year of the neighbouring 
building at Garenmarkt 1A (a former secondary school for 
girls, appropriately baptised Venus wing by A. Brouwer), the 
position of Leiden geology seemed secure and the perspec-
tives for the future untroubled. However the subfaculty 
lacked a leader like Escher to represent its interests within 
the university and to the world outside. The four full chairs 
acted more or less independently, and although allocation 
of resources had the potential to generate ‘border conflicts’, 
the Leiden professors in these years were gentlemen and 
relations at the chair level were courteous if not always 
cordial. 

Meeloper
Junior students were billeted at 

the fieldwork stations of senior 

students as meeloper. The 

standard exhortation runs: Een 

meeloper heeft recht op ontber-

ing (a meeloper is entitled to 

deprivation). Fieldwork was 

demanding: students were 

summoned to report on a 

certain date to a certain place 

in France, Spain, Italy, Lapland 

or wherever. How they got 

there was up to them. I vividly 

remember being dropped by 

a friend at 6 a.m. on July 2nd 

1962 at the age of 19 and at 

the end of my first year, at the 

roadside of the A4 east of Lei-

den, to start my first hitch-hike 

on the road to Cistierna, in the 

province of Leon, Spain, where I 

was to find my ‘patron’ the fifth 

year student Cees Bos (Cornelio 

to the locals). When I finally 

arrived in Cistierna (in a cab, 

I cheated on the last 20 km) it 

was on my fourth day and near 

to 10 o’clock in the evening. I 

was dropped off at Café Real 

where Bob Helmig, a De Sitter 

promotie student, recognised me 

immediately as meeloper and took 

care to bring me to a dilapidated 

shack adjoining the local stone 

factory, which Cornelio preferred 

over a tent as living quarters. 

Cornelio’s regime was Spartan: a 

wake-up call at 5 a.m., a quick 

brush of the teeth, not enough 

water to wash, a hasty breakfast 

and fieldwork starting at 6 with 

a brisk walk through the village 

and up into the mountains. 

Fieldwork continued without a 

lunch break (’geologists don’t 

eat in the field’) until 3 or 4 p.m. 

when we returned to the village 

to slake our thirst with cheap red 

wine (tinto) with sodawater (gase-

osa); then it was back to the shack 

to prepare the evening meal on a 

gasoline stove while Cees worked 

out his field observations, leaving 

a few hours for a visit to locals or 

a bar and so to bed before 10 p.m. 

In 2 months I lost about 10% of 

my body weight, felt great and 

decided that, come time, I would 

grace my own meelopers with the 

same beneficial treatment.

Aart Brouwer
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In contrast with a predominantly theoretical approach 
of closet-scholar Wichmann, Rutten presented a more 
practical, field-oriented curriculum. With a full-fledged 
programme at the Master level he prepared his students for 
a professional career. In the years before WW II the scene 
was thus set for a teaching programme in the Earth Sciences 
that until today forms the basis of the curriculum for every 
geology student: students are instructed to first of all rec-
ognize and collect their own basic information in the field, 
to subsequently follow that up by a thorough analysis and 
interpretation of the dataset at the home-base. 

Payenborch
Both a differentiation in disciplines and a growing number 
of students required the extension of staff and housing. In 
1929, to accommodate a growing faculty, home base became 
Payenborch, a mansion at Oude Gracht 320 that originally 
housed the Department of Dentistry.
Felix A. Vening Meinesz (see 4.3.3), professor in geodesy 
and cartography in Utrecht’s Geography department since 
1927 joined the institute’s staff in 1936. He was famous for 
his pioneering submarine gravity expeditions in the world’s 
oceans. During the thirties Utrecht earth scientists partici-
pated in geological expeditions to the West Indies and Cuba 
and carried out fieldwork in the Pyrenees, on the Balearic 
Islands, on Sardinia and in Yugoslavia. This led to numerous 
PhD theses, some carried over the war years to their defense 
later, in 1945 and 1946.      
World War II took its toll. J.L.J.M. Schmutzer, since 1930 
professor in mineralogy and petrography, was imprisoned 
in a detention camp in Germany and many students were 
detained in Camp Vught. In 1942 there was a last excur-
sion to the Veluwe and Achterhoek (to study Pleistocene 
morphology) and, shortly thereafter, tuition at the institute 
stopped completely. 
Postwar recovery took off with an invitation from Basel Uni-
versity that led to an excursion in September 1945 to the Jura 
and Alps, which was attended by all students, including 
even the newcomers of that year. 
S.G. Trooster, occupying the chair of physical geology after 
Rutten’s death in 1947, very much emphasized the impor-
tance of a mathematical and physical basis for the earth 
sciences. He also introduced a practical course in geological 
mapping and construction in the undergraduate (kandi-

would not harm the interests of the science faculty, the 
conviction began to grow that nowadays knowledge of 
geoscience, being integral to science in general, cannot 
be missed in the Leiden faculty. Recently, a very inspiring 
expedition to northwestern Australia, including a wide 
selection of bright and motivated students, convinced the 
faculty that the presence of a professor of geology in the 
community would be a desirable complement. Jan Wij-
brans now combines that position with his main job at the 
VU University Amsterdam. 
 

4.2.4     Earth Sciences at Utrecht    
WILLEM VAn DER LInDEn  AnD RInUS WORTEL

The early years
At the University of Utrecht, earth scientific topics were 
introduced as minor subjects in the physics/meteorol-
ogy classes of Buys Ballot and the biology classes of 
Pieter Harting, as off 1845 and 1852, respectively. It took, 
however, several decades, until 1879, before Earth Science 
became established as a full-fledged department within 
the university’s structure. On March 22 of that year Dr Carl 
Ernst Arthur Wichmann presented his inaugural address Die 
Umbildung und Zersetzung der Gesteine, thereby officially 
accepting the chair of Geology and Mineralogy. He would 
hold that position for the next 42 years.
The first three years of its existence Utrecht’s Mineralogy-
Geology Institute was lodged under a leaking roof in the 
attic of the Anatomy Laboratory at the Janskerkhof. Facilities 
were Spartan; the place was not even hooked up to the 
water mains. With only a man Friday to keep the premises 
clean and heat the stove in winter, without proper technical 
and secretarial assistance Wichmann’s job was virtually a 
one-man show. He had to set up a library and a labora-
tory, collect books, rocks, fossils and minerals, acquire tools 
to cut, grind and polish rocks, respectively instruments 
(polarizing microscopes) for analysis and determination. 
Apart from that he had a heavy teaching load, introduced 
pre-graduates into crystallography and mineralogy (at that 
time subjects compulsory for all students in the science 
faculty), conducted a course in geology and palaeontology 
for biologists and a course in physical geography for geolo-
gists. Amazingly he found time during his career to keep up 
an impressive publication record with contributions largely 
in mineralogy and petrology, but also in volcanology and 
glaciology.    
In 1882, conditions improved somewhat when the institute 
moved into the Statenkamer, a renovated building between 
Janskerkhof and Minrebroederstraat that had to be shared 
with a bunch of noisy students of the Theology faculty.  
Accommodations were enlarged in 1903 with the addition 
of a new wing to harbour an - in the mean time impres-
sive - collection of minerals and fossils, which Wichmann 
largely assembled himself during his voyages in the East 
Indian archipelago in 1888-1889 and as a participant in  
the first scientific expedition to New Guinea in 1903.
In 1921, Wichmann left Utrecht and returned to Hamburg, 
Germany, where he died six years later. In 1922 one of his 
three PhD students, the palaeontologist Louis M.R. Rutten 
(1884), succeeded him. The demand for qualified prospec-
tors by geological surveys and the mining- and oil-industry 
required a shift in the curriculum. Geology, mineralogy, 
petrology and palaeontology were no longer just minor 
subjects for students in physics, chemistry and biology.  

Fig. 4-29. Arthur Wichmann (at the centre of the second row) on excursion with students in the 
Geul Valley of South Limburg. Oldest known photograph of a Utrecht University geological excursion 
(June 1904). 

Fig. 4-30. Payenborch, home 
of the subfaculty from 1929 
till the end of 1979. 
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Pithecanthropus species (robustus, modjokertensis and 
dubius) in Java, came to Utrecht in 1948 to lead the Histori-
cal Geology group. Mainly interested in the evolution of 
big mammals and humans, he very soon, in 1952, released 
his responsibility for the tuition of subjects in stratigraphy 
and micropalaeontology to his PhD students Peter Marks 
and Cor Drooger. In 1961, Drooger, at that time already an 
internationally acknowledged authority in quantitative 
micropalaeontology, chrono- and biostratigraphy, became 
reader, subsequently full professor in 1966. For the stratig-
raphers, fieldwork in the 1960s and 1970s was carried out 
in the Mediterranean region, notably in Crete.          
Although he lost the original manuscript during the war 
years, mining engineer Reinout van Bemmelen (see 7.1.5), 
former chief of the Volcanological Survey in Bandung, 
published his magnum opus The geology of Indonesia in 
1949. He joined the Utrecht group in 1950. His job descrip-
tion required him to teach courses in economic geology; 
his interests, however, lay first and foremost in tecton-
ics, structural geology, dynamics of the Earth and –as an 
aside– ultimately in futurology.
One of Van Bemmelen’s research interests was the topic of 
mountain building, for which he developed his undation 
theory. According to Van Bemmelen the primary cause for 
mountain building lies in the mantle, where geochemical 
differentiation induces density and volume changes. These, 
in turn, lead to vertical migrations of material at various 
depths and eventually to vertical motions (undations) at 
the surface. As to the differentiation aspect, the advent 
of plate tectonics in the 1960s was to put the subject in 
another perspective.
In the 1950s, at the end of their first year, students receive 
their first introduction to the practical art of field mapping 
during a one-month exercise in the Alpes de Provence. 
Later, in the 1970s, to accommodate a much larger contin-

daats-)programme. Unfortunately, Trooster’s tenure lasted 
only a couple of years; his health weakened by years in 
Japanese captivity, he died in 1950. 
New professor in crystallography Nieuwenkamp’s petrologi-
cal interests lay very much beyond the scope of crystals and 
crystallization and, with the introduction and development 
of new analytical methods in the following years, this 
gradually led to the formation of the subdivision Geochem-
istry. Since the 1960s this discipline had been good for two 
academic chairs, one in petrography and one in geochem-
istry, but changing interests and reorganizations broadened 
the subdivision into what later became known as the 
PMKGB (Petrology, Mineralogy, Crystallography, Geochemis-
try and Pedology) group. The pedology (sub)group, headed 
by professor Julius Mohr since 1937, originally belonged to 
the interfaculty of Geography. After Mohr’s death in 1952, 
soil sciences - at that time specifically tropical soil sciences - 
became part of the subfaculty Geology and Geophysics, and 
was successively led by the professors Ferdinand van Baren 
and Frans Moormann.
In 1948 the Geology department was divided into three 
subdisciplines Physical Geology, Palaeontology & Histori-
cal Geology, and Economic Geology, soon to be headed by 
three heavyweights who had won their spurs in the East 
Indies: Louis Rutten’s son Martin, Ralph Von Koenigswald 
and Reinout Van Bemmelen, respectively. 
After a professorship in Amsterdam, Martin Rutten arrived at 
Utrecht in 1950 as professor in physical geology to direct the 
institute. He introduced micropalaeontology in the curricu-
lum and, together with Jan Veldkamp, set up the palaeo-
magnetic (magnetostratigraphic) division. Rutten’s broad 
interest in all aspects of geology is displayed in his books.
Palaeontologist/mammal zoölogist/anthropologist Von 
Koeningswald, who made a name for himself with the dis-
covery of the remains, jaws, teeth and scull-caps of several 

Fig. 4-31. The subfaculty of geology and geophysics gathered in the main lecture hall of Payenborgh at the occasion of the 90th anniversary of the department on  
12 november 1969. Front row, from right to left: Alex Tobi, Gé Hermans, Peter Marks, Martin Rutten, Olaf Schuiling, Paul Sondaar, Cor Drooger and two students.
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has had great impact. Vlaar strengthened the curriculum in 
geophysics accordingly, attracting students from both physics 
and earth sciences backgrounds. It grew to internation-
ally recognised high standards and many years later (1996) 
Vlaar was awarded a honorary membership of the European 
Geophysical Society for his efforts. 
Tuition in exploration geophysics started in 1948 with Otto 
Koefoed, from Delft. In 1967 the subfaculty chose to have a 
separate exploration geophysics group, which was headed 
by J.C. d’ Arnaud Gerkens, and later Klaus Helbig and Jaap 
Mondt. The activities were concentrated on tuition and 
development of methodological aspects of seismic and 
also gravimetric methods. The research activities of marine 
geophysics were largely focused by Bastiaan Collette on the 
structure and evolution of the Mid-Atlantic Ridge by carrying 
out magnetic and seismic surveys aboard ships of the KNSM 
(Royal Netherlands Steamship Company) in passage between 
Amsterdam and the Caribbean v.v.        
Since 1964 the palaeomagnetic group, the fourth subdivi-
sion of geophysics, has found shelter in Fort Hoofddijk in the 
present-day university Botanical Garden, originally a military 
fortress, part of the Dutch waterline defense system. Because 
of its special construction - no iron or steel in its concrete 
walls - this fortress is the perfect place for palaeomagnetic 
research. The pioneering work of Veldkamp’s successor Hans 
Zijderveld and his KNMI associate Jo As in the reconstruc-
tion of the natural remanent magnetization history of rock 
samples, found worldwide recognition; there are not many 
contributions in palaeomagnetic research published since 
then that do not refer to As and Zijderveld’s original work on 
alternating field and thermal demagnetization techniques.

1980: The new Institute of Earth Sciences Utrecht (IVAU)
By very late 1979 - early 1980, after many years of heated 
discussion and uncertainties, the Utrecht and Leiden geol-
ogy departments and the geophysics group of Amsterdam 
were brought together in the newly built Institute of Earth 
sciences (Instituut voor Aardwetenschappen Utrecht, IVAU) at 
the Uithof campus. Structural geology in the IVAU now came 
under Henk Zwart, while petrology was headed henceforth 
by Emile Den Tex and crystallography by Piet Hartman, each 
seconded by their own research associates (geologist Ernst 
Ten Haaf, petrologist Alex Tobi) and assistants, some of 
whom from abroad (U.K. and Australia). 
For the first time in a hundred years, housed in a brand-
new building, the subfaculty felt pampered in luxury: 
an impressive entry hall with receptionist’s  booth and 
showcases for museum quality rock and fossil specimens, 
two lecture halls, additional rooms for practical instructions, 
ample space for the book  and map collection in the library, 
facilities to store sediment cores, rock and fossil collections, 
analytical laboratories, and experimental laboratories in-
cluding a fortified room for High-Pressure-and-Temperature 
experiments and facilities for sedimentation experiments.
The new configuration - first as a subfaculty of the Science 
Faculty, several years later as a separate faculty - required 
special attention. The leadership of Emile Den Tex (fig. in 
4.2.3), as the dean of the new (sub)faculty of Earth Sciences, 
was instrumental in getting it off the ground. A three-
section structure soon became apparent: Geology, Geophys-
ics and Geochemistry (including other chemically oriented 
disciplines). 
Very importantly, the faculty succeeded in setting up a strong 
curriculum, benefiting from the strengths of the joined 
groups and acknowledging that a strong background in 

gent of students, undergraduate fieldwork moved to two 
separate regions, the Cordillera Iberica (old hunting ground 
of Leiden, Groningen and ITC geology students) and the 
Apennines. 
Until 1953, each year tens of graduates carried out summer 
fieldwork in Algeria under supervision of curator (con-
servator) Teddy Raven. Later, graduate fieldwork shifts 
from Algeria to southeastern France (Ardèche, Herault, 
Cevennes), the Spanish Pyrenees, the Carinthian Alps and 
the Italian Dolomites. The interest the faculty took in the 
geology of these regions is reflected in numerous PhD 
theses defended until about 1970. Since 1957, starting 
with Hans Den Boer’s Etude géologique et paleomag-
nétique des montagnes du Coiron (Ardèche, France), the 
bulk of PhD theses was published in the faculty’s own 
Geologica Ultraiectina series. 
Subdividing the faculty into various disciplines and grow-
ing numbers of students naturally required new and 
better facilities and additional staff of all kinds. More room 
was badly needed and therefore two temporary wooden 
barracks in Payenborch’s backyard had to give shelter to 
sedimentology, petrology and pedology. 
It was the time of further developing of earth science  
(sub)disciplines. As a novel approach to sedimentol-
ogy J.F.M. De Raaf, appointed in 1964, and co-workers, 
specially Richard Boersma, started to investigate - with 
lacquer profiles - primary sedimentary structures, in  
particular of waves and tides. The results significantly 
strengthened the basis for analysing and interpreting older 
deposits.  

The Vening Meinesz Laboratory
In 1963 Willem Nieuwenkamp, J.G.J. Scholte and Bastiaan 
Collette took the initiative to launch the Vening Mei-
nesz Laboratory (VML) of Geochemistry and Geophysics, 
for which a location was found at the Lucas Bolwerk. 
Geophysics and geochemistry compellingly asked for 
“space” (freedom) to allow for focused development and 
growth. Gradually their status in the teaching curriculum 
was strengthened, to the point that they had separate 
programmes from the first year on (since 1965), leading up 
to degrees in geophysics and geochemistry. 
Geochemist Nieuwenkamp and his later successor Olaf 
Schuiling, became more and more interested in studying 
the formation of minerals under controlled conditions. First 
high pressure and temperature experiments were carried 
out at the VML in the high pressure and temperature labo-
ratory, a facility that later, by the end of the 1960s moved 
to the university’s former Space Science laboratory at the 
Huizingalaan. Two new branches, Organic Geochemistry 
under Piet Schenck and Marine/Hydrogeochemistry under 
Kees van der Weijden, were added to the subdiscipline, in 
1970 and in 1978, respectively. 
Geophysics at the Vening Meinesz Laboratory was sub-
divided into four groups: general geophysics (including 
earthquake seismology), exploration geophysics, marine 
geophysics and palaeomagnetism. J.G.J. Scholte led 
general geophysics, often of a strongly theoretical nature, 
until 1970. Subsequently, Nico Vlaar was given the task 
to lead the teaching and research programme in general 
and theoretical geophysics, and he was appointed at the 
chair of theoretical geophysics in 1973. His recognition of 
the need for a strong basis in physics and mathematics 
in order to be able to keep up with and participate in the 
rapid international developments of the field of geophysics 
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Guust Nolet and strongly developed by Wim Spakman. The 
rapid increase in information concerning the 3D-structure 
of the earth’s deep interior was deployed for exploring new 
venues in tectonophysics by Wortel and Spakman, thereby 
connecting deep processes to their geological expressions 
at the surface. Particular focus was put on the evolution of 
the Mediterranean region (see fig. 4-32).  
The Utrecht palaeomagnetic group under Hans Zijderveld 
and later Cor Langereis joined forces with the stratigraphy/
micropalaeontology group of Johan Meulenkamp and Jan-
Willem Zachariasse in developing time scales of unprec-
edented resolution for the Pliocene and Miocene. Investing 
in the development of analytical techniques in palaeomag-
netism and of biostratigraphy, as key components, initiated 
by Hans Zijderveld and Cor Drooger, respectively, was cru-
cial in providing the basis for this successful collaboration.
In structural geology, under Henk Zwart and with Chris 
Spiers, microtectonics and experimental rock deformation 
studies in the well-equipped high pressure and tempera-
ture laboratory, added a new flavour to the faculty.  Stan 
White introduced a strong focus on the structure of Archean 
greenstone belts in Australia, whereas Reinoud Vissers 
combined his expertise in metamorphic petrology with 
that of tectonics and structural geology, notably in studies 
in both sides (north and south) of the Iberian Peninsula. 
The experimental approach in combination with the new 
possibilities offered by electron microscopy gradually led 
structural geology to evolve towards the present-day 
focus on deformation mechanisms and properties of earth 
materials.
The chemical sector of Utrecht geoscience has been subject 
to distinct changes. The primary position, traditionally held 
by petrology and mineralogy, moved towards geochem-
istry. Olaf Schuiling started to use his broad experience to 
propose practical geochemistry-based approaches to prob-
lems of societal relevance. The attention for solid-earth 
related topics, including pedology (soil science), gave way 
to a focus on hydrous and marine geochemistry. Subse-
quently, the latter was increasingly connected to biology, 
in biogeochemistry and organic geochemistry. The addition 
of hydrogeology in 2004 to the faculty’s spectrum was a 
step fitting in this trend. The only solid-earth petrology 
left is now found in small but strong nuclei of expertise, 
not visible in the lineage, i.e. in metamorphic petrology 
(structural geology chair Reinoud Visssers) and magmatic 
petrology (Manfred van Bergen).
The contribution of stratigraphy  and palaeontology to 
the development of time scales (in collaboration with the 
palaeomagnetism group, see above) is internationally 
renowned. Furthermore, the traditional (palaeontology) 
connection between geology and biology entered new 
stages, opening up the fields of biogeology (in particular 
by Bert van der Zwaan) and palaeoclimatology.  It further 
adds to the perception that geoscience, with its broad 
spectrum of (sub)disciplines, is intrinsically linked to the 
other science disciplines.
Sedimentology remained a separate subdiscipline with 
moderate changes. With Swie-Djin Nio (1985) and later 
Poppe de Boer (1998) sedimentology moved into the field 
of  comparative sedimentology, and - with Wout Nijman 
- into basin analysis, in particular of the Pyrenean Tertiary 
and the Precambrian. The rewarding tradition to perform 
parallel experimental studies on sedimentary processes was 
continued and extended with 3D flume experiments by 
George Postma (see also 4.5.1).

Fig. 4-32. Deep structure underneath Italy, as inferred by seismic tomography using first arrivals 
of P-waves.  Red lines in top panels indicate the sections for which the structure is displayed 
in the corresponding bottom panels. Colors indicate velocity anomalies relative to a reference 
depth-dependent velocity model. High and low velocities correspond to low and high tempera-
tures, respectively. Blue regions indicate the lithosphere subducted below the Tyrrhenian Sea. 
White dots are earthquake hypocenters. note the gap in the subducted lithosphere below the 
northern section (on the right), across the Vesuvius (courtesy Wim Spakman).

physics, chemistry and mathematics is crucial for a modern 
earth science programme. 
New disciplines had been given leeway to allow for focused 
development. In due time, however, such independently 
developing disciplines needed to be connected again to 
their neighbouring fields. In the early 1980s this was given 
attention in setting up a combined teaching and research 
programme in geology-geophysics, with a strong commit-
ment from geology through the efforts of micropalaeon-
tologist /stratigrapher Johan Meulenkamp, Reinoud Vissers 
(structural geology), and Nico Vlaar and Rinus Wortel, both 
from geophysics. All in all, it shows a pulsating mecha-
nism: divergence in specialization and convergence in 
integration.
In the early 1990s it was Bernard de Jong, appointed as 
professor in petrology (1989), who took the initiative to 
introduce attractive new elements into the geology curricu-
lum, in particular carefully designed hands-on laboratory 
experiments (’Cook-and-Look’). Student enrolment into 
the first year was at its peak, in those years (100 and more). 
Some speculated it was induced by the Jurassic Park movie.

Trends since 1980
Geophysics showed diversification through the founding 
of new chairs - in 1985 in seismology and in 1989 in tecto-
nophysics - and the new orientation of Nico Vlaar’s chair 
towards mantle dynamics. As a discipline Geophysics has 
retained a distinct identity in the Utrecht configuration. The 
scope of geophysics research was broadened to include ob-
servational activities in seismology through an innovative 
mobile network of broadband seismic stations, the NARS-
array, deployed in regions of interest (most recently in Baja 
California). The growing connection between earthquake 
seismology and seismic methods in exploration context led 
to the discontinuing of the chair in exploration geophysics. 
Through the chairs in tectonophysics and in palaeomagne-
tism connections were made with geology groups.
From the mid-1980s on, Utrecht geophysics made a major 
contribution to international frontier research through the 
3D imaging technique of seismic tomography, initiated by 
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aspects had been included in the lectures of professors in 
chemistry and pharmacy. Geological subjects formed part of 
natural science lessons, most prominently those of Friedrich 
Miquel, and in the mid-1850s Edouard Henri Von Baum-
hauer issued publications on geological topics, including 
research on oil from The Netherlands East Indies, the crystal-
lization of diamonds, and the quality of drinking water. 
After 1877, as with the three state universities, the university 
was required to teach geology and mineralogy.
The chemist Jacobus Van’t Hoff was the first to lecture on 
geology and mineralogy in the new diploma programme.  
Later, he was assisted by Gustaaf Molengraaff (see 7.1 and 
4.3.1) who was temporarily replaced by Jacobus Schroeder 
van der Kolk. 
Molengraaff was succeeded end 1898 by the physician and 
anthropologic palaeontologist Eugène Dubois, made famous 
by the discovery of the ‘missing link’ Pithecanthropus erec-
tus (see 7.1.5). Dubois’ geological knowledge was alas, rather 
limited, as were the means at his disposal and during his 30 
year tenure there were only five geology students. Notwith-
standing their fame, neither of the 19th century appointees 
succeeded in making geology education stand out from the 
other sciences.

The Brouwer period
Dubois was succeeded by four academic staff, as demanded 
by Brouwer as a condition for his acceptance - in 1928 - of 
the chair in physical and applied geology and petrology. 
With this the municipal university of Amsterdam was nu-
merically equivalent, or even better served, than the other 
universities in the country. 
Brouwer’s other condition was that a geological institute 
of considerable capacity be erected and that he be the sole 
director of that institute. Both of these conditions were met 
and it is to Brouwer’s merit that he established an institute 
of world fame – inaugurated in 1934 - that could withstand 
time in a period of economic depression. In the post-World 
War II years and far beyond, in a well-equipped building, 

New mergers in teaching and research programmes
As part of a change in the Utrecht University faculties 
structure, the Faculties of Earth Science and of Geographi-
cal Sciences (Ruimtelijke Wetenschappen) merged into the 
present Faculty of Geosciences, in september 2003. Since 
then, students in Earth science (geology, geophysics and 
geochemistry) and physical geography enrol jointly into a 
uniform first year’s earth science programme. Differentiation 
is virtually not possible until the second year, and even then 
only to a limited extent. True differentiation is postponed to 
the Master programme (years 4 and 5; BaMa programmes, 
see 4.1.5). The merging as such and the requirement of 
near-uniformity in the first year affected the contents of 
the curriculum, and the role of mathematics, physics, and 
chemistry in particular, in a major way. After the steady 
decrease of student numbers during the 1990s, the first joint 
enrolment of about 100 students was no surprise. In recent 
years and after significant extra efforts of the academic staff, 
this number has increased to a present-day 140 (September 
2011).
Another merger of activities was the embarkment on the 
system of interuniversity research schools in the early-to-
mid 1990s, followed by the successful establishment of 
interdisciplinary and interuniversity affiliations, such as the 
ISES (1999) and Darwin (2004) research centres (see 4.1.5). 
These affiliations reflect the notion that the subject Geology 
has long since departed from covering only the science of 
rocks, crystals, minerals, fossils and mountains. More so 
than ever before, thanks to the recognition that Earth is a 
’living’ planet and certainly also ’thanks’ to the awareness 
of human-induced climate change, earth scientists now 
study Earth as a whole, the planet’s solid rocks and deep 
interior, her liquid hydrosphere, her gaseous atmosphere 
and her living biosphere, i.e. as System Earth. At present, 
all earth science (sub)disciplines in the Utrecht Faculty 
of Geosciences are grouped into two integrated research 
programmes: (1) Dynamics of the Solid Earth, and (2) Climate 
and Environment. Seconded by physicists, chemists, biolo-
gists and climatologists, earth scientists properly do what 
they are supposed to do: to “treat the history of the Earth 
and its life, the composition of the Earth’s crust [read: the 
Earth’s interior] and its structural conditions and the forces 
which govern the evolutions taking place on the Earth” to 
quote the definition of “geology”, presented as item 0001 in 
our Society’s Geological Nomenclature (1959).

4.2.5 Geology at the University of Amsterdam
otto simon and harm rondeel

Dawn of geology teaching and research 
Prior to 1877, when the University of Amsterdam succeeded 
the Athenaeum Illustre (1632-1877) there had been no formal 
geology teaching in Amsterdam. Until then, mineralogical 

Fig. 4-33. Brouwer’s Geological Institute at its inauguration on 8 May 1934.

The physician Friedrich Anton 
Wilhelm Miquel (1811-1871) was 
the first to teach geology on a 
regular basis, even though the 
subject was not a formal ele-
ment of his 1846 appointment 
in botany and medicine. Miquel 
was an active researcher and 

a productive writer who – in 
the period 1832-1871 - published 
around 300 papers, 80 of 
which while he was a profes-
sor in Amsterdam. In 1855 he 
published Considerations on the 
ores and the history of the Earth 
(Beschouwingen over de delfstoffen en 

de geschiedenis der Aarde) in which 
he presented an overview of 
existing geological knowledge, 
including his belief that during 
billions of years there had been 
a constant process of creation by 
an almighty Creator.
Miquel’s geological knowledge 

was put to use outside the 
Atheneum in the Geological Com-
mission for the geological map 
of The Netherlands, to which 
he contributed from 1852 to 1855 
(see 3.3).

miquel
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ontology, recognised that opportunities existed for his field 
to contribute to radiometric dating, and joined up with 
Jaap Kistemaker of the FOM Institute of Atomic and Molecu-
lar Physics in Amsterdam. In 1965 the laboratory relocated 
to the science faculty at the Free University Amsterdam (see 
4.2.6).
The other professors at the Geological Institute were Arnold 
Gerth (stratigraphical geology and palaeontology) and Jan 
Versluys (economic geology and economic mineralogy). 
The post of reader in crystallography and mineralogy was 
taken up by the chemist Johannes Bijvoet. As director of the 
institute Brouwer alone decided on all material, financial 
and personnel issues. He also defined the fieldwork areas 
where students carried out their research. 
Brouwer’s behaviour during the war, for which he was 
temporarily suspended, and the increasing number of 
students forced him to release his dominant grip on the 
institute, allowing fieldwork to be organised under the 
supervision of his colleagues. Gerth was no longer one of 
them - he was removed as a consequence of his supposed-
ly ‘German-friendly’ behaviour and his chair in stratigraphy 
and palaeontology passed to Martin Rutten in 1946. In the 
same year Jan Westerveld became professor in economic 
geology and mineralogy in continuation of a readership.
Subsequently, Willem De Roever was appointed as reader 
in mineralogy and mineralogical crystallography, a much 
needed addition in a position that until that moment had 
been successively occupied by the chemists Bijvoet and 
Pieter Terpstra, who neglected their mineralogical teaching 
and mainly addressed crystallographic issues. In 1955 

the institute delivered a complete geological education, 
even during the economic revival of the late 1960s when 
the number of students and staff exploded. There even 
remained sufficient space to accommodate the laboratory 
of isotope geology under the directorship of Harry Priem, 
created on the initiative of a study group with the primary 
purpose of organising facilities for the radiometric dating 
of rocks and minerals (see Isotopes for dating). In 1962 it 
was formalised as the Foundation for Isotope Geological 
Research (IGO). The study group itself was formed when  
Mac Gillavry, occupying the chair of stratigraphy and palae-

Fig. 4-34. Excursion (April 1931) with geology and biology students to the Limburg coal mines 
under guidance of Brouwer (centermost) and Gerth.

Hendrik Albertus Brouwer  
(1886-1973) studied mining 
engineering at Delft under 
Molengraaff. At the age of 21 
he received his diploma and 
became an assistant in the pe-
trography and geology depart-
ment. A study trip to South-
Africa formed the basis for his 
1910 thesis on the nepheline 
syenites of Transvaal, super-
vised in Delft by Molengraaff. 
In the same year he joined the 
Bureau of Mines (Dienst voor het 
Mijnwezen) in the Netherlands 
East Indies, where he found 
that ample opportunities for re-

search existed in Timor and the 
adjoining islands, in Sumatra 
and on the Moluccas. In 1916 he 

returned to the Low Countries, 
where he became professor of 
historical geology and palae-
ontology at Delft in 1918. The 
subject of his inaugural address 
concerned the phases of moun-
tain building in the Moluccas. 
Brouwer was a gifted - almost 
brilliant – researcher and a 
sharp and precise observer. 
Aided by an unerring in-
tuition, he ably solved complex 
geological problems. Already at 
the age of 36, he was appointed 
a member of the Royal Dutch 
Academy of Arts and Sciences. 
His scientific merits principally 

came from the research he did 
in the Netherlands East Indies, 
publications on which contin-
ued to appear after the war. 
His scientific output on other 
research topics is limited.
Brouwer was a gifted speaker 
and his lectures were strongly 
praised by students for their 
simplicity and clearness. He 
was known as an impatient, 
fickle and frequently difficult 
person, a reputation he con-
firmed during his appointment 
at the University of Amster-
dam. 

h.a. brouWer 

H.A. Brouwer

The study of the natural vari-
ations in the isotopic compo-
sition of elements became 
important in the earth sciences 
as a spin-off of the spectacular 
development of nuclear physics 
during and after World War II. 
An important field in isotope 
geology is the accurate measure-
ment of geologic time by using 
the decay of a number of natu-
ral radioactive isotopes. Hessel 

De Vries of the Laboratory for 
Isotope Physics of Groningen 
University was one of the first 
worldwide to apply radiomet-
ric dating routinely. He did so 
using the cosmogenic radioac-
tive carbon-14 isotope. The 
radiocarbon method led to many 
advances, but as it cannot be 
used for rocks older than about 
70,000 years, it is only employed 
in archaeology and Quaternary 

geology. Radiometric dating 
methods covering the whole 
history of the Earth depend on 
the progressive accumulation of 
radiogenic daughter products 
through the decay of a number 
of long-lived radioactive iso-
topes, in particular of uranium, 
samarium, rubidium and potas-
sium. In The Netherlands it was 
Heinrich Schürmann, director 
of exploration at Shell who, 

in the late 1950s, organized an 
ad hoc cooperation between a 
few laboratories at home and 
abroad to date zircons from 
granites sampled in Indonesia 
and Germany by means of the 
uranium-lead method. His work 
stimulated Kistemaker and 
Mac Gillavry to set up the IGO, 
financed by ZWO (see 4.1.3; this 
text is continued in 4.2.6).

isotoPes For dating 
harry Priem
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Tom de Booij was one of the staff members who – both at 
the Institute and at large - fought in the frontline, together 
with students, to break the reigning paternalism of the 
professors. Teaching and research were seriously damaged, 
because following implementation of the WUB in 1972, 
formal democracy required the staff’s presence in every 
possible commission and at every management level. And 
the subjects to be dealt with were numerous; reactions 
were required nearly continuously on issues raised by 
government and university administration. 

Restructuring of the earth sciences
Restructuring of the earth sciences (see 4.1.4) forced the two 
Amsterdam universities to cooperate in geology by restrict-
ing the subdisciplines to either the UvA or the non-public 
Free University of Amsterdam (see 4.2.6), thus aiming at ef-
ficiency through complementarity. It also led to the transfer 
of geophysics from Amsterdam to Utrecht University. The 
distribution of disciplines over the two universities could 
not be effectuated completely as this would have required 
staff transfer from one university to the other and this was 
considered a bridge too far. For example, the professor of 
ore geology was employed at the UvA, but his discipline fell 
under the VU, and although palaeontology was allotted to 
the VU, the palaeontology staff remained mainly at UvA. 
Only gradually did closer cooperation emerge between 
the departments of ore geology and petrology of the two 

De Roever accepted a professorship in Leiden. The last ap-
pointee in the Brouwer period was Henri Mac Gillavry who 
assumed Rutten’s chair in 1952. 
Under the directorate of Brouwer, the number of students 
and personnel positions increased substantially to 88 and 
29 respectively, and research expanded considerably, as 
can be judged from the 48 PhD theses that appeared in the 
years 1931-1957.

Post  Brouwer
Brouwer retired in 1957 and was succeeded by Cornelis 
Egeler. De Roever (see 4.3.7) returned from Leiden after an 
absence of three years and took up a professorship in con-
tinuation of his earlier readership in mineralogy, expanded 
to include the petrology part of Brouwer’s chair. After the 
death of Westerveld in 1962, ore geology came under his re-
sponsibility as well, while the geology of hydrocarbons was 
added to the new chair in stratigraphical geology of Jacobus 
Hermes. Jan Hospers (see 4.3.6) was appointed professor in 
solid earth geophysics, rather late in view of this strongly 
developing field in both industry and research. Finally, 
Johan Bodenhausen became reader in general geology.
In the period 1957-1970, the management of the institute 
was in the hands of professors who – like Brouwer - toler-
ated interference from neither staff nor students. They 
joined forces when it came to appealing for more personnel 
and financial means so that the institute could flourish, 
but within the institute self-interest reigned. This caused 
serious conflicts about planning and the effectuation of 
teaching and research more than once. However, in this 
period of economic boom, and helped by the fact that 
since 1959 financing of the university was no longer solely 
through the municipality of Amsterdam, but dominantly by 
the state, they succeeded in enlarging the staff consider-
ably. The number of personnel positions increased from 29 
in 1958 to a maximum of 74 in 1972. Following the tradition 
of Brouwer, a strong accent in the education was placed 
on mapping and field work, concentrated on the Iberian 
Peninsula. 
The staff was not only occupied with teaching the increas-
ing number of students, but also with the democratisation 
of the university system, heralded by the protests of the 
late 1960s and formalised by law (WUB) in 1970 (see 4.1.4). 

Fig. 4-35. numbers of students and personnel, Amsterdam University.

In 1974 Jan Smit was studying 
the Palaeogene of the Spanish 
Subbetics as part of a PhD study. 
Working in the Barranco del 
Gredero near Caravaca, the 
well-exposed knife-sharp contact 
between the Cretaceous and the 
Tertiary caught his attention in 
the absence of facies differences 
between the rocks on either 
side. The only obvious differ-
ence was that the Maastrichtian 
marls contain large specimens 
of, amongst others, Globotrun-
cana, which is missing from the 
lowermost Palaeocene. Rather 
than continuing to work on the 
Palaeogene, Jan switched his 

attention to the K/T (now K-Pg) 
boundary realising that one of 
the most complete and undis-
turbed K-Pg sections in the world 
was at hand, posing the intrigu-
ing question of the sudden 
mass-extinction of planktonic 
foraminifer. The top 100m of the 
Maastrichtian changed neither 
in character nor content towards 
the contact; the foraminifera 
just disappeared. However, 
the boundary was marked by 
a dark clay layer underlain by 
a suspicious red clay lamina 
precisely corresponding to the 
mass-extinction level. The next 
research step involved neutron 

activation analysis of a suite of 
100 samples across the boundary 
and including the clays. Like 
the foraminifera, none of the 
measured 33 elements changed 
towards the boundary. The red 
lamina, however, displayed 
highly anomalous concentra-
tions of the siderophile elements 
Fe, Cr, Ni and Co, as well as As, 
Sb and Zn. Iridium was initially 
not measured, but was found in 
anomalous quantity just after an 
iridium anomaly had been dis-
covered at the K-Pg boundary in 
Italy. Iridium does not prove an 
asteroid impact, but when Ger-
ard Klaver and Jan Smit found 

high-temperature spherules in 
the red lamina, a major asteroid 
impact was documented with 
certainty in 1981.
In the years since, Jan persist-
ently researched many a loca-
tion where the K-Pg boundary is 
exposed, working together with 
e.g. Walter Alvarez, Gene Shoe-
maker and Sandro Montanari in 
Italy, the US Western Interior, 
around the Gulf of Mexico and 
in the K-Pg Chicxulub crater in 
Mexico itself. Every time differ-
ent questions had to be solved, 
and every time Jan documented 
major effects of an asteroid 
impact.

asteroid imPact at the end oF the cretaceous 
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surfaced and the minister of education decided differently. 
No new students were registered from 1984 onwards and 
the Geological Institute closed at the end of 1988.

Research
The number of geology students registered since 1929 
approached 900, roughly half of whom completed their 
studies. Research at the institute was basically coupled to 
the fieldwork carried out by these students. It was therefore 
of regional character and this is reflected in the PhD theses 
that appeared up to the later part of the 1970s, when 
subject-related dissertations took off. The field areas can 
be seen on fig. 4-36 which indicates the distribution of 111 
theses. The total number of dissertations amounted to 142. 
The most outstanding individuals from the University of 
Amsterdam that have contributed to the advancement of 
the geological sciences undoubtedly are H.A. Brouwer (see 
H.A. Brouwer), L.P.G. Koning (see  4.3.6), J. Hospers (see 
4.3.6), W.P. De Roever (see 4.3.7), and Jan Smit (see Asteroid 
impact at the end of the Cretaceous). 

4.2.6. Earth Sciences at the Vrije Universiteit 
Amsterdam
anne Fortuin and alexandra de maesschalck 

Dawn of a Christian university
The Free University (Vrije Universiteit; VU) derives its name 
from the wish of its famous founding father, Dutch Re-
formed clergyman and, in his later days, prime minister, 
Abraham Kuyper (see 4.4.1 and 4.1.1) to start a truly inde-
pendent university (i.e. free from both state and, in those 
days, state church influences), because he considered the 
other universities too liberal. In 1880 the Vrije Universiteit 
began with the education of theology students. Money to 
sustain this new university was provided guilder by guilder 
by thousands of Reformed Church families until the second 
half of the 20th century when the VU had evolved into a 
complete and fully state-funded university with a general 
Christian character. Presently this still growing and modern 
university houses around 24,500 students and almost 2600 
academic staff members. Many students would be amazed 
to hear that their university started as a centre of orthodox 
reformed Protestantism. 
In 1930 the faculty of science was launched with stud-
ies in physics, chemistry and mathematics. The young 
professor of physics Gerard Sizoo (1900-1994) published a 
booklet on radioactivity in 1933 in which he concluded that 
sound science indicates that the Earth has to be hundreds 
of millions of years old. Perhaps quite unexpectedly, by 
him at least, the book was well received by the reformed 
protestant press, and did not trigger a broad discussion on 
the theme of ‘Bible truth’ and natural sciences. This had to 
wait till 1956 when Jan Lever (1922-2010), professor at the 
newly established VU biology department (1950), published 
the book Creation and evolution. The decision to establish 
a geology department, in order to complete the existing 
faculty of natural sciences, was now only a matter of years 
away, and in January 1960 two full professors commenced 
full-time education in geology. Joop Wiggers, since 1957 
part-time lecturer in geology for biology students occupied 
the new chair in Physical Geography and Geology of the 
Quaternary, while Jan Van de Fliert was offered the chair in 
Historical and Tectonic geology. His papers explaining the 
scientific reality behind evolutionary thinking for orthodox 

universities and between those of stratigraphy and 
palaeontology. Structural geology was allocated exclu-
sively to UvA and Quaternary geology and hydrogeology 
exclusively to the VU. Cooperation eventually started to 
bloom and in the late 1970s led to the creation of the 
new study of marine geology in Amsterdam.
A following round of restructuring initiated by a 
general economic malaise started in 1982 and had a 
major impact, as it aimed at the concentration in one 
university of departments of the same discipline (see 
4.1.4). It found the geology subfaculty of the UvA in a 
weak position resulting from the retirement of three 
of its five professors, and from the fact that the VU had 
united geology and physical geography departments 
into a single organizational unit. Oen Ing Soen, succes-
sor of De Roever in the chair in petrology, ore geology 
and mineralogy, was the only professor at the Institute 
to fight for the continuation of geology at the UvA, with 
a proposal to increase cooperation between the two 
universities. The VU did everything in its power to keep 
its earth science combination alive. At the UvA, the 
chasm between the two disciplines had widened from 
the moment Brouwer started his feud with Smit Sibinga 
- the professor in geomorphology and physical geology 
housed at his institute - and with physical geography 
in general. In the final university-wide restructuring 
negotiations, the executive board of the UvA sacri-
ficed its geology department. Numerous experts from 
universities and industry persuasively and convincingly 
documented arguments against the discontinuation of 
geology education at UvA, and both UvA’s management 
and parliament accepted a motion against one-sided 
discontinuance in 1983. However, the arguments never 

Fig. 4-36. Regional distribution and numbers of dissertations, 
University of Amsterdam. 
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Surviving various kinds of restructuring
The number of students and university staff at the VU 
grew rapidly in the 1960s. However, in 1965 Prof. I.A. 
Diepenhorst, the minister of education and sciences and 
a former VU rector magnificus, initiated an attempt to 
balance the total number of students and staff in the 
various geological institutes by reducing the number of 
localities (see 4.1.4). Six years of countless discussions and 
frustration followed, finally resulting in the concentra-
tion of Dutch geological education and research at two 
sites: a large institute at Utrecht and a combination of the 
geological institutes of the VU and University of Amster-
dam. The VU was to focus on ore geology and mineralogy, 
palaeontology, hydro(geo)logy and the geology of the 
Quaternary, whereas the UvA would take care of stratig-
raphy, petrology and structural geology. For the young VU 
faculty this was a satisfactory result, leaving its relevance 
in the Dutch geological setting intact.
In spite of the fact that some UvA staff members cherished 
the fairy tale that VU geologists were bound by funda-
mentalist biblical principles, the imposed cooperation 
between the Amsterdam geologists did develop gradu-
ally. In 1978 this cooperation received a firm boost when 
it turned out that the newly appointed palaeontology-
stratigraphy professor Jan Van Hinte was an inspiring 
scientist who attracted a large number of students from 
both universities. He actively promoted the establishment 
of a research group in marine geology and saw his activi-
ties crowned with the realisation of the joint Indonesian-
Dutch Snellius II Expedition (1984-1985). Unfortunately, 
the number of petrology students dwindled due to the 
decreasing job opportunities, despite the appointment in 

protestant circles evidently had impact. Later that same year 
a chair in Mineralogy and Petrology was to be taken by Wim 
Uytenbogaardt.  
Joop Wiggers had the bright and in those years daring vi-
sion that physical geography and geology should be taught 
and practised in the same house and not independently 
or together with social geography, as is the case elsewhere 
in The Netherlands. He noted that a physical geography 
degree gives students of geology the possibility to become 
a geography teacher. Wiggers’ vision, which was disputed 
by the established geologists, finally turned out to be very 
profitable for the future of earth science education at the 
VU. Moreover, this new combination of disciplines made it 
possible to offer a new direction: the VU was the first Dutch 
university to offer studies in groundwater and hydro(geo)
logy.
During these early years Jan Van de Fliert and his colleagues 
Lever (biology) and Sizoo (physics) actively published and 
promoted their modern science-based views, e.g. by 
organising meetings throughout the country concerning 
the, in reformed circles much disputed, relation between 
religion and evolution. 

Housing and facilities
The VU started in a mansion in the Amsterdam city centre, 
but in the early 1960s moved to a new dedicated campus at 
the southern periphery of the city. 
This turned out to be very profitable location because 
nowadays this is a bustling business district and the 
campus is easily accessible by public transport. In 1962 the 
various science groups were housed under one roof so that 
it became possible to use the space and the laboratory 
possibilities in a flexible way (fig. 4-37). Well-equipped 
laboratories for the analysis of water, sediments, hard rock, 
and fossils were set up, together with a highly skilled team 
for thin sectioning and stone cutting. Moreover, an electron 
microprobe analyser was installed.
The internationally renowned Laboratory for Isotope Geol-
ogy (IGO) moved from the University of Amsterdam geology 
institute (see 4.2.5) into the new building in 1965. Though 
initially fully independent from the VU, its mere presence 
enhanced the status of VU geology, and in 1990 it became 
an integrated part of the then fully expanded Faculty of 
Earth Sciences (see text IGO next pages). 

Fig. 4-38. A Swiss mail coach carried Free University’s first Alps excursion (1963), led by prof. 
Van de Fliert (2nd from the right), through the Jura and Alps. Among the participating students: 
De Gans (3rd),  Roeleveld (5th), nijman (7th), Bosscher (12th), De Vries (17th).

Wout Nijman: “Arend Bosscher 

and I were the first two VU 

graduate geology students. 

In 1959, we participated as 

2nd year biology students 

in a geological excursion 

to Limburg led by Wig-

gers. He noted our growing 

enthusiasm for geology. In 

the train back to Amsterdam 

he invited us - not without 

nice promises and soft pres-

sure - to exchange biology 

for geology as a doctoral 

study once we had passed 

our kandidaats examination 

in biology. We did so in 1960 

and, at the very start of Free 

University’s Institute of Earth 

Sciences, the two of us found 

ourselves all of a sudden 

in the peculiar situation as 

graduate students, introduced 

to the problems of ‘crea-

tion and evolution’ by their 

former biology professor Jan 

Lever, at a geological institute 

exclusively staffed by three 

full professors, two of them 

newcomers in university. 

As student assistants and later 

as early staff members, my 

new colleague Laci Westra 

and I had multiple tasks 

in setting up collections, 

teaching, organising new 

excursions, and assisting the 

professors in setting up a 

modern blockwise organised 

curriculum able to com-

pete with the established 

institutes. Surprisingly, I also 

had to accompany Wiggers in 

representing the institute in 

the restructuring discussions.” 

From the memories oF early starters  

Fig. 4-37. Satellite picture of the VU campus in the south of 
Amsterdam. The red contour indicates the extensive Science 
building with the Institute of Earth Sciences within the white 
contour. The tall main building at the lower left houses most 
of the other faculties.

The three founders of the VU 
Institute of Earth Sciences: 

A.J. Wiggers 

J.R. van de Fliert

W. Uytenbogaardt 
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the academic staff 40, ten years later the student popula-
tion counted 238 persons while the number of staff had 
increased to 71.6, representing a much stronger growth than 
that of the student population. 
The academic year 1982-1983 started with a new 4-year 
curriculum (Two-phase Structure Law, see 4.1.4) which 
did not amuse the faculty; most Dutch geologists follow 
an international career and have to compete with foreign 
diplomas.
From 1985 onwards the geological education reached its full 
strength with chairs in marine geology, occupied by Wolf-
gang Schlager, and structural geology under Sierd Cloetingh. 
Cloetingh soon built a successful team concentrating on 
quantitative studies such as modelling of lithosphere and 
sedimentary basins.  Schlager, Cloetingh and Van Hinte all 
played significant roles in the upcoming field of sequence 
stratigraphy, each concentrating on different aspects, re-
spectively concerning carbonate systems, intra-plate stress-
es and geohistory analysis. The hydrology group continued 
its steady growth and many students from Utrecht University 
followed hydrology courses in Amsterdam. A new chair in 
geographical hydrology (Ian Simmers) was added. Also the 
group in physical geography and geology of the Quaternary 
thrived, now under the leadership of Wim Roeleveld, who 
proved to be a skilled negotiator in discussions with the UvA 
about unification. Associate professor Orson van de Plas-
sche was able to expand his research on Holocene Dutch 

1980 of the Frenchman Jacques Touret, an eminent scientist 
in his branch of fluid inclusion study. 
The growing harmony between the two geological institu-
tions in Amsterdam was disturbed in 1982. The minister im-
posed strict budget cuts to be realised by structural reforms 
and the concentration of faculties (see 4.1.4). In 1983, after 
extensive and complicated strategic talks an agreement was 
reached: the two geology groups of Amsterdam would be 
concentrated in one institute at the VU, which would take 
over a substantial proportion of the personnel and facilities, 
such as instruments and the well equipped geological li-
brary of the University of Amsterdam. In 1985 the unification 
was a fact and, notwithstanding the serious objections of 
many UvA colleagues, they integrated rapidly into their new 
environment, although their nicely designed old institute in 
the city centre remains sorely missed. 

Educational aspects and research foci 
The initial VU choice for a symbiosis between physical ge-
ography and geology posed its own problems, not because 
there were scientific barriers between staff members, but 
purely because administrative rules distinguished these as 
entities with different admission qualifications for students, 
doctoral diplomas and financing. Fortunately, this financial 
distinction disappeared later. During the complicated years 
of concentration talks, the faculty growth continued, so 
that while in 1972 the number of students totalled 166 and 

From the memory 
oF early starters  
The elderly professor 

Uytenbogaardt still vividly 

remembers being tested in 

1958 on his ideas concerning 

religion and science for his 

appointment by the curators 

of the VU. Curators at that 

time wanted to be certain that 

potential professors were not 

only respected scientists but 

also belonged to a trustwor-

thy protestant breed. So, one 

of the questions to answer 

during that interview was 

his opinion about Genesis 

chapters 1-3. He replied: “The 

Word of God and the Works of 

God cannot be in contradic-

tion with each other. Those 

who have a problem with that 

either read his Word wrongly, 

or study his Work wrongly” 

and he was accepted.

The ZWO Laboratory for Isotope 
Geology leased a section of the 
science faculty building of the 
VU in 1965. There it functioned 
as an ‘inter-university insti-
tute’ and national facility for 
radiometric dating, except for 
the carbon-14 method. In 1990, 
when these dating methods had 
become firmly established as an 
integral part of the geological 
sciences in The Netherlands, 
the Laboratory was incorporated 
into the subfaculty of Earth 
Sciences of the Free University 
and the Foundation IGO was 
dissolved.
The laboratory was equipped 
with mass-spectrometers for 
the determination of isotope 
ratios, an electronic workshop, 
chemical laboratories, including 
a ‘clean lab’ for the separation 
(coupled with isotope-dilution 
techniques) of submicrogram 
quantities of individual ele-
ments from rocks and minerals, 
computers, an X-ray appara-
tus and other equipment for 
chemical analysis, facilities for 
the separation of pure mineral 
concentrates from rocks, and 
the customary equipment for 
petrological and mineralogical 
studies. The regular IGO staff 
started with a director/geolo-
gist, a chemist and a chemical 

analyst, assisted by physicists 
and technicians from the FOM 
Institute, but grew to seven 
academics (four geologists, a 
physicist and two chemists), 
twelve technicians/analysts and 
a secretary. Besides, varying 
numbers of graduate and PhD 
students, fellows and visiting 
scientists from home and abroad 
have worked for shorter or 
longer periods in the laboratory.
Most of the research has been 
directed toward the dating of 
rocks (whole-rock samples) and 
their separated constituent min-
erals (zircon, hornblende, mus-
covite, biotite, sanidine, etc.), as 
well as the geological interpreta-
tion of the age data. Much of the 
work was executed in relation 
to geological research by teams 
from Dutch universities, partic-
ularly on igneous and metamor-
phic rocks in Scandinavia, the 
Iberian Peninsula, the Pyrenees, 
the Greek Cyclades and the 
Netherlands Antilles. Moreover, 
extensive dating programmes 
were carried out in the Precam-
brian basement of Surinam as 
part of the geological mapping 
by the Geologisch-Mijnbouwkundige 
Dienst of Surinam, and of SE 
Colombia under the aegis of the 
Dutch Ministry of Development 
Aid, in connection with geologi-

cal studies for the development 
of mineral resources. Other 
programmes included, among 
other activities, dating work in 
the Caledonides and Precam-
brian complexes of Norway in 
cooperation with the Norges 
Geologiske Undersøkelse, the 
Precambrian basement of the 
Sinai Peninsula in co-operation 
with the Geological Survey of 
Israel, and in tin-mining areas 
in Indonesia and eastern Brazil 
as part of geological research 
by the Billiton Company. Most 
investigated samples were col-
lected by members of the labora-
tory staff, along with geologists 
and mining engineers working 
on the spot.
Geologists and others have also 
frequently used the sophisticat-
ed facilities for mineral separa-
tion. Furthermore, studies made 
of the tracks produced in miner-
als by the decay of uranium-238, 
or fission-track dating, have 
helped to reconstruct thermal 
histories and rates of uplift, 
while radioactive disequilib-
rium methods have been used to 
date fossil corals.
All this work has resulted 
in over 150 publications and 
other articles (co)authored by 
staff members of the Labora-
tory. Many age data and other 

research results have also been 
included in regional geological 
surveys and on geological maps. 
Research by graduate students 
has also resulted in ten doctoral 
theses supervised by director 
Priem (since 1970 also professor 
of isotope geochronology and 
planetary geology at Utrecht 
University). 
At the beginning of IGO, isotope 
geology was still in its infancy. 
The first mass-spectrometer 
of the laboratory had to be 
designed and built in the FOM 
Institute, as equipment suitable 
for the precise isotope analysis 
of solids was not yet commer-
cially available. Since then 
isotope geochronology has really 
taken off, thanks to spectacular 
advances both in instrumenta-
tion and theory. It has evolved 
into a diversified discipline, 
contributing significantly to 
the solution of a wide variety of 
geological problems. The ZWO 
Laboratory of Isotope Geology 
has made important contribu-
tions to the timing of igneous 
events, metamorphic recrystal-
lization, epeirogenic uplift and 
the thermal history of orogenic 
belts and Precambrian Shield 
areas.

stichting Voor isotoPen-geologisch onderzoek (igo; continuation From 4.2.5).
harry Priem
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Master of Geosciences of Basins and Lithosphere (BasinMas-
ter) programme, which enables its students to work within 
a European network of top universities and scientists.
To conclude, what started half a century ago with a minor 
and almost invisible group of young earth scientists has 
fully grown into a successful and respected educational 
institution. Yet there are serious threats, of which the 
present economic situation with its stringent budget cuts 
affecting the universities, and a VU management with 
apparently less interest in the future of the natural sciences 
than their predecessors showed, are the most threatening. 
In this environment, all our energy should be focused on 
’keeping up appearances’ in the world of international 
earth sciences.

4.2.7. Geology at the Agricultural University  
of Wageningen   
rob Felix

Why should a small Dutch city along the river Rhine, 
about 15 km due south of the geographical centre of The 
Netherlands, be the home of a university where geology is 
taught? The answer is: a great variety in soil types on the 
doorstep and a good dose of politics, lobbying and com-
mon sense.  
The soil types that attracted the founders of the university 
are developed on a variety of sediments, and there geology 
enters the story. Wageningen is situated on Pleistocene 
aeolian and fluvioglacial sands that cover the foot of an 
ice-pushed ridge. This west-facing inner slope along a 
Saalian tongue basin dips below Holocene fluvial deposits 
and peat. The basin is known as the Gelderse Vallei or 
Eemvallei (type locality of the Eemian, see 5.2.2 ). 
Dutch politicians decided in 1861 that the educational level 
of future agriculturists and foresters should be situated 
between that of the primary school and the university, like 
that of the mining engineers at the Polytechnic School at 
Delft (see 4.2.1). They considered that the intended school 
should preferably not be financed by the State but by 
provinces, towns or other communities.
Ten years later the secondary school (HBS, Hoogere Burg-
erschool) at Wageningen extended its 3-year course with 
a 2-year course in agriculture. Dr.W.C.H.Staring, inspector 
of secondary education and well-known geologist, as 
well as being actually the first Dutch professional geolo-
gist (see 3.3), supported this initiative of the municipality 
of Wageningen. The municipality also offered housing and 
land for an experimental garden. Other advantages were 
the presence of farms on the different soil types and its 
remoteness from large towns with their multiple tempta-
tions for young countrymen. In 1876 the State separated the 
agricultural courses from the existing HBS and named it the 
State Agricultural School (Rijkslandbouwschool). After suc-
cessive reorganisations and upgrading of the educational 
level the school became an agricultural university (Land-
bouwhogeschool) in 1918, with a single faculty, Agriculture.  
The university was under the direction of the Ministry of 
Agriculture, and in this way deviated from all other uni-
versities, which operated under the Ministry of Education 
and Sciences. Since 2000, as Wageningen University and 
Research (WUR), the university cooperates closely with the 
former state experimental stations, other agricultural and 
environmental institutes (such as Alterra) and with Van 
Hall-Larenstein (tertiary agricultural education).

sea-level variations, producing internationally respected 
results. And so the 1980s ended with a fully mature and 
internationally acknowledged Faculty of Earth Sciences.
The next decade turned out to be a time of modernisation, 
aided by the increasing and valuable influence of students 
in the evaluation and upgrading of study programmes. 
New government regulations urged further streamlining 
and a more professional approach to the entire course 
structure. A manager of education, Harm Rondeel, was 
appointed and together with a faculty board member for 
educational affairs (Anne Fortuin) a new three year bach-
elor programme was designed and introduced in 1997. This 
programme not only repaired flaws in the old programme 
as recommended by an international visitation committee, 
but also took into account the European ministers decision 
to set up an internationally oriented Bachelor-Master 
structure. In agreement with the Amsterdam tradition of 
exposing students already in an early stage to the com-
plexities of practical geology field courses would remain 
an essential element of the bachelor programme. 
The new five-year BaMa structure was formally introduced 
in 2001 under the supervision of Kees Biermann, the first 
director of education. In the same year dwindling num-
bers of students for the physical sciences, together with 
worsening financial regulations stimulated the faculties of 
Earth Sciences and Biology to merge with the Institute for 
Environmental Sciences to form the Faculty of Earth and 
Life Sciences.
This new faculty provided new opportunities for course 
development, and the unique and attractive bachelor 
programme Earth and Economics soon proved to be suc-
cessful. It appealed to youngsters with a broad interest in 
both the earth and the economic impact of using earth 
materials for society’s needs. In this respect also the 
Eco-hydrology group should be mentioned, which under 
the leadership of Henk Dolman and assisted by Sampurno 
Bruijnzeel was able to find new and internationally ac-
claimed ways to stimulate science where climate studies, 
earth and ecological sciences meet.
Within the present earth sciences department a number 
of new master programmes have been developed, of 
which the general MSc in Earth Sciences offers 5 speciali-
zations: Solid Earth, Paleoclimate and Geo-ecosystems, 
Geoarchaeology, Applied Environmental Geosciences and 
Earth and Economics. Of the other two master programs, 
Hydrology and Geosciences of Basins and Lithosphere, the 
latter is a research masters embedded in the European 

Fig. 4-39. VU students studying gelifluction fold in Pleistocene 
Laacher See volcanic ash deposits. Wingertsberg (Eifel, Germany).

Food Problems
Wageningen attracted always 

many students from foreign 

countries and some of them 

came to geology with their 

own habits and appetites, 

which is normal. But some-

times small problems pop up 

when one is in the field and 

it is time to eat. How do you 

feed a multicultural group if 

you have to handle abstinence 

from pork or beef, rice or 

potatoes, not to speak of 

vegetarians? The Wageningen 

solution was chicken, rabbit 

and eggs, but luckily some 

cooks were more creative. 
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more efficient and to integrate related subjects, and partly 
to comply with the politically correct opinion of the day, 
like ‘socially relevant’ in the 1970s or ‘socially profitable’ 
and ‘sustainable’ later on. Nevertheless geology and 
mineralogy flourished in the 1970s and 1980s introducing, 
amongst others, courses in hydrogeology, geomorphology, 
environmental geology, and an MSc course in English for 
foreign students: geology and petrology. Clay mineralogy 
and the introductory lectures remained, of course. It is 
regrettable that J.D. De Jong, who started this upswing, is 
not even mentioned in the official history of the Univer-
sity. 
After 1990 geology began to decline; departing lecturers 
were not replaced, hydrogeology was lost to the Division 
of Land Development (1991), clay mineralogy was discon-
tinued (1993) as was the MSc course in geology and petrol-
ogy (1996). Mineralogy and petrology were pared down to 
a bare minimum and the collection of rocks, minerals and 
fossils was decimated accordingly. Part of the collection, 
including the inventory, went to the Gelders Geologisch 
Museum (Velp), another part to Naturalis (Leiden) or dis-
appeared mysteriously. The only rock of interest to remain 
was an inconvenient boulder in the field.
In 1996 the last chairholder of geology left for Delft, the 
university where the first one came from. The remnants 
of Geology were absorbed into Land Evaluation under 
J. Bouma, a chair which evolved into Land Dynamics in 
(2002) with A.Veldkamp, a geology staff member. In a way 
he was the first home-grown professor to teach geol-
ogy in Wageningen. In 2010 he left to become Dean of ITC 
in Enschede (see 4.2.8).  At the moment of last writing 
(December 2011) basic geology teaching is incorporated into 
the BSc course Soil, Water, Atmosphere, which leads to the 
MSc course Earth and Environment
 
Research
The research interests of the staff have remained relatively 
constant: sediments and landscape development. Evi-
dence for this comes from the publications in 1920-1927 
on the geology of The Netherlands by J. Van Baren. Other 
examples are the X-ray research on clay minerals by his 
son F.A. Van Baren (1934), J.Ch.J. Favejee (up to 1966), who 
built his own X-ray camera, and L. Van der Plas (up to 
1993). The latter two used their expertise to solve technical 
problems in the brick industry and applied their knowl-
edge of firing to the benefit of a local bakery of short-
bread. The petrography of sediments had the attention 
of all professors and, of course of R.D. Crommelin, who 
used adhesive tape to investigate windblown sands long 
before Cheim and Novoselov used the same technique to 
obtain graphene. During the 1950s and 1960s Wageningen 
was a centre for the sedimentological community. Fluvial 
sequences and terraces were studied by D.J. Doeglas (who 
was also interested in grainsize distributions), S.B. Kroo-
nenberg, A. Veldkamp and the soil scientist L.J. Pons, a 
pioneer in the study of Quaternary geology in The Nether-
lands in the 1950s. The coastal counterpart and contem-
porary of Pons was J. Bennema, and later in their careers 
both became professors in Soil Science at Wageningen. 
Before he turned to Hydrogeology D.J.G. Nota investigated 
marine sediments in South and North America.
Geochemistry was introduced by Kroonenberg and is 
practised in Wageningen by soil scientists.  Between 1950 
and 1990 B. Polak (a peat expert) and her staff carried out 
palynological research. 

Teaching geology and mineralogy
The first twenty years (1873-1896) were characterized by 
a lack of qualified teachers. The two who were qualified 
taught chemistry. Geology and mineralogy found their 
place in geography, a subject presented by teachers who 
also gave instruction in Dutch, French, German, history 
or calligraphy. Javanese was also taught for the benefit 
of students of Tropical Agriculture and Tropical Forestry. 
This interest in the tropics is still present and up until a 
few reorganizations ago two chairs in tropical soil science 
existed.
The names of the principal teachers can be found in the 
professorial lineage. Their job descriptions were simple at 
the start, became extensive and ended up simple again. 
Before 1896 it was geography, in 1896 it became botany, 
zoology, mineralogy and geology to be followed (1903) 
by mineralogy and geology applied to agriculture, hor-
ticulture and forestry (Delfstof- en aardkunde, toegepast 
op den land- tuin- en boschbouw). The words ‘applied 
to’ in this most extensive version have been kept in 
mind ever since. In 1933 the job description changed to 
mineralogy, petrology, geology and agrogeology, but 
between 1955 until 1996, when the chair was discon-
tinued, the job description returned to simply geology 
again. Agrogeology developed into soil science, thanks 
to the bright staff member W.A.J. Oosting. In 1946 this 
branched into two, soil science, and geology, mineral-
ogy and petrology. The latter three became a separate 
chair in the Department of Soil Science and Geology. Up 
to 1956 all students were trained to become Agricultural 
Engineer (Ir.) which officially meant agriculturist, hor-
ticulturist or forester, although many were actually soil 
scientists. Engineers are proud of their title and insist on 
its use even in addition to a doctorate title. 
Up to 1956 all students attended lectures, did practical 
work and joined excursions in geology and mineral-
ogy. Subsequently, the original 6 programmes of 1918 
were extended to 22 with the result that geology and 
mineralogy figured in only 10 of them. The trend was 
set at that time, and almost every ten years programmes 
were either changed or adapted, partly to make teaching 

Fig. 4-40. Spring is not always the best  
time to prepare a field trip as shown by 
Dr.S.B.Kroonenberg.  Surrounded by mist,  
snow melting in his boots (Puy de Pariou,  
Massif Central, France, 1992).

Fig. 4-41. Erosion in tourist areas has many 
faces, this is the one students preferred  
(Puy de Sancy, Massif Central, France, 1994).

nomenclature  
Students are supposed to be 

inventive and creative, so 

one coined the term ’platonic 

movements’ when examined 

about plate tectonics. Perhaps 

we can use that term for tec-

tonic plates that get stuck!

heaVen and earth
Fieldwork may even disclose 

some doubtful connections 

between (hydro)geology and 

theology as was the case in 

Banneux (Belgium) where a 

seasonal shortage of water in 

a blessed spring was cured by 

a covert nightly transport from 

the river to fill containers near 

the source.
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of completely different origins, race, colour and religion 
are learning to interact in unity, and to work and reside 
together; in short: to live together”. 
Quite different to European students, the ITC provided room 
and board and kept a watchful eye on its students. This 
way they could spend more time and energy concentrat-
ing on their studies. Photo-geology was one of the main 
course topics already taught in the first courses offered at 
the ITC in 1951, together with other important subjects like 
topographic aerial surveys and photo-interpretation for soil 
survey and forestry (fig. 4-42). 
In the early years of ITC parallel photo-geology courses were 
given in French and Spanish and ITC was also involved in 
the creation of sister institutes in Bogota, Colombia (CIAF), 
and Dehra Dun, India (IPI, now IIRS). This fitted well with 
new concepts of third-world emancipation, self reliance 
and use of appropriate technology. ITC geologists were 
stationed at CIAF and IPI for many years in order to develop 
training programmes for geological survey students fine-
tuned to regional requirements and circumstances. 
The ITC curriculum in photo-geological surveying at the 
postgraduate level was developed by Karl Revertera, Juan 
Mekel and Caesar Voûte in close cooperation with staff of 
the Geological Institute at Leiden University. In the early 
1970s it was expanded to include hydrogeological and en-
gineering geological surveying courses developed by Gerrit 
Krol and Niek Rengers, as well as geophysics and mineral 
surveying designed by Otto Koefoed and Sietze Dijkstra. 
The ITC photo-geology courses did not provide standard 
study programs, but were tailored to suit BSc level mid-
career geologists, and focussed on geological surveying 
and mapping. They were concluded with a two to three 
months photo-geological mapping project of areas in Spain 
(Pyrenees, Teruel) or France. An essential component of 
these mapping projects was fieldwork to collect samples to 
calibrate, check and improve on the information interpreted 
from photo-interpretation (fig. 4-43). 
In the 1960s advanced courses in geology and applied 
geology of 16 to 18 months duration were introduced for the 
students with the best study results, in order to comple-
ment the standard course programs of 12 months. In these 

Retrospect: rise and decline
Looking back over more than a century it is clear that rocks, 
especially sediments, and landscape were always of prime 
interest in Wageningen. The aim of teaching geology and 
mineralogy has always been to support agriculture and 
related sciences, not to train geologists. After a simple start 
diversification reached a maximum around 1980-1990 after 
which a decline set in. 
And the university? Since 1918 the number of professors 
multiplied about ten times and the number of students 
grew from some 70, all Dutch, to around 6400 from some-
thing like 100 different nationalities, while the ratio male to 
female students changed from 70:1 to 50:50.

 
4.2.8 International education for developing 
countries: the ITC
niek rengers

The International Training Centre for Aerial Survey (ITC)
In 1949 a UN panel of experts concluded that aerial surveys 
would be the best way to tackle the unmapped 75% of 
the earth’s solid surface, because they could provide the 
necessary geodetic data as well as a wealth of information 
on mineral resources. This information was considered to 
be essential to support the newly independent, developing 
countries in the inventory of their territory, by providing 
them with topographic maps and thematic maps of their 
natural resources, such as soils, minerals, forests, etc. The 
panel recommended that a UN backed international train-
ing centre for aerial survey should be created. 
Willem Schermerhorn, The Netherlands’ first post-war 
Prime Minister, in 1949 professor of geodesy at Delft 
University, was one of the 5 members of this expert panel 
and he was asked by the UN to develop a proposal for the 
foundation of such a training centre to be presented to the 
government of The Netherlands. In the 1930s he had al-
ready successfully coordinated the largest photo-geological 
interpretation project (1935-1937) ever attempted, in which 
the photographic and cartographic department of KLM and 
the geological exploration department of BPM (Bataafsche 
Petroleum Maatschappij, the predecessor of Shell) were 
involved in making an inventory of petroleum resources of 
a large part of New Guinea (see 7.1.2, 7.2.) from 1: 40,000 
aerial photographs.
In 1950 the International Training Centre for Aerial Surveys 
(ITC) was founded in Delft as the first main Dutch contribu-
tion to development cooperation. It was the first Dutch 
institute of international education and in student number 
has always been the largest. A number of sister institutes 
were opened soon afterwards, the most important being 
the Institute of Social Studies (ISS) in 1952 in The Hague and 
the Institute of Hydraulic and Environmental Engineering 
(IHE, now UNESCO-IHE ) in Delft.
The Dutch philosophy of international education was not to 
offer fellowships to students from developing countries to 
participate in Dutch University study programs, but to offer 
post-graduate education programs in the English language 
to mid-career surveyors, geologists, soil scientists, etc., with 
fellowships provided by the UN and by The Netherlands 
ministry of Development Cooperation.
Pandit Nehru, India’s prime minister, visited the ITC in 
1957, and after stressing its importance as a training facility 
addressing the needs of developing countries, stated on 
that occasion: “But even more important is that people 

Fig. 4-42. Willem Schermerhorn (3rd from the right), ITC’s founder, with the first group of ITC 
students in 1951. Left from Schermerhorn J. Miranda Ruiz, geologist from Venezuela and the first 
person ever to receive an ITC diploma. At the extreme right Frederick J.Doyle from the USA, a photo-
grammetrist who became later Director of Research at the United States Geological Survey.
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the Dutch academic procedures. The MSc courses as well as 
related short courses and modules of the joint MSc programs 
overseas (India, Indonesia, Vietnam), are taught at the ITC 
in Enschede, in the Earth Systems Analysis (ESA) department 
under the leadership of Professor Freek van der Meer, but are 
now focussed strongly on the application of digital RS tech-
niques and GIS. The Institute was renamed again in 2000 as 
the International Institute for Geo-information Science and 
Earth Observation (ITC) and was integrated on 1 January 2010 
as the sixth faculty into the University of Twente.
In total during the period 1951 to 2010 an estimated number 
of between 2000 and 2500 mid-career geologists and min-
ing engineers from geological survey organisations, research 
institutes and universities from more than 100 countries have 
received postgraduate or MSc level education. In addition 76 
have completed a PhD degree in one of the geological spe-
cialisations at the ITC. Many hundreds more have followed 
comparable ITC-supported geology studies in Bogota and 
Dehra Dun. These are large numbers, even when compared 
with the total output of geologists from Dutch universities 
during the same period.
Prominent ITC alumni in applied earth sciences include Pil 
Chong Kang (retired) director of the Geological Survey of 
(South) Korea; Dr. Joseph Akinyede, executive director of the 
African Regional Centre for Space Science and Technology 
Education in Nigeria, Mr. Sarabjit Prasad, director of Mines 
and Geology, Nepal, and Dr. Gerardo Bocco, director of the 
Centro de Investigaciones en Geografia Ambiental, Universi-
dad Nacional Autonoma de Mexico.
Presently 60 to 70 students annually enrol in the MSc level 
program and between 10 and 15 students are entering PhD 
research work in earth science subjects at the ITC. 
The recently introduced modular nature of the MSc pro-
grammes has facilitated a strong growth of the number of 
short study programs at ITC that can contribute to partial 
fulfilment of MSc study programs of other universities in 

advanced course programmes a second phase of fieldwork 
was often carried out in the country of origin of the student.  
Although the final level of these advanced courses was com-
parable to the university qualifications in geology in Europe 
and the US, the certificates, diplomas and degrees awarded 
by ITC had no legal standing as academic credentials, as 
the ITC formed no part of the Dutch university system. This 
became an increasingly strident complaint of the ITC course 
participants. Discussions with the Ministry of Education fi-
nally resulted in 1966 in agreement by the ministry to award 
(ITC-)MSc degrees for these courses.

The International Institute for Aerial Survey and Earth 
Sciences (ITC)
To mark its entry into the Dutch system of higher education 
in 1967, the ITC was renamed the International Institute for 
Aerial Survey and Earth Sciences, and moved to Enschede in 
1971. The courses in geophysics, mineral exploration and en-
gineering geology remained in Delft, as they shared impor-
tant laboratory and fieldwork equipment, as well as essential 
staff resources with the Faculty of Mining and Petroleum 
Engineering at Delft University of Technology. Nevertheless, 
these three ITC divisions also moved to Enschede in 2000. 
In the 1970s and 1980s the emphasis on the use of aerial 
photography shifted gradually to the use of space photog-
raphy and to the use of digital multi-spectral and hyper-
spectral satellite imagery (remote sensing, RS). For this reason 
the name of the Institute was modified once again in 1984, to 
the International Institute for Aerospace Survey and Earth Sci-
ences (ITC). Furthermore there was a shift away from primary 
geological spatial data collection and mapping, towards the 
integration of geological information with other spatial earth 
information and spatial modelling for development, using 
the potentials of Geo Information Science (GIS) and technol-
ogy (fig. 4-44).

The International Institute for Geoinformation  
Science and Earth Observation (ITC)
In recent years the level of earth science education at the 
ITC has shifted to the MSc and PhD level. The present MSc 
programme in Applied Earth Sciences with specialisations in 
earth resources exploration, environmental and engineering 
geology and natural hazards and disaster risk management 
has been officially accredited and registered according to 

Fig. 4-43. Fieldwork in Montalban (Teruel, Spain)  with ITC 
staff members Harry van der Meer Mohr and Tsehaie Woldai 
(1989/1990) and a group of  students in Geological Survey. 

Fig. 4-44. Group instruction of modern and conventional data 
collection techniques in one of the geology courses at ITC (2009) 
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thesis The geology of St. Eustatius. He accepted a position 
at Amsterdam University and in 1894 headed a year-long 
expedition to the unknown interior of the island of Borneo 
in the Netherlands East Indies. The expedition was meant to 
cross the island from west to east but once it had arrived in 
the interior, the menace of insurgent head hunters meant 
that its course had to change to a southerly direction.  
Molengraaff described this adventurous journey in a beauti-
fully illustrated book (with geological atlas), an English 
edition of which appeared in 1904 (see also 7.1.). 
In 1890, as a mining consultant for Dutch investors in the 
gold and diamond industry, Molengraaff made his first 
visit to the Transvaal Boer Republic in South Africa. Seven 
years later, as State geologist in Pretoria, he founded the 
Geological Survey of Transvaal. In that position, he studied 
gold and diamond deposits of the province and published 
the first geological map of the area. As a consequence of the 
Boer War, he left the country and thereafter soon departed 
for Celebes (Sulawesi) as a consultant for the State gold and 
silver mines. He returned, however, in 1902 as a consultant 
and was elected Chairman of the Geological Society of South 
Africa. In 1905 he was commissioned to describe the famous 
3.106-carat Cullinan diamond, which was to be cleaved and 
polished in Amsterdam.
In 1906 Molengraaff was appointed professor of geology 
at Delft University, where he founded an internationally 
known school of geology. A few years later, in 1910 to 1911, 
he organised an expedition to the island of Timor, where he 
discovered uplifted coral banks and Triassic coral reefs thrust 
over younger deep-sea formations, which he compared to 
the  nappes of the Swiss Alps. He suggested that the Indo-
nesian Archipelago is a mountain range ‘in statu nascendi’ 
and became an early defender of Wegener’s continental-
drift theory. The famous Timor fossil collection of the expedi-
tion, largely of Permian age, was described by no less than 
27 local and foreign palaeontologists. 
In the following years Molengraaff published papers on the 
tectonic development of Indonesia, based on his observa-
tions made in Timor, and on ‘The Seas of the Netherlands 
East Indies’, in which he related the distribution of coral 
islands to rising sea-levels after the Pleistocene ice-age.  
He also identified a fossil river valley on the sea bottom 
between the islands of Sumatra and Borneo - later to be 

and outside Europe, through programmes such as Erasmus 
Mundus.
With the aim of making the expertise of ITC accessible to 
larger groups of students that are not able to come to The 
Netherlands for longer periods of time, the ITC started in 
2005 with experiments in E-learning and distance educa-
tion: 5 different distance education courses in the earth 
sciences are presently being offered by the ITC.
These activities are carried out in cooperation with capac-
ity building programs in partner institutions of higher 
education in developing countries, but are also offered as 
a lifelong learning contribution to individuals who wish to 
follow courses when this fits best in their individual career 
and time schedules.

4.3. Contributions to  
understanding the Earth
coordinated by harm rondeel

harm rondeel

Geological research at Dutch universities has a centuries-
long history, even though for much of the time it has been 
carried out by professors in chemistry and medicine. It 
was more seriously undertaken from the early 20th century 
onwards by generations of geologists returning from the 
Dutch colonies of the East Indies. They became professors 
at the universities, and published articles on their research 
and experience in the east right up to and even during and 
after World War II. H.A. Brouwer and De Roever were still 
publishing on Celebes in 1947 and 1950 respectively, while 
Van Bemmelen published his Geology of Indonesia in 1949 
and Vening Meinesz in 1948 was still reporting on his pre-
War gravity expeditions.
Since much of the work of these scientists relates to the 
Dutch Indies, their work is discussed in more detail in 
Chapter 7. In the following sections the work of four of 
these Dutch geoscientists who prominently contributed to 
knowledge of the Earth from the 19th to the first half of the 
20th century is described. These are Molengraaff, who was 
the first, Van Waterschoot van der Gracht, founding father 
of the Royal Geological and Mining Society of the Nether-
lands (KNGMG), Vening Meinesz, who mapped the ‘Minus 
zone’ in the Indian Ocean, at the time considered as one 
of the major discoveries of the 20th century, and Umbgrove 
who strongly influenced geological thinking in general 
terms. The influence of Wegener’s theory of continental 
drift on Dutch geoscientific thinking during that period is 
presented in a separate section. 
Later sections summarise the contribution to earth science 
of post-World War II university-based groups. Work in a 
number of geological disciplines at separate Dutch universi-
ties/institutions is the subject of sections on the dynamic 
Earth, petrology and mineralogy, sedimentology, life on 
Earth and oceanography.

4.3.1. Molengraaff: An adventurous scientist 
after Van Veen (2004)

Gustaaf  Molengraaff (1860 – 1942)  studied natural 
philosophy at Leiden University. At the end of his studies 
he participated in an expedition to the Dutch West Indies 
which brought him a doctor’s degree in 1888 based of his Fig. 4-45. G.A.F. Molengraaff  in 1929.
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toezicht op de Mijnen in 1940 he was described as “The 
Great Wanderer, who roamed the entire globe, searching 
for gold, petroleum and coal”. In 1940 the Geological and 
Mining Society of The Netherlands granted him honor-
ary membership. In 1950 the Society established the Van 
Waterschoot van der Gracht Medal of Honour “for personal 
merit on geological and/or mining matters, irrespective of 
nationality or profession”.

4.3.3  F.A. Vening Meinesz: The Diving Dutchman 
theo Van hengel

Unlike most traditional geologists working in the moun-
tains, Felix Vening Meinesz (1887-1966) did not wield ham-
mer or compass. Instead, he used pendulums to measure 
the (acceleration due to) gravity while at sea to provide 
information – albeit indirect – about the evolution of the 
earth’s crust. 
Vening Meinesz was born in Amsterdam, into the high 
society of that stretch of the Herengracht known as the 
‘Golden Crescent’. His father, the Mayor, oversaw the 
reconstruction of the city and its canals, activities that 
at the time affected many a youth: “all our senses, our 
heart, our head, our hands, our generation…” as the poet 
Herman Gorter wrote. Possibly this also applied to the 
young Vening Meinesz, who went up to Delft in 1904 to 
study civil engineering; a course which included survey-
ing. After graduating in 1910 he started work at the State 
Commission for Triangulation and Levelling (Rijkscommis-
sie voor Graadmeting en Waterpassing) in Delft, without 
realising at the time that he would stay with the Commis-
sion, in one way or another, for the rest of his career. The 
gravity measurements he was expected to carry out were 
considered essential for the determination of the shape 
of the earth by means of the astro-geodetic method. Any 

named the ‘Molengraaff River’ by oceanographers - and 
demonstrated that the tin deposits on the islands of the 
Sunda Sea occur in drowned river valleys.
In contrast to the mainly fixist American participants at the 
famous 1926 AAPG symposium on continental drift, which 
Molengraaff did not attend, he was one of the few supporters 
of the theory. He explained: “I have worked in the East Indies 
and there the evidence of drift is indeed convincing. Without 
knowing why, we see New Guinea drifting to the north.”

4.3.2. Van Waterschoot van der Gracht 
Freek Van Veen

After obtaining a doctorate in law, Willem van Waterschoot 
(1873 – 1943) graduated in 1903 as a mining engineer from 
the oldest mining academy in the world, the Bergakademie 
at Freiberg im Sachsen. He was to become one of the most 
famous Dutch industrial geologists. In 1906 he became 
director of the Dutch State Survey for the exploration of 
minerals and discovered the first exploitable coal field 
outside Limburg with the Helenaveen 5a boring, placed on 
a hardly noticeable elevation in the terrain, the Peelhorst. 
In 1916 he issued a masterly final report on the Survey’s 
1903-1916 investigations of the Dutch subsurface, in which 
large recoverable coal and rock-salt deposits were identi-
fied. In the report van Waterschoot warns against total state 
exploitation of mines and pleads for the establishment of a 
Geological Survey, an advice that was followed up in 1918. 
Between 1909 and 1914 he travelled extensively to provide 
advice on ore, coal, and oil and gas exploration in Russia, 
Romania, South Africa, Tierra del Fuego and the islands of 
the Netherlands East Indies. In this period he was involved 
in the founding of the Netherlands Geological and Mining 
Society, of which he was to become the first president. 
In 1915 Van Waterschoot moved to Oklahoma as an adviser 
for Roxana Petroleum Co, the first Shell daughter in the USA, 
of which he became president in 1917. Here he introduced 
seismic surveying, and developed original theories on 
salt tectonics, based on his knowledge of European salt 
formations.  His greatest fame in the USA, however, is due 
to his role as convener of the first American Association of 
Petroleum Geologists Symposium on Continental Drift in 1926 
in New York. Here he revealed himself as a firm advocate of 
the view that Wegener’s theory, “which had so far found 
scant support from the majority of US fixists” should receive 
serious consideration. Van Waterschoot returned to Europe in 
1928 and settled on his wife’s family estate in Austria. During 
the next four years he published 15 articles on oil geology, 
specifically of the Carboniferous and Permian. He concluded 
that oil accumulations are likely to occur in the Permian of 
the North German plains including The Netherlands, and 
speculated on the Carboniferous as a source rock for gas. 
In 1932 the Dutch government called him back to become 
Inspector–General of mines.
During the economic recession of the 1930s, the Geological 
Survey was threatened with closure. Van Waterschoot pre-
vented this happening, however, and the Survey continued 
as a Geological Foundation (Geologische Stichting) with two 
divisions, one at Haarlem for mapping and one for the mines 
at Heerlen. In the Comptes rendus of the Second Carbon-
iferous-Stratigraphy Congress in 1935 he published the first 
tectonic map of the Variscan front and foreland from south-
eastern England to Westphalia, a magnificent achievement. 
In an interview at his departure as director of the Staats-

Fig. 4-47. F.A. Vening Meinesz aboard submarine K XVIII on her 
departure from Den Helder in 1934.

W.A.J.M. Van Waterschoot van 
der Gracht

Fig. 4-46. Vening Meinesz at his pendulum.
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too confined for a man with the large physique of Vening 
Meinesz (see 7.1.5). As a person fully committed to research 
in an international environment; ‘….a good ship-mate…’, 
‘….a man with friends in high places…‘, Vening Meinesz 
knew how to establish an international network. This 
served him well in the immediate post-World War II period 
when the Dutch government invited him to investigate how 
research was organized and developed in the United States, 
in order to help with the establishment of The Netherlands 
Organisation for the Advancement of Pure Scientific Research 
(Nederlandse Organisatie voor Zuiver-Wetenschappelijk 
Onderzoek, ZWO, see 4.1.3.).
After 1952 Vening Meinesz was once again dedicated him-
self fulltime to geodetic and geophysical studies, having 
served until then as Managing Director of the Royal Dutch 
Meteorological Institute (Koninklijk Nederlands Meteorolo-
gisch Instituut, KNMI). In the meantime, new techniques in 
ocean-floor research had been developed, including heat 
flow measurement, seismometry and magnetometry. Ewing, 
Hess and Bullard – former students of Vening Meinesz dur-
ing the interwar period – used data gathered in this way in 
the study of ocean-floor morphology (1957) and for the de-
velopment of sea-floor spreading concepts (1960) and plate 
reconstructions (1963) Together with palaeomagnetic data, 
these provided arguments in support for plate tectonics, the 
great integrative theory of geology (1970).
The contribution of Vening Meinesz to geological science 
can hardly be better demonstrated than by comparing his 
postulate with the geotectonic model held at the begin-

potential discrepancy between a gravity measurement 
(reduced to sea level) and the normal value at that location 
was assumed to have geological significance based on the 
theory of isostasy. This theory assumes that the earth’s crust 
is elastic and that it floats on a denser, plastic substrate in a 
state of hydrostatic equilibrium (fig. 4-48).
By accident Vening Meinesz was made aware that a 
submerged submarine, powered by electromotors, would 
provide an ideal, stabilised platform for gravity measure-
ments at sea. This was something that, before him, nobody 
had thought of doing, and which would only be applied 
on a large scale after World War II, stimulated by develop-
ments in space technology. 
The interbellum became a ‘Golden Time’ of cooperation 
between the Dutch Navy and scientific research. The Navy 
incorporated these gravity measurements into their diving 
exercises as part of the training for submarine crews en 
route to the Dutch colonies. In this way, science obtained 
- at no cost - gravity data at almost a thousand locations, 
which could be used in geodetic and geophysical stud-
ies. Moreover, the results of one expedition helped Vening 
Meinesz in the planning of a follow-up expedition; an op-
erational breakthrough at a time when ‘one-off’ oceano-
graphic expeditions were the rule. Vening Meinesz’ exploits 
received wide publicity in print and on screen both at home 
and abroad.  Between 1933 and 1951 he served, with only a 
short interruption, on the boards of the International Asso-
ciation of Geodesy and the International Union of Geodesy 
and Geophysics.
Submarine crews, for their part, received extra diving al-
lowances of up to half a month’s pay. As a result they gave 
the case of the copper-coloured pendulum the biblical 
epithet of ‘Golden Calf’. Not the least important was the 
fact that the image of the Dutch Navy, tarnished by mutiny 
in 1933, gained somewhat in popular esteem. 
Over a period of some fifteen years and an equal number 
of expeditions, Vening Meinesz covered more than 100,000 
miles at sea. He considered the expeditions carried out by 
the submarine K XIII in 1926-27 and in 1929-30 to be the 
most important. These early expeditions resulted in the 
delineation of the ‘Minus-zone’, which is further discussed 
in Chapter 7.  
On several expeditions aboard foreign submarines, Vening 
Meinesz instructed researchers in the use of his pendulum 
apparatus and in the proper reduction of field data. The 
work had at times to be carried out under tropical condi-
tions, in rough seas, under time-pressure and in a space 

Measuring gravity by means 
of a free-falling object was, at 
the time, not possible. The 17th 
century Dutch ‘savant’ Chris-
tiaan Huygens had already 
shown that ’the oscillation of 
a pendulum was the delayed-
action equivalent of free-fall’, 
and had derived the mathemati-
cal formulae to compute gravity 
by this means. In Delft, as in 
other areas with an unstable 
subsurface, a pendulum devi-
ated from the rest position of 

its own volition: the unstable 
substrate of the town prevented 
undisturbed measurements. 
In his thesis Contributions to 
the theory of pendulum observa-
tions (Bijdragen tot de theorie der 
slingerwaarnemingen, 1915), Vening 
Meinesz developed a technique 
using a combination of pendu-
lums suitable for measuring 
gravity on an unstable subsur-
face. The apparatus comprised 
one or more pairs of iso-
chronous pendulums, swinging 

with low amplitude in the same 
plane and in opposite phase. 
By measuring the differential 
movement of the pendulums, 
external disturbances affect-
ing the common suspension 
mechanism were eliminated. 
Subsequent designs involved 
three such pendulums; the two 
outer ones being set in motion 
as described and the middle one 
being allowed to deviate autono-
mously from the rest position. 
The pendulums were integrated 

within a system of lenses and 
mirrors through which a beam 
of light could be passed. The 
resulting optical stack of reflec-
tions enabled photographic 
registration of the differential 
motion between a pair of pen-
dulums (each consisting of one 
outer and the middle pendu-
lum) in order to determine the 
period of oscillation. 

measuring graVity

Fig. 4-48. Geological interpretation of the gravimetrical profile of 
the ‘Minus’ zone.
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the resident - who was afraid of the continuously rumbling 
eruptions and the impressive plumes of dark smoke, vol-
canic ashes and lava - they reached within a few hundred 
metres of the volcano and photographed the eruption. The 
images were published in several magazines throughout 
the world.
During the 4th Pan Pacific Science Congress in Bandung 
(May 1929), Umbgrove guided participants to uplifted fossil 
coral reefs and living corals in the Bay of Batavia. They also 
visited the new crater island of Krakatoa, this time in the 
luxury vessel Rumphius.
In 1930 Umbgrove returned to Holland where he succeeded 
Molengraaff as full professor of geology and palaeontology 
at the Faculty of Mining Engineering at Delft. His inaugural 
address was on ‘The present state of coral reef problems’. 
He elaborated on the complexity of reefs and discussed 
several new theories on their origin, such as sea-level rise 
at the end of the Pleistocene, an idea that Molengraaff had 
suggested in 1916. 
In 1933 Umbgrove met the famous geophysicist Vening 
Meinesz, who had carried out gravity measurements in 
the East Indian archipelago in a submarine. Together they 
started to unravel the ‘chaotic tectonics’ of the Indonesian 
island arcs.  In his notebooks Umbgrove writes: “The veil of 
total darkness was slightly lifted, in this chaos we seemed 
to recognise at least some order and direction [….]”. 
Their collaboration resulted in several publications on the 
relation between geology and gravity anomalies as well as 
theories on the origin of the archipelago. It was crowned 
by Umbgrove’s beautifully illustrated Structural history of 
the East Indies (1949). During his stay in the East Indies 
from 1926 to 1929, the basis was also laid for his interna-
tionally praised book The pulse of the Earth (1947). In this 
stimulating and authoritative masterpiece, the world’s 
literature on several domains of geology was assimilated 
in so far as it related to the varying rates in mountain 
building. Umbgrove developed original ideas on the origin 
of continents and island arcs, but could – contrary to 
Molengraaff - not accept the hypothesis of continental 
drift. The appearance of ‘The pulse’ made Umbgrove an 
internationally renowned scientist. In 1962 Harry Hess, in 
a paper on sea-floor spreading, cited ‘The pulse’ as “no 
longer pertinent, but a brilliant summary which I consider 
as an essay in geopoetry”. 
In his notes of 1933 on the geology of the archipelago 
Umbgrove remarks: “Even more I am fascinated by the 
evolution of life in its million forms and diversity”. His pro-
found thoughts about the problems of life and evolution are 
clearly expressed in his 1943 book Life and matter (Leven en 

ning of the 20th century. At that time it was thought that – 
analogous to the cooling and shrinking of a hot solid body 
– the earth’s surface, comprising oceans and continents, 
would passively respond to the cooling and shrinking of 
its core. A generation or two later this rather static model 
had changed to a plate tectonic paradigm, whereby heat 
generated by radioactivity triggered thermal processes, 
contributed to the shaping of the earth’s morphology in a 
dynamic way. That dynamism – suspected earlier by a few 
– had been shown by Vening Meinesz to exist on the basis 
of the size of the imbalances in the gravity field, suggesting 
deeply buried causes and balancing forces. The search for 
the nature of these processes formed a focus in his studies 
and is still central to geological research today. 

4.3.4. Umbgrove: Geologist-philosopher
Freek Van Veen

J.H.F. Umbgrove (1899-1954) was born in the province of 
Limburg, close to the caves of Valkenburg, where Cretaceous 
building stone was quarried underground. The walls of 
the house where he was born consisted of Maastrichtian 
chalk, and he used to say he always loved investigating the 
Senonian of Limburg. 
In 1919 Johannes broke with the family tradition of studying 
law and started with geology at Leiden University. In 1926 
he signed a three-year contract with the Bureau of Mines 
in the Dutch East Indies (Dienst van het Mijnwezen) where 
he was to be stationed at its palaeontological laboratory as 
a coral specialist. According to his notebooks, in the Indies 
began the “greatest personal and scientific adventure of 
my life”. In Bandung he became interested in the Tertiary 
macro-foraminifera collected by his colleague Isaac Van der 
Vlerk and in 1928 he published a monograph on the genus 
Pellatispira. His knowledge of fossil corals enabled him to 
publish also on the distribution of recent corals in specific 
parts of a reef and on the influence of wind direction 
on reef structure. He also devoted his time to volcanoes, 
tectonics, palaeogeography, morphology of the seafloor, 
and coastal phenomena. When an eruption of Krakatoa 
was reported in January 1928, Umbgrove succeeded - under 
the pretext of studying the coral islands of the Sunda Strait 
- to accompany the volcanologist Stehn and the resident 
of Bantam to Lang Eiland where a temporary observatory 
was to be installed. With a motor sloop the enthusiastic 
young scientists approached the volcano. After dropping 

Fig. 4-49. Vening Meinesz with his opponent Harold Jeffreys 
in 1962 after receiving the Vetlesen medal, the ‘nobelprize of 
Geology’.

Fig. 4-50. J.H.F. Umbgrove in his study.
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Wegener’s continental displacement
A major geological enigma at the beginning of the 20th 
century related to the genesis of mountain chains, those 
large-scale features that geologists use to acquire knowledge 
about the interior of the earth. In the 19th century several 
hypotheses were en vogue. The most important one was 
the contraction theory, which stated that mountains are the 
result of the shrinkage of the earth. Eduard Suess’ version 
dominated European geology, especially in German-speak-
ing countries. It explained the origin of mountains solely 
in terms of vertical motion. Since all of the important Dutch 
geologists of the beginning of the 20th century followed part 
of their education in German-speaking countries, they were 
well acquainted with the theory.
At the end of the 19th century, the discovery of thrust sheets 
in the Alps demonstrated that many kilometres of shorten-
ing, and thus horizontal motion on a scale unexplainable 
by contraction of the earth, had taken place. In order to 
explain the occurrence of comparable deposits and fossils on 
different continents of the southern hemisphere, e.g. those 
of the Permo-Carboniferous ice age, Suess had proposed that 
parts of the land areas had sunk. He theorised that these 
continents once formed a single landmass ‘Gondwana’, the 
connecting parts of which had sunk into the ocean floor. 
The discovery of isostatic-balance conflicted with his theory.
Wegener’s theory, presented in the book Die Entstehung 
der Kontinente und Ozeane (1915), addressed such problems 
and explained the similarities in deposits and fossils. For 
this reason Dutch geologists enthusiastically supported the 
theory, but not his ‘solution’ for the origin of the East Indies 
archipelago, which assumed that its curvature resulted from 
the indentation of Australia into a previously straight island 
arc. In fact they rejected Wegener’s solution for the entire 
archipelago. Instead some, including Smit Sibinga, proposed 
a modification that argued that the archipelago originally 
had a bent shape, but that the intrusion of Australia had 
superimposed another curvature. Smit Sibinga’s theory was 
ultimately adopted by Wegener in the fourth edition of his 
Entstehung. 
Wegener lectured on his theory in The Netherlands between 
1923 and 1930 and the enthusiastic reception of continental 
drift was certainly facilitated by his personal acquaintance 
with almost all of the important Dutch geologists. 
Judging from the eulogies written after his death in 1930, 
they regarded Wegener as a brilliant scientist.
Some Dutch geologists actively promoted the theory in other 
parts of the world, though not very successfully. Van Wa-
terschoot van der Gracht (see 4.3.2) organized and presided 
over the American Association of Petroleum Geologist’s 1926 
symposium on the theory. There he was one of its only 
defenders and felt compelled to add papers by Wegener and 
Molengraaff to the proceedings of the symposium for a more 
balanced treatment of the theory.

Vening Meinesz’s gravity data 
Enthusiasm in The Netherlands for Wegener’s theory was 
huge. Reportedly, by the end of the 1920s even high school 
students were familiar with it. The unresolved question of 
the mechanics of continent displacement proved no obstacle 
for acceptance; it was merely regarded as an unsolved 
problem. The arguments in favour were considered strong 
enough until the results of Vening Meinesz’s discoveries 
became available.
For his doctorate degree Vening Meinesz had designed a 
reliable device to measure gravity at sea in a submarine. 

materie), which saw three editions within a short time.  
A philosophical study, Iconoclasm of science (Beeldenstorm 
der wetenschap) of 1945, discusses the power of human 
reason but also the inability to fully understand the secrets 
of the universe, “the most perfect work of art”. Symphony 
of the Earth, an ode to geology, appeared in 1948. In his 
1965 book Geosynclines Auboin considered that Umbgrove’s 
pioneering work on corals, sea level changes and island 
arcs, placed him firmly in the famous ‘Dutch School of 
Geology’ founded by Molengraaff. 
In 1952 Umbgrove became partially paralysed by a stroke 
and spent the last years of his life bedridden. The idea 
of a book ‘Our country 70 million years ago’ kept his 
mind occupied. His daughter brought him literature and 
Umbgrove dictated the text for his last work to one of his 
Delft assistants, in this way completing the Sketches of life 
in the Cretaceous period (Levensschetsen in de Krijtperiode), 
his autobiographic geological memoirs. It was published 
posthumously in 1956, ending his list of 122 publications.

4.3.5. The reception of Wegener’s theory  
in The Netherlands
Willemjan barzilay

Plate tectonic theory has immensely influenced the geo-
logical sciences and has rendered earlier theories obsolete. 
Its origin is often thought to lie in Alfred Wegener’s (1880-
1930) theory of continental displacement, the arguments 
for which, such as the reconstruction of the supercontinent 
Pangea, have become part of our current understanding of 
the Earth’s geological past. It is intriguing that Wegener’s 
theory was initially rejected by so many. Dutch geologists 
were enthusiastic supporters in the 1920s and early 1930s, 
but the discoveries of Vening Meinesz in the Netherlands 
East Indies changed all that and in the 1940s and 1950s 
the theory was generally rejected. In a following stage, 
palaeomagnetic data brought continent movement to the 
fore once again.

Fig. 4-51. Lithograph of the Krakatoa 1883 eruption.
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Rutten and Veldkamp started a palaeomagnetic laboratory 
at Utrecht University and adopted the idea of continental 
displacement already at the end of the 1950s. Others soon 
followed, among them even Van Bemmelen (in 1962), who 
had opposed the idea for more than 20 years, and Vening 
Meinesz (in 1964). 
The main opponent was Jan Hospers who had earned his 
doctorate in palaeomagnetism in Cambridge in 1953. Despite 
his important contributions in the development of the tech-
nique (see 4.3.6), he remained unconvinced that it proved 
continental displacement. He believed that the wandering 
paths were artifacts due to processes taking place in rocks. 
In 1968, however, he gave up his objections and accepted 
that continents moved. It can safely be assumed that after 
1968 all Dutch geologists supported continental displace-
ment, but a discussion remained over its causes.
When plate tectonics arrived in The Netherlands in the 
beginning of 1970 it was quickly and quietly adopted, prob-
ably because continental drift had already been accepted.

4.3.6 The dynamic Earth
marlies ter Voorde, With text Fragments by harm rondeel 

World War II significantly influenced the development of 
geology in The Netherlands. Field work abroad came to 
a halt and a number of authors took the opportunity to 
publish what would become important books and reports. 
For example, L.P.G. Koning published his highly cited On 
the mechanism of deep-focus earthquakes in 1941. In 1942, 
Umbgrove (see 4.3.4) finished his famous The pulse of the 
Earth in which he, as one of the first, considered the Earth 
as a single coherent system. Vening Meinesz (see 4.3.3 and 
7.1) used the wartime period to carry out analyses of the 
gravity-data he had collected in preceding years. In 1948, 
he completed the publication of his research. 
 
The approachable crust
The end of World War II heralded a fruitful period for 
the earth sciences. It was possible once more for Dutch 
geologists to expand their research to areas away from the 
Low Countries. A few studies of Quaternary deposits were 
actively pursued in The Netherlands, but all Dutch geology 
departments of the universities ran major mapping projects 
in European countries from 1950 onwards, in cooperation 
with local authorities. These projects contributed to regional 
insights into large scale structures like mountain chains and 
basins, prior to the introduction and application of plate-
tectonic concepts. Scandinavia, the French Alps, Galicia, 
the Betic Cordilleras, the Pyrenees, the Alps, the Cantabrian 
Mountains, the Apennines, the Mediterranean, all were 
domains of intensive projects (see also 4.1.3). Expeditions 
were undertaken to remote areas like the Peruvian Andes, 
the Himalayas and Tanzania. All of these activities resulted 
in the accumulation of a large amount of data, in part 
included in and used for theses. Knowledge acquired in 
this way led Henk Zwart to write-up his fundamental work 
on the tectonometamorphic differences in style between 
the European Caledonides, the Hercynides and the Alpine 
mountains. Locally, the data were effectively incorporated 
into regional mapping projects in the countries involved. As 
an example, Amsterdam University contributed significantly 
to sixteen of the new 1:50.000 geological map sheets of the 
eastern Betic Cordilleras belonging to the Spanish national 
geological map project.

From 1923 onward he took the device to sea on expeditions 
throughout the globe, no minor feat for a man who was too 
tall to conveniently fit in one. In 1932 and 1934 he published 
the measurements with an interpretation of the results. They 
documented the discovery in The Netherlands East Indies of 
a zone of low gravity, about 200 km wide and thousands 
of kilometres long. This negative anomaly was explained 
by ‘crustal bulging’; a bulge of lighter crustal material 
protruding into the underlying heavier mantle, sustained by 
horizontal mantle currents.
In Wegener’s theory, continents moved through an ocean 
floor that was supposed to consist of material that - on the 
geological time-scale - acted like a liquid. An ocean floor of 
this kind could not sustain Vening Meinesz’s crustal bulge 
– as reported in newspapers in the 1940s, his ocean floor 
was too strong for a continent to move through it. Vening 
Meinesz himself was not yet ready to contradict Wegener’s 
theory, however, but most Dutch geologists rejected it - even 
though the idea of continental displacement lingered on. 
Several of them developed their own theories, almost all of 
them including continental displacement during the Pre-
cambrian, when it was proposed that the ocean floor was 
still soft enough for continents to move through it. Several 
Dutch geologists like Kuenen (but also Vening Meinesz) also 
struggled with Wegener’s explanation for the distribution of 
Permo-Carboniferous deposits, but the controversial geolo-
gist Van Bemmelen (see 7.1) was the only one to fully oppose 
continental displacement (see 4.3.6 for his undation theory).

Palaeomagnetism 
Wegener’s theory became accepted again in The Netherlands 
when the concept of continental displacement was sup-
ported by palaeomagnetic reconstructions of the position of 
the magnetic pole relative to the various continents through 
time. The irregular paths, which differed on the different 
continents, indicated that the latter must have moved rela-
tive to each other.

Fig. 4-52. The fit of South America with Africa according to Du 
Toit as it appeared in Escher’s 1934 Physical Geology (modified 
by H.E. Rondeel).
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At that time Hospers was in Alberta, where a radiometry 
group capable of dating young rocks was active, but he failed 
to collaborate with them. A few years later, Hospers left for 
the University of Amsterdam, where he assumed a professor-
ship in 1960. At that time, isotopic dating laboratories did not 
yet exist in The Netherlands.   
The other Dutch geologist who emerged as a pioneer in the 
same field was Martin Rutten, who worked at the University 
of Amsterdam from 1946 to 1951, and at Utrecht University 
from 1951 until his death in 1970. In 1959, he published 
Paleomagnetic reconnaissance of mid-Italian volcanoes in 
the KNGMG journal Geologie en Mijnbouw. Although it rep-
resented the first attempt to define a time scale of geomag-
netic polarity reversals through the use of radiometric data, 
it did not receive much attention at the time. Rutten was a 
generalist rather than a specialist, which perhaps made it 
easier for him to come up with the idea, but which may also 
have prevented him from properly working out his pioneer-
ing attempt. 
Eventually, in 1963, the first polarity-reversal time scale was 
formulated by the Americans Allan Cox, Dick Doell and Brent 
Dalrymple, and opened the door to the proof of continental 
drift and, ultimately, plate tectonics. 
In the late 1950s Utrecht University established a palaeomag-

In the post-war years, the gravity expeditions of Vening 
Meinesz were set in motion again, for a large part with a dif-
ferent crew, but still under his supervision. Sponsored by the 
Royal Dutch Navy, who supplied a submarine, he once again 
had leadership over the gravity measurements made during 
the International Geophysical Year (1957-1958), this time in 
the Caribbean and along the west coast of Central America. 
Meanwhile, a worldwide scientific revolution was on its 
way. Although nobody realized it yet, research in several 
institutes in the years from 1957 to 1966 would converge 
into the proof for the hitherto controversial theory of ocean 
spreading and continental drift.
Two Dutch scientists played an important role in this process. 
One of them was Jan Hospers, a Groningen geology student 
and physicist educated in Cambridge, who carried out one of 
the first magneto-stratigraphic studies on Tertiary lava flows 
in Iceland in 1951. Hospers’ results indicated a clear and 
periodic alternation between normal and reversed polarities 
and an absence of intermediate directions. It was one of 
the starting points for further studies of magnetic reversals, 
which ultimately, coupled with proper dating, would lead 
to the proof of plate tectonics. Notably, Hospers had already 
expressed interest in dating magnetically-oriented tuff beds 
with the potassium-argon method at the end of the 1950s. 

Closely and proudly connected 
to the KNGMG history is a book 
Theory of continental drift: A 
symposium by Willem A.J.M. 
Van Waterschoot van der Gracht 
and co-authors, which resulted 
from a symposium convened by 
the Society’s founding father 
to discuss the - at that time - 
new hypothesis of continental 
drift. The symposium was held 
in New York, in 1926, which 
in retrospect is very shortly 
after Alfred Wegener published 
his hypothesis on continental 
drift in the years 1912-1915. The 
convener, Van Waterschoot 
van der Gracht, contributed a 
75-pages Introduction in which 
he displayed an extremely 
open attitude, advocating 
serious study to investigate the 
hypothesis. He perceived that 
it would take generations of 
scientists to fully explore the 

new ideas and to understand 
the mechanisms involved. The 
participants largely lacked that 
open mind and were generally 
very blunt in their rejection.                                                                                                                  
Forty-two years later (in No-
vember 1968) a national sympo-
sium was organised by R.W. Van 
Bemmelen, under the auspices 
of the KNGMG, in Delft. The 
central topic was the problem 
of ’oceanisation’ of the western 
Mediterranean. Various types of 
observations indicated that con-
tinental crust existed in regions 
of deep water (with presum-
ably an oceanic type of crust), 
such as in the basin between 
Iberia and Corsica/Sardinia. 
The resulting proceedings, 
published in 1969 as volume 26 
of the Transactions of the Soci-
ety (Verhandelingen KNGMG, 
deel 26), show the remarkable 
breadth and depth of studies 

carried out in the Mediter-
ranean region by Dutch earth 
scientists. Interestingly, the 
widespread acceptance of plate 
tectonic theory in the mid-1960s 
directed the discussion towards 
addressing the question: does 
the concept of plate tectonics 
apply in the Mediterranean re-
gion as well? The presentation 
by A.R. Ritsema and pertinent 
contributions to the discussion 
by the participants, and in 
particular by W.P. De Roever, 
led to comparisons between the 
island arcs in the Pacific realm 
and the Calabrian and Hel-
lenic arcs of the Mediterranean. 
Based on his focal mechanism 
studies, Ritsema contributed 
very pertinent views which are 
still valid today, but for which 
unfortunately a few years later 
other scientists received credit.                                                                                                                              
As opposed to the 1926 continen-

tal-drift symposium convened 
by Van Waterschoot van der 
Gracht, the role of the organiser 
and the other participants in 
this plate tectonics discussion 
was reversed. Van Bemmelen 
declared that a comparison 
between the Pacific and the 
Mediterranean arcs was unac-
ceptable; the opinions expressed 
by the other participants, 
led by Emile Den Tex, were 
much more open-minded.                                                                                                                      
Even without a full comparison 
with other events, it can be 
argued that the 1968 symposium 
turned out to be a jewel in the 
Society’s crown. It testifies to 
the merits of such a gather-
ing of scientists from different 
earth science subdisciplines and 
provides lessons to be learnt. 
The corresponding issue of the 
KNGMG Transactions has been a 
true inspiration to many.

a tale oF tWo conFerences
rinus Wortel

The emerging proof for plate 
tectonics undermined the con-
troversial, but widely known 
‘undation theory’ of Reinout 
Willem van Bemmelen. This 
theory tried to explain orogen-
sis at a time when the main 
question exercising the geologi-
cal profession was the origin 
of mountain building forces. 

According to Van Bemmelen, 
gravity - an inherently vertical 
movement - was the ultimate 
cause of all rock deformation 
and operated at all scales, 
producing everything from 
relatively local uplifts to ‘mega-
undations’ of continental di-
mensions. It was proposed that 
such uplifts could be the cause 

of horizontal movements at a 
similar range of scales, needed 
to restore gravity equilibrium. 
Van Bemmelen thought that 
the primary causes of mountain 
building were to be found deep 
in the mantle: geochemical dif-
ferentiation would induce den-
sity and volume changes which, 
in turn, would lead to vertical 

migration of material at various 
depths. These would become 
manifest at upper levels and at 
the surface as up- and down-
ward disturbances (undations) 
of isostatic equilibrium. For a 
further account of Van Bemme-
len’s life and work the reader 
should consult section 7.1.

Van bemmelens undation theory
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now be refined; recent versions of the GPTS fully incorpo-
rate the work of Hilgen and his co-workers.
Regional mapping projects in the Pyrenees, strongly sup-
ported by microscopic work on thin sections of metamor-
phic rocks, led Henk Zwart to develop a classification of 
microstructures in metamorphic minerals and rocks and 
their temporal relationship to phases of (brittle-)ductile 
deformation (see Henk Zwart). His diagnostic criteria for the 
timing of porphyroblastesis in relation to deformation are 
still valid today, and have contributed to the construction 
of Pressure-Temperature-time evolutions ( fig. 4-53). From 
1970 onward another revolution occurred, which had major 
implications for research in the earth sciences: the progres-
sive increase of calculation speed and memory of comput-
ers. It enabled the outgrowth of disciplines like seismology, 
tomography and tectonics, making it possible to solve 
larger sets of mathematical equations much faster than 
before. It opened the way to the development of numerical 
simulation models, through which the quantitative effect 
of suggested mechanisms and scenarios could be checked 
more easily and exhaustively than before.
At the geophysics department of the University of Utrecht, 
Sierd Cloetingh and Rinus Wortel, doctorate-students in the 
group of Nico Vlaar, applied numerical modeling to their 
research on the forces driving plate-tectonics. From 1980 
onward, they published several papers on the origin of 
spreading centres, the evolution of passive margins and the 
initiation of subduction zones. 
Inspired by his first professor in Groningen, the sedimen-
tologist Kuenen, Cloetingh developed a special interest in 
sedimentary basins, whereas Wortel concentrated on the 
deeper parts of the Earth.

The inaccessible inner earth
Access to the inner earth is through geophysics and petrol-
ogy. Results of geophysical studies form the subject of the 
following text, while the contributions of petrology, stem-
ming from the work of De Roever, are described in the next 
section (see 4.3.7). 
In the 1970s, seismology and especially the field of seismic 
tomography developed rapidly. The mathematics sup-
porting geophysical inversion theory was developed and 
the necessary tools to deal with the inevitably underde-
termined nature of geophysical inverse problems were 
provided. In addition, the dense digital seismic networks 

netic laboratory in Fort Hoofddijk, an element of the 19th 
century New Dutch Inundation Line, and the first building 
of the present-day campus ‘De Uithof’. Jo As and Hans 
Zijderveld were appointed as scientific assistants. In 1958, 
they published a paper showing that alternating-field de-
magnetisation was effective in removing present-day field 
overprints from the original natural remanent magnetiza-
tion (NRM) signal, thus providing the early foundation for 
reliable determinations of ancient magnetic-field directions 
and palaeopole positions.
In the 1960s the main research goal of the palaeomagnetic 
laboratory was to provide quantitative data on the wan-
dering of continents throughout geological time. Zijderveld 
designed a new visualisation technique for palaeomagnetic 
directions, allowing a better estimate of their quality than 
was possible with conventional stereographic projections. 
These orthogonal demagnetisation diagrams now are often 
referred to as ‘Zijderveld diagrams’. 
Regional palaeomagnetic studies in Utrecht led to the dis-
covery that declinations in Italy and the Iberian Peninsula 
deviated from those in the ‘stable’ parts of Europe. In 1973, 
Zijderveld and Van der Voo described these rotations in 
Iberia, Corsica, Sardinia and the southern Alps in Italy with 
respect to stable Europe, and introduced the concept of mi-
croplates. Subsequently, in the mid to late 1970s, Zijderveld 
also initiated investigations on the magnetostratigraphy of 
young rocks in which the primary nature of the natural re-
manent magnetisation could be tested with the help of the 
geomagnetic polarity time scale (GPTS). Collaboration with 
stratigraphers from the subfaculty at Utrecht was initially 
aimed at the dating and correlation of biozones in marine 
sediments, but it was rapidly extended to high-resolution 
studies of geomagnetic reversal records. 
Frits Hilgen, collaborating closely with Cor Langereis, 
perfected the concept of cyclostratigraphy by showing that 
astronomical solutions for the orbit of the earth around 
the Sun are reflected in the Pliocene sedimentary rhythms 
of southern Italy and Sicily. This breakthrough in chrono-
stratigraphy enabled the dating of sediments back to 5 
million years before present to a precision of about 2,000 
years, an unprecedented accuracy. In addition to rais-
ing excitement in the palaeomagnetic and stratigraphic 
communities, the results generated much interest in the 
radiometric- dating community because of the possibility of 
independent cross-checks. Moreover, the GPTS itself could 

Hendrik Jan Zwart (born 1924) 
was professor of structural 
geology, first at the University 
of Århus, Denmark (1966-1967), 
then at Leiden Univer-
sity (1968-1978) and, after the 
Leiden-Utrecht merger, in 
Utrecht up to his retirement 
in 1988. Zwart had inherited 
the department in Leiden 
founded by his predecessor 
De Sitter. While there, he 
assembled a group of creative 
and productive co-workers and 
doctorate students concentrat-
ing on and further elaborating 

his own doctorate work in 
the Pyrenees in the early 
1960s. Our understanding 
of metamorphic minerals 
and their microstructures as 
pre-, syn- or postkinematic 
with respect to particular 
phases of deformation is to 
a large extent due to Zwart 
and his group. In Utrecht 
he founded a laboratory of 
experimental rock deforma-
tion, often using analogous 
materials, to study deforma-
tion microstructures. 

henk zWart

Pre-, syn- and postkinematic mineral growth.

Henk Zwart
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4.3.7. Petrology and mineralogy 
Frank beunk With a contribution oF ernst burke

Petrology and mineralogy in Dutch academia have been 
taught in Amsterdam, Leiden and Utrecht. Unlike for instance 
in Germany, petrology and mineralogy have never been 
taught in separate departments in Dutch universities. As a 
result, albeit with Leiden as a notable exception, mineral-
ogy has commonly been treated as a subspecialisation of 
petrology. 
The most renowned Dutch petrologist of the post-World War 
II period undoubtedly is Willem Paul de Roever (1917-2000), a 
leading petrologist of the mid 20th century. 
Educated by the strong-willed and ambitious H. A. Brouwer 
at Amsterdam University, he was a typical example of 
Brouwer’s school of excellent observational geologists. His 
pioneering role in metamorphic petrology and in ophio-

that were installed as supplements to the analogue World 
Wide Standardized Seismograph Network (WWSSN) with 
the purpose of monitoring the testing of nuclear weapons 
provided densely spaced data to global seismologists.
In The Netherlands research on these topics was con-
centrated in Utrecht, where Nico Vlaar was appointed 
professor of theoretical geophysics in 1973. Together with 
Durk Doornenbos he utilized the new seismological net-
works to research the nature of the earth’s core and the 
heterogeneous deeper layers of the mantle, while with 
Guust Nolet he concentrated on unraveling the structure 
of the upper mantle. In 1982, Nolet developed the first 
portable array of broadband digital seismometers, which 
was used to probe the structure of the upper mantle 
under the western part of Europe. Data from this Network 
of Autonomously Recording Seismometers (NARS) showed 
evidence for strong upper-mantle heterogeneity and the 
topography of a seismic discontinuity near a depth of 670 
km.
The overwhelming amount of data made new math-
ematical methods for solving equations necessary. This 
became the new focus for the group in Utrecht, including 
Nolet. Wim Spakman applied these methods to regional 
tomographic studies and, in 1988, together with Wortel 
and Vlaar, he showed that the Hellenic subduction zone 
extended beyond the cut-off depth for seismicity. This 
opened a possibility that up to then had seemed a mere 
hypothesis: slabs sinking deeper than the deepest located 
earthquakes! This discovery led to more detailed studies 
of the 670 km discontinuity in the following decades. 
Especially the cooperation between Nolet, Spakman and 
Rob van der Hilst turned out to be fruitful.
A break-through in the working methods of many earth 
scientists was the notion that cross-fertilization between 
disciplines would prove fruitful: results from mantle flow 
simulations could be interpreted only when combined 
with reconstructions of past plate motion which, in turn, 
were derived from palaeomagnetic data.
Recently, awareness of the power of cooperation between 
various disciplines has led to the establishment of formal 
organisations to promote this. Substantial elements of 
academic departments of solid earth sciences have united 
to form the Netherlands Research School for Integrated 
Solid Earth Sciences (ISES), ensuring cooperation between 
multidisciplinary teams in the subdisciplines of geology, 
geophysics, geodesy and geotechnology.

Fig. 4-53. State of the art Pressure-Temperature-time diagram showing history of rock forming 
processes in the development of a mountain chain. Experimental petrology as performed by 
Schuiling in Utrecht established areas of stability of major rock-forming minerals (thin lines). Careful 
microscopical observation as done by the schools of, e.g., De Roever and Den Tex reveals successive 
mineral assemblages corresponding with changing P-T conditions in time. The methodology 
developed by Zwart and others links mineral formation to deformation. Geochronology as applied by 
Priem c.s. dates successive phases of mineral and rock formation. nowadays all these methodologies 
together enable geoscientists to explain mountain building in terms of plate tectonics, positioning 
different geotectonic units with respect to the pressures and temperatures they successively have 
experienced (curves A to H). Pressures of 10Kb correspond with a depth of ~33 km, 18 Kb with ~56 
km. This example explains a sector of the Variscan orogen in Galicia (northwestern Spain). 

De Roever paid a great deal 
of attention to alpinotype 
peridotites, characteristic 
companions of glaucophane 
schists. Until the mid 1960s 
the bulk of the geological com-
munity regarded this suite as 
‘eugeosynclinal’ differenti-
ated eruptives, but already 
in 1957, in his pioneering 
publication Sind die alpinotypen 
Peridotitmassen vielleicht tekto-
nisch verfrachtete Bruckstücke 
der Peridotitschale? De Roever 
correctly interpreted the 
ophiolitic peridotites as tec-

tonic inclusions in mountain 
belts and as solid residues of 
partial mantle melting rather 
than magmas themselves. In 
1975, W. Gary Ernst included 
De Roever’s article in the 
Metamorphism and plate tec-
tonic regimes anthology of the 
Benchmark Papers in Geology 
series, together with two 
more of his publications, one 
on the (post-Palaeozoic) age of 
glaucophane and glaucophane 
schist facies metamorphism, 
the other on the attribution 
of fluid overpressure of tec-

tonic origin to high pressure 
metamorphism, ideas which 
have withstood the test of 
time less well. De Roever’s 
interest in the Earth’s mantle 
was also reflected, in the late 
1950s, by his analysis of exist-
ing information on mantle 
nodules from basalts and 
kimberlites. From these, he 
concluded (1958, 1961) that the 
upper mantle must be domi-
nantly peridotitic, rather 
than pyroxenitic or eclogitic, 
and that this implied the 
loss of a basaltic magmatic 

component, and also that 
the foliated texture of many 
peridotite nodules reflects de-
formation by slow, solid-state 
mantle flow.

de roeVer and Peridotite
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zoned crystals, e.g. hornblende rimmed by glaucophane, 
as evidence of disequilibrium and of successive meta-
morphic facies (1947, 1950). Thereby he introduced the 
factor of time in the study of orogenic metamorphism. In 
the early post war years De Roever returned to the Indies, 
where he was stationed on the tin island of Banka. He 
discovered a large tin deposit in a karst depression there, 
and also described the first finds of Permian and Triassic 
fossils on the island. 
Back in Holland after Indonesian independence, De 
Roever was appointed as reader at the University of 
Amsterdam in 1950. In 1955 he succeeded the Swiss Ernst 
Niggli as professor of petrology, mineralogy and min-
eralogical crystallography at Leiden University. However 
in 1958, after Brouwer’s retirement, he returned to his 
Amsterdam chair and resumed metamorphic research in 
the Betic Cordillera. With his doctorate student Herman 
Nijhuis, he coined the term ‘plurifacial metamorphism’ 
for the succession of metamorphic stages within a 
single orogenic cycle, a notion to be developed by the 
next generation of petrologists into quantitative P-T-t 
paths, of crucial importance in tectonic interpretations of 
deeper crustal sections (see also 4.3.6.). He was the first 
to recognise the widespread occurrence of jadeite-rich 
pyroxene plus quartz in metagreywackes and to attribute 
the paragenesis to high-pressure metamorphism, such as 
that which leads to the rare association of diaspore plus 
quartz. Against mainstream thinking at the time (e.g. of 
F.J. Turner), he advocated a separate glaucophane-schist 
facies, characterised by co-existing glaucophane and 
lawsonite. Already during World War II De Roever had 
identified a new, ferromagnesian member of the carpho-
lite group in siliciclastic metasediments associated with 
glaucophane schists from Celebes (1951). When - in the 
late 1960s - he found a second occurrence of ferrocarpho-

lite geology led the famous Japanese petrologist Akiho 
Miyashiro, to write in a 1987 letter to Henk Zwart (Utrecht 
University): “His papers on the glaucophane-schist facies, 
the age of glaucophane and a possible mantle origin of 
peridotite were monumental. He was 10 years ahead of 
most other petrologists in the world (…).”
De Roever’s undergraduate field work in the Betic Cordill-
eras of southeastern Spain was interrupted by the Spanish 
civil war in the mid 1930s. Further field work was diverted 
to the Dutch East Indies, his country of birth. De Roever 
attained his doctorate at the age of 23 with a thesis on the 
geology of the Indonesian island of Timor. From a detailed 
study of the extensive collection of metamorphic rocks 
from Brouwer’s earlier expedition to Celebes (Sulawesi), 
and deeply influenced by the metamorphic facies princi-
ple developed by Pentti Eskola in Finland, he interpreted 

Fig. 4-54. W.P. de Roever.

neering’, and was formalised as 
such in an article by Schuiling 
in 1990 in the journal Applied 
Geochemistry. For 30 years, he 
taught geochemical engineer-
ing at the Unesco IHE Institute 
for Water Education in Delft. 
His projects include (i) develop-
ment of a process for the neu-
tralization of industrial waste 
acids by reaction with olivine, 
(ii) raising coastal barrier 
islands in The Netherlands by 
turning subsurface limestone 
beds into gypsum through in-
jection of industrial waste sul-
phuric acid, (iii) development 
of a process to break down 
jarosite – an Fe-sulfate waste 
from the Zn industry - by reac-
tion with organic waste streams 
in autoclaves, (iv) zeolitisation 
of coal fly ashes, (v) formation 
of self-sealing and self-healing 
isolation under toxic waste de-
posits by the reaction between 
two contrasting waste types, 

Born in 1932, Olaf Schuiling 
graduated as a petrologist, and 
held the chair of experimental 
petrology and geochemistry at 
Utrecht University from 1972 
to 1997. His early career was fo-
cused mainly on experimental 
(high-temperature) petrology, 
for which he established the 
first laboratory in The Neth-
erlands, but environmental 
geochemistry became increas-
ingly his focus in later years. 
This led him, with remarkable 
creativity, and usually sup-
ported by the European Com-
munity, industry, and private 
benefactors, to the pioneering 
of a number of often pat-
ented, low-cost environmental 
techniques, based on optimisa-
tion of naturally occurring 
geochemical processes. 
The application of natural 
processes to solving environ-
mental problems has been 
defined as ‘geochemical engi-

geochemical engineering: olaF schuiling

Heading of an article on the use of olivine to fight the greenhouse effect. 

e.g. acidic jarosite and alkaline 
coal fly ash, (vi) defluoridation 
of drinking water by reaction 
with gypsum, (vii) production 
of drinking water from gypsum 
in arid regions, (viii) phosphate 
removal from excess manure 
from the bio-industry by conver-

sion into struvite, an ammo-
nium (or potassium) magnesium 
phosphate usable as a fertilizer, 
and (ix) most recently, global 
sequestration of atmospheric CO2 
by carbonation reactions with 
olivine or Ca-silicates to counter-
act greenhouse warming. 

Olaf Schuiling
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ogy at the Amsterdam Free University from 1980 to 2001. As a 
result of his geological studies in France (Nancy) in the early 
1970s, he established the leading role of mantle-derived CO

2
 

in granulite metamorphism of the lower continental crust. 
Once in Amsterdam he quickly developed his department 
into a centre for a wide range of fluid inclusion studies, 
through the combined application of meticulous microscopy, 
the heating/freezing technique and Raman spectroscopy: on 
granulites (‘on retourne toujours à ses premiers amours’), 
ultra-high-pressure eclogites, mantle peridotites, shear 
zones and their mineralisations, cupriferous granitoids, to 
anchimetamorphic rocks and Zechstein evaporites. In the 
late 1990s he joined the booming field of melt inclusion re-
search. Several of his doctorate students have since become 
leaders in their field of expertise (see also 4.1.3).
Contributions to the field of mineralogy by Dutch nationals 
mostly are of a technical nature: systems for mineral deter-
mination (see Contributions to mineralogy) and identifica-
tion of new minerals (see Minerals from Amsterdam). In 
the related field of crystallography comes the contribution 
of Piet Hartman (born 1922), professor of crystallography in 

lite in southern Italy, the mineral was confirmed as another 
indicator of HP/LT metamorphism; Mg-Fe-carpholites have 
since been found worldwide in glaucophane schist facies 
metasedimentary belts. 
Succeeding De Roever as professor of ore geology, petrol-
ogy and mineralogy at the University of Amsterdam, Oen 
Ing Soen (1928-1996), a member of the Chinese community 
in The Netherlands originating from the former Dutch East 
Indies, initiated and led in the decade 1975 to 1985 an in-
depth study into the famous central Swedish ore province 
of West Bergslagen, part of the 1.9-1.8 Ga Svecofennian 
orogen of the Fennoscandian Shield. Oen, his staff and 
doctorate students recognised the submarine, continental 
active-margin rift environment of the sedimentary, volca-
nogenic and replacement ores, and discovered the role of 
seawater and sub-seafloor hydrothermal metamorphism in 
their origin. 
Research on deep-seated processes was the subject of 
French national, Jacques Léon Robert Touret (born 1936), 
one of the founding fathers of the science of fluid-phase 
petrology, professor of mineralogy, petrology and ore geol-

Oen Ing Soen; sketch by 
Ewoud Bon

Prior to the availability of 
the electron microprobe 
for the chemical analysis 
of minerals, methods to 
identify minerals quickly 
were based on optical 
microscopy. They had the 
place all to themselves. 
Among the Dutch contri-
butions to these methods, 
those of J.C.L. Schroeder 
van der Kolk (Delft 
Polytechnic) and Alex C. 
Tobi (Utrecht University) 
found wide application. 
The Schroeder van der 
Kolk method (1898, 1906) 
measures the refractive 

indices of transparent 
minerals by immersion 
in liquids with known 
refraction indices. In 1969 
and 1975 Alex Tobi devised 
widely used charts for the 
remarkably precise deter-
mination of the anorthite 
content of plagioclases, 
based on the variation 
of extinction angles in 
specific sections. In the 
same spirit Wim Uyten-
bogaardt and Ernst Burke 
published their Tables for 
Microscopic Identifica-
tion of Ore Minerals (1971, 
1985). 

contributions to mineralogy

Tobi’s scheme for the determination of anorthite percentage in plagioclase.

An electron microprobe (EMP) 
is an analytical tool, developed 
around 1950-1960 in France and 
the UK, for the non-destructive 
quantitative chemical analysis 
of solids (e.g., minerals in rocks 
and ores) at a micrometre scale. 
Although by 1964 only about 50 
papers had been published 
based on work with the EMP, 
Wim Uytenbogaardt had the 
remarkable insight and the 
visionary foresight to order in 
that year an EMP for installa-
tion in Amsterdam. Within a 
short time it became clear that 
no other research tool would 

revolutionise mineralogy and 
petrology as much. The 
chemistry of single mineral 
grains in rocks and ores, and 
the variation from cores to rims 
provide detailed data on the P-T 
conditions and history of their 
formation, and provide insight 
into many geological processes, 
from crystallisation to plate 
tectonics. Aside from these 
primary petrological results, 
the team of Amsterdam ore 
geologists was eventually 
confronted with a serendipitous 
spin-off from working with an 
EMP, namely the discovery of 

new minerals, about 15 in the 
course of a few decades. Four of 
these new minerals were named 
in honour of ore geologists of 
the Amsterdam universities: 
Jan Westerveld (westerveldite, 

FeAs, published in 1972), Wim 
Uytenbogaardt (uytenbogaard-
tite, Ag3AuS2, 1978), Kees Kieft 
(kieftite, CoAs3, 1994) and Oen 
Ing Soen (oenite, CoSbAs, 1998). 
The Amsterdam mineralogy 
team received further interna-
tional recognition through the 
election of Ernst Burke as 
chairman (2003-2008) of the 
prestigious Commission on New 
Minerals, Nomenclature and 
Classification of the Interna-
tional Mineralogical Associa-
tion. He was awarded ‘his’ 
mineral in 2011, ernstburkeite, 
Mg(CH3SO3)2•12H2O.

neW minerals From amsterdam
ernst burke

An Uytenbogaardtite sample.
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followed by a readership in 1939, which he accepted with 
the public lecture ‘The geological present as an exceptional 
period’ (Het geologische heden als uitzonderlijke tijd). In 
this lecture he contrasted the present-day high mountains 
and polar ice caps with conditions during the Mesozoic, 
and referred to Wegener and continental drift, some 30 
years before such ideas became generally accepted. He also 
discussed the origin of submarine canyons in front of large 
rivers such as the as the Hudson, Congo and Ganges and 
supported the ideas of the American geologist R.A. Daly that 
these had been eroded by mud-laden currents. 
As a result of the German occupation, Kuenen, nomi-
nated for the Chair of Geology in Groningen in 1943, was 
appointed only after the war. Soon afterwards, he started 
the experiments that led to the recognition of the proc-
ess of flow in turbidity currents and the origin of graded 
bedding. While presenting a film of his experiments during 
the International Geological Congress in London in 1948, he 
met C. Migliorini who had studied fossil examples of graded 
bedding in the Apennines. This contact resulted in their 
joint publication Turbidity currents as a cause of graded 
bedding (1950). Arnold Bouma, greatly inspired by Kuenen 
during his candidate study in Groningen, further elaborated 
on the characteristics of graded beds. 
Kuenen received abundant international recognition. His 
merits are further detailed in 5.4 and 7.1.
Lambertus Marius Johannes Ursinus (Bert) Van Straaten 
(1920-2004) is internationally one of the best known Dutch 
geologists. He contributed to the development of sedimen-
tology in the 20th century through his studies of the Wadden 
Sea, a facies realm he made his own.  
Born in Rotterdam and living the larger part of his child-
hood in Voorburg, he already showed a great interest in 
fossils and rocks as a child. In 1938 he started studying 
geology in Leiden and passed his candidate examination in 
July 1940, shortly before the closure of this university by the 
German occupier. He continued his education in Utrecht, 
but after the war returned to Leiden where he graduated in 
March 1946. Four months later he defended his PhD thesis, 
a study of gravels on the Meuse terraces in Limburg, work 

Leiden from 1973 to 1978 and subsequently, in Utrecht until 
1987. Educated at the University of Groningen, he published 
three seminal papers in the sub-science of crystal mor-
phology in 1955 in which he, together with his doctorate 
supervisor, professor of applied crystallography Wiepko 
Perdok, established the Periodic Bond Chain (PBC) theory 
also known as the Hartman-Perdok theory. The theory suc-
cessfully describes the relation between crystal structure and 
crystal morphology.

4.3.8. Sedimentology
PoPPe de boer

Sedimentology in The Netherlands has traditionally fo-
cused on the study and comparison of modern and fossil 
sedimentary environments. In view of the composition of 
the Dutch subsurface, the most prominent research results 
were attained in the field of siliciclastic sedimentology and 
sequences. They largely come from work at the universities 
of Groningen and Wageningen. It is not surprising therefore 
that the third (1951) International Congress of Sedimentology 
was held in these places and that D.J. Doeglas was the first 
president of the International Association of Sedimentolo-
gists, founded in 1952. 
More recently, research at the Free University Amsterdam 
and at Utrecht University has concentrated respectively on 
carbonate sequences and on the sedimentology of siliciclas-
tic sediments (in earth sciences) and the Quaternary of The 
Netherlands (in physical geography). 

Recent and fossil siliciclastic environments.
Kuenen and Van Straaten became world famous through 
their work at the Geology subfaculty of Groningen Univer-
sity. Both were inspired by questions raised by studies of 
sedimentary rocks, and they looked for answers by studying 
modern analogues, Kuenen did so by executing flume 
experiments on the behaviour of turbidity currents, and Van 
Straaten by studying sediment transport and deposition in 
the tidal flats of the Wadden Sea. Both took their teaching 
very seriously and their lectures, often with an audience of 
less than 10 students, were fascinating. Curiosity thus raised, 
was considered equally important to their students’ further 
career as the factual knowledge acquired. Bouma and Van 
Andel are scientists derived from the same Groningen source 
(fig. 4-55). 
Philip Henry Kuenen (1902 - 1976), born in Dundee (UK), 
stems from a family with a rich academic tradition. 
His father was professor of physics in Dundee and later in 
Leiden, his grandfather professor of theology in Leiden. 
Kuenen obtained his doctoraal diploma in 1924, and less 
than a year later, 23 years old, he defended his PhD thesis 
on The porphyry district of Lugano, west of the Valganna 
at Leiden University, under the supervision of K. Martin 
and B.G. Escher. After his military service, he continued in 
Leiden as Escher’s assistant and carried out experiments on 
aeolian erosion, salt diapirs and folding. His participation as 
a geologist in the first Snellius Expedition of 1929 to 1930 left 
a profound impression on him, and his visits to the many 
islands with their coral reefs, raised beaches and volcanoes 
led to the publication of influential books, such as Marine 
geology, a standard work that has given a great boost to 
sea-floor research. 
In 1934 Kuenen was appointed conservator at Groningen 
University, teaching geology to biology students. This was 

Fig. 4-55. Philip Kuenen.
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Molluscs in the Adriatic Sea and the origin of dendrites are 
among some of the other subjects he researched. His work 
on all of these topics is still frequently cited today.
In 1964 he was appointed editor of the first issue of the Else-
vier series Developments in Sedimentology, which appeared 
at the occasion of the sixth (1963) International Congress of 
Sedimentology on Deltaic and Shallow Marine Deposits.
Bert van Straaten was an excellent teacher. His lectures were 
often the equivalent of keynotes at international conferenc-
es. He spent a great amount of effort in revising Pannekoek’s 
textbook General Geology (Algemene Geologie), used by 
many geology students over the years. 
Arnold Bouma’s (1932-2012) career has been strongly 
influenced by his studies in Groningen where he received 
his kandidaats under the supervision of Kuenen in 1956. On 
Kuenen’s advice Bouma contacted Ten Haaf in Utrecht, who 
was familiar with deep-marine deposits in the Italian Apen-
nines. This resulted in his doctorate thesis Sedimentology of 
some flysch deposits; a graphic approach to facies interpre-
tation in 1961, with D.J. Doeglas as promotor. Ever since, the 
term ‘Bouma sequence’ has been a standard term to describe 
the characteristics of turbidity current deposits. The successive 
units in this sequence are known as Bouma units A-E.
After a fellowship with Francis Shepard at Scripps Institute of 
Oceanography in La Jolla, Bouma returned to Utrecht in 1963. 
In 1966 he left for the United States, and has been working 
there ever since. He has been president of the Society of Eco-
nomic Paleontologists and Mineralogists (SEPM), now Society 
for Sedimentary Geology.
Much of Bouma’s research has focused on turbidites and 
submarine fan systems.
Inspired by a visit to archaeological sites during his childhood 
in the Dutch Indies Tjeerd Van Andel (1923-2010) enrolled as 
a student in archaeology with Van Giffen at the Biological 
Archaeological Institute of Groningen University. In order to 
also get a background in the Quaternary, Van Andel switched 
to geology and studied for a PhD thesis entitled Provenance, 
transport and deposition of Rhine sediments: a heavy 
mineral study on river sands from the drainage area of the 
Rhine, which he defended in 1950.  
After employment with Shell in South America, Africa, and 
Indonesia, Kuenen selected him to lead an oceanographic 
expedition to the western Guyana Shelf. This led to a move 

he had carried out during the war. After a stay with Niggli 
at Zürich ETH, he became a staff member in Kuenen’s group 
and started research on the transport and deposition of 
sediments in the Wadden Sea, as well as on fossil analogues 
in Belgium. This led to his famous paper Texture and genesis 
of Dutch Wadden Sea sediments presented at the 3rd Inter-
national Congress on Sedimentology in the summer of 1951.
In 1962 Van Straaten was appointed professor of marine 
geology and petrology. His scientific contributions are not 
restricted to studies of the Wadden Sea, but in part certainly 
reflect the interests of the man he succeeded in Groningen. 
In a 1957 publication, Kuenen had discussed the filling of 
modern oblong basins such as the Yellow Sea, the Persian 
Gulf, the Gulf of California and the Adriatic Sea and had 
advocated longitudinal sediment supply, rather than the 
transverse filling suggested by some others. Van Straaten 
picked up the issue and in 1962 and 1963 managed to obtain 
funds to organise a bottom survey of the Adriatic Sea. It 
definitively demonstrated longitudinal filling of the basin by 
turbidity currents.
With the aid of boreholes, fieldwork in dune areas and 
samples collected from the neighbouring sea-floor, Van 
Straaten proposed that the west coast of Holland was 
formed by a succession of beach-ridges. He studied the 
Solnhofen lithographic limestone, previously thought to 
represent an ancient beach deposit, and concluded that the 
regular grading of these fine-grained limestones probably 
resulted from heavy storms, carrying animals into deep, 
oxygen-low water levels thereby facilitating a most extraor-
dinary degree of preservation in fossil form.  

Fig. 4-56. Bert Van Straaten studying a rock sample.

Fig. 4-57. Bert Van Straaten on the tidal flats of the 
Wadden Sea.   

Fig. 4-58. The classical Bouma sequence.
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Soil sciences
Experience in the former Dutch Indies ensured that soil 
scientists in The Netherlands felt strongly affiliated with ge-
ologists rather than with geographers, unlike the situation 
in most other European countries. Consequently consider-
able attention has been paid to geology and sedimentology 
at the Agricultural University (former Landbouwhogeschool) 
Wageningen, specifically in relation to unconsolidated 
surficial deposits. Edelman and Doeglas are the most 
outstanding scientists to have flourished in the Wageningen 
agricultural environment.
Cornelis Henrik (Cees) Edelman’s (1903–1964) dissertation 
Petrological provinces in the Dutch Quaternary has been 
a standard work for regional heavy mineral investiga-
tions. After his doctorate he focused on Quaternary geology 
and pedology, and his studies on periglacial phenomena 
brought him fame throughout Europe. 
Edelman’s sedimentary-petrographical laboratory was 
taken over by the Bataafsche Petroleum Maatschappij (a 
precursor of Royal Dutch Shell) when he was appointed 
to Wageningen in 1933. The broad scope of his chair in 
mineralogy, petrology, geology, and agrogeology illustrates 
his wide range of interests. An auger for soil research, pen-
etrating the soil by simultaneously pushing and rotating, is 
known as the ‘Edelman boor’ and is still used worldwide 
(fig. 4-59). 
He wrote more than 200 scientific papers, and founded 
the Dutch Soil Survey (Stichting Bodemkartering). The soil 
maps produced served as a basis for geological maps of 
the Quaternary prepared by the Dutch Geological Survey. 
He recognised and described petrological provinces in the 
Quaternary of The Netherlands, and also worked in the 
Dutch Indies and Turkey. 
Dirk Jacobus Doeglas (1904 – 1974) started his study in geol-
ogy at the University of Amsterdam in 1924, and continued 
in 1925 in Leiden, where he defended his doctorate thesis 
Die Geologie des Monte San Georgio und des Val Mara in 
1930 with B.G. Escher as promotor. In the same year he ac-
cepted employment at Edelman’s sedimentary-petrograph-
ical laboratory and, together with Edelman, he developed 
new techniques for heavy-mineral analyses. Doeglas later 

to the Scripps Institution of Oceanography at La Jolla, 
California in 1956, and to Oregon State University in 1968. 
His work in Oregon partly overlapped with his professor-
ship of oceanography and geophysics at Stanford University, 
where he became Wayne Loel Professor of Earth Sciences 
in 1984. He led several marine expeditions to study the 
ocean and was one of the early planners and participants 
in various projects, such as the Deep Sea Drilling Project. 
He also made significant contributions to geophysics, 
sedimentology, and palaeo-oceanography, e.g. on the 
global distribution of calcareous sediments and the calcite 
compensation depth (CCD), on Cenozoic tectonics, on base-
ment ages and basement depths in the eastern equatorial 
Pacific, and on submarine thermal springs on the Galápa-
gos Rift, where astonishing and unexpected primitive life 
forms were found.  In 1978 he was appointed professor of 
earth sciences at Stanford University, and returned to the 
passion of his youth, archaeological geology. He studied 
the Palaeolithic of Greece and the co-evolution of humans 
and their physical environment. In 1987 Van Andel took an 
early retirement from Stanford, and moved to Cambridge 
University where he continued his geo-archaeology stud-
ies, amongst others in the Stage 3 international project 
on environmental change and human history in Europe 
70,000-20,000 years ago. While there he taught basic 
geology courses to undergraduates for many years and, in 
addition to his many scientific publications, wrote books 
for the general public, such as New Views on an old planet 
and Tales of an old ocean.
After working for several years as a high school teacher, 
Hendrik Johan Arnold Berendsen (1947 –2007) was ap-
pointed lecturer at Utrecht University in 1973, where he 
studied the Holocene deposits of the Rhine-Meuse system 
for a period of over 30 years. The more than 100,000 auger 
wells drilled during fieldwork with students led to unique 
3D insights into the shallow subsurface of Rhine deposits 
and results that are much used in science and industry. 
In addition to more than 100 scientific papers on the 
physical geography of The Netherlands and the evolution 
of the Rhine River during the Holocene, Berendsen wrote 
a number of widely used text books (see also 5). His me-
ticulous work has been the foundation on which research 
continues to be carried out today.

Carbonate rocks
Wolfgang Schlager, born in 1938 in Salzburg, close to the 
northern limestone Alps, studied at Vienna University 
where in 1963 he defended with distinction his doctorate 
thesis on Triassic carbonate platforms. After a short em-
ployment at Shell Research (1971-1974), he moved in 1981 to 
Miami to become full professor at the Rosenstiel School of 
Marine and Atmospheric Science. In 1985 he accepted the 
Chair in Sedimentology at the Free University in Amster-
dam. In total he has supervised some 30 doctorate theses 
in Miami and Amsterdam. Although he retired in 2003, he 
continues to carry out research and is honorary professor in 
Salzburg. He was President of the Society for Sedimentary 
Research and of the Geologische Vereinigung.
Schlager has contributed greatly to carbonate sedimentol-
ogy, especially the anatomy and sequence stratigraphy of 
carbonate platforms, seismic modelling and the quantifica-
tion of sediment budgets. His book Carbonate sedimentol-
ogy and sequence stratigraphy (2005) gives an overview 
of his work, inspires many and continues to stimulate 
research.

Fig. 4-59. An example of the ‘Edelman boor’ 

Tjeerd Van Andel 
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en Mineralogy RGM) was created with Martin as (unpaid) 
director. Martin became interested in the large collection of 
invertebrate fossils from the Dutch East Indies and became 
the leading expert on Tertiary mollusks from that area (e.g. 
Martin 1879-1880). 
His work on the Indonesian Cainozoic mollusks earned him 
the title ‘the Linnaeus of the Indian Tertiary’. In the 1960s, 
under Professor Aart Brouwer (1917-2006), interest shifted 
to the Palaeozoic invertebrates of the Cantabrian Mountains 
(NW Spain) with special emphasis on their reconstruction 
as living organisms. Bert Breimer (1930-2006) studied the 
internal structure of blastoids and crinoids with the help 
of peels from sections through their cups (Breimer, 1988), 
an innovative approach that made it possible to revise the 
systematics of these groups on the basis of their internal 
structure. Peter Westbroek (born 1937) continued with the 
theme of the biological study of fossils. He initially studied 
the interior of rhynchonellid brachiopods by means of serial 
sectioning using peels and interpreting their function from 
the resulting structures. After the close-down of geology at 
Leiden University, he continued his work in the Department 
of Biochemistry where he used immunological reactions 
of fossil shells to study the evolution of some Cainozoic 
brachiopod families. Eventually his interests shifted to shell 
production in coccolithophorids. At the end of his career, he 
earned himself a professorship at Leiden through his contri-

became manager of the laboratory. He continued in this 
job until 1946 when he became reader in physical geology, 
natural resources and petrology in Wageningen. In 1949-
1950 he was a visiting professor in Baton Rouge, and in 
1953-1954 he spent a year in Bogor (Indonesia) to assist in 
the reorganisation of the Mineralogical Institute. In 1955 he 
was appointed professor in Wageningen, and in Utrecht he 
became extraordinary professor in sedimentology, the first 
chair in sedimentology in The Netherlands. 
Doeglas was one of the founding members and first presi-
dent of the International Association of Sedimentologists, 
founded during the XIXth International Congress at Algiers in 
1952. Lastly, he was chairman of the committee that advised 
the Dutch Minister of Education and Sciences about the 
restructuring of geological education in The Netherlands.

4.3.9. Life on Earth 
cor Winkler Prins

Major contributions to the knowledge of life on Earth are 
reported here in three categories: invertebrates, mammali-
ans and palaeobotany. 

Invertebrata
Professor J. H. Bonnema (1864-1941), who worked on 
Cretaceous ostracods at the University of Groningen, started 
a micropalaeontological tradition in The Netherlands. His 
student Isaac Van der Vlerk (1892-1974) (see 4.2.3.), together 
with his friend J.H.F. Umbgrove (1899-1954) (see 4.3.4), 
developed a stratigraphic scheme for the Tertiary of the 
Dutch East Indies based on larger Foraminifera. It led to 
the famous letter classification that has proved applicable 
to the whole of the Pacific area (Vlerk & Umbgrove 1927). 
Back in The Netherlands, and together with Frans Florschütz 
(1887-1965), a palynologist who originally had studied law, 
Van der Vlerk established a stratigraphic scheme for the 
Quaternary of The Netherlands (Vlerk & Florschütz 1953). 
Van der Vlerk’s PhD student Ad Van Ginkel (1931-) continued 
the foraminiferal tradition with a study of Carboniferous 
fusulinoids from the Cantabrian Mountains (NW Spain).  
His objective was to correlate these Pennsylvanian deposits 
with the Middle and Upper Carboniferous of the former 
USSR (Van Ginkel 1965). 
At Leiden a group studying macroinvertebrates already 
existed. It started with Karl Martin (1851-1942), the first to 
occupy the chair of geology at Leiden University (see 4.2.3), 
to whom the geological collections of the National Museum 
of Natural History (Rijksmuseum van Natuurlijke Histo-
rie, RMNH) were entrusted. Thus, the National Museum 
of Geology and Mineralogy (Rijksmuseum van Geologie 

Fig. 4-60. K. Martin as field geologist in the Dutch East Indies 
(1892).

Statistically significant collec-
tions of micromammal teeth and 
bone material were obtained 
from large sediment samples, 
which were washed, sieved and 
dried. Concentration of the mate-
rial was by a mechanical process 
constructed by Freudenthal. 
Careful bed-by-bed collecting 
made it possible to develop a 

detailed chronostratigraphy 
for part of the Spanish Tertiary 
based on the micromammal suc-
cession, the first stage being the 
Aragonian (Freudenthal, 1988). 
The collection and processing of 
the many large samples is time-
consuming, and hence could 
be carried out only by a large 
team. It was therefore logical to 

involve not only students and 
staff from Utrecht University, 
but also colleagues from Spanish 
universities and their students. 
In this way Freudenthal helped 
to create a micromammal school 
at the University of Granada. 
The large numbers of micromam-
mal teeth that were collected, 
measured and analysed statisti-

cally necessitated the develop-
ment of a computer-based regis-
tration system, and Freudenthal 
established one for the Leiden 
museum, using the mainframe 
computer at the University. His 
excellent mathematical skills 
enabled him to produce a pro-
gramme far in advance of those 
developed elsewhere. 

the aragonian
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of fossils could produce identical results. Flip Hoedemaeker 
(born 1936) also moved from Amsterdam to the museum. He 
studied the evolution of the Early Cretaceous ammonites he 
had collected while working in the Betic Cordillera. At Cara-
vaca an ideal section for sequence stratigraphy was studied 
and thoroughly sampled bed by bed for ammonites, thus 
providing a perfect standard for the Early Cretaceous of the 
Tethys. Further studies enabled Hoedemaeker to correlate 
this standard with that of the NW European boreal realm 
(Hoedemaeker, 2002). 
Together with Von Koenigswald, Cor Drooger (1923-2008) 
carried out a quantitative study of Miogypsinidae (larger 
Foraminifera) from Central America at Utrecht University. 
One could say he continued the work of Van der Vlerk 
and, in turn, became a leading micropalaeontologist and 
Tertiary stratigrapher. Statistical methods were essential to 
his approach and the development of advanced computer 
programmes (partly by his son Max) made multivariate 
analysis possible. He can be regarded as one of the found-
ers of the quantitative approach to micropalaeontology 
(Drooger, 1993), later to be applied with great success in the 
oil industry through his students, such as J.P.H. Kaasschieter 
(see 4.5.1).

Mammalia
Eugène Dubois (1858-1940) is undoubtedly the most widely 
known Dutch palaeontologist (see 4.2.5 and 7.1.5). He had 
studied medicine but became interested in the descent 
of Man through the work of Charles Darwin. In order to 
search for the missing link between man and the apes, he 
enlisted as a medical officer with the Dutch army in the 
East Indies and proceeded to organise excavations with the 
help of army personnel. He assembled a huge collection of 
Cainozoic mammals, now housed in Naturalis (see 4.4.2), 
and eventually found the Pithecanthropus (now: Homo) 
erectus Dubois, 1894. Dubois was rather a lone wolf and left 
no successor. Curator of the Dubois collection became D.A. 
Hooijer, for years the leading Dutch vertebrate palaeon-
tologist. Dubois’ work was to a certain extent continued 
in Utrecht by Ralph Von Koenigswald (1902-1982), who 
directed an enthusiastic group of vertebrate palaeontolo-
gists. A student of his, Paul Sondaar (1936-2003), studied 
fossil horses from Spain for his doctorate and later became 
a specialist on fossil endemic island faunas. He also con-
tributed to the functional morphology of larger Quaternary 
mammal bones from the Mediterranean islands. Albert Van 
der Meulen studied the evolution of micromammals from 
Spain and Italy together with Mathijs Freudenthal (born 
1938) and others. 
Their work led to the development of a new discipline, 
microvertebrate palaeontology (see The Aragonian). They 
paid attention not only to the chronostratigraphical poten-

butions to the Gaia theory (that the Earth is a self-regulating 
system) and published several books on the subject (e.g. 
Westbroek, 2009). 
Under H. J. Mac Gillavry (born 1908) the University of Am-
sterdam had several students dating strata in their fieldwork 
areas with invertebrate (micro)fossils. For instance, Rien Van 
den Boogaard (born 1930) studied conodonts in Devonian-
Carboniferous deposits from the southwestern part of the 
Iberian Peninsula. After moving to the Leiden Museum of 
Geology and Mineralogy, he extended his research to the 
Carboniferous of the Cantabrian Mountains (NW Spain). 
In order to answer the fundamental question of which 
conodont elements belong to the same biological species, 
he carried out a statistical study on Devonian Palmatolepis 
elements (Boogaard & Kuhry, 1979), and proposed a 
biologically based classification, besides the standard one, 
based on morphological features. Until then, only clusters 

Fig. 4-62. Medal struck on the occasion of the Pithecanthropus 
centennial.

The Cantabrian Mountains 
with its almost complete 
Carboniferous sequence, 
largely in marine facies with 
abundant faunas, but also 
with intercalated coal meas-
ures rich in flora, proved to be 
ideal for the study of Car-
boniferous stratigraphy. This 

enabled correlation of the NW 
European Carboniferous time 
scale with that of the former 
Soviet Union. Study of the 
Cantabrian floras indicated 
that there is an important gap 
at the base of the Stephanian 
at the Holz Conglomerate. 
The corresponding floral zone 

shows Stephanian affinities 
and thus the ‘Cantabrian’ 
was introduced as the basal 
Stephanian (sub)stage, below 
the Stephanian A (eventually 
to be officially named Bar-
ruelian, see Wagner & Winkler 
Prins, 1985). In order to obtain 
a complete overview of the 

Cantabrian stage, Wagner was 
able to convince the Spanish 
geological survey to carry out 
a survey of the coal reserves 
of the Guardo coalfield, a 
positive result of the first oil 
crisis. 

the cantabrian 

Fig. 4-61. Van der Vlerk: From protozoan to man, the dream of  
a palaeontologist.

Van der Vlerk
Isaac Van der Vlerk was 

renowned for his good sense 

of humor. Since he liked to 

compare the physionomy of 

humans with that of animals, 

a student of his drew a 

cartoon ’From proterozoan to 

man, the dream of a palaeon-

tologist’ for his 80th birthday, 

and Van der Vlerk used as a 

postcard to thank people for 

their congratulations.
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As a result, he concluded that the stratigraphic nomencla-
ture for the Upper Carboniferous was a mess. In order to 
resolve the chaos, together with colleagues from Germany 
and Belgium, he organised an international congress for the 
advancement of the studies of Carboniferous stratigraphy in 
1927 at Heerlen It was the first congress to be devoted to a 
geological period and proved such a great success that it was 
succeeded by three more at Heerlen, the last one immedi-
ately after his death in 1957 (Wagner & Van Amerom 1995). 
His work was continued by a geology student from Leiden 
University, Robert Wagner (born 1927), who had assisted 
Jongmans in the field with the collection of Carboniferous 
plants from the Asturian Coalfield. This proved to be the start 
of a life-long commitment to the geology of the Cantabrian 
Mountains and of a varied career as a palaeobotanist in 
the coal industry and as a university teacher. As a lecturer 
and reader at the University of Sheffield, Wagner undertook 
research projects with doctorate students in the Cantabrian 
Mountains (see The Cantabrian). Following British university 
reforms, he received a golden handshake and moved to 
Spain where he worked as coal geologist in Peñaroya, while 
continuing his scientific research on the weekends. In order 
to house his impressive geological library, especially on pal-
aeobotany, and his extensive collections gathered from all 
over the world during his many travels, he made a contract 
with the Jardín Botánico de Córdoba to create a palaeobo-
tanical centre (fig. 4-65).

Fig. 4-63. Thijs Freudenthal in the field. 

gaia 
Westbroek’s biogeochemical 

studies, together with those 

on calcium carbonate produc-

tion by Emiliania huxleyi 

Lohmann (Hay & Mohler) in 

particular, aroused his interest 

in Lovelock’s Gaia theory, 

which explains life on Earth 

as the result of an interac-

tion between processes in the 

atmosphere, hydrosphere and 

lithosphere, thus regulating 

the system and keeping it in 

balance. 

tial, but also to the nanism and gigantism of island faunas, 
thus following in the footsteps of Sondaar. The Miocene 
fauna of Gargano (southern Italy), collected and studied by 
Freudenthal, showed an interesting case of the increasing 
growth of owls, presumably as a reaction to the increase in 
size of their prey, the giant hedgehog (Deinogalerix).

Palaeobotany 
After being asked to identify Carboniferous floras to 
help dating the coal layers in Limburg, the botanist 
W.J.Jongmans (1878-1957) was engaged by the Geologi-
cal Bureau for the Mining District (Geologisch Bureau voor 
het Mijngebied, a branch of the Geological Survey). This 
initiated his life-long passion for Carboniferous stratigraphy 
and palaeobotany, exemplified by the fact that his evenings 
were dedicated to the editing of the series Plantae of the 
Fossilium Catalogus (from 1913 to 1957!), many volumes of 
which he wrote himself. On Saturdays engineers from the 
local coal mines would come to the Bureau to have their 
fossils identified and to facilitate this, he contacted col-
leagues elsewhere in Europe. 

In the early 20th century, Dutch 
geologists were hardly interested 
in oceanography. From the first 
edition (1916) up to and includ-
ing the last in 1954, B.G. Escher 
noted in his long–used textbook 
Algemene Geologie:  “The sea is the 
most important environment for 
the formation of land”, but also: 
“the study of the movements of 
seawater I will deal with only 
very superficially; they belong 
to a textbook on oceanography”. 
However, in the entirely revised 
edition of 1973, edited by A.J. 

Pannekoek, a special chapter 
by Van Straaten was devoted to 
water movements. He remarks 
that 90% of the sediments on 
land have a marine origin, but 
that few geologists (Van Straaten 
himself excepted) study the en-
vironment where these deposits 
are currently being formed. 
The role of Escher in promoting 
marine geology was, however, 
far from negligible. Kuenen 
dedicated the 1950 English edi-
tion of his Marine geology (not the 
Dutch one!) to “B.G. Escher who 

first directed the writer’s inter-
est towards problems of marine 
geology by ensuring his appoint-
ment as geologist to the Snellius 
expedition (1929-1930)”. This 
expedition made Kuenen ap-
preciate the phenomena, events 
and cycli related to marine geol-
ogy and oceanography. He later 
explained the lack of interest 
of geologists in oceanography: 
“Geology of the seas has been 
neglected, study of the seafloor 
is expensive”.
Kuenen in fact became the first 

Dutch geologist with oceano-
graphic expertise, even though 
his studies on board of the 
Snellius had dealt with the geol-
ogy of the area. He wrote the 
expedition reports on bottom 
samples, bathymetry, coral reefs 
and volcanoes. His well-known 
textbooks Marine geology and 
Realms of water have chapters 
on oceanography. His ground-
breaking work on turbidity cur-
rents is described in more detail 
elsewhere (see 4.3.8).

the role oF escher and kuenen

Fig. 4-64. Jongmans studying core material.
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4.3.10 Dutch geologists and oceanography 
gerhard c. cadée

With the importance of the sea to The Netherlands as a 
seafaring nation it is understandable that the Royal Dutch 
Meteorological Institute (Koninklijk Nederlands Meteorolo-
gisch Instituut, KNMI) founded a hydrographic department 
in 1848. Its head Jansen participated in the first Interna-
tional Conference on Hydrography in 1853, organised by the 
American sea officer M.F. Maury. Dutch biologists also be-
came increasingly interested in life in the oceans in the 19th 
century and, after Darwin’s Origin of species had appeared 
in 1859, started to look for missing links and living fossils 
in the deep sea. In the first oceanographic expeditions, 
marine biology was the main topic, to be followed later by 
marine geology. Certainly for the defense of the Dutch coast, 
knowledge of sand transport, (tidal) currents and (storm) 
waves was indispensable. As late as 1936 the civil-engineer 
J. Van Veen published his thesis on this subject (see 5.4). 
He noted that the sea arms in the southwestern part of 
the country should be closed, but it was only after the 
1953 flooding that his recommendations were applied in 
earnest.

The start of Dutch Oceanography 
Modern oceanography, it has often been stated, started 
with the Challenger expedition of 1872-1876, when the 
deep-sea was studied world-wide, using the most modern 
gear available, for the first time. Dutch deep-sea research 
started in Indonesian waters with the Siboga expedition of 
1899-1900. The focus was on the study of the biology and 
hydrography of the various deep-sea basins and the water 
currents between the Pacific and Indian Ocean (Hubrecht, 
1900). The oceanographical studies were hampered by loss 
of apparatus, however; the temperature measurements 
with reversing thermometers were never published because 
the corrections were lost with the death of the scientist 
entrusted with them. Below 1600 m depth the Banda Sea 
was found to have a uniform temperature of 3º Celsius, 
indicative for the sill depth of the Banda Basin, and its bot-
tom water was traced to the Pacific. The main expedition 
emphasis was on biological sampling, as evidenced by the 
numerous reports that deal with biology. For geologists it is 
interesting to note that the algologist of the expedition, Mrs 
Weber-Van Bosse, could confirm that coccoliths - nowadays 
such important microfossils - were skeletal elements of 
planktonic algae (coccolithophorids). This result was pub-

Under his direction an impressive palaeobotanical mu-
seum, profiting from the experience of the Leiden museum 
Naturalis, eventually emerged. His excellent knowledge 
of the Carboniferous - not only of NW Europe and Spain – 
and his polyglot abilities made him an influential figure 
in the IUGS Subcommission on Carboniferous Stratigraphy, 
and he served as both secretary and chairman, contribut-
ing substantially to the development of the internationally 
accepted global subdivision of the Carboniferous (Wagner 
& Alvarez Vázquez 2010).
As a successor to Frans Florschütz, Tom Van der Hammen 
(1924-2010) and his group, including his successor Henry 
Hooghiemstra (born 1948) studied the palynology of the 
Cenozoic of northern South America. This enabled them to 
reconstruct the climate and environment of the area, 
reflecting the uplift of the Andes and the last Ice Age. It 
made a direct correlation with Western Europe possible.  
The very long sections of Pliocene-Pleistocene lake 
sediments at Fuquene represent long intervals without 
hiatuses, thus providing an important contribution to the 
study of climatic global change (see also 4.1.3).

robert Wagner 
Robert Wagner is a dedicated 

field geologist and a very 

keen collector of plant fossils, 

not satisfied with a few small 

samples but searching for 

large specimens with more 

or less complete fronds, and 

as complete a collection as 

possible from each locality. 

When he was working with 

a colleague in Saudi Arabia, 

digging extensively and 

making large collections, the  

Arabs were so impressed that 

they gave him the nickname 

‘al Muharrab al Kebir’ (the 

great destroyer). 

Fig. 4-65. Robert Wagner in ‘his’ Palaeobotanical Museum in 
Córdoba (Spain).

Henk Postma’s (1921-2005) excel-
lent hydrographic research is 
now essential reading for all 
interested in Wadden Sea hy-
drography (Postma, 1954). One 
of his main findings was that 
fine particles from the North 
Sea, including organic material, 
are trapped in the Wadden Sea 
area. These particles are miner-
alised in particular during the 
summer, resulting in higher 
nutrient contents and thus in-
creasing primary production of 
phytoplankton.  This finding 

explained the richness in food 
for both birds and fish in the 
Wadden Sea. Postma became 
well known internationally 
after his review paper in Lauff’s 
book Estuaries (Postma, 1967). 
He was asked also to work on 
and publish the chemical data 
collected during the Snellius-1 
expedition. Together with 
geologist Van Andel he studied 
the Orinoco shelf and, with 
fishery biologist Korringa, the 
Gulf of Naples. He stayed one 
year (1962) at Scripps Institute 

of Oceanography and, since 1963 
taught Oceanography at Gron-
ingen University. He helped to 
organise the Snellius-II expedi-
tion in 1984-1985 and was leader 
of the theme ‘Ventilation of 
deep-sea basins’, the results of 
which were published in 1988. 

henk Postma

Henk Postma aboard RV Eider,  
sampling the Wadden Sea.
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lished in Nature of 16 November 1899, while the expedition 
was still taking place, and long before the fast communica-
tion systems of today (see also 7.1). 
The lack of oceanographic data for the Indonesian 
deep-sea basins was the driving force behind the Dutch 
Snellius expedition of 1929-1930. For the first time accurate 
measurements were made of the shape and depths of 
several basins and sills using echo-sounding equipment 
accompanied by hydrographic measurements of salinity, 
temperature and oxygen content. These parameters have a 
distinct vertical structure and, since a basin is filled above 
its deepest entrance, they give additional information 
about the level of the latter. Current measurements were 
carried out at several deep-water stations, to a maximum 
depth 5000 m. Those in the 2000 m deep Strait of Lifama-
tola indicating the passage of Pacific water into the Banda 
Sea were the most important. The residence time of water 
in the Banda Sea below the Lifamatola sill was estimated to 
be in the order of a few hundred years, based on the (few) 
current measurements together with considerations on 
oxygen consumption and dissolution of calcium carbonate 
(Kuenen, 1942, 1950). 
The ventilation of the Indonesian deep-sea basins was also 
an important subject for study by the Dutch-Indonesian 
Snellius-II expedition (1984-1985) (Postma, 1988). A 
programme of comparable measurements was initiated to 
find out whether the distribution pattern of properties had 
changed over the 50 years since Snellius-I. Current meas-
urements in the Strait of Lifamatola were also repeated 
and instead of being taken for only a few days only, were 
continued over several months, using a mooring system 
with self-recording meters. In addition, the age of water 
masses was determined by means of 14C decay and increase 
in dissolved silica in deep water. The vertical mixing of 
bottom waters was estimated from gradients of radon and 
dissolved silica. This set of data allowed a more accurate 
determination of the range of residence time of water in 
the Banda Sea: 10-140 years, the higher ages in the more 
isolated parts.

Fig. 4-66. Hr. Ms. Siboga in Indonesian waters during the Siboga expedition 
(1899-1900). 

Fig. 4-67. Buitenhaven Zoological Station, Den Helder in 1969.

Margaretha Brongersma-Sand-
ers (1905-1996) studied biology 
in Amsterdam and became 
undoubtedly one of the most 
prominent Dutch oceanog-
raphers, although she never 
participated in oceanographic 
cruises, seasickness prevent-
ing her from doing so. Her 
fame came from her publica-
tions, which were based on her 
extensive knowledge of relevant 
literature (Turner & Cadée, 
2006). Her whole oeuvre reflects 
her interest in mass-mortality 
events, beginning with her PhD 
research on Eocene fishes from 
Sumatra (1934) and her visit to 
Walvis Bay in 1938 during one 
of the annual recurring fish 
mortalities related to seasonal 
upwelling. These facts started

her lifetime interest and re-
search into taphonomy and the 
preservation of fish remains; 
upwelling; anoxic conditions 
linked to fish mortality and 

the origin of bituminous black 
shales and oil; red tides and 
harmful algal blooms; trace 
metal enrichment in recent 
and fossil sediments (especially 
the Kupferschiefer); the origin 
of evaporites; algal mats and 
stromatolites. She was the first 
to explain mass fish mortalities, 
emphasizing the role of algal 
blooms (red tides) and their im-
portance in creating fish-bone 
beds, as well as noting their in-
put to oil generation especially 
at open sea-upwelling sites. On 
this basis she was consulted by 
Shell in the 1950s and 60s and 
became member of the Dutch 
Academy of Science Commission 
on Sea Research (although she 
was never elected a member of 
the Academy itself!). Her 1957 

review on mass mortalities is a 
classic in this field. She became 
lecturer in oceanography at 
Leiden University in 1956 and 
introduced geologists and 
biologists to oceanography until 
her retirement in 1970. Finally, 
therefore, geologists at Leiden 
received an introduction in the 
subject, justifying the words of 
B.G. Escher “The sea is the most 
important environment for the 
formation of land”. She brought 
her oceanographic work into 
practice in 1962 to 1964 with 
a group of students and staff 
members from Leiden in the 
Ria de Arosa area (NW Spain) 
and in 1965 in Walvis Bay.

m.a. brongersma-sanders

Margaretha Brongersma-Sanders
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Fig. 4-68. Hr. Ms. Willebrord Snellius beflagged in Indonesian waters during the Snellius expedition 
(1929-1930).

The Netherlands Institute for Sea Research, NIOZ
Founded by the Dutch Society for Zoology in 1876 at Den 
Helder, it is not surprising that zoological studies and of 
fisheries were at the focus of this institute from the start. 
When, however, the fishery studies moved to another loca-
tion and J. Verwey became director of the Zoological Station 
in 1931, its emphasis gradually changed to more ecological 
studies. Verwey was a naturalist with wide-ranging interests 
in bird ethology, migration and marine biology. In 1922 he 
stayed at the Helgoland marine station and from 1927 to 
1931 he worked as marine zoologist at the marine station 
in Batavia, now Jakarta, Indonesia, where he studied reef 
corals and mangrove crabs. During World War II the station 
was in danger and had to be closed because Den Helder 
was a navy harbour. After the war, however, Verwey was 
able to gradually expand the station by attracting several 
biologists, a chemist (H. Postma) in 1947 and a geologist  
(D. Eisma) in 1961 as PhD students. As director from 1931 to 
1966, he also planned and was successful in expanding the 
station into the multidisciplinary oceanographic institute 
now based on the isle of Texel (see also 5.4.2).
The department of geology at NIOZ was enlarged with 
Tjeerd Van Weering and Fred Jansen, who both did their 
PhD research in the North Sea. Together with Eisma, they 
added sedimentologic, seismic and (palaeo)oceanographic 
studies in the Congo estuary and fan, the Indian Ocean and 
in particular the Indonesian waters (Snellius-II expedi-
tion) to their research. These expeditions always included 
PhD students from a number of universities. In particular 
micropalaeontologists used the opportunity to collect 
living planktonic foraminifera, radioloaria and nanoalgae 
in bottom and plankton samples in order to relate their 
distribution, morphology and isotopic composition to the 
environmental factors measured during the expedition (see 
5.4.2). 
Also outside NIOZ oceanographic research increased after 
World War II at universities and the Geological Survey (see 
5.4.2). Whereas geologists started somewhat late in study-
ing the oceans their contributions are now widespread. An 
exception was Margaretha Brongersma-Sanders at Leiden, 
who lectured on oceanography to students in geology and 
biology for many years. Oceanography is now taught at 
several Dutch universities. 

4.4 Interactions with Society

4.4.1    Religion and  Geology 
Peter de ruiter and anne Fortuin

The Dutch are – or at least were – a church going nation 
and compared to other Europeans they were tradition-
ally moderate and tolerant in religious matters. The Eighty 
Years’ War, which started in 1568 and was formally ended 
in 1648, was fought by the Dutch -under leadership of the 
House of Orange- for independence from Spain as well 
as for religious freedom. Especially the Dutch resisted the 
religious monopoly of the intolerant Catholic Church with 
its cruel Inquisition. During  these years, when religious 
civil wars continued to be fought in northern Europe, many 
people were killed in Germany and France but The Dutch 
Republic, where  the Calvinist doctrine became  the official 
State religion, did not expel, persecute, burn, kill or oth-
erwise molest people of other convictions. Catholics, Jews, 
Remonstrants, Baptists, they were all relatively safe during  
-and also after the conclusion of- the conflict with Spain 
and for centuries to come this remained so, provided they 
kept a low profile. There was some discrimination, how-
ever. For example the non-protestant church-buildings 
had to be camouflaged somewhat and Catholics could not 
be employed by the VOC (The United East Indian Company), 
the giant monopolistic trade organisation that brought 
great riches to the Dutch Republic during its ’Golden Age’ 
(1650 – 1750).
After the western liberalisation and enlightenment of the 
19th century and the introduction of a Constitution in the 
Netherlands (1813) all creeds were allowed to confess their 
beliefs openly. Another, rather unique, phenomenon then 
appeared later during the 19th century:  political and social 
organisations were increasingly based on Protestant or 
Catholic principles -in addition of course to socialist and 
liberal groupings– and became important players in public 
life. These social-political-religious ’pillars’ (zuilen) created 
their own primary and secondary schools and a Calvinistic 
University (VU, Amsterdam 1880), and also Roman Catholic 
Universities in Nijmegen (1923) and Tilburg (1927) were 
founded. 
After the publication of On the origin of species by Charles 
Darwin in 1859 a debate started that was to last till the 
present day. As remarked by D.A. Young, other countries 
with a strong Protestant history, like Scotland and the 
United States, had already gone through the important 
question regarding the age of the Earth. They were much 
earlier than The Netherlands in the study, consideration 
and debate of this question and to come to a reason-
able synthesis of Bible and Nature. This was undoubtedly 
related to the fact that in those countries geology can be far 
more readily studied in outcrop and therefore the interest 
of prominent scholars was stimulated earlier. Having ac-
cepted and incorporated the concept of a very old Earth, 
the step towards evolution of Life was relatively small. 
In The Netherlands, where in the year 1859 geology was 
not yet taught as a diploma programme at any university 
and where the predominantly flat Holocene landscape 
gave little stimulus for contemplation about the age or ori-
gin of it all, the sudden step from literal belief in the bibli-
cal account of the Creation in six days to that of a gradual, 
evolutionary development was for many Protestants a few 
bridges too far. The inclusion of Man in the evolution-
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churches, which were and are anyhow so much divided into 
many, some very small, sub-denominations that anyone 
could find shelter for his own beliefs in the comfort and 
security of his own church. 
After World War II the VU University Amsterdam, Calvinist aca-
demic bastion par excellence, drifted away from the orthodox 
viewpoint. This process was led by the Calvinist biologist, Jan 
Lever, whose book Creatie en Evolutie openly chose the side of 
modern science, but still left ample room for divine involve-
ment in the process of evolution. Thereafter, Jan Van de Fliert 
, who in 1957 became professor in geology at the VU, actively 
promoted modern thinking and wrote, also in American 
journals, articles in which he explained the basic principles 
of geology and debated sharply with creationists who tried to 
bend all evidence in favour of the biblical stories. 
Gradually and without much fight the acceptance of science 
grew, be it that recently (in 2009, the Darwin Year) a flyer 
with extensive explanation and defence of the literal truth of 
the biblical story of Creation, was distributed by a member of 
an ultra-conservative calvinistic church, reputedly amongst 6 
million households. It led to nothing but a few meek quib-
bles on TV. 
A new wave under the name of Intelligent Design, led by 
Cees Dekker, a Delft University of Technology biochemist of 
international fame, drew much attention. His idea was that 
evolution is an undeniable process, but one that cannot be 
explained without the assumption of regular divine interfer-
ence. More recently, however, Dekker admitted openly that 
his ideas were not helpful. 
Around the same time, the anchor man of the EO (Evangelical 
Broadcasting Association), the stronghold of orthodoxy,  
Andries Knevel, confessed on TV that the world was not  
created in 6 days, causing a shock amongst his loyal follow-
ers. Not long before that event the EO had still broadcasted a 
David Attenborough program, but only after carefully cutting 
out all references to evolution.
Today an estimated 15 % of the Dutch population – including 
the nearly one million muslims- still believes in the Creation 
of all life on Earth in 6 days. All in all it is a story of “live 
and let live” in the best of the Dutch ’polder tradition’. We 
agree to disagree and the conflict of opinions has not had 
measurable impact on Dutch society, nor on Dutch scientific 
performance.

ary history was well-nigh impossible to absorb. The main 
dilemma was, in short: do we believe the Bible, which tells 
us that “in six days Jehovah made heaven and earth, the sea 
and all that in them is” or do we accept scientific theories 
of a much older Earth, a long evolutionary process of Life 
and, on top of that, the descent of the Humans from the 
Apes. The Catholics were firmly kept within the doctrines 
of the Holy Church by a Papal decree, the encyclical letter 
Humani Generis issued by Pius XII in august 1950. Among 
the Protestants -by origin and culture more independent 
of thought and belief in religious matters- the discussion 
between biblical narrative and scientific evidence was the 
most intense. A strong “Defender of the Faith” was Herman 
Bavinck (1854 – 1921), a very bright theologian, who tried 
with many clever arguments to reconcile Bible with Science, 
but at the same time, by hook or by crook, proved to his 
own satisfaction that literal reading of the Bible, with some 
slight re-interpretation, was the right way forward.  Many 
of the arguments used in  his benchmark book (Reformed 
Dogmatics,1904) are still being used by new generations of 
‘Creationists’, who thus elect to ignore more than a century 
of progress in geological knowledge since Bavinck, who had 
anyhow never understood the essentials of geology. Never-
theless, he did take the science seriously and tried hard to 
find a compromise between Nature an Scripture. But, as is so 
often the case with compromises: both parties lost. Bavinck 
gave in on the orthodox point of literal reading of Genesis 
and at the same time could not accept some key points of 
the evolution theory; especially the descent of man was 
anathema for him. To quote Martin Rudwick: “Perhaps the 
whole effort to match the Genesis stories with the science of 
geology was radically misconceived…”
Abraham Kuyper, (1837 – 1920) was probably the best 
known Calvinist of his era. He led an exodus of the orthodox 
protestants out of the generally more liberal State Church, 
fought hard for the acceptance and government funding of 
Christian (i.e. Protestant) schools, founded the Calvinistic 
Free University and even became Prime Minister through his 
political Anti Revolutionary Party (ARP).
His famous oration of 1899 started with the much quoted 
“Our 19th century dies out under the hypnosis of the 
Evolution-Dogma”.
He then proceeds in more than 50 pages to fulminate against 
the philosophies that were the offspring of Darwin’s biologi-
cal theory, like a totally mechanistic materialistic concept of 
the universe and several variants thereof. Or worse, “survival 
of the fittest” meant that people had to commit themselves 
to the extinction of the unfit groups.
It is and was obvious that such theories went against the 
heart of the Christian beliefs. Kuyper also tried to demon-
strate that the science behind it is also in contradiction with 
itself and with the biological insights of those days and he 
gladly made use of the many public disagreements between 
the scientists themselves. In so doing he exposed his rela-
tive ignorance of biological matters, although in passing he 
devoted a line or two to the appreciation of some scientific 
investigation. He evaded, however, the simple but big 
issue:“how should the bible be read and understood?” 
During the 20th century a gradual shift from the literal in-
terpretation of the Bible, especially Genesis, to the scientific 
viewpoint occurred in several of the Protestant churches. 
There is, to this day, still a hard core of true believers in the 
idea that every Bible word is inspired by God and should 
be fully respected as such. Occasionally they raise their 
voice, but the issue has not led to a schism in the protestant 

Fig. 4-69. The Great Dilemma.
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fessor of mathematics and philosophy, who also lectured 
on natural history (mainly zoology), should use them to 
establish a Cabinet of Natural History. The university board 
agreed with the idea and in fact this can be considered as 
a starting point for the first natural history museum in The 
Netherlands. 
In 1787 S.J.Brugmans, professor of botany, obtained the 
chair of natural history, i.e. zoology, geology and mineral-
ogy. He was known for his studies on the provenance of 
erratics found in Groningen and, when in charge of the 
Cabinet, he proved to be very active in enlarging the collec-
tion, adding 300 geological samples.
In the last decade of the 18th Century, as a result of the 
economic and political decline of the Dutch Republic, most 
of the curiosity collections were disbanded, sold or even 
completely disappeared. An exception was that of the 
Teylers museum, founded in 1784 by the Teylers Founda-
tion (Haarlem), which retained its collection of minerals 
and fossils thanks to the then director M. Van Marum, who 
succeeded in protecting the museum’s collection from being 
seized by the French. 
During the French occupation (1795-1813) the collection 
of the Cabinet of Prince Willem V was confiscated and 
deposited in the Musée National d’Histoire Naturelle in 
Paris. Following the defeat of the French in September 1815, 
King Willem I instructed Brugmans to trace and recover the 
specimens of this collection, and many specimens were 
returned to The Netherlands in December 1815.
However, due to the intervention of Lamarck and Cuvier, 
not all the fossil objects were returned. Copies in plaster of 
some specimens were offered instead, including one of the 
famous Cretaceous fossil Mosasaurus hoffmanni. 
In August 1815 higher education in the (then Northern) 
Netherlands was reorganized and at the same time the 
three state universities Leiden, Groningen and Utrecht were 
instructed to keep a Cabinet of Natural History and to teach 
‘natural history of animals and minerals’. 

Collections in natural history museums 
At the beginning of the 19th century a growing interest in 
the creation of a national museum for the preservation of 
(representative) natural history objects and collections, as 
well as to popularise natural history for university students 
and the general public was noticeable. 

The National Museum of Natural History   
On August 9th 1820 King Willem I founded in Leiden the 
national museum of natural history with the official name 
’s Rijks Museum van Natuurlijke Historie (RMNH). As starting 

4.4.2 Museums and collections - from curiosity 
cabinet to Naturalis
charles arPs  

As has been shown in the preceding section, religious 
disputes raged at times in The Low Countries. This did not 
prevent the Dutch from being avid collectors of naturalia, 
leading from private cabinets to the present day national 
depository, Naturalis.

The growing interest in natural history objects  
Natural history objects like rocks, minerals, fossils, animals 
and plants have since long attracted public attention and 
have been assiduously collected and kept in private col-
lections, cabinets and museums (see also ch. 2 and 3). Less 
than five centuries ago our knowledge of the significance 
of geological and mineralogical objects and phenomena 
was very limited. The term fossil was commonly used for 
everything that was dug up: fossils, minerals and even 
archaeological objects. Minerals were studied mainly as 
‘ingredients’ to be used in the preparation of pharmaceu-
tical products. 
The situation changed with the spectacular emergence 
of trade in the 16th century, when merchants returned 
from the newly discovered foreign lands with all kinds of 
spectacular and curious objects, including a great variety 
of ‘natural curiosities’ (natural history specimens). Many 
‘curiosity cabinets’ (rariteiten cabinetten) were created 
arousing the interest of the public. Initially the curiosities 
were regarded as purely esthetical objects, but gradu-
ally a more scientific approach evolved, stimulated by the 
investigations of the famous naturalist C.Linnaeus who, in 
his Systema Naturae, established a systematic nomencla-
ture for animals, plants and minerals. The specimens were 
documented, investigated and displayed, and illustrated 
catalogues appeared. Thus the scientific attention paid to 
natural history objects stimulated expansion of existing 
collections and the creation of new ones while a brisk 
trade developed in curiosity objects and in private collec-
tions. 
Among the famous larger cabinets in Holland were those 
of Stadtholder Prince Willem V (Kabinet des Stadhouders, 
founded in 1751) and the collections brought together by 
universities, including Leiden, and by societies like the 
Holland Society of Sciences and Humanities (Hollandsche 
Maatschappye der Weetenschappen te Haarlem, 1752). 
In 1751, W.C.Bentink, curator of Leiden University, donated 
his private collection of natural objects (including minerals) 
to the university and proposed that J.N.S. Allamand, pro-

King Willem I, founder of the 
national Museum of natural 
History in 1820.

Fig. 4-70. Selection of polished gemstones belonging to the 
collection donated by King Willem I in 1824, with green peridot 
(above), sapphire (below left) and aquamarine.

Fig. 4-71. White marble table with inlays of 151 building stone 
varieties, donated by the King in 1828 to the national Museum 
of Archaeology in Leiden. In 1904 the table went to the RGM. 

rembrandt and 
geological objects
It is interesting to mention 

that the 17th century painter 

Rembrandt van Rijn had 

what he called a ‘Constcae-

mer’ (art room), in which he 

kept artistic objects, but also 

minerals, fossils, shells and 

birds. A replica of this room 

has been recreated in the 

Rembrandthuis in Amsterdam, 

and includes objects on loan 

from the former Rijksmuseum 

van Geologie en Mineralogie.
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Museum of Natural History and the botanical specimens to 
the National Herbarium. 
In 1824 King Willem donated a collection of precious stones 
to the museum (fig. 4-70), and in 1828 added the gift of a 
round Carrara-marble table with inlays of 159 commercial 
rock-types, that included 110 pieces from - at the time - 
active Italian quarries and 41 slabs from much older Italian 
and other antique provenances (fig. 4-71).  
F.W.Junghuhn and C.Reinwardt, members of the so-called 
‘Natuurkundige Commissie’, were the first scientists to 
sample geological specimens from Java (see 7.1.).
Beima joined the Commissie voor de Geologische Kaart van 
Nederland as a correspondent (see 3.3). Through his influ-
ence, it became possible to store most of the samples of the 
geological mapping -later known as the Staring Collection- 
at the museum.
The next director of the RMNH was less interested in the 
geological section of the museum, and, after Beima died, he 
found the appointment of a new curator for the mineralogi-
cal section of the museum unnecessary. 

The National Museum of Geology and Mineralogy 
In September 1877, simultaneously with the introduction of 
a full geology diploma study (see 4.2.3), J.K.L.Martin -for 
the first time a geologist- was appointed professor at Leiden 
University to teach geology, mineralogy, palaeontology and 
crystallography. In October 1878 he took over the supervision 
of the geological and mineralogical collections. Although 
no charter of foundation exists affirming the establishment, 
1878 has been accepted as the starting date of the National 
Museum of Geology and Mineralogy (RGM), in those days 
called Geologisch-Mineralogisch Rijksmuseum.
Luckily for the museum Martin could spend almost all of his 
time working on the collections, because most of his stu-
dents only took geology as an additional subject. The lack 
of a professional assistant to look after the collection was 
detrimental to the functioning of the museum however and 
at the end of Martin’s career it had only one curator. 
Soon after his arrival Martin commenced exhibiting geologi-
cal objects for the public. Collections of minerals, rocks and 
fossils were lent out for special exhibitions. The first galleries 
in the new museum exhibited systematic mineralogical 
and palaeontological specimens, beside the geology of The 
Netherlands and the Dutch colonies. 
Martin collected much valuable fossil material during field 
trips to the West Indies in 1884-1885, to the Moluccas in 
1891-1892, and to Java in 1910. His acquisitions included 
many taxonomic (holo)types, mainly molluscs, his main 
interest. 
In 1895 E.Dubois, returning from the East Indies (see 7.1), 
brought his large collection of about 40,000 Pleistocene 
vertebrate fossils (including the skull-cap of the world-
famous Pithecantropus erectus) to Leiden, to be stored in the 
RMNH in 1942. Presently the unique Dubois-collection (cited 
in: World Palaeontological Collections) is kept in one of the 
palaeontological store-rooms of Naturalis.
In Martin’s time results of investigations were published 
in a new journal called ‘Sammlungen des Geologischen 
Reichsmuseums in Leiden’ (1881-1923). Much later, Escher 
replaced the ‘Sammlungen’ by a new scientific journal 
called ‘Leidse Geologische Mededelingen’ (1925-1983). Still 
later, in 1971, the RGM started a new earth science journal 
with the name Scripta Geologica, especially intended for 
contributions initiated by, and in cooperation with, the 
museum’s scientific staff.

collections served the ‘Cabinet du Roi’ of Louis Napoléon, 
King of Holland, in 1810 renamed ’s Lands Kabinet van 
Natuurlijke Historie, which included shells, fossils and min-
erals, the famous private collection of C.J.Temminck, and 
the Cabinet of Natural History of Leiden University, including 
what was left of the Cabinet of Prince Willem V.  
C.J.Temminck became first director of the new museum 
from 1820 to 1858. It consisted of three zoological and 
one mineralogical department. Fossils were kept in the 
respective zoological collections, they were considered to be 
vertebrate or invertebrate remains. 
During the period from 1821 till 1873 two curators, i.e. P.G. 
van Hoorn, medical doctor, and E.M. Beima, astronomer, 
were successively entrusted with the care of the geological 
and mineralogical collections. 
Temminck arranged that P.F.B. von Siebold, working for the 
Dutch government as a physician on the island Deshima 
-the only contact of the western world with Japan- to 
bring his unique collection of specimens, collected in the 
period 1824-1835, from Japan to Leiden. The zoological 
and mineralogical specimens were donated to the National 

J.K.L.Martin, the first director 
of the national Museum of 
Geology and Mineralogy

Fig. 4-72. Papengracht 22, a former coach-house, was in 1880 
used as the ‘geological wing’ of the RMnH. 

Fig. 4-73. Rijksmuseum van Geologie en Mineralogie, Garen-
markt 1, located adjacent to the van der Werff-park. A neogothic 
creation, built in 1892-1894 under the supervision of the archi-
tect (‘Rijksbouwmeester’) J. van Lokhorst.

museum tasks
Keeping natural history col-

lections in custody involves a 

well-balanced attention to 

three tasks, i.e. (1) storage and 

maintenance of the specimens 

(archive), (2) investigation 

and publication of the results 

(research), and (3) education 

and public displays (public 

outreach). It is evident that 

only a few museums can fully 

cope with these requirements. 

Natural history museums with 

a restricted aim, generally 

the smaller (local) ones (e.g. 

‘streekmuseums’), use their 

objects almost entirely for 

public display.

B.G.Escher, director of the 
Geological and Mineralogical 
Institute and the RGM at his 
desk
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attraction showing the fluorescence properties of minerals 
was opened to the public. 
Escher was fascinated by gemstones and this inspired him 
to establish a gemmological research laboratory (Edelsteen 
Laboratorium) in the museum under the umbrella of the 
Dutch Institute for Scientific Investigation of Gemstones 
and Pearls (Nederlands Instituut voor Wetenschappelijk 
Onderzoek van Edelstenen en Paarlen). Founders were 
the university, the government and representatives of the 
jeweller’s trade. In 1981 the laboratory was renamed the 
Dutch Gemmological Laboratory (Nederlands Edelsteen 
Laboratorium) and is still successfully operating in the 
present museum Naturalis.  
In the years following the retirement of Escher the struggle 
for survival of the ‘museum branch’ became increasingly 
challenging, the RGM’s inability to operate at a national 
level being one of the reasons. The lack of storage room 
to house the growing number of collections offered to the 
museum was another, and thirdly there was the lack of 
sufficient staff.  
An important change in 1963 was the complete separa-
tion of the museum from the institute, although a status 
sui generis directly under the university board was not 
achieved. The RGM administratively remained part of the 
Faculty of Mathematics and Science. 
The problem of the lack of space was solved by the pur-
chase, in 1959, of a 17th century orphanage, the Heilige Geest 
of Arme Wees- en Kinderhuis at the Hooglandse Kerkgracht 
17. Following restoration of the latter, the museum was 
moved to its new site in 1966.
In 1976 a section dedicated to ‘education and displays’ 
was created for the museum, with ms. E. Van der Wilk 
as curator. New ideas regarding design and presentation 
were introduced, making the displays more attractive to 
the public at large and although the available budget was 
low, a complete modernisation of the permanent geologi-
cal exhibitions was initiated with the cooperation of the 
museum staff. 
In addition to the permanent exhibits, temporary exhibi-
tions dealing with a variety of themes were prepared, e.g. 
on volcanology, plate tectonics, natural rocks in buildings, 
the House of Orange and Geology (fig. 4-75), the founder of 
the first geological map of The Netherlands (W.C.H. Staring), 
etc.  Most of them toured to other museums in the country. 
Additional activities were the training of schoolteachers, 
children’s programmes and lectures for schools and adults. 

The housing situation was a continuous problem for the 
RGM. In the early years a former coachhouse adjacent to 
the RMNH (Papengracht 22; fig. 4-72) could be rented, but 
a move to a more spacious building was inevitable, and 
a new museum, finished in 1892 (fig. 4-73), was opened 
in September 1895 by HM Queen Wilhelmina and HM 
Queen-Regent Emma. On the occasion of the opening, the 
Curators of the University donated the skeletons of a giant 
deer Cervus euryceros and of a cave bear Ursus spelaeus 
to the RGM for display, and these are still present in the 
exhibition at Naturalis.
During the directorate of the successor of Martin, 
B.G.Escher (1922-1955), the position of the RGM com-
pletely changed, because the number of students strongly 
increased (see 4.2.3). Escher found that he had to spend 
most of his time, and most of the available funds, in 
teaching and training. In the beginning even the curator of 
the museum was deployed for teaching palaeontology and 
stratigraphy, but during Escher’s directorate the number of 
curators increased from one in 1922 to three in 1954.
A new laboratory wing adjacent to the museum, later 
known as the Geological and Mineralogical Institute, was 
officially opened in February 1933. For the time being the 
old wing of the museum could entirely be dedicated to the 
storage, maintenance and investigation of the museum 
collections, and to public display. Exhibition halls were 
modernised and new presentations added (gemstones, 
physical geology and volcanology; fig. 4-74). In 1934 Es-
cher obtained (on loan) for display the beautiful collection 
of minerals and meteorites of J.Th.Erb, while in 1937 a new 

Fig. 4-74. The mineralogical exhibition on the first floor of the 
museum at Garenmarkt in 1956.

geology For the Public
In 1977, a number of new 

galleries was opened, includ-

ing a show gallery dedi-

cated to spectacular minerals, 

meteorites and tektites, and 

a treasure gallery present-

ing gemstones (1977). The 

fluorescence room was rebuilt 

and more galleries, explaining 

the geological processes at 

the Earth surface (1978) and 

within the Earth’s crust (1980) 

followed.

An audio-visual presentation 

of the geological history of The 

Netherlands (Tertiary-Quater-

nary) was prepared together 

with the Dutch Geological 

Survey in 1983. Other new 

exhibits included systematic 

displays of minerals and rocks, 

erratics, and ‘Fossils through 

Time’ (1986). The complete 

exhibition was distributed 

over three levels covering some 

2000 m2

Fig. 4-76. Early Pleistocene landscape of the Lower Rhenian Bight of central Limburg during the Tiglien. Palaeo-environmental reconstructions based on faunal and floral 
investigations in 1956 (left) and in 1978 (right).

Fig. 4-75. Temporary exhibition 
House of Orange and geology 
to celebrate the centennial of 
the RGM in 1978 (drawn by 
J.Timmers). 
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of the institutes, including the museum tasks, have come 
under much pressure. 
This has caused a national dilemma -how to cope with the 
‘endangered geological collections’. 
The RGM had insufficient storage space and finances to 
accommodate a flood of donations. Of course, part 0f the 
costs had to be paid by the donating institutes or universi-
ties themselves, but the situation has become a burden 
rather than an asset.
The problem had been compounded by the fact that inter-
esting collections have been made available by industry as 
well, e.g. Nederlandse Aardolie Maatschappij, NAM; Billiton 
Maatschappij and Shell/Bataafse Internationale Petroleum 
Maatschappij, by the Geological Survey, and by private 
persons (Umbgrove, Lagaaij, Schürmann).

Changes in the final decades of the 20th century   
During this period, the National Museum of Geology and 
Mineralogy (RGM) has been increasingly embracing its 
responsibility as the national storage facility of valuable col-
lections. At the same time RGM has had increasing conflicts 
with the Leiden Faculty of Science, fundamentally affecting 
its position as a National Museum. Fortunately the situation 
led to informal contacts with the Ministry of Culture (CRM) 
and in 1976 the Board of Leiden University set up a commit-
tee chaired by A.J. Piekaar to advise on the future tasks of 
the museum and the most effective way to fulfil its tasks in 
the Dutch context. In 1977 the Commission recommended in 
its report Taak en functie van het RGM that the RGM should 
be independent of Leiden University and come under 
custody of the Ministry of Culture (CRM). Negotiations were 
then initiated and ultimately RGM was turned over to the 
Ministry on 1 July 1984. 
In the meantime, the Ministry also started evaluating the 
position and tasks of the natural history museums in The 
Netherlands as a whole. It was emphasised that for the 
(natural history) museums working on a national level the 
three main tasks were still valid, i.e. archive, research and 
public displays. 
In December 1976 a report Towards a new museum policy 
(Naar een nieuw museumbeleid), was presented to the 
Minister, with detailed notes regarding the different mu-
seum fields (natural history, archaeology, ethnology, arts 
and cultural history). An appendix Natural History in Dutch 
museums (De Natuurlijke Historie in het in Nederland na te 
streven museumbestel), gave an overview of the museums 
in this sector and discussed the levels (national, regional, 
local) at which the museums should operate and possibly 
be financed. 

The museum collections also increased through the 
research programmes of the museum staff. Examples in The 
Netherlands were the Upper Pliocene deposits at Tegelen, 
Limburg (vertebrates and flora; fig. 4-76) Miocene fossils 
at Winterswijk, Gelderland, Pleistocene vertebrates of 
the ‘Maasvlakte’ area, and Pleistocene vertebrates of the 
Schelde waters, Zeeland. Elswhere in Europe, Italy (Gar-
gano) and Spain (Early Cretaceous stratigraphy, ammonites, 
in Murcia; Carboniferous stratigraphy, brachiopods, of the 
Cantabrian Mountains; the crystalline basement of Galicia) 
should be mentioned. Deposits of gemstones were sam-
pled in Southern Asia, central Africa and Brasil.

Endangered earth science collections  
From the end of the 19th century, but more explicitly from 
the 1930s till the 1980s, staff and students of the geologi-
cal institutes of Leiden, Amsterdam, Utrecht and Delft were 
very actively sampling during expeditions (e.g. Indonesia, 
see 7.1), fieldwork campaigns (doctoraal and PhD) and on 
excursions (e.g. visiting the ‘classical’ geological terrains in 
Europe). 
In response the geological institutes (Amsterdam, Utrecht, 
Wageningen and Groningen) and the mining institute in 
Delft deemed it necessary to prepare their own exhibitions, 
which were, in a restricted sense, also open to the public. 
In 1934 at the opening of the Geological Institute of Amster-
dam a permanent geological exhibition was established 
and maintained till 1988. Thereafter, from 1991 till 2011, 
part of the exhibition was prolonged as ‘Artis Geological 
Museum’ in Artis Zoo (fig. 4-77). 
In 1909 the Delft Technical University officially opened a 
Mineralogical and Geological Museum.  This university 
museum, having an exceptional beautiful collection of 
minerals, rocks, meteorites and fossils (fig. 4-78), 
is since 2008 open to the public on special occasions only. 
The geological institutes of Groningen, Wageningen and 
Utrecht kept (small) displays, primarily for the use of their 
own students. Selections of specimens from these institutes 
are presently stored and exhibited in the university muse-
ums and are open to the public. 
The Utrecht University Museum, founded in 1936, has been 
reorganized and now includes a facsimile of an 18th century 
curiosity cabinet with rocks, minerals and fossils. The 
presentations of this museum are a clear example of the 
decision by the university board to apply the well-known 
and famous collections for PR purposes. 
In the wake of the reorganisations of the universities and 
their geological institutes, which started in the 1970s and 
continue up to the present day, the non-core activities 

Fig. 4-77. Systematic displays (Artis Geologisch Museum) of 
rocks and minerals in show-cases originally also used in the 
former Geological Institute of Amsterdam University.

Fig. 4-78. Triceratops in the exhibition of the Geological and 
Mineralogical Museum, Delft University. 

collection selection 
criteria
One of the first issues was to 

define a selection of workable 

criteria upon which a classifi-

cation of museum objects and 

collections should be based.  

A classification of four catego-

ries, A – D, was adopted for 

natural history museums. 

Category A: objects and  

collections of extremely high 

reference value, irreplaceable, 

rare and unique, and of high 

taxonomic importance  

(e.g. holotypes). 

Category B: objects with a 

high documentation value, 

spectacular and attractive for 

display. 

Category C: items of intermedi-

ate value, representative for 

the purpose for which they 

were selected and sampled, 

many of which are still being 

investigated. 

Category D: objects not worthy 

of being retained in the 

collection, to be removed or 

disposed of. 
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A plan for the preservation of cultural heritage
In 1990 the Minister of Welfare and Culture launched the 
so-called Deltaplan for the preservation -in fact in many 
cases the salvation- of cultural heritage, including geologi-
cal, zoological and botanical objects and collections of 
national importance kept in museums. The back-log for 
registration and preservation in most of the museums was 
alarmingly high. To make the salvage-operations control-
lable and to prevent the situation from recurring, a reliable 
procedure had to be followed. 
The application of these selection criteria turned out to be 
very useful in discriminating collection items stored in the 
museums, when collections and specimens are offered 
for adoption, and even when samples are taken during 
fieldwork campaigns. The criteria are also employed when 
grants for the restoration of collections are applied for. 
In addition to applying the primary selection criteria, 
the individual specimens of endangered collections or 
even the collections as a whole, had to be submitted to 
necessary preservation operations, i.e. registration (digital 
registration and labelling) and conservation. The Deltaplan 
projects carried out in the various (natural history) muse-
ums were financially co-sponsored by the Ministry.

Back to the National Museum of Natural History –  
Naturalis  
On July 1st 1984 the Rijksmusea van Geologie en Mineralo-
gie en Natuurlijke Historie were brought together under 
one director. 
In June 1986 the Minister of Welfare and Culture (WVC) 
decided that a national natural history presentation 
(NNP) should be established by the combined museums, 
expecting that -for the first time in The Netherlands- an 
attractive geological and biological exhibition would be 
produced for a broad public. It was suggested that the 17th 
century Plague House (Pesthuis), which from 1956-1984 
had housed the Royal Army Museum (Koninklijk Neder-
lands Leger- en Wapenmuseum), and which had been 
restored by the municipality of Leiden in 1987-1989 would 
provide an excellent venue.
In 1989 many, partly drastic, changes were initiated by 
the new acting director A.O.J.M. De Caluwé. The two 
museums were merged to form the National Museum of 
Natural History (NNM) and two years later the public name 
Naturalis was introduced. The organisational structure was 
changed also so as to include two major sections, Research 
and Collection Management and Education and Public. 
Five departments were distinguished, three zoological and 
two geological, i.e. Palaeontology and Stratigraphy and 
Minerals and Rocks. 
Museum personnel and the Ministry of WVC had to be 
convinced that, instead of maintaining seven relatively old 
and expensive museum buildings in the city centre, it was 
much more attractive to run a new and modern natural 
history museum. Detailed plans were made, worked out 
and approved by the Minister. The building of the new 
museum was financed by an external project developer 
based on a 25 years rental contract with the Ministry. 
W. Van der Weiden, the next director of Naturalis (1991-
2003), completed the plans to modernise the museum and 
in 1995 its official status was changed from state museum 
to foundation, whereby the state-owned collections had 
to be managed on the basis of multi-year agreements.
A new museum was built next to the Plague House, to 
which it was connected by a bridge. An ultra-modern, 

The position of the National Museum of Geology and 
Mineralogy was well defined. Together with the National 
Museum of Natural History and the National Herbarium 
in Leiden and the Zoological Museum of the University of 
Amsterdam, these research museums were regarded as 
‘mother-museums’ for which involvement -and responsi-
bility- at a government level was advised. 
In addition, two other categories of natural history muse-
ums were and still are recognized. First, regional (provin-
cial) museums, also called regionale kernmuseums, and, 
secondly, local museums (lokale and streekmuseums). 
Three examples of well-known regional ‘core-museums’ 
are the Natural History Museum of Maastricht, with 
important Upper-Cretaceous fossil collections from Limburg 
(Mosasaurus Bèr, found in 1998) and fossils (e.g. Tegelen), 
rocks and minerals from surrounding areas, the Natural 
History Museum Natura Docet in Denekamp (Overijssel), 
founded in 1911 by the well-known and inspiring school-
teacher J.B. Bernink, and the Natural History Museum in 
Rotterdam (created in 1927). 
Certain museums call themselves ‘nature museums’ (natu-
urmuseums). Examples are the Natuurmuseum Nijmegen 
and the - after 75 years - very recently closed Groningen 
Natuurmuseum.
Examples of local museums are the Mineralogical Museum 
at Grou (Friesland), the private (and commercial) museum 
De Oude Aarde at Giethoorn, Overijssel (minerals, fossils 
and gemstones), the Geological Museum Hofland at Laren 
(Noord Holland), the prehistoric dino-parade museum at 
Boxtel (Oertijdmuseum De Groene Poort, Noord Brabant), 
the coal-mine museum at Valkenburg, the Pieters Museum 
(St.Pietersberg near Maastricht), and several others. 
Open-air museums, displaying erratics, are the Schokland 
Museum (UNESCO heritage museum), the Geological Reserve 
Van der Lijn at Urk (see 4.4.4), both in the Noordoostpol-
der, and the Zwerfstenentuin at Maarn (Utrecht). Also the 
Hunebedcentrum Borger (Drenthe) opened in 2009, should 
be mentioned here.
A museum of its own is Museon in The Hague. Created in 
1904, it served since 1920 as municipal Museum voor het 
Onderwijs, mainly for schoolchildren. Since 1997 Museon 
presents exhibits and educational programmes to a broad 
audience, dedicated to natural history -geology and 
biology have always been important themes- culture and 
technology.
Till the late 1980s the regional and local museums could 
successfully apply for the financial support of public 
authorities, but the policy of funding has completely 
changed.  The financial position of the local museums very 
much depends on the local situation and level of interest. 
A few are commercially run private enterprises.

Public outreach
Considerable attention has 

been dedicated to the popu-

larisation of geology, min-

eralogy and biology for the 

public. Presentation concepts 

were intensively discussed 

with representatives from 

major museums abroad. There 

are five permanent displays, 

showing (1) the diversity of 

zoology and botany, rocks and 

minerals (Theatre of Nature), 

(2) the geological history of life 

(Primeval Parade; (3) exogenic 

and endogenic geological 

processes of Planet Earth, (4) 

to live and survive (zoology) 

and (5) Visions of Nature. A 

selection of gemstones is on 

display in a small treasure 

room. For small children a 

special location called A Look 

at the Earth (Kijkje Aarde) has 

been designed. Temporary 

exhibitions on a wide variety 

of subjects form part of the 

presentations to the public.

In the Plague House building 

the public can observe and 

study Dutch animals and plant 

material, rocks, minerals and 

fossils in showcases and in 

drawers (Nature Information 

Centre). Here also the largest 

natural history bookshop of 

the country is situated.

Fig. 4-79. The new natural History Museum, naturalis, with at the right the 17th century Pesthuis, 
and to the left the new museum building with its 20-storey collection-tower.
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4.4.3 Geology for the general public
tom reijers 

From the moment that geology began as a separate sci-
ence, natural philosophers, authors, geognosts and early 
students of the earth took up the challenge of spreading 
their insights to the public at large, outside the universities 
and academies. Many of their publications have stood the 
test of time; for instance, reprints of Johannes Martinet’s 
Small catechism of nature for children (1779; see 3.1) were 
still used in schools in the 20th century. The first ever series 
of public lectures on geology were delivered  in the winter 
of 1796-1797 by Martinus Van Marum (see 3.2) in Teylers 
Museum while, somewhat later, in 1813 Willem Bilderdijk 
(see 3.1) wrote the first book on geology in Dutch, ex-
pressly with the intention that it would achieve “propaga-
tion of this new profession and its study”.
Various non-professional dilettantes in the 19th and early 
20th century were interested in science and occasionally 
carried out research into natural phenomena. Such ‘ama-
teur’ research often was of a local nature, but some was 
recognised to be excellent and rightly earned (interna-
tional) prizes (see 3.3).  Pieter Harting of Utrecht University, 
a member of the group known as ‘de Vijftigers’ (3.4), was 
the first to  publish a popular-scientific magazine Nature’s 
Album. This was aimed at reaching a broad public 
readership and resulted in a countrywide ‘nature sport’ 
movement (see 4.4.4) at the onset of the 20th century. As a 
result collections were built up (see 4.4.2) and opened to 
the public in several museums, amongst which one with 
the tell-tale name ‘Natura Docet’. Another result was that 
professional geologists, initially mostly from a position of 
university professor or reader, occasionally contributed to 
articles/books or authored books directed to the general 
public. Amateurs also contributed several interesting 
books. The following selection, which does not claim to be 
complete, gives a flavour of these initiatives.  
Period 1900-1925: This saw the first edition of Escher’s 
De gedaanteveranderingen onzer aarde (Metamorphosis 
of our earth), which was reprinted in various forms and 
under different names eleven times (until 1962). As Grond-
slagen der algemene geologie  it became the leading 
textbook on physical geology in The Netherlands. In this 
period W. Jongmans and F. van Rummelen published a 
geological guide to South Limburg and encouraged the 
opening of the Heimans quarry there. Another publication 
from this period is Insulinde: schatten van den bodem  by 
F.P.C.S. Van der Ploeg.  
Period 1925-1950: H.A Brouwer edited a number of popu-
lar booklets on geological topics in Servire’s Encyclopedia 
in Monographies, written by himself, De Sitter, Westerveld, 
Faber, Doeglas, Oestreich and Terpstra. A similar series 
of popular booklets was Noorduijn’s Wetenschappelijke 
Reeks, with contributions on Seismology by S. Visser and 
on Peat formation (Veenvorming) by J. Visscher.  Other 
works belonging to this period include  Voordrachten 
over de geologie van Nederlands Indië by L.M.R. Rutten, 
a book on physical geography by J.W.K. Oestreich and a 
fine photo book called De rusteloze aarde (The restless 
earth, 1940) by the Flemisch geologist R.P.M. Ghyselinck . 
In the sombre years of World War II, J. Vroman published 
Geologie voor den tourist and in 1941 appeared Ph. H. 
Kuenen’s description of the Snellius expedition in the pre-
war years, Kruistochten over de Indische diepzeebekkens 
(Crusades in the deep sea basins of The East Indies). The 

climate-controlled 20-storey tower to store the collections 
forms part of the museum complex (fig. 4-79). 
Personnel and collections were moved to the new com-
plex in 1997 and on April 7th 1998 the new natural history 
museum Naturalis, including the public displays, was 
officially opened by HM Queen Beatrix.
The public exhibitions of Naturalis have, in the first five 
years, attracted an average of 150,000 visitors per year, 
and currently some 250,000 visitors are expected. 
Besides individual visitors, the displays are attended by 
classes and specific groups, including the various school 
levels and university students. Individual children can 
make use of a discovery game.
 The position of Naturalis as the Natural History Museum 
is widely accepted and appreciated, both domestically 
and internationally. The modern facilities allow reliable 
and permanent storage of natural history collections 
and have caught the professional eye. As a consequence 
important and sometimes large collections have been 
and are still offered to Naturalis. The museum remains 
ready to contribute to the saving and accepting – accord-
ing to well-defined criteria - and storing natural history 
specimens and collections of (inter)national and scientific 
importance.
To mention a few recent acquisitions: The Molengraaff 
collections comprising rocks and fossils from the former 
Netherlands Indies, including the famous Timor-collec-
tion (Permian and Triassic fossils), ceded by Delft Technical 
University. The Geological Survey donated the important 
Zandstra collection of Northern erratics (1999) and the 
unique palaeobotanical collection of Jongmans (Geolo-
gisch Bureau voor het Mijngebied; see 4.3.9), mainly 
consisting of Carboniferous plant remains. 
In April 2003 a selection (approx. 40%) of the collections 
of the former Geological Institute of the University of Am-
sterdam was brought into the custody of Naturalis, which 
was made possible by a financial donation from the 
Mondriaan Foundation. And only recently the E.Heimans 
collection of cultural-historical importance (kept in 
Amsterdam), consisting of fossils, rocks and minerals has 
been acquired for further selection and preservation.
In February 2010 the natural history collections of the Zo-
ological Museum (Amsterdam University) and the botani-
cal collection the National Herbarium of the Netherlands 
merged with the natural history collections of Naturalis. 
With 37 million objects the museum, renamed Nether-
lands Centre for Biodiversity Naturalis, can be considered 
the fifth largest natural history museum in the world. 
Naturalis thus forms a prime platform in bringing geology 
to the general public, a subject which will be detailed in 
the following section. 

Fig. 4-80. Skeletons of Pleistocene vertebrates in the Primeval 
Parade exhibition of naturalis. In the foreground the skeletons of 
a mammouth (left) and (right) a cave-bear.
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The period 1975-today: this period has seen a plethora of 
geological activities aimed at educating the general public. 
We can mention a mere selection of publications before 
considering some entirely new developments.  The succes-
sor to Escher’s textbook was A.J. Pannekoek’s (and many 
co-authors) Algemene geologie (1973) which went to three 
reprints. This was the last of a continuous line of general 
textbooks in the Dutch language. The four books on physical 
geography published by H.J.A.Berendsen (2004, 2005) are 
no full replacement and here lies a challenge for the next 
generation.  Specifically directed at the general public is the 
ANWB Geologie Boek Nederland (2000; financially supported 
by the KNGMG), written by W. De Gans, who recently has 
also published on the subsurface of Amsterdam where an 
underground railway line is currently being built. Salomon 
Kroonenberg’s very successful explanation of climatic varia-
tion in the geological past when mankind did not have any 
influence, ‘The human measure’ (De menselijke maat; first 
published 2006) was a not always welcomed but valuable 
contribution towards ‘calibration’ of the climate debate. 
Books composed by Dirk Wiersma, professional in geology 
and photography, give a fascinating insight into the immense 
variety of shapes and colours that Earth offers us on mega to 
microscales.
Immediately after World War II, and in the remainder of the 
20th century, amateur geologists associations were founded. 
The first, in 1946, was the Nederlandse Geologische Verenig-
ing (NGV). In 1970 a group within the NGV started the Stichting 
Geologische Activiteiten (GEA). Both issue a periodical, 
Grondboor en Hamer and Gea respectively, the former mainly 
focussing on Europe with emphasis on The Netherlands 
and including general geological papers, the latter char-

latter was followed in 1948 by his De kringloop van het water. 
I.M. Van der Vlerk and Ph. H. Kuenen’s Geheimschrift der 
aarde, first published in 1941, was very successful and ran to 
a 6th edition in 1951. Other books include I.M. Van der Vlerk 
and F. Florschütz’s description of The Netherlands in the Ice 
Ages (Nederland in het IJstijdvak, 1950), F.J. Faber’s Petroleum, 
zoeken en ontdekken (1946), which described the oil industry, 
mainly in The East Indies and Smit Sibinga’s The history of the 
earth focussing on fossils. A prolific ‘popular’ author was J.H.F. 
Umbgrove who published in 1942 The Pulse of the Earth; in 
1946 Leven en Materie, in 1949 Structural history of The East 
Indies, and in 1950 Symphony of the Earth. Suriname het rijke 
ertsland (Surinam, land rich in ores, 1946) by O.M. de Munnick 
and Verdwenen Werelden (Lost Worlds, 1950) by Marie Hubrechts 
are still frequently quoted.  
Period 1950-1975:  Umbgrove’s last contribution to our un-
derstanding of the Earth was Ons land zeventig miljoen jaar 
geleden (1956). The 1950s saw the publication of R. Van Bem-
melen’s Mountain building (1954), in which he attempted to 
popularise his undation theory using Indonesia as an example, 
and A.J. Pannekoek’s Geological History of The Netherlands 
(1956). F.J. Faber contributed Geologie van Nederland (1960). 
In 1961 two classics appeared, Logboek der aarde by I. M. Van 
der Vlerk and Ph. H. Kuenen and M. G. Rutten’s De oorsprong 
van het leven op aarde uit geologisch gezichtspunt. J.I.S. 
Zonneveld’s De levende aarde (1960) and Tussen de bergen en 
de zee (1964) were successful books. An author in a category on 
his own is W.F. Hermans, who failed to make a name as physi-
cal geographer, but became famous for his novels. In some of 
these he referred to his geographical/geological background, 
occasionally with considerable sarcasm. His Erosie (1960) aimed 
at informing the general public in a comprehensible way.

Geological and geomorphologi-
cal conservation (geoconserva-
tion) have a long history, going 
back to the 19th century (see 
Geodiversity, valuing and conserving 
abiotic nature by Murray Gray). 
In The Netherlands Gerard 
Gonggrijp is seen as the found-
ing father of geoconservation: 
in 1969 the Gea working group 
started to compile the first 
systematic inventory of sites of 
specific value for earth science, 
known in Dutch as sites of aard-
kundige waarden, with Gonggrijp 
as its secretary. In the 1970s 

and 1980s a series of reports 
covering the whole country ap-
peared, identifying hundreds 
of such geosites. They obtained 
an official, albeit not legally 
binding status in the Nature 
Conservation Plan (Natuur-
beleidsplan) published by the 
Ministry of Agriculture, Nature 
Management and Fisheries 
(Nederland in vorm,  aardkundige 
waarden van het Nederlandse land-
schap). Recently, a beautifully 
illustrated overview of the 
geological heritage of The Neth-

erlands (Bewogen aarde, Aard-
kundig erfgoed in Nederland) was 
published under the auspices 
of the same ministry. The book 
contains a list and location 
map of 245 geosites (see also 
www.geosites.nl). Gonggrijp also 
initiated the organization of 
ProGEO (the European Associa-
tion for the Conservation of the 
Geological Heritage). Together 
with Boekschoten (Earth-science 

conservation: no science without 
conservation) he stated that 
earth-science conservation 
aims to preserve landforms 
and exposures for two reasons: 
firstly, to preserve and main-
tain type areas and type locali-
ties which serve as standards 
and, secondly, to ensure that 
landforms and sections remain 
available for educational and 
recreational use. 
During the last fifteen years 
the importance of aardkundige 
waarden has been promoted 
by the interest group Platform 
Aardkundige Waarden, which 
represents a large number of 
private, non-governmental, 
provincial and professional 
organizations. One of the main 
achievements of this group, un-
der the enthusiastic leadership 
of Pim Jungerius and Hanneke 
van den Ancker, has been the 
recognition of the importance 
of conservation of the geologi-
cal heritage and areas of spe-
cial geological interest within 
the framework of the European 
Union Thematic Strategy for 

Soil Protection in 2006. In 1995 
the first aardkundig monument, 
the Grebbeberg, was unveiled 
by the province of Utrecht. 
In the last decade almost all 
provinces have designated –
and documented– aardkundige 
monumenten, approximately one 
hundred sites in total. Recent-
ly, Wim Hoogendoorn, former 
editor of the journal Grondboor 
& Hamer of the Nederlandse Geolo-
gische Vereniging has prepared a 
series of short descriptions of 
exposures, sites and landscapes 
of special geological and/
or geomorphological and/or 
pedological interest, which he 
calls aardkundige excursiepunten. 
By the end of 2011, 45 of these 
descriptions had appeared in 
Grondboor & Hamer. 
In spite of all the efforts of the 
last decades, however, geocon-
servation in The Netherlands 
remains relatively weakly de-
veloped and lags, for instance, 
severely behind biological 
conservation. 

aardkundige Waarden
eduard koster 

The Grebbeberg is the southeas-
tern tip of a large ice-pushed ridge 
complex in the central netherlands. 
In 1995 this region was chosen as 
the first geosite (‘geomorphologi-
cal monument’) in the province of 
Utrecht.
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pers on general geology topics over the years and distributed 
them to amateur geologists via their associations and via the 
national press. The first decade of the 21st century has seen 
an expansion in geological HOVO courses with professionals 
such as Boekschoten, Focke, Minnigh, Reijers, Van Loon and 
Westbroek currently regularly involved. In addition to this, 
reviews of books on general geoscience topics, produced 
by professional geoscientists aiming at the public are being 
published in non-professional media like newspapers. 
Through these means geological insight is being more widely 
spread at a time when concern about natural disasters and 
climate change is increasing, and a large public is being 
made aware of the geological dimensions of daily life. This is 
also facilitated through geoscience oriented exhibitions such 
as those of Museon (museum for education in The Hague), 
Naturalis (Leiden), and Teylers Museum (Haarlem; nomi-
nated for the UNESCO list of world heritage sites in 2011), an 
aspect elaborated in 4.4.2.  
One recent event deserves a mention. Using the Dutch 
clipper De Stad Amsterdam, the Netherlands broadcasting 
organisation VPRO, in cooperation with Flemish Television, 
produced a series of documentaries to celebrate the Darwin 
Bi-Centennial Year 2010. Geology figured prominently 
among the scientific topics focussed upon when De Stad 
Amsterdam traced the itinerary of the Beagle during the 
voyage of which Darwin made the observations that would 
make him world famous.
Thanks to some of the efforts noted above, geology has lost 
some of its ‘ungodliness’ (as perceived by Staring, 1864) and 
has brought wider understanding for this science. It now 
has reached a state of development that makes it difficult 
and unwise to ignore its application to society at large: Earth 
science skills are essential to present-day construction works 
such as the underground transport system in Amsterdam, a 
city originally built on wooden piles that supported the 17th 
century canal houses in the clayey and muddy subsurface. 
The geological aspects of the climate debate are also increas-
ingly appreciated by a public, young and old, that is gradu-
ally enjoying a better education. An increase in popular and 
scientifically sound geological literature -only sporadically 
available in the distant past- is noticeable and will remain a 
challenge for professional geologists in the future.
Over the years many gifted amateurs found their way to ge-
ology, partly thanks to availability of the facilities described 
above. These extra-academic geological activities will be 
discussed in the following section. 

4.4.4 Amateur geoscience
bert boekschoten and Willem steenken

The geology of The Netherlands is not really in general likely 
to inspire rock collectors and fossil hunters, although there 
are some areas that have excited them: quarrymen working 
southern Limburg Cretaceous limestone often encountered 
and sold remarkable fossils, while erratics in the northeast-
ern part of the country aroused much interest among nature 
lovers. Some early collectors, like J.A.H. Bosquet (see 3.3) 
rose to professional level.
Countrywide the ’nature sport’ movement, at the onset of 
the 20th century, involved earth science subjects. School-
teachers took the lead, and first and foremost was the 
naturalist and conservationist Elie Heimans (1861-1914) who, 
in 1911-1913, wrote two classic introductions that triggered 
national interest.To this day, they retain their initial fresh-

acterised by exceptionally fine photographs of minerals, 
micromounts and fossils. The NGV also publishes Staringia, 
an irregular series of books devoted to special topics. In 
particular Staringia 10 (2001) is interesting. At the initia-
tive of Aart Brouwer, it presents the first translation into 
Dutch of Specimen academicum inaugurale de geologia 
patriae (Academisch proefschrift over de geologie des 
vaderlands), by W.C.H. Staring (1833; see 3.3). NGV also has 
a freely accessible electronic journal (NGV-Geonieuws) in 
which geological news items and recent research results are 
published in a well-illustrated and easily understandable 
way. De geologische stad, (NGV, 2006) presented a general 
introduction to the recognition of various rock types, fol-
lowed by guided and annotated town walks in 12 towns in 
the 12 provinces of The Netherlands. In subsequent years 
annotated town walks focussing on imported building and 
ornamental stones have been prepared by or in cooperation 
with TNO/Geological Survey for a number of city centres, a 
welcome source of outdoor inspiration in a country devoid 
of quarries. Although the story goes that The Netherlands 
were made by the Dutch, original landscapes created by 
geological forces are numerous. Professionals and amateurs 
alike collaborate to identify these landscapes or landmarks 
and care for their conservation (see Aardkundige waarden)
Both NGV and GEA are represented throughout The Neth-
erlands by regional circles and chapters and both have 
a number of thematic workgroups, all aiming at raising 
interest in geology in the widest sense of the word. Cur-
rently they have together some 3000 members. Professional 
geologists regularly contribute papers to the journals or 
provide local lectures and advice in organisational and 
scientific matters. 
The Werkgroep voor Tertiaire en Kwartaire Geologie 
deserves special attention. Composed mostly of amateurs, 
they publish at a professional level. The working group had 
its own scientific journal (Mededelingen van de Werkgroep 
voor Tertiaire en Kwartaire Geologie); now they have an 
English-language journal jointly with a foreign organisation 
and a quarterly newsletter (Afzettingen). 
Around 1986 the French education du troisième age (uni-
versity level education for senior citizens) spread to other 
European countries, including The Netherlands, where 
courses started in the University of Groningen. After a hesi-
tant start it became established in the form of HOVO (Hoger 
Onderwijs Voor Ouderen, Higher Education for Seniors 
Citizens), organisationally linked to a university or a school 
for advanced education. Currently HOVO courses are given in 
eleven localities in The Netherlands, to some 50.000 peo-
ple, among which an estimated 1000 have followed various 
courses on geosciences. 
The Volksuniversiteit (Adult Education) with some 200,000 
participants per year focuses mainly on languages, but 
occasionally also caters for sciences including geology. Like-
wise the Dutch Open University with some 18,000 students 
occasionally offers geoscience courses.
Geology has been systematically included in HOVO pro-
grammes from approximately 1990 when in Groningen Bert 
Boekschoten and in Leiden Aart Brouwer began to teach 
geology to non-professional senior citizens. After Boekscho-
ten Tom Reijers lectured in Groningen, while Brouwer was 
followed by Freek van Veen with a course on ’500 million 
years geology in the Benelux’, and Willem de Vries, who 
gave a large number of courses and organised geological 
excursions for participants. Willem, and in particular Tom 
van Loon, have published over 1000 short essays and pa-
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tirelessly showed his visitors around, thus introducing 
generations of Dutch youngsters to geology. 
Van der Lijn developed into the national erratic special-
ist, helped by Dr C.H. Oostingh and Prof. J.H. Bonnema 
(who himself started as a school teacher). His Keienboek 
(1923 and subsequent editions) was influential, and was 
also appreciated in Germany. Van der Lijn established the 
boulder clay reserve near Urk, later to be named after 
him, and founded the Nederlandse Geologische Verenig-
ing (1946), together with his pupil W.Tj. Hellinga. Their 
collections are now housed at the Schokland Museum. In 
Frisia, provincial earth science was introduced in Frisian 
by J. Botke (1912 and later), also inspired by Bonnema. 
Somewhat later came L.B. Bos, whose collection of erratics 
is still exhibited at Buitenpost, and K. van der Kley (1946) 
who specialised in erratics from Drenthe.In the post-war 
years, a good number of new enthusiasts have lifted 
amateur geology in The Netherlands to high standards. 
Amongst them, W.F. Anderson (erratics and the Staring 
monument at Losser), A.P. Schuddebeurs (erratics; was 
awarded the Prince Bernhard silver carnation) and Bern. 
Boelens (fossil-bearing erratics; collection in Schok-
land Museum), W.H. Hofland (erratics and Pleistocene 
sediments; collection housed in the Hofland Museum at 
Laren) and H. Krul (collection at the Nederlands Centrum 
voor Biodiversiteit - Naturalis, Leiden) were outstanding. 
Among those not working on erratics, mention deserve 
H.J. Römer (see Henk Römer) and H. Oosterink who 
studied in detail the Muschelkalk fauna of the quarries 
near Winterswijk.Prominent also were the brothers P.J. 
(1928-2009) and W.M. Felder (1930-2009), mining techni-
cians who both became fascinated by the Cretaceous and 
later by the general geology of southern Limburg. They did 
internationally recognised work on flint and Neolithic flint 
mining.
The book by Schins deals with these gifted workers. New 
organisations arose: the Gea Foundation, parented by 
P. Stemvers and J. Stemvers-van Bemmel (1968), and 
specialist groups, such as the Werkgroep voor Tertiaire en 
Kwartaire Geologie (from a youth club, starting 1951) and 
the Werkgroep Pleistocene Zoogdieren (1982), mainly con-
cerned with molluscan and mammalian palaeontology, 
and often contributing at a professional level.
Notwithstanding the quality of their work, amateurs have 
not always been looked upon as colleagues by quite a 
many academic professionals. Luckily, this situation has 
gradually changed since new generations of professors 
took over after the 1980s.

ness and exude resounding enthusiasm. Heimans, assisted 
by Lorié and the Belgian Professor J. Massart, was a mem-
ber of KNGMG, but he died at an early age during a society 
fieldtrip, much lamented.
P. van der Lijn and J.B. Bernink published their geological 
firsts together in 1918. Bernink was the founder and long-
time director of the Museum Natura Docet at Denekamp, 
from 1912 onward. ‘Master’ Bernink, as he was called, 

Fig. 4-82. Werner Felder in Ryckholt flint mine.

Fig. 4-81. The Urk boulder clay reserve in 2009.

H.J. Römer (1915-2000) worked 
his whole active life at a textile 
factory in one of a few areas in 
the eastern Netherlands where 
older formations outcrop or 
subcrop close to the surface. At 
an early stage he became inter-
ested in the geological history 
of his native soil. Already in the 
1930s he started spending much 
of his free time drilling with 
bicycle-mounted gear shallow 
boreholes (of a few tens of m) 

to find out what might lay 
below his feet.  After World 
War II he redoubled his drilling 
efforts with better motorized 
equipment and at the end of 
his life he disposed of well data 
from about 10,000 boreholes. 
Gradually he unravelled the 
rather complicated tectonic his-
tory of Twente and the adjacent 
German area and contructed 
detailed subcropmaps for the 
region. His work was well ap-

preciated by Dutch and German 
professional geologists alike 
and it was published mainly in 
Grondboor & Hamer, the journal 
of the NGV of which he was the 
chief editor for years.

henk römer, an insPired researcher
Willem steenken

Henk Römer (right) drilling lower  
Cretaceous near Losser.
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Amateur geoscientists developed a sound basic network 
that acted as a springboard for many scientific careers. 
Professionals such as H.A and A. Brouwer, Doeglas, Faber, 
Florschütz, Ghyselinck, Hermans, Jongmans, Kuenen, 
Oestreich, Smit Sibinga, Umbgrove, Von Koenigswald, Van 
Rummelen, Van der Vlerk, Vroman and Zonneveld all pub-
lished informative geoscience books in Dutch directed at the 
general public (see 4.4.3). 
So, clearly, enthousiastic and competent non-professional 
geologists have left their mark on Dutch earth sciences. On 
the other end of the spectrum there is the Royal Nether-
lands Academy of Arts and Sciences, founded in 1851 and 
housed since then in the patrician Trippenhuis in Am-
sterdam. This academy is made up of prominent scholars, 
including earth scientists whose role and activities are 
detailed below. 

4.4.5 KNAW and geosciences - a supporting 
relationship
henk schalke  

The Royal Netherlands Academy of Arts and Sciences 
(Koninklijke Nederlandse Akademie van Wetenschap-
pen, KNAW) has as its mission: “As the forum, conscience, 
and voice of the arts and sciences in The Netherlands, the 
Academy promotes quality in science and scholarship and 
strives to ensure that Dutch scholars and scientists contrib-
ute to cultural, social and economic progress. As a research 
organisation, the Academy is responsible for a group of out-
standing national research institutes. It promotes innova-
tion and knowledge valorisation within these institutes and 
encourages them to cooperate with one another and with 
university research groups”.
The Academy is both a learned society and a managing 
organisation of national research institutes. The learned 
society is divided into a Humanities and Social Sciences 
Division and a Science Division. Within the Science Division 
the Section Earth Sciences has about 25 members. 
Since the early 1990s the Academy approves and monitors 
research schools (see 4.1.5)
The Academy also advises the Dutch government on matters 
related to the pursuit of science. Advice is provided by 5 
permanent advisory councils, one being for Earth and Life 
Sciences, and/or by ad-hoc committees. It plays a role in 
decision-making in government and in the world of science 
and education. 
Furthermore, a Commission for the History of the Earth 
Sciences installed in 1974 deals with special topics such as 
the development of  earth sciences in the former colonies. 
In 1998 The history of earth sciences in Suriname was 
published. In the same year Een voorspel van de moderne 
vulkaankunde in West Europa by E. Den Tex appeared, a 

unique analysis of the early developments in volcanology 
in the 17th and 18th centuries. Dutch pioneers of the earth 
sciences was published in 2004.
Until the use of science citation index-based methodolo-
gies for rating of research impact the Academy had its own 
Newsletter and Proceedings. It also publishes valuable 
books that are not attractive for commercial publishers, 
Volcanology of Saba and St. Eustatius, northern Lesser 
Antilles (2004).
Several reports of the advisory council have contributed to 
the current state of the earth science at Dutch universities. 
In the following paragraphs the most important reports 
and their impact on the Dutch earth scientific world will be 
briefly described.
In 1983 a report on marine research proposed creation of a 
Marine Geological Centre, participation in the Ocean Drilling 
Programme and increase of research on the sea and ocean-
bed.
The report Earth, science and society (1983) had a major im-
pact on the position of geology in the universities. It led to 
the development of modern, multidisciplinary approaches 
such as mathematical geology, geobiology and geoarcheol-
ogy. A follow-up study in 1985 Earth Sciences, an intersec-
tion in our society influenced the attitude of the Ministry of 
Education to reorganisation of the earth sciences, including 
the closure of two geological institutes in the context of 
national cost reduction operations (see 4.1.4). Improved 
communication between Earth Sciences and Society was 
strongly recommended.
To demonstrate the position of Dutch marine and coastal 
research the document Dutch research: no sea too high was 
prepared.
In order to improve public understanding of the geosciences 
and to provide politicians with concrete arguments, the 
KNAW created a working group, in which all 5 geology-
teaching university institutes participated, to advise on 
How to bring earth sciences on a higher level at schools. As 
a result, the website www.aarde.nu has been in exist-
ence since 2000. At this site, students from (primary and) 
secondary schools can find out how geosciences contribute 
to the exploration and exploitation of natural resources and 
what the environmental impact may be. Through this web-
based source of information students obtain an insight into 
what earth scientists do and – most importantly – they 
can improve their understanding and interpretation of the 
earth’s phenomena and hazards.
Colleagues in the earth and bio or life sciences have come 
to the conclusion that Global Change cannot be understood 
and investigated without a multidisciplinary approach. 
Together they produced a strategic document on biogeol-
ogy in Between earth and life in 2003. The foundation of 
the Darwin Centre for Biogeology in 2004 was a direct result 
(see 4.1.5). 
The hydrogeological community within the Academy 
published in 2005 Turning the water wheel inside out; 
foresight study on hydrological science in The Netherlands. 
It described major interactions between the geosphere, the 
atmosphere and the biosphere and their role in climate 
change. 
Interdisciplinary studies on the terrestrial water cycle were 
promoted. The Boussinesq Centre,  under the umbrella of 
the Academy, was created in 2005 and brought together the 
four university hydrological institutes (Utrecht, VU Amster-
dam, Delft, Wageningen) and two technological institutions 
(UNESCO-Institute for Hydrological Engineering, Delft, and 

Fig. 4-83. ‘Mosasaurus’ carving (around 1900) in the Slavante 
underground quarry, as drawn by P. Van der Lijn (1918).
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is estimated at less than a thousand, i.e. significantly less 
than 10% of the total number of employees. It is unlikely 
that the number of geoscientists relative to other staff 
categories is significantly higher in any of the other oil 
companies operating in The Netherlands. 
Shell geoscientists are working at its Head Office and R&D 
organisations in The Hague and Rijswijk - a suburb of 
The Hague where Shell’s laboratory for exploration and 
production (EP) R&D, opened in 1961. They typically work 
in support of Shell’s worldwide EP operations, rather than 
investigate the subsurface of The Netherlands. These days, 
even employees of the Nederlandse Aardolie Maatschap-
pij in Assen (NAM, the 50/50 Shell and Exxon joint venture 
company operating in The Netherlands) support operations 
in, for instance, the UK sector of the North Sea.
Quantitatively interaction between ‘the oil industry’ and 
universities is the most frequent and varied. The relation-
ship between the two is the subject of this section.

Industrial setting
From a historical perspective, it is convenient to distinguish 
the period before the 1959 discovery of the ‘Groningen’ 
gas field, and the 50 years since. Why did the discovery of 
this field mark such a turning point? On the one hand, it 
prompted many oil companies to set up operations in The 
Netherlands in the 1960s and on the other hand it heralded 
the death knell of coal mining in Limburg. 
Before 1959, industrial geoscience in The Netherlands was 
dominated by the Joint Collieries in Limburg and by Royal 
Dutch Shell. From the late 19th century up until 1974, coal 
was mined in large-scale industrial operations in South 
Limburg by the State-owned Staatsmijnen in Limburg 
plus a number of privately owned companies such as the 
‘Domaniale’ and ‘Oranje Nassau’. At their peak, in 1958, the 
mines employed some 55,000 persons in both subsurface 
and surface-based operations. Most young geoscience 
graduates hired by the collieries in Limburg were mining 
engineers from Delft, rather than more academically trained 
geologists. Only male graduates were hired, as females 
were not allowed to participate in underground operations, 
let alone work there. Geological advice and support to the 
Joint Collieries in Limburg (Gezamenlijke Steenkolen Mijnen 
in Limburg) was provided by the geologists of the Geologi-
cal Bureau (Geologisch Bureau voor het Mijngebied; see 5.1 
and 6.2). The early days of the oil industry in The Nether-
lands are fully covered in 6.1.
Following the 1959 discovery of the gigantic Groningen gas 
field with its initial recoverable gas reserves of the order of 
2,800 billion m3 - the North Sea Basin became the target 
area for a rush to find oil and gas that has not yet ended. In 
terms of economic impact, the discovery of the vast volumes 
of natural gas was arguably the most important single event 
in The Netherlands since World War II. 
The bountiful natural gas hastened the demise of coal 
mining in South Limburg. The closure of the coal mines put 
a stop to the long-standing practice of mining engineering 
students from Delft University of Technology spending three 
internships in the coal mines as part of their ingenieursexa-
men. In the first internship they became acquainted 
with working underground, in the second internship 
they did research for their MSc thesis project, while in the 
third they learned the practical points of mine surveying.                                                                       
The closure of the coal mines in the 1970s eventually also 
resulted in mining engineering being dropped from the 
curriculum though the focus of teaching is still on applied 

ITC, Enschede). Technological research institutes such as TNO-
NITG (Geological Survey of The Netherlands) are associate 
members.
The Council for Earth and Climate of the Academy (pred-
ecessor of the current Council on Earth and Life Sciences) 
prepared Integrated scientific research in support of spatial 
planning, a proposal for a framework programme in 2008. 
This report is a reaction on the Law on Spatial Planning of 
2008 (sustainable use of space, e.g. geology, hydrology and 
landscapes) and promotes an ‘integrated and process-driven 
application of earth scientific research in favour of spatial 
planning’. 
In 2010 the Council on Earth and Life Sciences published 
Agenda 2020: Perspective on the earth sciences. At a time 
that it is increasingly evident that human activities are 
putting the Earth under growing pressure, earth scientists 
have particular societal responsibilities. Because of their 
unique knowledge of the earth and its finite resources, they 
can contribute significantly to providing solutions to many of 
the issues facing humanity both currently and in the coming 
decades. The Agenda 2020 document represents a consensus 
vision of the Dutch earth science community on its role in 
addressing such challenges, including recommendations 
on the approaches to teaching, research and investments 
that will be required. It will form the basis for earth science 
policy-making in The Netherlands.
The Academy has been a platform for symposia in col-
laboration with the earth scientific world. In this context, 
the biannual Netherlands Earth Scientific Congress brings 
together young professionals with the support of (among 
others) the KNGMG.

4.5 Links between Dutch industry 
and academia
coordinated by eVert Van de graaFF and Peter Floor  

eVert Van de graaFF , unless stated otherWise

Many industrial organisations with roots in The Netherlands 
interfaced – and still interface -with Dutch geology or min-
ing engineering university departments. They include Royal 
Dutch Shell and local branch offices of oil and gas companies 
operating in The Netherlands such as Total, Gaz de France 
and Wintershall, coal mining companies (e.g. Dutch State 
Mines, now DSM), metals mining company Billiton (now 
BHP-Billiton), companies that engage in solution mining of 
salt (AkzoNobel and Frisia Zout), quarrying companies (e.g. 
ENCI, Ankerpoort), dredging companies such as Boskalis, ore 
processing companies such as Hoogovens (now Tata), inter-
nationally operating consultancies such as Fugro and Heide 
Maatschappij (now Arcadis), as well as several smaller and 
even one-person consultancies. Even electronics manufac-
turer Philips has shown interest in Dutch earth scientists to 
fill management positions in distant countries thanks to their 
reputed adaptability to different cultural environments. 

4.5.1 Oil and coal industry

Royal Dutch Shell (henceforth Shell) employs some 10,000 
staff in The Netherlands. Although this number sounds 
impressive, it should be realised that this covers all activities 
in The Netherlands including the Pernis and Moerdijk refin-
eries. The number of Netherlands-based Shell staff who can 
be considered to be actively engaged in geoscience activities 
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professor of mechanical engineering at Delft, was ap-
pointed director of the State Mines, a position he held till 
1942. Though he was a mechanical engineer by training, his 
mining engineering legacy was significant. Van Iterson was, 
for instance, instrumental in incorporating rock mechanics in 
the design of mining operations, for which he became well 
known amongst professional mining engineers all over the 
world. 
Throughout much of the 20th century, Shell was the most 
prominent employer of geoscientists in The Netherlands. As 
late as the 1980s, it recruited its internationally mobile pro-
fessional staff principally from Dutch (~ 40 %) and British (~ 
40 %) university graduates with the remainder from other 
nationalities (mostly Swiss, German and French). Given this 
rather restricted recruitment base and the fact that Shell’s 
earth science managers personally knew many of the Dutch 
geology professors, it is not surprising that recruitment prac-
tices were surprisingly informal by present-day standards. 
Even in the late 1970s, when the Netherlands Geological 
Survey already made use of formal psychological tests in its 
selection procedure, Shell still relied completely on a series 
of interviews to select graduate staff. However, the basis for 
selection changed in the 1990s, when a structured assess-
ment process replaced reliance on one-to-one interviews. 
This change accompanied another fundamental change in 
Shell’s recruitment practice. The model of recruiting almost 
exclusively European graduates was abandoned. This de 
facto ‘colonial’ model was no longer tenable in a globalising 
world, in which many of the oil-rich host countries where 
Royal Dutch Shell operated flexed their economic and politi-
cal muscle. The wave of globalisation spread much further 
than Shell though. For example, out of a group of fourteen 
graduates employed by the Geological Survey who attended 
a geology field course in 2010, only eight were native Dutch 
nationals, three held passports from other European Union 
countries, and three came from Asia or the Middle East. Pos-
sibly even more striking was the gender composition of that 
group: nine females and five males.

Recruitment by academia from industry
A very early example of the recruitment by academia from 
industry is Johannes Wanner, who worked for the Bataaf-
sche Petroleum Maatschappij in the Dutch East Indies from 
1902 till 1905. Subsequently, Wanner moved to Freiburg 
University in his native Germany to join Steinmann (of 
‘Steinmann trinity’ fame), and in 1907 he followed the latter 
to Bonn. Wanner, who became a full professor there in 1920, 
is best known for his work on echinoderms. He received 
an honorary doctorate from the University of Amsterdam 
for his work on the palaeontology of Timor in 1932, but 
his most lasting contribution to Dutch earth science was, 
however, indirect: Wanner was instrumental in getting Emil 
Schürmann to join Shell in 1913. When Wanner accepted 
an assignment from ‘Royal Dutch’ to carry out a geological 
survey in Egypt part of his brief was to select an assist-
ant who would be suitable for subsequent recruitment by 
the company. He picked Emil Schürmann, who had nearly 
finished his studies. For Schürmann this fieldwork in Egypt 
was the start of a life-long love affair with Precambrian 
rocks. More importantly, when World War I broke out, his 
employer was able to transfer him to the Dutch East Indies 
where he arrived in December 1914. Chances are that this 
saved Schürmann’s life as he was thus able to avoid war 
service in the German armed forces. Schürmann later rose to 
the position of Head of Exploration in Royal Dutch Shell, was 

aspects of the geosciences, such as geophysics and petro-
physics, geology, geo-engineering, petroleum engineering 
and resource engineering (see 4.2.1).
The discovery of ‘Groningen’ had remarkably few spin-
off effects on geology research at Dutch universities, but 
the recognition that the gas reservoir comprised Permian 
Rotliegend sandstones prompted Shell to carry out research 
into the origin and characteristics of these sediments. This 
included major studies of sedimentary environments in 
modern deserts in North Africa and the Middle East. This 
project resulted in K. Glennie’s well-known book Desert 
sedimentary environments. Nowadays, it would be logi-
cal to support such fundamental studies of present-day 
environments with sponsored academic research projects, 
but Glennie’s study was done by ‘in-house’ Shell scientists. 
The Dutch academic geologists’ lack of active interest in the 
rocks that contain so much natural gas continues to the 
present day. The chapter on the Rotliegend in the Southern 
Permian Basin Atlas, a 10-kilogram A2-sized tome published 
in 2010, was written by twelve authors, five of which have 
university affiliations but not one is Dutch or works at a 
Dutch university.

Recruitment by industry from academia
Many academically trained Dutch geologists and mining 
engineers have traditionally found jobs at the collieries in 
Limburg, Royal Dutch Shell, Billiton Mining, in the Dutch 
Geological Survey, or elsewhere (see introduction above). 
Equally traditionally, however, many Dutch-educated ge-
ologists and mining engineers have sought and found em-
ployment in the East Indies and Suriname (see ch. 7) rather 
than with organisations based in The Netherlands itself. 
Gustaaf Molengraaff, the first geology graduate (1883) from 
Leiden University, was but the first in a long line of Dutch 
earth science graduates who spent a significant part of their 
careers overseas. Though Molengraaff was a role model, his 
career was more varied and illustrious than most of today’s 
geoscience graduates can realistically aspire to (see 4.3.1). 
A rare case of industry recruiting from amongst senior 
academics took place in 1913 when F.K.T. Van Iterson, a 

From 1955 until 1966, when 

Jacques Dozy was Head of 

Exploration at Shell, he would 

simply call Ulbo De Sitter 

at Leiden and ask: ‘Could 

you please send over two or 

three of your best students 

for an interview’. De Sitter 

would then tell a couple of 

his students, who were close 

to graduation and whom he 

considered fit for the ‘Shell 

mould’, to report to the Shell 

head office in The Hague at 

the agreed date and time. 

Some of these students report-

edly only realised that they 

were involved in a formal job 

application when after a long 

day of interviews they were 

subjected to a full medical 

examination.   

F.K.T. Van Iterson

Fig. 4-84. Evert demonstrating the famous Book Cliffs, Colorado 
on his field course in 2000.
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sors’ appointments in other parts of the world (e.g. Brunei, 
Malaysia, Norway, Oman, UK).
The collieries in Limburg also served as a breeding ground 
for teaching staff, especially at the Delft School of Mining 
Engineering. Van Nes, for example, graduated as a mining 
engineer from Delft in 1903 and subsequently worked in 
Suriname, Spain and Chile before he joined the Dutch 
State Mines in 1912. He resigned in 1925 to take up a chair 
in mining engineering at his Delft alma mater. Other Delft 
professors who had close links to the collieries include 
Seldenrath, Velzeboer and De Wijs.

Industrial support for academic teaching:  
the postwar era
The collieries in Limburg remained actively involved in 
training students in mining engineering until their final 
closure in 1974. 
The geology departments of the universities of Amsterdam, 
Leiden and Utrecht knew no such systematic coopera-
tion with industry. Contacts though mostly on a person to 
person basis were numerous, and regularly led to students 
being given small research tasks for industrial partners 
as part of their training. This changed in the mid 1960s, 
at least temporarily, when the Interuniversity Course on 
Sedimentology programme (Interuniversitaire Opleiding 
Sedimentologie, IOS; see 4.1.4) was set up. Students from all 
four universities together attended the lectures and practi-
cal classes of the IOS programme at one of the participating 
institutes. This was an unusual, truly cooperative pro-
gramme. One of the initiators was J.F.M. De Raaf, professor 
of sedimentology at Utrecht University since 1964, a former 
Director of Shell’s Rijswijk EP Lab (KSEPL), who still had 
excellent contacts within the company. Although ’success 
has many fathers’, it is fair to say that De Raaf’s Shell con-

Chairman of the KNGMG from 1946 till 1957, and established 
the Schürmann Foundation that still funds projects on 
Precambrian research (see 4.1.5). 
Wanner was one of the first of a large number of Royal 
Dutch Shell earth scientists who opted for an academic 
career. As with Shell Oil’s R&D laboratory in Houston (Texas), 
Shell’s Rijswijk EP Lab became a staging post cum breeding 
ground for geoscientists who later made names for them-
selves in academic circles. Some opted for academia early 
in their professional career, while others accepted profes-
sors’ chairs upon retiring from Shell. Some well-known 
geoscientists, mentioned elsewhere in this book, who 
opted for academic careers well before retiring and who 
were based in The Netherlands or were of Dutch national-
ity at the time of their moves to academia, are, in more or 
less chronological order: De Sitter (Leiden, 1934, structural 
geology), Doeglas (Wageningen 1946, sedimentology), 
Rutten (Amsterdam 1946, Utrecht 1951, geology), Hospers 
(Edmonton, 1963, Amsterdam, 1965, geophysics), Schlager 
(Miami, 1974, Amsterdam VU, sedimentology), and Berkhout 
(Delft, 1976, geophysics). Shell geoscientists who were based 
in The Netherlands and accepted professorial appointments 
close to or upon retirement include De Raaf (Utrecht, 1965, 
sedimentology), Hagedoorn (Leiden, 1968, exploration 
geophysics), Dozy (Delft, 1968, geology), Weber (Delft, 1985, 
production geology), Van Veen (Delft,1986, sedimentology), 
Ziegler (Basel, 1988, geology; fig. 4-85), Murris (Amsterdam, 
1996, petroleum geology), Doust (Amsterdam, 2001, petro-
leum geology), and De Jager (Amsterdam, 2010, petroleum 
geology). Several others were given positions in special-
ist academic areas without chair status. Also, some Shell 
geoscientists accepted temporary, full or part-time, teaching 
positions at universities while they retained Shell employee 
status, at least initially. Likewise, Shell supported profes-

Fig. 4-85. Zechstein palaeogeographic reconstruction by Peter Ziegler, released by Shell as a contribution to the advancement of earth sciences.
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carried out after the war by Dutch academics with Shell sup-
port and funding. Field research was done in 1952 and 1953 
by Kuenen (of turbidite fame) from Groningen University and 
co-workers (see 4.2.2, 4.3, 5.4.2). The best-known of these 
co-workers is Van Andel, who worked on the part of the 
project covering the Gulf of Paria. 
However, co-operation with Dutch academics such as 
Kuenen and Van Andel only formed a small part of Shell’s 
interaction with academia: much co-operative or sponsored 
geoscience research was done through non-Dutch academic 
departments. For instance Shell in-house studies of modern 
deltas such as the Rhone delta by Kees Kruit, Eppo Oomkens 
and Robert Lagaaij, were for instance complemented by 
support for John Allen’s (Reading University, UK) work on 
the Niger Delta in the early 1960s. Similarly, in the United 
States, Shell, through its Shell Oil subsidiary, participated in 
the - in industry circles well-known - research project 51 of 
the American Petroleum Institute. It ran from 1951 till 1960, 
involved a large-scale investigation of modern sedimen-
tary environments in the Gulf of Mexico and is an early 
example of a Joint Industry Project. Project director was 
Francis Shepard and Shell geologists Rufus LeBlanc and Hugh 
Bernard were key contributors. 
These examples highlight the competitive environment in 
which Dutch geoscience academics operated from at least 
the mid-20th century onward. After completion of the Guy-
ana shelf / Gulf of Paria project, the involvement of Dutch 
universities in major Shell geoscience research projects was 
negligible to non-existent. Even though Shell supported 
several such research projects financially and organisation-
ally, and had its EP head office in The Hague with a number 
of Dutch geologists in senior positions. This is illustrated by 
the investigation of modern carbonate sediments in the 
Persian Gulf, led by Shell Research. The project started in the 
1950s and initial results were published by Joseph Houbolt 
in 1957. Shell Research co-operated in this major research 
project with Kiel University, Imperial College London, ETH 
Zürich, the Czechoslovakia Geological Survey, and the Uni-
versity of Baghdad.

nections played a significant role in the success of the IOS 
programme. A highlight for the students was the Pyrenees 
fieldtrip led by Eppo Oomkens, an experienced KSEPL 
sedimentologist. KSEPL staff also taught significant parts 
of the IOS curriculum.
Royal Dutch Shell, through KSEPL, also provided sig-
nificant help in running the sedimentology curriculum 
of Utrecht University in the late 1980s. Following the 
resignation and abrupt departure of the then sedimentol-
ogy professor, lecturer Poppe de Boer was faced with an 
impossible task and therefore requested KSEPL to help 
with the teaching programme. Within a couple of weeks, 
KSEPL had staff delivering a very condensed format of the 
lecture programme equivalent to a full year’s lectures in 
normal academic practice. Since that time, some similar 
but less comprehensive, lecture programmes have also 
been delivered by Shell staff. Most of these programmes 
focused on topics related to the geology of oil, gas and 
coal. 
Schlumberger is another company that provides support, 
in this case to Delft University of Technology, sponsoring 
research projects supervised by Stephan Luthi, the current 
professor of Applied Geology and a former Schlumberger 
employee.

Funding and sponsoring of academic research  
projects by industry
Large companies such as Royal Dutch Shell and Dutch 
State Mines (either directly or via the ‘Joint Collieries’) 
have funded or sponsored academic research activities on 
a large scale since at least the 1930s. Before World War II, 
the Bataafsche Petroleum Maatschappij (BPM) was Royal 
Dutch Shell’s main EP operating company. The Bataaf-
sche was responsible for operations in the Dutch East 
Indies and elsewhere, but was also actively involved in 
sponsoring academic research activities in The Nether-
lands. As early as 1932 BPM made sediment-petrological 
material available for research at Delft University. The first 
student to carry out these studies was the later composer 
and director of the Rotterdam Academy of Music Henk 
Badings, who was however paid by the Molengraaff 
fund. BPM refused to make the required research report 
available to the Fund because the study was classified 
as Secret. It took the Fund four years of idle discussions 
to obtain a refund of BPM of Dfl. 800. Positive exam-
ples are more numerous, such as when the University 
of Amsterdam established a new geological institute in 
1934 (see 4.2.5), BPM funded a sedimentary-petrography 
laboratory within that building. C.H. Edelman, who had 
carried out research for the Bataafsche when he was a 
mining-engineering student in Delft, was put in charge 
of this laboratory, but before the new institute was inau-
gurated, he moved to Wageningen to become professor in 
geology and soil science (see 4.2.7). This move may have 
prompted the appointment of D.J. Doeglas (previously 
head of Shell’s equivalent laboratory) to replace him. In 
1936, Doeglas made study trips to Trinidad and the USA 
which resulted in a proposal for a research programme in 
support of BPM’s EP activities.                                                                                              
During the War years, the Joint Collieries and the Bataaf-
sche supported the work of several dozens of students 
who worked either at the Geological Bureau or in other 
activities supporting mining operations (see 4.1.2).
A major research project on sediments of the Western 
Guyana shelf, where the island of Trinidad is located, was 

Fig. 4-86. Girl power.            

Women in earth 
science
The dominance of females 

in that small sample of 

geoscience graduates may 

not be representative for the 

population of geoscience 

students and young graduates 

as a whole, but it does reflect 

a fundamental change in 

Dutch society. As late as the 

1960s, a female civil servant in 

The Netherlands would by law 

be fired from her job when she 

got married and although it 

was not a legal requirement, 

this was also fairly standard 

practice in the private sector. 

An occasional female graduate 

was hired by industry in the 

1970s, but Shell only started 

to deliberately target female 

graduates in its recruitment 

campaigns in the early 1980s.   

4 / University earth science 153



attached; however, a steering committee with company 
representatives and regular progress meetings is normally 
a small price to pay for the funding received. From an 
academic perspective, a key condition for a project to be 
funded by industry is that it should be suitable for thesis 
projects. This typically means that the final results of a 
doctoral project can be expected only some three to four 
years after start of a (sub)project and that results should 
be suitable for publication. In turn, this implies that, 
with minor exceptions, short-term projects aimed at 
solving a company’s operational problems, are not suit-
able for cooperation with Dutch academia. In such cases 
consultancy or TNO R&D services are available instead.                                                                                                  
The sponsoring companies involved in most recent JIP’s 
operate internationally. And many do not have business 
operations in The Netherlands. They are principally inter-
ested in having a fundamental question answered, and 
in gaining an early impression of students who will be 
entering the labour market in the near future: sponsoring 
academic research projects may form an important part 
of a company’s recruitment strategy.
A recent example of a JIP-type research project funded 
by industry is represented by the Delphi consortium led 
by Guus Berkhout (Delft, see also below). Delphi aims 
at developing new geophysical acquisition, imaging, 
and characterisation technology in order to improve the 
geological characterisation of the subsurface. As of March 
2011, the Delphi research programme is sponsored by 36 
international companies, including all major national 
and international oil and service companies. With a base 
fee of US$ 30,000 per year for a company to support a 
single Delphi project, this JIP is clearly a significant-size 
project for an academic group. 
Another example of relatively large-scale industry 
support for academic research is the co-funding of the 
Eurotank (Utrecht University), a very large flume located 
in the TNO building that adjoins the Utrecht earth science 
building. The flume is used for investigating sedimen-
tary processes and their response to changes in climate, 
sea level and tectonic forcing. Projects are sponsored 
by Exxon, Statoil  and other companies. Here, a Dutch 
academic department with an excellent international 
reputation attracts funding from abroad (fig. 4-87). 
Yet another example of a successful JIP project is NOMAD 
in Delft. This project is an international joint industry/
university venture that also receives funding from the 
European Union. Members of the venture include 
Schlumberger Cambridge Research, Services Pétroliers 
Schlumberger, Statoil, Liverpool University, Stellen-
bosch University and Delft University of Technology. The 
membership of the supporting industrial consortium 
highlights the increasingly international character of 
academic research projects. This is seen as yet another 
expression of the globalisation of modern society. On the 
other hand, the importance of professional networks in 
the establishment of such a consortium should not be 
underestimated. In the case of NOMAD, it is fair to assume 
that the fact that Stephan Luthi (professor of applied 
geology at Delft), a former Schlumberger employee, was 
significant in getting the consortium together. 
The highly competitive, globalised character of the world 
in which Dutch academic departments have to operate 
is highlighted by another recent example. The Permo-
Triassic Atlantic Margin JIP was awarded to a group of 
academic geoscientists from three universities: Manches-

The lack of obvious involvement of Dutch academia 
in Shell’s multi-year Persian Gulf project or in the 
large-scale investigation of modern desert systems that 
followed the discovery of ‘Groningen’, probably reflects 
an evolution in the way Dutch academic geoscientists 
viewed ‘big business’. At the time, many of them found 
‘big business’ objectionable and combined with easy 
government funding of rapidly expanding universities 
(see 4.1.3), there was a decline of industrial support for 
academic earth science research. Most doctoral projects 
could be funded directly from the university budgets 
and this left the supervisor completely free in the subject 
choice. In the 1960s, a doctoral student would com-
monly be appointed to an assistent position with a quite 
reasonable salary. That situation has changed during the 
recent decades as government funding of universities has 
progressively tightened. New policies limited the dura-
tion of doctoral projects to three years with unavoidable 
effects on the scope and depth of doctoral research (see 
Terminology in 4.1). Nowadays, a doctoral project in the 
geosciences would basically be impossible without exter-
nal funding to the university. The Netherlands Organisa-
tion for Scientific Research (see ZWO/NWO in 4.1.3) remains 
the major source of research funds but in many cases 
industrial companies, either individually or collectively, 
and on an ad hoc basis or via longer-term consortia, 
provide funding for academic research projects. Funding 
a doctoral project is quite costly. In the early 1990s, it 
would typically have cost Dfl. 300,000. In 2010, this had 
doubled to an average of e 300,000.
As a consequence, every academic earth science depart-
ment is on the look-out for sponsors with deep pockets, 
and company support for research projects has become 
more welcome than ever. In most cases, in fact, it is ab-
solutely vital for maintaining the department’s research 
activities. Most sponsoring is through Joint Industry 
Projects (JIP’s), which of course come with some strings 

Fig. 4-87. Eurotank.
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exploration licence for geothermal energy, get the 
funding to drill two wells, ‘a geothermal doublet’, and 
Delft University of Technology will be able to heat its 
buildings in a sustainable manner for the next couple 
of decades. Most students would forget the decisions 
made whilst being somewhat inebriated but these 
ones obtained a geothermal exploration permit from 
the Ministry of Economic Affairs for Delft University in 
August 2009 covering an area of 61 km2. The formal 
application was submitted by the University as part of 
DAP Geothermal Project, publicly acknowledging DAP as 
initiator. From an academic point of view, an important 
spin-off of the project is that it generated new teaching 
and research programmes in geothermal energy. In 
fact, a number of students have already graduated as 
engineers on DAP-related thesis projects.
The formation of Argo Geological Consultants illustrates 
another example of entrepreneurial behaviour among 
students. In 1986 the oil price dropped to below US$ 10 
per barrel and in 1986/1987 oil companies were firing 
rather than hiring staff. A group of geology students, 
recently graduated or about to graduate, knew that 
their chances of being hired were pretty slim. Rather 
than enrolling for a higher degree to postpone the 
moment of truth, or registering for unemployment 
benefits, they took their destiny in their own hands. 
They formed a company that offered geologists on a 
secondment basis to industry. Rather than becoming 
intermediaries between companies and other gradu-
ates looking for work, they simply became agents for 
themselves. As most oil companies still had plenty of 
work to do but no budget for permanent staff, this 
turned out to be a successful ploy. In fact it was so 
successful that some 20 years later Argo still operates on 
the same basis.

ter, Aberdeen and University College Dublin. Despite 
the fact that it is partly funded by Royal Dutch Shell in 
The Netherlands (and thirteen other oil companies), 
not a single Dutch academic can be found in the list of 
authors of the project’s final publication.

Entrepreneurial geoscientists
Today, many academics start their own companies in 
order to exploit their technical expertise, their patented 
discoveries, or both. This is becoming increasingly 
common in The Netherlands - some Dutch biomedical 
companies started in this manner and are now even 
listed on the stock exchange. Science Parks are highly 
instrumental in these developments. Such entrepre-
neurial behaviour is much less common in geoscience, 
but is certainly not unknown. Some examples are: CSO 
Adviesbureau, Delft Geophysical, Jason Geosystems, 
ARGO and DAP. 
CSO Adviesbureau (Chrit Schouten Onderzoek) was set up 
in the early 1980s by Chrit Schouten, reader in physical 
geography at Utrecht University together with one of 
his students, Marijn Rang. In those days, remediation 
of chemical pollution in the shallow subsurface was a 
very new field of study. When approached for scientific 
advice, Schouten and Rang decided to take the plunge 
and establish their own company. CSO Adviesbureau, 
now part of the Karnel Group, is active in the field 
of environmental studies and, for instance, prepares 
formal Environmental Impact Analysis (MER) reports. CSO 
currently employs more than 120 specialist staff.
Two companies, Delft Geophysical and Jason Geo-
systems, were (co)founded by a single person: Guus 
Berkhout. Berkhout started his geophysical career with 
Royal Dutch Shell in 1965 but was appointed professor 
of seismics and acoustics at Delft University of Technol-
ogy in 1976. In Delft, Berkhout was instrumental in the 
establishment of Delft Geophysical, a company mainly 
active in onshore seismic acquisition, and which was 
taken over by Geco-Prakla in the 1990s. Geco-Prakla in 
turn merged with Western Geophysical in 2001 to form 
WesternGeco, wholly owned by Schlumberger. Another 
company (co)established by Berkhout is Jason Geosys-
tems, which developed software that helps geoscientists 
obtain maximum information from seismic data. Jason’s 
initial product helped transform seismic and well data 
into rock properties, which in turn could be used for 
quantitative modelling of the subsurface. This has led 
to applications that enable the integration of subsurface 
data into a consistent model of the subsurface. As with 
Delft Geophysical, Jason Geosystems was taken over by 
a much larger company, Fugro, the Dutch-based service 
company that works for the oil industry all over the 
world (see 4.5.3).
The third example of a small company started by 
academic geoscientists is somewhat different from the 
previous two. DAP is rather unusual in that it was cre-
ated by and still is run by students. Although they are 
in charge, however, the students receive support and 
guidance from alumni mining engineers, who also gen-
erated the original funding for the initiative. The Delft 
Geothermal Project (Delft Aardwarmte Project, 
DAP) was ‘born’ on 28 February 2007 at a vodka-tasting 
party. The vodka presumably loosened the shackles of 
conventional thinking, as the outcome of that alcohol-
fuelled brainstorming session was: Let’s apply for an 

Fig. 4-88. Delft students in charge of Delft Geothermal Project.
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Billiton hired numerous Dutch geologists and mining 
engineers for overseas exploration and in its head office: 
in the early 1980s more than 600 people were employed 
in The Hague (later: Leidschendam). Its research institute 
(Billiton Research Arnhem, BRA) employed half a dozen 
geologists in its geological department and a number of 
mining engineers for e.g. its ore-dressing department. 
In Veendam, Billiton Refractories (also known as Magin: 
Magnesia International) was started up, producing dead-
burned magnesia for refractories, from brine dissolved 
from nearby underground magnesium salts (see 6.4.; fig. 
4-91). 
In the 1980s major successes, such as the Boddington 
gold mine (fig. 4-92) and the Worsley bauxite mine in 
Australia, were offset by losses and failures elsewhere. The 
lesson that so many oil companies learned - albeit slowly 
- during their attempts toward diversification applied also 
here: “the business of the oil business is the oil business”. 
Billiton did not become a success under the wings of Shell; 
it was less profitable than oil and gas to the shareholders 
and in 1994 it was sold (largely) to South Africa’s Gencor. 
Many geologists and mining engineers were laid off and 
the Arnhem tin and lead smelter (fig. 4-93) and research 
lab were closed. Billiton was divested by Gencor in 1997 
and continued as Billiton Plc, to experience considerable 
growth through the 1990s and beyond. In 2001 Bil-
liton successfully merged with BHP to form BHP-Billiton, 
establishing the largest mining company in the world, 
with substantial oil and gas interests. Mining of bauxite in 
Suriname continued until 2010 (see 7.3). However, the level 
of employment for Dutch geologists and mining engineers 
as reached during the period with Shell had gone forever.
Billiton and Billiton Research Arnhem offered students 
the option to carry out a small industrial project for a few 
months, as part of their formal education (e.g., applied 
mineralogy). Thus, they gave students the opportunity to 
familiarise themselves with industry while the latter could 
complete small studies and projects. In the case of tropical 
placements in the 1950s, students also added manpower 
for the company to assist local staff during the busy dry 
season, as has been the case at Panda Hill (Tanganyika) 
and Kamativi (Southern Rhodesia). 
Although few of Billiton’s specialists assumed academic 
positions, many nevertheless became well-known na-
tionally and internationally among academic colleagues 
because of their profound knowledge and huge experi-
ence. Gerard Aleva was the expert on bauxite formation. 
His colleague Ton van Overeem developed shallow seismics 
and sonar (Bison) for shallow underwater surveys of 
submarine tin placers (see also 4.5.3.), and his SONIA was 
later used at 4000-5000 m water depths in search for 
Manganese (Mn) nodules on the ocean floor. Important 
research was also carried out at Billiton Research Arnhem’s 
geological department, headed (initially) by Adriaan van 
der Veen, a specialist on pyrochlore and nickel-sulphide 
exploration. At BRA Bram Versteeve successfully developed 
a high-temperature microscope to study the beginning of 
melting of refractories at temperatures between 1500 and 
2000 °C. Subsequently, the microscope has been further 
developed at Hoogovens (now Tata IJmuiden Steel) for its 
refractory research where it was used until 1998. In 2005 
Tata modernised its microscopy lab and the original micro-
scope went to Zeiss that was interested in some innovative 
components of the instrument.

4.5.2  Metals-mining industry
emond de roeVer

Billiton, founded in 1860, originally the Gemeenschap-
pelijke Mijnbouwmaatschappij Billiton, became an im-
portant tin and bauxite mining company. Tin in Indonesia 
established the company (see section tin in 7.1; fig. 4-89) 
but bauxite became the main source of income after World 
War II, especially via its huge bauxite project in Suriname 
(see 7.3; fig. 4-90). Although Billiton had an impressive 
record in tin and bauxite, later attempts at expansion 
were unsuccessful and in 1970 Billiton was acquired by 
Royal Dutch Shell, as part of a diversification strategy away 
from oil and gas (which was fashionable for major oil 
companies at the time). A major reorganisation followed, 
non-metal activities were sold and the personnel was 
halved, to less than 5000. Large investments were made 
to expand the bauxite and tin activities and to start in 
gold and base-metals mining: These included bauxite in 
Australia and Brazil (and a large alumina plant in Ireland), 
tin in Thailand, gold in Australia, Ghana, Indonesia and 
Chile, zinc and/or copper in Australia, S. Africa, Peru and 
Canada (with a zinc smelter in The Netherlands) and nickel 
in Australia and Colombia.

Fig. 4-89. Tin dredger in action.

Fig. 4-90. ‘Big stripper’, Accaribo bauxite mine, Suriname.
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has decreased dramatically as a result of industry merg-
ers. Well known contractors of the 20th century like Volker 
Stevin dredging, Van Hattum & Blankevoort, Ballast Nedam, 
HAM, Broekhoven, Zanen Verstoep and others have been 
absorbed into the two remaining large contractors of today, 
Van Oord (4200 employees) and Boskalis Westminster 
(14,000 employees). Research for dredging has been largely 
directed towards the development and improvement of 
dredging equipment and study of the dredging process. 
Although the latter might imply that considerable attention 
is paid to the processes occurring while dredging soils and 
rocks, the main focus has been on improving equipment 
and tools and less on the earth scientific aspects of the 
shallow sub-surface. Until about 1980 the earth scientists 
that worked for the dredging industry were mainly min-
ing engineers and most of them had (or have) jobs that 
involved managing the actual operations. Site investigations 
were supervised by one or two ’soil specialists’ who had 
learned the trade of assessing soil conditions by experi-
ence, and who came from various backgrounds (geodetic 
engineering, civil engineering, mining engineering and also 
the odd geologist). 
In the late 1970s this changed gradually: Some contractors 
established their own site investigation companies (Zanen 
Verstoep owned Alluvial Mining, Boskalis Westminster 
owned Osiris) that were staffed by hydrographic surveyors, 
geophysicists and geologists while others started to employ 
engineering geologists. Engineering geology as an academic 
study evolved in the 1960s (the first congress of the Inter-
national Association of Engineering Geologists, IAEG, was 
in 1966) and, at the time, Leiden University had to send its 
students to continue their MSc studies of the subject to the 
UK or Germany. This continued until Delft mining engineer-
ing started an MSc programme in 1975 in close collaboration 

4.5.3  Dredging industry   
Peter VerhoeF   

Dutch dredging became famous in the 19th century through 
ambitious dredging projects carried out in Holland. The 
Nieuwe Waterweg (1872) and the Noordzeekanaal (1876) 
were excavated by huge steam-engine driven bucket 
dredgers and since that time Dutch dredging contractors 
have maintained a leading position in this industry.
There has always been a strong link between the Dutch 
dredging industry and Delft University of Technology (the 
mechanical engineering, civil engineering and mining 
engineering faculties). Early in the 20th century scientific 
interest in dredging developed and in 1922 the first professor 
of engineering specialised in the mechanics of dredging 
equipment was appointed. C.M. van Wijngaarden focused 
the research on the strength and wear resistance of bucket 
dredgers. He stayed in his post for 40 years until in 1962 
when he was succeeded by W.A. Bos, a member of one of 
the founding families of the dredging contractor Bos & Ka-
lis. Being a member of the Board of Boskalis was certainly 
helpful in acquiring substantial funds to start research 
projects related to standardising dredging equipment and 
during his tenure dredging benefited more and more from 
the scientific approach.
This was recognised by the industry, and dredging contrac-
tors started joint research with Delft Hydraulics (Water-
loopkundig Laboratorium) into the hydraulic transport of 
sand slurries. In 1969 the Combination Research Dredg-
ing Techniques organisation (Combinatie Speurwerk 
Baggertechniek,CSB) was founded in order to channel 
funds into research carried out for the major part by Delft 
Hydraulics and Mechanical Engineering. CSB still functions, 
but the number of contributing independent contractors 

Fig. 4-91. Billiton Refractories, Veendam.

Fig. 4-92. Boddington Gold Mine, Australia.

Fig. 4-93. Casting tin ingots, HMB Arnhem.

tin dredgers 
Before World War II Dutch 

dredging expertise enabled 

the Billiton Company (see 

4.5.2.) to build gigantic tin 

dredgers for deployment 

in The East Indies. One of 

them, Karimata, was tested 

and used in the late 1930s 

dredging for the precious 

gold cargo of H.M.S. Lutine, 

shipwrecked off Terschelling 

in 1799.
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1962 it was a small Dutch geotechnical consultancy 
firm specialised in foundation engineering and 
soil mechanics (FUnderingstechniek en GROndme-
chanica). The company started with cone penetration 
testing, a typical Dutch site investigation method that 
was developed by the Delft soil mechanics laboratory 
(Laboratorium voor Grondmechanica, founded in 
1934). The basis for Fugro’s success was the develop-
ment of the electronic cone penetrometer, which was 
also successfully applied offshore at the end of the 
1960s and worked so well that it became the world 
standard test method in 1972. At the time Fugro often 
cooperated with Cesco, an international hydrographic 
surveying company that used geophysical surveying 
methods. Cesco brought geologists and geophysicists 
into the office in Leidschendam and its SONIA sub-
bottom profiling system, invented by Billiton (see 
4.5.2.) and further developed by Cesco, worked par-
ticularly well. In 1974 Fugro-Cesco International was 
founded, but already in 1978 the marine-survey part 
of the company, Cesco, was sold to Osiris, a site-in-
vestigation company owned by Boskalis Westminster 
at the time. Some of Cesco’s geoscientists, however, 
remained in Fugro and provided the knowledge and 
expertise needed to interpret the varying ground 
conditions encountered in projects all over the world. 
Fugro opened offices in Dubai and Tokio in 1982. In 
1983, under the leadership of Gert-Jan Kramer (who 
came from the dredging contractor Broekhoven), 
Fugro started to grow steadily, acquiring many 
geotechnical site-investigation companies worldwide 
(including Alluvial Mining and Osiris) and became 
the global leading company in surface and subsur-
face site investigation. Since 2002 Louis de Quelerij, a 
managing director of Fugro, combines this function 
with that of Dean of the Faculty of Civil Engineering 
and Geosciences at Delft University of Technology. 

with ITC (see 4.1.4 and 4.2.1). David Price arranged for 
sponsorships from dredging contractors and facilitated 
research into a number of dredging related subjects, 
amongst others a research programme on the wear of 
rock-cutting tools that concentrated on the geological, 
soil and rock material aspects and the implications for site 
investigations; this study resulted in three PhD theses.
Nowadays the large internationally operating dredg-
ing contractors have teams of geoscientists dedicated to 
site investigation and digital modelling of the shallow 
subsurface. The site investigation itself is mostly carried 
out by independent companies specialised in the shallow 
offshore. Of these, Fugro is without doubt the largest 
player in the world, with more than 13,500 staff and 
offices in over 50 countries. When Fugro was founded in 

Fig. 4-94. Site investigation for dredging. Core drilling from small pontoon close to two cutter suction dredgers in operation (2003, Ras 
Laffan, Qatar).

Fig. 4-95. Fugro Explorer geotechnical drilling vessel. 
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teams and contribute fully to the result. Globalisation in the 
late 20th / early 21st centuries is thus no longer one-way traf-
fic from the ‘Old World’ to the ‘Colonies’ but has very much 
become a two-way traffic involving equal partners.
Dutch geoscientists thus continue to work throughout the 
world, but no longer as the ‘big boss’ that lives in a man-
sion next to an indigenous village. Instead they are now 
in many cases migrant workers who temporarily reside 
overseas reporting to the indigenous elite. For Dutch geolo-
gists and mining engineers the world has remained our 
‘global village’ but that village has become more egalitarian 
in terms of both gender and ethnicity. 

Our ‘global village’ or plus ça change,
plus c’est la même chose
eVert Van de graaFF

What has changed in the 125 years or so covered by this 
chapter? In the late 19th century an academic education was 
reserved for the privileged. Professions such as geology and 
mining engineering were moreover an exclusively male 
domain. In The Netherlands employment opportunities 
for earth scientists were relatively few and many geology 
and mining engineering graduates started their profes-
sional careers in the Dutch East Indies. For Europeans, 
colonial society was relatively open in the sense that in the 
East Indies quite a number of earth scientists from other 
European countries worked alongside Dutch geologists and 
mining engineers. Dutch earth scientists worked all over the 
world, too. In the colonial era, the world was already very 
much a ‘global village’ but for ‘whites only’. This model of 
globalisation prevailed for much of the 20th century.
Following the wave of de-colonisation in middle of the 
20th century, things changed. Being white, academically 
trained, and male were no longer sufficient qualifications 
for an overseas professional career. In The Netherlands 
recruitment practices for geoscientists changed fundamen-
tally in both industry and (semi)government organisations. 
Hiring now targets both female graduates as well as gradu-
ates from other nationalities. Except at management levels, 
gender and ethnic diversity has become the norm in Dutch 
organisations that employ geoscientists. Moreover, it is no 
longer only big companies like Royal Dutch Shell or Billiton 
that operate mostly overseas. Even the Geological Survey 
of The Netherlands markets its services in places like China 
and Kazakhstan. However, rather than transferring lots of 
staff to those far-away places, most of the work is done in 
the comfort of an office in The Netherlands. In addition, 
graduates from the host country commonly join these study 

Fig. 4-96. Globalised learning in the field.
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Atrium of TNO-Geological Survey building, Utrecht



5   Coordinated by diCk van doorn

tHe state, 
exploration 
and researcH

diCk van doorn, Cor van Staalduinen 

Most foreign geologists will not be thrilled at their first arrival by plane, 

train, car or boat in The Netherlands (41.500 km2 onshore and about 

57.000 km2  offshore): Flat, mostly green meadows and a lot of water, 

contained in canals, rivers, (sometimes huge) lakes and the adjacent  

North Sea. Almost no ‘mountainous’ terrains exist, except for the dunes  

in the west, ice-pushed ridges in the central part of the country and some 

hills, a few hundred meters high, in the southeast. Challenging geology  

for Quaternary geologists, hydrogeologists and geomorphologists certainly, 

but that would probably be it.

A closer look will show, however, that a large number of disciplines in 

geology are served in this small, densely populated country, with its 16 

million inhabitants, and its part of the North Sea. Also a number of oil 

and mining companies, which have evolved into major players, not only 

on their home turf, but also internationally, especially in the former Dutch 

colonies, are based in the country.

        

>



Much research was directly commissioned by the govern-
ment. Development of a strong discipline in hydro(geo)
logy came when cities like Amsterdam and The Hague 
looked towards the dune areas for fresh water supply to 
their citizens for sanitary purposes. After a major draught in 
1947 TNO was asked to develop a monitoring network and a 
database for groundwater measurements. RID (see 3] page 
165) played an important role in the control of groundwa-
ter quality. The major flood of 1953 not only led to a deci-
sion to develop the Delta Works, but also to more marine 
research by engineers, marine geologists and sedimentolo-
gists, with the objective of understanding the subsurface 
below the planned dams. It was the start of a long-lasting 
cooperation in marine research between Rijkswaterstaat 
(Dutch Water Management Authority of the Ministry of 
Transport, Public Works and Water Management) and the 
Geological Survey (RGD, see below). This sea-going group 
has cooperated with many other research groups, e.g. 
Royal NIOZ and others, both in national and international 
waters (see 5.4). Meanwhile a large surveying programme 
was initiated to map exploitable amounts of sand, gravel 
and clay for the building, maintenance and repair of the 
dykes (see 5.2.1 and 6.3). 
Nationwide mapping is in most countries a task assigned to 
geological surveys or departments. In large countries like 
the USA and Germany such work is delegated to individual 
states or Länder, respectively. In The Netherlands at differ-
ent times the task has been given by the central govern-
ment to a variety of individuals and organisations. 
The efforts of the individuals, entities and surveys involved 
in the mapping of The Netherlands onshore and offshore 
will be elaborated in this chapter. Legal and formal issues 
as seen from the perspective of the government will be 
addressed in 5.1 (see also below), followed by the resulting 
professional activities. In paragraph 5.2 the mapping of the 
shallowest 500 m, which is influenced by humans (e.g. 

Much of this will be illustrated in other chapters. Petroleum 
geologists and geophysicists have played a major role in the 
search for hydrocarbons in their home country as described 
in chapter 6. In the past geologists and mining engineers 
found their way to ’our Indies’ (see ch. 7). At the base of 
much of this work were the ’laboratory disciplines’ such as 
(micro) palaeontology and sedimentology.
These scientists were not only educated in Dutch universi-
ties (ch. 4) but found work in national and international 
companies, and in the many Dutch research institutes 
involved in local studies and research programmes.
The exclusive State exploration for coal and salt, ordained 
in 1908, was very unusual in European context at that time 
and could suggest a tradition of directed economy.  
In hindsight one may get the impression that the relation-
ship between the Dutch State and geology and geologists 
has been rather uneasy and inconsistent. However, when 
needed, and especially when economic gain was involved, 
government at all levels knew how to find or create insti-
tutes or working groups and how to commission projects 
and programmes. Thus in the last centuries local, provincial 
and national interest in the use of the sedimentary cover 
has grown. In the hardrock area of South Limburg and 
in present-day Belgium coal and minerals such as zinc 
became of interest, while further to the north the need to 
improve agricultural production from the upper soil led to 
the first mapping programmes. Coal exploration, resulting 
in today’s DSM (Dutch State Mines), was followed by inter-
est in rock salt (KNZ, Royal Dutch Salt, now AKZO Nobel), 
while from the Dutch East Indies, the main colonial area, 
the Bataafsche Petroleum Maatschappij evolved into Royal 
Dutch Shell. Finds of hydrocarbons at Corle and De Mient 
(6.1) led to the development of The Netherlands as a major 
gas producer in Western Europe. These activities all created 
the need for the Dutch government to optimise exploitation 
of the subsurface. 

>

1810. Established during French 
rule, the Mining law (Mijnwet 
1810), known as the Napoleonic 
law, was written in French. 
The most important article 
regulates the property rights to 
all minerals in the subsurface: 
they belong to the State, not 
to the landowner as e.g. in the 
USA. The law originally con-
tained 96 Articles grouped in 10 
Titles (I-X). Title I: art. 1-4 gives 
definitions such as descrip-
tions of minerals etc.; II art. 
5-9 details rules for exploitation 
and property, Title III art. 10-21 
provides rules for exploration 
and production; etc. 
1903. Mining law (Mijnwet 1903) 
also known as the Exploration 
law (Eerste Staatswet betreffende 
Opsporing 1903) restricted the 
area of eastern Noord-Brabant, 
Gelderland, Overijssel and 
northern Limburg for exclusive 
exploration by the government. 
The Minister could make excep-

tions, but not for (brown) coal 
and salts, which were reserved 
for State exploration.
1908. Second Mining law (Tweede 
Staatswet betreffende Opsporing 
1908), which replaced the 1903 
law and extended the state’s 
exclusive rights for coal and 
salt exploration to the whole 
country for a duration of 15 
years.
1923: end of the Second Mining 
law of 1908: exploration became 
open to private persons and 
companies.
Laws of 1924 and 1925 reserved 
the coal-mining areas (Mijn-
veld) of Winterswijk (after first 
oil shows at Corle), the Peel, 
Buurse and Bocholtz for govern-
mental exploration. Exceptions 
could be accorded only by the 
States General (Staten Generaal).
1933: a third restriction: by 
Law it was forbidden to explore 
for mineral deposits through 
drilling without a permit in 

the provinces of Groningen, 
Friesland, Drenthe, Overijssel 
and Gelderland.
1939: extension of the explora-
tion ban (see 1933) to cover the 
provinces of Zuid-Holland and 
Utrecht. The ban was relaxed to 
make it possible to the N.V. Ba-
taafsche Petroleum Maatschappij to 
search for oil, and the company 
received a number of drilling 
permits.
1958: Treaty on the Continental 
Shelf (Verdrag inzake het Conti-
nentaal Plat 1958). This treaty 
established the rights for the 
exploration and exploitation of 
the NW-European shelf for the 
surrounding countries.
1967: Mining Law Continental 
Shelf (Mijnwet Continentaal Plat 
1967). This settles the rights 
and obligations of all mining 
activities in the Dutch sector 
of the North Sea continental 
Shelf. It includes more restric-
tions and obligations than the 

law in place onshore. This was 
not according the wish of the 
parliament.
1995: implementation of the 
Directive on Hydrocarbons of 
the European Community.
2002: a new Mining Law (Wet 
van 31 oktober 2002: houdende regels 
met betrekking tot het onderzoek 
naar en het winnen van delfstof-
fen en met betrekking tot de met de 
mijnbouw verwante activiteiten: de 
Mijnbouwwet) that replaced all 
previous mining laws in The 
Netherlands and specifies min-
ing and property rights, rules 
for exploration and production 
of minerals and hydrocarbons, 
including that of geothermal 
mining below 200 m depth, 
both on- and offshore.
(after B.G.Taverne, De Nederland-
sche Mijnwetgeving in historisch 
perspectief)

important mining lawS in the netherlandS
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The birth of the Dutch Geological Survey 
In 1912 Van Waterschoot van der Gracht stressed the need for 
district geologists to improve knowledge of the subsurface 
through continued exploration and his opinion that a State 
Survey had to succeed the ROD. Accordingly, in 1918 the first 
Geological Survey of The Netherlands (Rijks Geologische 
Dienst, RGD) was established, with its headquarters in 
Haarlem, the location of the illustrious Holland Society of 
Sciences (Hollandsche Maatschappij der Wetenschappen;
fig. 5-1). In the period from 1919 to 1924 the ROD merged 
with the Survey in Haarlem, with the exception of the Heer-
len branch, which remained in Limburg as an independent 
geological bureau (Geologisch Bureau) for coal-mining 
related activities.
By Law of 18 June 1918 the State became the owner of a 
concession for the exploitation of rock salt in the Province of 
Overijssel (30.3 km2), but the exploitation rights were sub-
sequently transferred to a private company, N.V.Koninklijke 
Zoutindustrie. Shortly thereafter, the new Geological Survey 
started investigations in the Achterhoek (prov. Gelderland), 
where in 1923 coal and salt were discovered and oil shows 
were identified in a borehole at Winterswijk (Corle; see 6.1).
In 1923 the Second State Law on exploration expired and the 
embargo on private exploration was lifted. A few restric-

through tunnelling, aggregates and groundwater abstrac-
tion), is the main topic.  5.3 will treat the deeper subsurface, 
down to 6000 m depth, where salt and hydrocarbons are 
extracted and information comes from seismic surveys and 
deep wells. Mapping of the Dutch offshore, which has 
resulted in worldwide marine research and development co-
operation, is described in 5.4, while mapping in the former 
Dutch colonies, especially The East Indies, will be dealt with 
in chapter 7. Some views on the varying and not always easy 
relationships between the government and the professional 
entities working for the government’s interests conclude 
chapter 5.

5.1 Government and geological 
wealth 

The start – Coal in Limburg
In the beginning of the 19th century the Dutch government 
had limited awareness of the value of the Dutch subsurface: 
Coal mining in Limburg, although on a low level, was carried 
out by private companies. In 1810 the French Mining Law 
came into operation and exploration for mineral depos-
its could be separated from exploitation, which was only 
permitted through an exclusive concession granted by Royal 
Decree. Through a treaty with the Kingdom of Prussia in 1816 
the Dutch government became the owner of the Dominiale 
(coal) Mine at Kerkrade in South Limburg; it was not until 
1903 that the government showed any real interest in the 
search for mineral deposits. 
Following a report by the State Mining Council (Mijnraad, 
an advisory group of professionals to support the minister) 
in 1901, parliament recommended that a large area should 
be reserved for State exploitation (14.515 km2) and the State 
Mining Company (Staatsmijnen, later Dutch State Mines, 
DSM) was founded. However, according to the 1810 Mining 
Law, this governmental policy required new legislation, 
and this was duly enacted in July 1903 (First Law of State for 
Exploration).
A confidential report on the deep subsurface by F. Beijerinck 
in 1902, mining engineer at the Ministry of Public Works and 
Trade, led in 1903 to the establishment of the State Survey 
for Minerals Exploration (Rijksdienst voor de Opsporing 
van Delfstoffen, ROD) under the direction of W.A.J.M. Van 
Waterschoot van der Gracht (see 4.3). The report included a 
proposal for a drilling campaign, but it soon became obvious 
that the aims of the borehole plan could not be realised be-
fore the expiry of the law in 1909. Therefore Van Waterschoot 
van der Gracht proposed that a so-called Community of 
Interests which permitted State participation without control 
by Parliament (June 1906) should be established. The Mining 
Council denied his request (29 December 1906), suggesting 
instead that the investigations should continue at any price 
and with vigour. It also advised the government to extend 
the investigations to cover the whole country.
A parliamentary vote in 1907 halted mining applications by 
private bodies and exploitation of coal in Limburg became 
the exclusive reserve of the State Mines. The Geological 
Bureau, a district office of the ROD, became the office for 
geological investigation of the Limburg mining district. 
In 1908 a Second Law of State (Tweede Staatswet betref-
fende Opsporing) expanded the exclusive right to the State 
to explore for coal and  salt deposits to the whole country for 
the period until 1923.
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Since the discovery of the 

Groningen gas field (see 6.1) The 

Netherlands has become highly 

dependent on energy from its 

prolific gas fields, but has also 

become reliant on electricity 

from coal- and gas-fired power 

stations. New problems quickly 

arose, however: peak produc-

tion, peak shaving and the over- 

production of electricity during 

quiet hours. Several geological 

studies were executed by com-

panies (plan Lievense), including 

RGD/TNO (OPAC: Underground 

Pump Accumulation Plant in 

Namurian carbonates) and 

Shell (Shell Pump Accumulation 

Plant, pumping brine from one 

salt cavity to another, planned 

in Triassic salt in the east of the 

country). Research was also 

carried out on in-situ subsurface 

coal gasification (Delft University 

of Technology and others) and 

on CBM (Coal Bed Methane: 

gas production directly from 

coal layers). These studies, by 

amongst other organisations 

RGD and TNO, were later followed 

by joint research with the Dutch 

oil industry on EOR and EGR 

(Enhanced Oil/Gas Recovery) and 

exported to countries including 

Poland and China. 

Depletion of the gas fields 

resulted in the development of 

an earthquake prone area in 

the north-eastern Netherlands. 

KNMI (the Royal Dutch Meteoro-

logical Institute, see 5.5.1) plays 

an important role in monitor-

ing this area. Nuclear power 

authorities also make use of 

geological investigations: does 

the Dutch subsurface offer space 

for (retrievable) storage of 

radioactive waste? A 25 million 

Euro programme was started in 

the 1980s to answer this ques-

tion (see 5.5.2).

More recently multi-disciplinary 

co-operation has started to 

unravel the past and present 

effects of changes in climate on 

possible sea-level rise. The role 

of Dutch scientists is notice-

able in this discussion; they 

have not only accumulated 

considerable knowledge on 

sea-level rise and the effect 

of the melting of Greenland’s 

ice-cover (Deltares, Royal NIOZ, 

Utrecht University and others), 

but are also involved in pilot 

CO
2
- storage initiatives (TNO 

Geological Survey, Shell and 

others). All of this has led to 

numerous investigations by 

Dutch geoscientists.

optimiSe energy Supply



coal mines. The conclusion was negative, however, and in 
1974 the last coal was excavated from the South-Limburg 
mines.
Part II of the Nota Energiebeleid Kolen 1980 articulates the 
wish for a new systematic inventory of Dutch coal reserves. 
A year later the Geological Survey of The Netherlands was 
asked to prepare such an inventory of reserves down to 
a depth of 1,500 m in southern Limburg, de Peel and the 
Achterhoek. A supervising committee (Begeleidingscom-
missie Inventarisatie-onderzoek Nederlandse Kolenvoorko-
mens) concluded in 1985 that exploitation of coal with 
traditional techniques was uneconomical in all three areas 
and further investigations were not recommended. 

Oil and natural gas policy
In 1933 a third restriction to the Law of 1923 made it impos-
sible to explore for mineral deposits through drilling in the 
provinces Groningen, Friesland, Drenthe, Overijssel and 
Gelderland without a permit. In 1939 this restriction was 
extended to the provinces of Zuid-Holland and Utrecht. It 
was established in order to allow the Bataafsche Petroleum 
Maatschappij (BPM) to carry out exploration activities in 
these provinces. As a first step a regional gravimetric dataset 
was acquired by BPM. 
In 1948 the Nederlandse Aardolie Maatschappij (NAM), 
established in 1947, received by Royal Decree the 
‘Schoonebeek’ concession, allowing for the exploitation of 
oil and natural gas (150 km2, around Coevorden; enlarged to 
780 km2 in 1950). 
In 1959 NAM discovered the ’Slochteren gasfield’ in the 
proximity of Groningen and two years later applied for a 
concession covering the area, which was granted in 1963 
(see 6.1).
A year earlier the Government had presented its policy plans 
for the role of natural gas in the economy of the country. It 
was stipulated that for 30 years 30% of national energy use 
should come from natural gas. This low estimate was due 
to concern for the future of the Limburg coal mines. As a 
consequence, State Mines joined the shareholders of NAM 
on a basis of 70%/30% in favour of the State. 
In 1963 the government established the Nederlandse 
Gasunie. This company was set up to buy, manage, sell and 
transport natural gas, including all of the gas produced by 
NAM. 
In view of the growing importance of hydrocarbons to the 
economy, the Minister of Economic Affairs considered it op-
portune to develop in-house geological expertise. Therefore 
in 1968 the then Minister (Den Uyl) decided to convert the 
Geological Foundation back into a State entity. The two 
departments, the Geological Bureau and the Geological 
Survey, were then once again united to form the Geologi-
cal Survey of The Netherlands, (Rijks Geologische Dienst, 
RGD). In 1971 a treaty definitely established the frontiers 
of the Dutch Continental offshore area and from that time 
onwards a legal framework for exploration and exploitation 
of energy products overthere has been in place. 
In 1973 Arab countries established an oil-embargo against 
The Netherlands (and the USA), resulting in an awakened 
interest in alternative energy sources. 

Geological Survey and Mapping Policy 
In 1973 the Minister established an Advisory Committee for 
the Geological Survey (with chairman Jean Jacques Dozy) 
tasked with reviewing and evaluating the tasks of the 
Survey. 

tions were, however, imposed on private activities: a first 
one, through which it was forbidden to explore for mineral 
deposits in the Winterswijk area, was established by Law in 
1924 to protect the discovery of oil at Corle. 
A second restriction followed in 1925. By law, coal conces-
sions for the Peel fields (prov. Brabant) and the Winterswijk 
area could only be awarded following approval by Parlia-
ment.
In 1926, at the request of the Minister, State Mines studied 
the feasibility of exploiting the Peel fields but concluded 
with a negative recommendation.  A later attempt was 
made in 1938, when a First Peel Committee was established, 
charged with the development of the Peel fields. World War II, 
however, intervened. Meanwhile economic recession had 
also affected The Netherlands and,as a consequence, in 1936 
the Geological Survey in Haarlem and the Geological Bureau 
in Heerlen merged to form the semi-autonomous Geologi-
cal Foundation (Geologische Stichting), with the ’Geological 
Map’ in Haarlem and the Geological Bureau for the mining 
district at Heerlen.

The end of coal 
After World War II the Minister of Economic Affairs assumed 
sole responsibity for mineral resources. Also an increasing 
need for energy resulted in new interest in the exploitation 
of the coal fields. He asked the State Mines to evaluate the 
potential for exploitation of the Vlodrop coalfield (mid-
central Limburg) and subsequently instructed State Mines to 
open it as quickly as possible. Its name was subsequently 
changed to Beatrix Mine. 
In 1962  the Second Peel Committee reported that the Peel 
(Vlodrop) field had a technical coal reserve for 40 years, but 
in consideration of the high expectations for nuclear energy 
and the emerging availability of oil and gas (the Groningen 
gas field had just been discovered) concluded that its de-
velopment was not desirable. Three years later the Minister 
presented a Coal Bill (Kolen-Nota) in which he announced 
his decision to terminate the exploitation of coal in southern 
Limburg and to progressively close the mines.
In 1967 the Minister decided to speed up the closure of coal 
mines, but already in 1968 the Dutch government produced 
an Energy Memorandum in which it was stated that Dutch 
coal deserved new interest considering the large increase of 
oil prices and, following the oil embargo in 1973 a Commit-
tee (Commissie Martens) investigated the reopening of Dutch 

Fig. 5-1. Headquarters of Geological Survey of The Netherlands 
(RGD), Spaarne 17, Haarlem.
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mended also reducing the large number of institutes dealing 
with geological activities (see below).
As a result of a governmental efficiency drive in 1990 the 
then Minister of Economic Affairs opened a discussion on 
privatizing the Geological Survey. In 1993 a governmental 
advisory committee, called the Commissie Wiegel, made an 
analysis of the Dutch Civil Service. One of its recommenda-
tions was to privatise the RGD, then directed by Cris Staudt. 
In the same year consultations between the Ministry of 
Economic Affairs, RGD and TNO (see 4.1.1) resulted in the 
establishment of a first Steering Committee, tasked with 
determining if and how the organisation of applied geosci-
entific investigation and advice could be improved.
A second Steering Committee (Commissie Van Engelshoven), 

It reported in the summer of 1977 with the conclusion 
that The Netherlands Geological Survey was exceptionally 
well-suited to the support of policy-making and execu-
tive governmental bodies in geological matters. It therefore 
contributes to the management of the subsurface and may 
provide government with policy support.  The responsibili-
ties of the Survey were seen to cover the entire Dutch area 
including the continental offshore as well as foreign areas 
with respect to governmental tasks. The final completion of 
the mapping of the country was brought forward to 1990 
instead of 2005, although the deadline for mapping of the 
offshore area was kept at 1983 (scale 1:250,000 for the area 
up to 30 km from the coastline) and 1997 (for other parts of 
the offshore area, scale 1:500,000). The Committee recom-

1]  Geological Survey of  
The Netherlands (Rijks 
Geologische Dienst, RGD) 
The Survey aims to collect, 
elaborate, qualitatively 
control and disseminate data 
and knowledge of the Dutch 
subsurface on- and offshore.

2]  Groundwater Survey TNO 
(Dienst Grondwaterverkenning-
TNO, DGV)
The Survey collates and 
re-interprets existing data, 
carries out limited additional 
investigations where needed, 
and incorporates them to 
produce a groundwater map.   

3]  National Institute for Drink-
ing Water (Rijksinstituut voor 
Drinkwatervoorziening, RID)
The Institute investigates 
hydrogeological issues, 
including the delineation of 
fresh water resources and the 
effects of groundwater ex-
traction on the environment. 
It also prepares groundwater 
management plans for civil 
engineering projects such as 
construction pits and tunnels 
and deals with issues such 
as the maintenance and the 
protection of groundwater 
quality. 

4]  Foundation for Soil Mapping 
(Stichting voor Bodemkartering, 
Stiboka) 
Stiboka executes field inves-
tigations and prepares maps 
of the soil (upper 1.2 m) in 
support of agricultural and 
non-agricultural activities. 

5]  Institute for Agricultural 
Technology and Water 
Management (Instituut voor 
Cultuurtechniek en Water- 
huishouding, ICW)
The Institute is responsible 
for water management in 
rural areas. The main issues 
relate to the behaviour of 
ancient groundwater, surface 
waters, civil technical works 
and water extraction.

6]  State Survey for the IJs-
selmeerpolders (reclamation 
areas in the central part of 
The Netherlands) (Rijksdienst 
voor de IJsselmeerpolders, RIJP)
The Soil Technology group 
forms part of the Scientific 
section of the Department 
for Culture, Technology and 

Recreation, and carries out 
mapping of the soil in the IJs-
selmeer area, including both 
reclaimed lands and those 
covered by water, as well as 
the areas outside of the sea 
dykes of The Netherlands.

7]  Zuiderzee Survey (the Zuider-
zee was the name for the 
IJsselmeer area before it was 
isolated from the sea by the 
Enclosure Dam, Afsluitdijk) 
(Dienst der Zuiderzee-werken, 
ZZW). The Soil Department 
has four teams that drill 
shallow wells to delineate the 
nature of the subsurface in 
support of road, dyke, ditch 
and canal developments. 
Such work is also carried out 
to identify the distribution 
of aggregates such as sand 
and clay.  Further, wells are 
drilled for hydrogeological in-
vestigation in the IJsselmeer 
area.

8 ]  Department of Water Man-
agement and Water Move-
ment (Directie Waterhuishoud-
ing en Waterbeweging, DW&W)
This department investigates 
the position and possible 
movement of the salt/fresh 
water frontier, using geo-
electrical measurements.  
In 1977 the unit was sched-
uled to be discontinued soon.

9]  Laboratory for Soil Mechan-
ics (Laboratorium voor Grond-
mechanica, LGM)
LGM executes both studies 
and practical investigations 
of soils. The institute special-
izes in defining the physical 
characteristics of layers im-
portant for building founda-

tions and infrastructural 
works. Field investigations 
consist mainly of soundings 
and (vertical) electrical re-
sistance measurements.

10 ]  National Museum of 
Geology and Mineralogy 
(Rijksmuseum van Geologie en 
Mineralogie, RGM) 
The main tasks of the 
Museum are to create and 
elaborate the collection and 
prepare it for (a) study by 
scientists and (b) public 
exhibition. The accent is on 
pure scientific research and 
not on applied aspects.

11]  Royal Dutch Meteorological 
Institute (Koninklijk Neder-
lands Meteorologisch Instituut, 
KNMI)
The Department of Geo-
physical Investigations is 
tasked with investigating 
physical phenomena in the 
Dutch atmosphere, sea and 
subsurface.

12]  Institutes for University 
Education (Instellingen van 
Hoger Onderwijs)
As part of their practical 
education in field work, 
many students in geology 
and hydrology work with an 
Edelman drill (fig.) to make 
shallow bore-holes. The data 
they collect can be used for 
studies (see the ‘Berendsen 
map’ in 5.2.2) or be uploaded 
in the DINO database of the 
Geological Survey. 

State SurveyS and inStituteS involved in geologiCal Surveying of the netherlandS.
(Source: Final report Dozy Committee, 26th of August 1977)

Edelman drill in different formats.
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2010 the hydrogeological branch of TNO (formerly Dienst 
Grondwater Verkenning DGV, see below) has been incorpo-
rated in Deltares. The mapping group and the database on 
hydrogeological data, however, remain within TNO. Since 
2011, following an internal reorganisation of TNO, the name 
Geological Survey of the Netherlands (Geologische Dienst 
Nederland, GDN) has been re-established under its present 
director Mart Van Bracht.

5.2 The surface and shallow  
subsurface 

Although The Netherlands is known as a very flat country, 
where dunes and dykes rise prominently above flat mead-
ows, there is some elevated land in the south and east of 
the country offering windows into the lithified subsurface 
rocks, elsewhere hidden below soft sediments. In these 
areas early inhabitants quarried these relatively hard rocks 
and used them for tool-making. 
The quarries, especially those in the south-eastern province 
of Limburg, exhibit the rock types exposed in the Ardennes 
(Belgium) and along the Meuse River, and it seems logical 
that local people were interested in nature and in rocks, 
being the foundation on which they lived, and started to 
map there.

5.2.1 Early efforts – a focus on Limburg 

The first surface maps 
wim weSterhoff

The oldest known geological map displaying the whole of 
The Netherlands was made by the Belgian (then southern 
Netherlands) geologist Jean Baptiste D’Omalius d’Halloy 
(1822, see also ch.3). His map was completed in 1813 and 
published in 1822. It describes the Cretaceous deposits 
between Aachen and Maastricht. An improved edition of 
this map, which includes an explanation, was published by 
D’Omalius d’Halloy in 1828, and represents the first geologi-
cal description of The Netherlands. 

installed in 1994 by the Minister of Economic Affairs, recom-
mended in its final report in 1995 that the Geological Survey 
of The Netherlands (RGD) and the Institute for Groundwater 
and Geo-energy (part of TNO) should be merged to form a 
new institute within the TNO-organisation. In 1997 NITG-TNO 
(Nederlands Instituut voor Toegepaste Geowetenschappen-
TNO) was formed with its main office in Delft and a new 
director, Hessel Speelman. In 2003 the institute settled in its 
newly built premises in Utrecht. The physical concentration 
of the institute at its new locality in De Uithof, Utrecht (fig. 
5-2) not only marked the end of a long tradition of regional 
offices, but also the start of more intensive cooperation, 
both internally and with the Faculty of Geosciences of 
Utrecht University next-door. In the period 2008-2009 the 
department concentrated on shallow subsurface mapping 
(0-500 m) and the hydrogeological departments of TNO 
started a close cooperation with the newly formed institute 
Deltares. Faced with possible climate change, the problems 
that have arisen in both wet and dry periods during the 
last few decades along the coast and, especially, in inland 
areas, concentration of ground and surface-water knowl-
edge in one institute was imperative. Deltares, a merger 
of surface and subsurface water oriented institutes (a.o. 
GeoDelft, WL|Delft Hydraulics, and parts of Rijkswaterstaat), 
aims to bring knowledge on delta areas together. Since early 

Fig. 5-2. NITG-TNO building at Utrecht shortly after its completion.

Fig. 5-3. Part of the geological map according to Labry 1858.

the mapS of 
d’omaliuS d’halloy
The map and explanatory 

notes ‘Observations sur un 

essai de Carte géologique de 

la France, des Pays-Bas et 

des contrées voisines’ were 

published in Annales des 

Mines. The map displays the 

Cretaceous of Zuid-Limburg 

rather well but the remaining 

part of the country is repre-

sented by only one type in the 

legend: les terrains mastozoö-

tiques, comprenant tous les 

terrains postérieurs à la Craie, 

donc l’origine aqueuse n’est 

pas contestée (see ch. 3). Ter-

rains mastozoötiques indicate 

areas which were known from 

relatively abundant finds of 

fossil bones. The explanatory 

notes belonging to the reprint 

of the map in 1828 mention 

the occurrence of large granite 

boulders in the eastern part 

of the country and the abun-

dance of fossil molluscs in the 

marine clays of the province of 

Groningen. Furthermore, he 

already distinguished between 

moorlands and fenlands, 

representing respectively peat 

areas developed above the 

mean groundwater level and 

those at or near the ground-

water level.

166 / duTch earTh sciences



In 1832, just after the creation of the new state of Belgium, 
Dumont published a geological map of the province of 
Liège, including the most southerly part of South Limburg, 
at a scale of approx. 1:100,000. In addition to Carboniferous 
deposits in the Geul valley at Epen, Dumont distinguished 
five distinct units within the Cretaceous. In 1858 Labry and 
Binkhorst van den Binkhorst both published geological 
maps of the southern part of Limburg. Part of Labry’s map, 
which consists of two different publications showing l6 dis-
tinct units is shown in fig. 5-3. He thought that Devonian 
deposits (type 14 and 15) were present in the Geul valley at 
Epen, in addition to the Carboniferous deposits (type 13). 
For the first time, Tertiary deposits were also depicted. Labry 
was also the first to show extensive fluvial deposits of the 
Maas on a map. The geological map published by Binkhorst 
van den Binkhorst, covering roughly the same area as that 
of Labry, distinguished only 12 units. The map of Binkhorst 
is dated 1858, but was most probably published a little later 
than that of Labry, which may already have been complet-
ed in 1857. An extensive description of this map was given 
by Van Rummelen (1941). 
In 1852 Staring began surveying for the first geological map 
of The Netherlands, the first sheet of which appeared in 
1858. There were two sheets for South Limburg: one con-
taining the Pleistocene and younger deposits, the other one 
the older geological formations. A striking feature of these 
excellent maps is the absence of Carboniferous deposits 
in the Geul valley at Epen. Staring had probably surveyed 
the area before the Labry and Binkhorst van den Binkhorst 
publications appeared and, at that moment, Dumont’s map 
was unknown to him. When Staring published the second 
part of ‘De bodem van Nederland’ (the Dutch subsurface) in 
1860, he made a separate geological map of South Limburg 
on plate IV, this time showing the Carboniferous deposits. 
In 1905 Uhlenbroek published the first map of the South 
Limburg Cretaceous area showing faults in the form of lines 
at the surface. Several unsuccessful attempts were made 
to revise Staring’s map between 1874 and 1918. It was only 
after the period of detailed coal mapping (ROD) and the 
foundation of the State Geological Survey (Rijks Geologische 
Dienst) in 1918 that a nationwide mapping programme was 
approved by the Dutch parliament.

The Maastrichtian, a former stratotype  
and type locality 
waldemar herngreen

The town of Maastricht is not only known in European 
politics, being the cradle of the Maastricht Treaty, but most 
geologists are familiar with the name as the uppermost 
stage of the Mesozoic.
Dumont used the terms Craie and Calcaire de Maestricht as 
early as 1832 in his description of the geology of the prov-
ince of Liège in Belgium. In 1849 he established his Système 
Maestrichtien, separating the tuffaceous upper part of the 
Sint Pietersberg section near Maastricht in The Netherlands 
from his Système Sénonien. Dumont also changed the 
names Craie Sénonienne and Calcaire de Maestricht into 
Système Sénonien and Système Maestrichtien, respectively. 
Later on, the type section, a steep limestone cliff near the 
Lichtenberg farm, became part of the quarry of the ENCI 
cement factory (figs. 5-4  and 5-5; see also 6.5).
Unfortunately, incomplete exposure of the Système Maes-
trichtien does not permit identification of the lower bound-
ary of this unit. The annotations in Dumont’s field book 3 
July, 1849 are much more explicit. Describing the lithology 

Fig. 5-4. Picture of Horizon of Lichtenberg, separating the Gulpen Formation (below) and the 
Maastricht Formation in the ENCI quarry, St. Pietersberg, Maastricht.

Fig. 5-5. Stratigraphy of the Maastrichtian section in the St. Pietersberg area.

5 / The sTaTe, exploraTion and research 167



5.2.2  Nation-wide onshore mapping  
programmes 

The Staring map (1856 -1867): on foot and  
on horseback 
wim weSterhoff

The results of a regional geological mapping of the province 
of Groningen (see 3.3) were enthusiastically received by 
Baron Sloet tot Oldhuis. This nobleman was an engaged 
politician and fulfilled many public administrative func-
tions. He also was an important initiator of innovation in 
agriculture and he very much encouraged the compilation 
of a geological map of his own province, Overijssel. Sloet tot 
Oldhuis was the driving force behind the first national Ag-
ricultural Congress organised in 1846, at which he proposed 
to start geological mapping in all provinces. Concurrently 
his friend the geologist W.C.H. Staring was already carrying 
out field surveys on the soil and geology of the province of 
Overijssel. However, political etiquette at that time prohib-
ited the commission (see 3.3) of the Agricultural Congress 
from sending a formal request to the national government 
for funding a geological mapping program. Individual 
members were allowed to do so and in the years 1847-1848 
the first contacts at ministerial level were met with a posi-
tive response from the national government. Subsequently, 
in 1851, by order of minister Thorbecke a yearly sum of 
10,000 Dutch guilders was allocated for the survey and 
compilation of a geological map. The minister thought that 
the work could be completed within six years. 
A commission with the members J.G.S. van Breda, F.A.W. 
Miquel, and W.C.H. Staring was installed to manage the 
whole process. Unfortunately disagreements within this 
commission disrupted its progress and in 1857 the sole 
responsibility for the geological mapping program was 
handed to W.C.H. Staring. 
In 1858 Staring published his first map sheet, at a scale of 
1:200,000 (fig. 5-6). In the following years new sheets were 
published regularly, the last of 19 map sheets being pre-
sented in 1867. In addition, Staring produced a school map 
for natural science and public diligence of The Netherlands, 
1:200,000 in 1860, and an agricultural map at 1:200,000 
in 1869. Terrain surveys for this first nation-wide geological 
map were carried out partly by Staring personally, but he 
also made use of a wide-spread network of local and re-
gional observers who provided him with numerous details 
of the subsurface composition. Although the field survey 
and maps were already completed in 1860, difficulties in 
preparing a good topographical background delayed print-
ing of the final sheet to 1867. In an impressive two-volume 
monograph Staring reported and discussed the results of his 

of the section exposed, Dumont designated an upper part 
(Etage supérieur) and a lower part (Etage inférieur) of his 
Système. The boundary between these units is a couche 
graveleuse, glauconifère, also known as the coprolite layer 
of Staring (1860), part of the Ma of Uhlenbroek (1912), and 
today as the Valkenburg Member. The Lichtenberg Horizon 
of Felder forms the boundary between the Gulpen and 
Maastricht formations.
It is evident from Dumont’s field book that at least 5 to 6 
metres of what is now called the Maastricht Chalk or Maas-
tricht Formation, were also assigned to the lower part of 
the Système Maestrichtien. Strata older than the Maastricht 
Chalk, at the former type locality representing the Lanaye 
Member at the top of the Gulpen Formation, can therefore 
be referred to the Maestrichtian sensu Dumont 1849. 
Obviously Dumont changed his mind in 1850, for in his 
annotations of July 13, he ascribed the calcaire graveleuse 
glauconifère to the base of the Système Maestrichtien. 
However, this revision was never published.
Different opinions on the downward extension of the 
stratotype persisted into the second half of the 20th century, 
reflecting the conflicting interpretations in Dumont’s original 
publications. These uncertainties about the precise base 
of the Maastrichtian stage and the incompleteness of the 
section(s) at the Sint Pietersberg (where only the highest 
part of the Valkenburg Member crops out), made it neces-
sary to redefine the Maastrichtian Stage.
The International Stratigraphic Guide emphasizes the 
requirements for a Global (Boundary) Stratotype Sec-
tion and Point (G(B)SSP). These requirements include, for 
example that: “a boundary-stratotype must be selected in 
a section representing continuous deposition, should be in 
marine fossiliferous strata without major vertical changes in 
litho- or biofacies, and contain levels suitable for long-
distance correlation. A chronostratigraphic unit is a tangible 
unit because it encompasses all the rocks formed during a 
defined interval of time”. From the foregoing paragraphs it 
is evident that the classic Sint Pietersberg section does not 
meet the needs of a GSSP.
The new Tethyan GSSP section near Dax (Tercis les Bains, SW 
France) has been approved (proposals by the Maastrich-
tian Working Group, September 1999; Subcommission on 
Cretaceous Stratigraphy, June 2000 and International Com-
mission on Stratigraphy, December 2000) and ratified by the 
International Union of Geological Sciences (December 2000). 
Regarding the spelling Maestrichtian (as originally writ-
ten and used for some 45 years following its introduction) 
or Maastrichtian, it was decided that, in spite of historical 
arguments, the spelling of the city in Dutch justifies the use 
of Maastrichtian.

The outcrop consists of the up-
per part of the Gulpen Forma-
tion and the complete Maas-
tricht Formation. The Gulpen 
Formation consists of fine 
grained marine limestone. It 
contains an unconformity and 
there is a hiatus between it and 
the overlying Maastricht For-
mation. The latter consists of 
soft, fine to very coarse grained 

limestone and alternating hard 
and soft limestone layers. Both 
formations contain flint and 
have been mined for the pro-
duction of cement (fig. 5-5)
Today, GSSPs (Global Stratotype 
Section and Point, informally 
‘golden spikes’) are used to 
indicate geological stages, and 
physically pinpoint the lower 
boundary of the stage. In the 

last decades of the 20th century 
the ammonite species Pachydis-
cus neubergicus was chosen as in-
dex fossil of the Maastrichtian 
– its first appearance marks the 
lower boundary of the stage. 
However, because it misses both 
the ammonites and the base 
of the stage, the GSSP of the 
Maastrichtian is not located at 
the quarry at Maastricht, but 

in a quarry at Tercis les Bains 
along the river Ardour in the 
south-west of France. The name 
Maastrichtian will continue 
to be used in the stratigraphic 
nomenclature. Ironically, 
P.neubergicus was found in the 
type section at Maastricht at a 
later date. 

the maaStriChtian outCrop

W.C.H Staring (1808-1877)
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Prelude to the 20th century mapping programmes 
After completion (1860) and printing (1867) of Staring’s 
Geological map of The Netherlands, a lengthy and inten-
sive debate on the necessity and feasibility of a systematic 
geological field survey of The Netherlands subsurface took 
place at the Royal Netherlands Academy of Sciences (KNAW). 
Staring himself was amongst the first who pleaded for 
regular updates of his map. He also gave many recom-
mendations on how to improve mapping methods and field 
observations. Already in 1874 and in 1886 a revised national 
mapping program was proposed. The existing 1:200,000 
scale was found to be insufficiently detailed for applied 
usage (e.g. construction sites and infrastructural works), 

geological surveys in The Netherlands (Staring, 1856, 1860; 
see 3.3). 
At the time of publication, Staring’s maps were regarded 
as revolutionary products because they were underlain by 
an accurate and detailed topographical map and moreover 
they showed many details in the post-Tertiary deposits. 
Especially the detailed subdivisions of deposits assigned 
to Diluvium and Alluvium (more or less comparable to the 
present-day Pleistocene and Holocene) was appreciated. 
A main reason might be the practical application of such 
information for agriculture and other subsurface usage. 
Worth mentioning is the award for the maps at the World 
Exhibition in London in 1862.

The Maastricht area is famous 
not only for being the (former) 
type locality of the Maastrich-
tian Stage (70.6-65.5 Ma) at Sint 
Pietersberg, but also for the 
variety of both small and large 
marine fossils in these lime-
stones. At regular intervals, 
both professional and amateur 
collectors visit the quarry in 
search of sea urchins, corals, 
molluscs and shark teeth. But 
the most famous treasures are 
the mosasaurs, first docu-
mented two centuries ago. The 
earliest finds were made in the 
late 18th century. During the 
occupation of Maastricht by the 

French revolutionary armies 
(1794-1795), the well-preserved 
skull belonging to canon God-
ding was seized and transported 
to Paris, where it is on exhibit 
to this day. The French authori-
ties have steadfastly refused 
to return this looted object.  
Within the framework of the 
‘Darwin Year’ (2009), however, 
the holotype skull of Mosasaurus 
hoffmanni, the ‘Grand animal fos-
sile de Maëstricht’, was returned 
to Maastricht for a few months, 
as the centre piece of an exhibit 
on Darwin and Cuvier. Since 
August 1998, another mosasaur 
species, Prognathodon saturator 

(nicknamed Bèr), has been on 
exhibit at the Natural History 
Museum Maastricht. During 
an excursion to the ENCI ce-
ment plant quarry at the Sint 
Pietersberg, it was discovered in 
the top of the flint-rich Gulpen 
Formation. 

A huge block of chalk, contain-
ing the skull was transported 
to the museum and prepared, 
along with other smaller 
chunks of matrix with other 
bones. This mosasaur is now 
one of the major attractions of 
the museum.

the dutCh moSaSaurS
John Jagt

Fig. 5-6. Fragment of Staring’s map, the area shown is situated south of Rotterdam.

Sketch of a mosasaur skeleton.

Skull of Bèr, the most recent mosasaur found in the Maastricht area.
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cations) C. Lely (the man behind the reclamation plans for 
the Zuiderzee) tried again to get finances for a geological 
mapping program but because of the unknown duration of 
the program parliament again decided negatively. 
Concurrently, between 1898 and 1908 some exploratory 
mapping surveys were carried out by students from the 
Polytechnical School in Delft. They were at first supervised 
by J.C.L Schroeder van der Kolk and later by J.A Grutterink. 
In the meantime a major exploration program, aimed at the 
production of an inventory of coal-bearing deposits in The 
Netherlands, started in 1903. This program, carried out by 
the State Survey for Minerals Exploration (Rijksdienst voor 
de Opsporing van Delfstoffen, ROD), was supervised by Van 
Waterschoot van der Gracht and provided many new and 
revolutionary ideas on the structure and composition of the 
deeper subsurface. In the recommendations of the final 
report (1915-1917) of this survey Van Waterschoot van der 

while theories on land-ice coverage initiated wholly new 
concepts on the origin of the ice-pushed area in the central 
Netherlands. Incorporation of the latter was necessary for 
accurate updating of the map.  
A third attempt to initiate a new geological mapping pro-
gram was undertaken by the Royal Netherlands Academy of 
Sciences in 1889. The preliminary commission for the geo-
logical map was ordered to ask the government to subsidise 
the commission yearly with a sum of Dfl 500 to cover travel 
and accommodation costs of young geologists so that they 
could make local observations related to large infrastructural 
works.
In 1897 a combined geological-agronomical mapping 
campaign was proposed, but parliament thought that such 
an enterprise would take too long and be unnecessary 
ornaments for the agricultural policy. One year later the 
Minister of Waterstaat (nowadays Transport and Communi-

lorié’S propoSalS for 
a geologiCal Survey
In 1891 J. Lorié summarised this 

discussion and pleaded for the 

establishment of a national 

centre that would focus on 

field surveys and scientific 

research into The Netherlands 

subsurface. His main points 

were:

•  the need for additional field 

surveys and terrain observa-

tions

•  to have funds to deepen al-

ready planned boreholes (by 

private persons) and to im-

prove the quality of the data 

obtained from boreholes in 

order to improve insights into 

the complex composition of 

the subsurface.

•  to enlarge the knowledge of 

subsidence and make better 

and more use of levelling 

data in geological mapping

•  to investigate the groundwa-

ter resources systematically

•  to make inventories of the 

peat resources

•  to carry out systematically 

soil surveys for agriculture, 

mineral resources and soil 

erosion. This was actually a 

plea for a combined geologi-

cal and soil mapping

•  to encourage the use of 

geological knowledge in 

infrastructural projects

•  to improve the geological 

map of Staring 

In addition Lorié demon-

strated in several cases how 

geological information could 

benefit Society. The examples 

varied from cost reduction in 

large infrastructural projects 

to aspects of health care by 

sensible use of groundwater 

resources.

However, despite the im-

pressive list of arguments, 

government and especially 

parliament were reluctant 

to finance a new geological 

mapping program. 

J. Lorié (1852-1924)

Fig. 5-7. Fragment of the Tesch map. The fragment shown is a part of Voorne-Putten in the province of Zuid-Holland (SW-Netherlands).

Fig. 5-8. Map fragment, rough draught and hand painted by Tesch of Diepenheim area, eastern Netherlands, see also fig. 5-9 a-d.            
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Further subdivisions detail the age and type of deposits (flu-
vial, marine, and glacial) or morphology (e.g. main terrace 
or lower terrace for fluvial deposits). Lithological information 
was displayed by adding a single character to the legend 
unit (e.g. k- klei for clay and v- veen for peat). Where the 
surface deposits were less than 2m thick the code of the 
underlying deposit was given underneath a division sign.  
Compared to the map of Staring this legend system provided 
much more insight in the lithological composition of the 
near-surface deposits. This approach certainly fulfilled one 
of the requirements stipulated at the start of the project 
and at the same time it satisfied another prerequisite at the 
start of the Geological Survey in 1918: to make geological 
information useful for practical applications. 
With respect to this latter aspect, it is striking that apart 
from mentioning the progress of the mapping program in 
the annual reports of the Tesch period (1918-1946) one can 
always find a list of advisory work on societal or technical 
problems related to use of the subsurface and its resources. 
Tesch energetically undertook the double task of supervising 
the geological mapping and being director of the Geological 
Survey. During his tenure a wealth of new information on 
the subsurface became available, not only directly derived 
from the mapping itself but also from newly logged deeper 
borehole data, through a close cooperation with research 
partners in groundwater surveys. With the near comple-
tion of the mapping program, colleague geoscientists were 
of the opinion that following Starings’ major achievement, 
Tesch had provided The Netherlands with another major 
geological monument and that “this country by having such 
a detailed geological map could reckon itself as belonging to 
the family of civilised nations” (Van Panhuys; see figs. 5-7 
and 5-8). 

Geomorphological and soil science-based  
mapping (1945-1995) 
meindert van der berg

After World War II, The Netherlands went through a period 
of reconstruction and economic growth. A spirit of renewal 
formed the basis for all kinds of large rural programs. 
Knowledge of soils and landscapes became more important 
because agriculture became more intensive and more non-
agricultural purposes were introduced.
C.H. Edelman played a leading role in developing this 
knowledge at the agricultural institutes in Wageningen. He 
recognized the importance of topography on soil forma-
tion and land use. Many aerial photographs made by allied 
airforces during the war, which had ended up in archives 
became important once scientists saw the advantage of 
observing what the country looked like under bad drainage 
conditions. The first high-resolution altitude maps of The 

Gracht pleaded for the foundation of a Geological Survey 
of The Netherlands and the preparation of a nation-wide 
geological map. 
Finally in 1918 minister Lely proposed indeed to establish 
a Geological Survey of The Netherlands (Rijks Geologische 
Dienst, RGD) which, he stipulated, should have three main 
tasks: the production of a new geological map of The Neth-
erlands, improvement of the knowledge and information of 
the subsurface, and improving the accessibility of geological 
information for use in various practical situations (see also 5.1) 

The Tesch map, at 1:50,000 (1918-1952),  
on bicycle and by car 
wim weSterhoff

In 1918 P. Tesch was appointed as the first director of the 
newly established Geological Survey. Tesch was regional 
geologist for the southern Netherlands and strongly in-
volved in the exploratory research program supervised by 
Van Waterschoot van der Gracht. Tesch remained as director 
until his retirement in 1946. 
Due to the poor economic situation of the 1930s and World 
War II the mapping program could not be finished within 
the scheduled 25 years. Eventually 184 out of 190 map 
sheets were printed, the last in 1952, while 6 sheets were 
lacking, some covering the northern part of Groningen and 
some the province of Zeeland.
The main aim of this geological map, at the scale of 
1:50,000, was to complete and document a nation-wide 
geological survey of The Netherlands (fig. 5-7). It was 
intended to be a major improvement over Staring’s map 
(published some 70 years earlier). The main differences in 
the mapping approach were related to the scale, 1:50,000, 
which enabled the display of more detailed terrain infor-
mation and the use of shallow - up to 2 m - borehole data, 
which provided lithological information on surface or near-
surface deposits. However, due to budget cuts in the 1930s, 
the drilling of shallow boreholes was curtailed drastically 
and much of the country was mapped largely using a geo-
morphological approach. As a result the legend of the map 
is a mixture of morpho- and chronostratigraphical criteria. 
This is not surprising because in those days mapping of 
Quaternary deposits - which form the larger part of the sur-
face deposits in The Netherlands - was strongly influenced 
by the morphostratigraphical approach introduced by Penck 
and Bruckner when they mapped the glacial advances in 
the Alpine foreland. 
The legend for the map remained largely unaltered dur-
ing the 25 years of mapping. At the highest level eleven 
chronostratigraphical subdivisions were made. They were 
consecutivly numbered by Roman numbers from young to 
old (Table 5.1).

Legend 

number

Series/Epoch Legend 

number

Series/Epoch

I Holocene VII Cretaceous Formation
II Plistocene VIII Jura Formation
III Pliocene IX Trias Formation
Iv Miocene X Dyas Formation
V Oligocene XI Carboniferous Formation
VI Eocene and Paleocene

C. Lely (1854-1929)

Painting of P. Tesch (1879-1961)

teSCh: the man and 
hiS map
Tesch agreed to execute a 

geological mapping program 

under strictly defined condi-

tions: the work should be 

completed within 25 years 

with help of 3 to 4 geologists, 

an administrator and only a 

few technical assistants. Even 

in 1940, 22 years after the start 

of this mapping program 

there were no more than 10 

employees. Tesch was aware 

that enlargement of his staff 

by the addition of a number 

of specialists could improve 

the geological knowledge 

considerably, however, he 

was convinced that he had to 

stay in line with his original 

assignment and that the 

mapping program should 

be carried out with a limited 

staff and plain means. He 

thought that enlargement 

of the organisation would 

probably hamper the process 

and, moreover, he was of the 

opinion that state services 

should operate as economi-

cally as possible. 

Tesch personally mapped 68 

of the total of 190 map sheets. 

He always made sure that 

his own map sheets were 

surrounded by sheets mapped 

by his collaborators. In doing 

so he managed to keep full 

control of the joint results: it is 

not surprising, therefore that 

the map often is referred to as 

the Tesch map.  

Table 5.1 Main chronostratigraphically defined legend units of the Tesch map
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sub-surface terrain conditions: Both organizations were 
creating an inventory already and they also used the same 
scale for their maps. Therefore they could benefit from using 
the geomorphological information (fig. 5-9 a-c).  
In the new organisation the former Geology Division of 
Stiboka was split into Geomorphology and Palynology divi-
sions. Both organisations provided a position at academic 
level, while two field assistants were funded by Stiboka. 
The RGD funded the map design (cartography) and printing 
of maps in offices at Wageningen. G.C. Maarleveld, also 
part-time professor at the University of Amsterdam, became 
project manager.  
Maarleveld and J.A.M. ten Cate (both Stiboka) developed 
a standard legend for the country in the sixties. In other 
countries distinctions are normally related to geological 
processes, based mainly on how the landscape has been 
formed.  In The Netherlands, however, the topography has 
been influenced by human activity so severely that this 
approach is not applicable. Therefore the primary level of 
the legend for The Netherlands was the absolute altitude, 
followed by the topography, morphology (slopes, valleys, 
terraces etc.) and finally by the morphogenesis. Human 
experience (‘menselijke belevingswaarde’) became crucial 
in deciding the limits of relief categories. Looking at the four 
factors on the map, it is apparent that cartographer Heer-
ema has, through a beautifully balanced choice of colors, 
created an aesthetically pleasing product.

New insights
In the eighties a new generation of scientists considered 
the legend too restrictive. This is not surprising as initially 
(in the 1960s) not all landscape types had been analysed to 
the same detail. The landscape of the cover sand-area had 
been analysed best, but Limburg and the coastal plain had 
received considerably less attention. The 1:10,000 altitude 
map became available as a new tool. It created a new 
inventory of altitude points in the country. Manual drawing 
of contour lines allowed an analysis that created new points 
of view. New units that until then had been described only 
briefly on the printed maps were now added to the legend 
and afterwards were incorporated in a separate memoir to 
the maps. Due to the incorporation of the 1:10,000 altitude 
maps we can now recognize large-scale patterns that hu-
mans cannot recognise. This adds another dimension to our 
knowledge of the formation of our landscapes.   

Netherlands were made from these pictures using gradations 
of grey reflecting differences in soil moisture.

NEBO map
In this way Edelman developed a real ‘helicopter view’ of 
the Dutch landscape. During the first International Congress 
on Soil Science in 1950 he could present the predecessor of 
a soil map of The Netherlands. In a short time he made an 
acceptable map at a scale of 1:400,000, making intensive 
use of geomorphology with minimal surveying efforts. 
The next generation map was prepared in 1961 at a scale 
of 1:200,000, and was at the initiative of the Commission 
on Agriculture Water Management (Commissie Onderzoek 
Landbouwwaterhuishouding Nederland, the COLN commis-
sion). An elaborated explanation followed in 1965 and the 
NEBO map (NEderlandse BOdemkaart, Netherlands soilmap) 
was created. Surveying efforts delivered data, but outlines 
on the maps came from geomorphology.  In those days field 
workers were generally excellent observers, and landscapes 
were more easily interpreted, because the land leveling, 
done during later re-allotment  (herverkaveling) programs, 
had not yet destroyed the original morphology.
Publication of the map was followed by provincial books 
that were little more than first explanations of the maps. 
These books described both geology and soils, especially the 
latter, characteristics of which were expressed in measures 
and numbers. They made the distinction between soil 
quality for agriculture, horticulture and forestry.  Units of the 
map, geomorphologically distinct, were defined morpho-
metrically as well as possible.

Inter-institutional collaboration: RGD-Stiboka
The need in society for more details on soil applications was 
growing. This resulted in several maps at the 1:50,000 scale. 
It is not surprising that mapping in more and more detail 
resulted in differences of opinion. The people for whom 
the soil map itself was the objective wanted a classifica-
tion of soils, i.e. morphometry. However, to avoid losing 
information on topographic details, it was decided that an 
inventory should be made of geomorphological details. The 
geomorphological approach to mapping had proved useful 
earlier. Therefore it was decided that Stiboka (Stichting 
BodemKartering, the Foundation for Soil Mapping, later 
Alterra) and the Geological Survey of The Netherlands (RGD) 
should be joint producers of the maps, which should show 

Figures 5-9. Different maps developed for the surface geomorphological map: a-soil map, b-geomorphological map, c-geological map, d-map based on photo 
altimetry. All maps show the area with ice-pushed sediments of the Drente Formation in the eastern Netherlands. 

a b c d
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detailed depth information of the shallow subsurface (down 
to a few tens of meters) and the changing views on the 
Quaternary geological framework. In the same period the 
Ministry of Agriculture initiated a nation-wide soil mapping 
programme, carried out by Stiboka (see previous section). 
The soil map aimed at providing detailed information only 
down to depths of about 1.20 m, in contrast to the few tens 
of meters of the geological mapping. 
As a result of the reconstruction activities and economic 
growth after World War II use of the subsurface and natural 
resources (e.g. groundwater extraction, mineral resources, 
large infrastructural projects) increased. This clearly empha-
sised the need for more and more detailed information on 
the subsurface. As a result the mission of the Geological Sur-
vey was revised in 1948 and its main tasks were extended. 
New plans were made for a geological mapping and survey-
ing program that should give detailed information to depths 
of about 100 m, still in the range of the current so-called 
shallow subsurface mapping (0-500 m).
In 1949 J.D. de Jong - at that time head of the mapping de-
partment - started preparations for a new legend to accom-
pany the new 1:50,000 scale geological mapping program. 
One year later the Geological Survey was granted a subsidy 
by the Netherlands Organisation for the Advancement of 
Pure Scientific Research (ZWO) to set up an exploratory 
mapping exercise. This experimental mapping was carried 
out between 1950 and 1956 and concentrated mainly on the 
Holocene deposits in the coastal plain between The Hague 
and Rotterdam: the Westland. In the meantime a gradual 
increase of the Survey’s yearly budget allowed employment 
of more staff and it was planned to execute the nation-
wide mapping from a number of regional offices. From 
1956 onwards the Geological Survey could develop a firm 
mapping program with a totally new approach, not only by 
mapping the surface deposits but also by using information 
recovered from (shallow) borehole data. The basic plans for 
the field survey comprised the execution of a minimum of 
9 shallow boreholes per km2. The boreholes were drilled 
manually and reached depths of about 6 m in the clay and 
peat areas of the coastal and fluvial plain and about 4 m in 
the areas with sandy Pleistocene deposits at the surface. In 
addition mechanical driven boreholes down to about 30 m 
depth were drilled with a density of 1 per 2-3 km2. In the 
coastal plain these data were aimed at mapping the top of 
the Pleistocene deposits, which are overlain by a wedge of 
Holocene clastic deposits with intercalated peat layers. In 
addition, each map sheet was supported by a number of 
deeper boreholes - up to about 60 or 100 m – in order to 
get more insight into the Pleistocene stratigraphy and the 
most important groundwater and mineral resources. Apart 
from the borehole data produced by the Geological Survey 
much effort was put into collecting borehole data from third 

Inventory of altitude points and reshaping of  
The Netherlands 
At the beginning of the 1990s, government financial cut-
backs resulted in less staff and fewer projects. The RGD 
thought of a creative and politically correct solution (sic). 
They did not lay staff off, but they ended the cooperation 
with Stiboka, and so opted for their own interest. This 
stopped the basic funding for the geomorphological maps. 
Cut-backs were also applied by users, which triggered a 
reduction in externally financed projects. At the Staring 
Centre, the successor of Stiboka and predecessor of Alterra, 
the future of the mapping program was discussed. The 
program had almost fulfilled its objective since almost 90% 
of the country had been mapped. Fortunately management 
decided to maintain the existing knowledge base, and staff 
made use of any means possible to continue the efforts, 
albeit slowly. No new maps were printed.  
Outside the actual mapping program, other aspects of ap-
plied research were less hurt by financial cut-backs, and 
demanded geomorphological input. Therefore the reason 
for the existence of the program still existed. The most 
important reasons to continue the service came from issues 
such as restoring old meandering streams, cultural and his-
torical research, and research on ‘aardkundige waarden’, 
earth-scientific values.  
The reaction of society to the progressive developments in 
landscaping during the 1960s and the 1970s has resulted in 
renewed interest in country-wide overviews. Because rural 
planning is approached at different levels, a geomorpho-
logical basis is much needed. The latest and third version 
of the ‘national altitude inventory’ is the digital Actual 
Altitude database of The Netherlands (AHN, fig. 5-9d). This 
seems to obviate the need for fieldwork. Blank patches 
remaining from the former mapping efforts can be filled out 
at Alterra by applying the AHN data, thus creating a country 
wide overview much more rapidly than with the paper 
predecessors.   
The synergy that was lost during the seventies may have 
been restored, although collaboration between the various 
institutes may continue to be difficult. The question that 
may cross the mind is whether this new synergy, that is 
based on a digital world and removes us from the actual 
field observations, will not create too much a fictitious 
world.   

The second generation 1:50,000 maps  
(1953 - 2000) – adding the third dimension 
wim weSterhoff

Soon after World War II, when the 1:50,000 geological map 
of Tesch was nearly complete, the Geological Survey took 
the initiative to start a new geological mapping programme 
at the same scale. The main reasons were the need for more 

Knick points and relief catego-
ries on maps were identified 
by actual field activities. Other 
features were added in the of-
fice. Hardly any new research 
took place, as production had 
become the first priority. On av-
erage every year two maps were 
printed and issued, without 

explanatory notes.
However: as they say, every 
advantage has its disadvantage. 
Treating geomorphology, soils 
and geology separately, each 
with its own different speed of 
drawing, had as result that the 
desired synergy of map design 
was not achieved. This problem 

was aggravated by the fact that 
too many people with differing 
personal objectives and without 
the same commitment as Edel-
man were involved. The geo-
morphological maps achieved a 
place in the market, however. 
There was much demand for 
them among land manage-

ment services at a provincial 
level as well as at other levels 
of government such as those 
related to regional planning, 
land re-allocation programs, 
and forestry. Maps were made 
of the entire provinces of North 
Brabant, Limburg and Friesland 
in response to the demand.  

balanCe between produCtivity and reSearCh
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an overview of published maps and shows the areas for 
which the field survey based on shallow boreholes have 
been completed. The geological map of Goeree-Overflakkee 
was the first completed map sheet of the series and was 
published in 1965. The maps of 34W, and 34O/35 were pub-
lished without the explanatory booklet and formed the last 
formally published part of the second generation geological 
map 1:50,000.   

From field to office (1990-2003) - from analogue  
to digital
Jeroen SChokker

Already as early as at the beginning of the 1980s, the RGD 
realised that converting paper borehole descriptions to 
a digital format would enhance the potential use of the 

parties. Especially the cooperation with water companies 
has resulted in the incorporation of many reliable data 
points and made it possible to extend the survey to a depth 
of 500 m and more. In parts of the country this is related to 
the base of fresh groundwater occurrences.
At the same time, other research focussed on a better 
understanding of the Holocene development of the Dutch 
coastal plain. This resulted in Jelgersma’s outstanding thesis 
on Holocene sea-level rise (see also 5.4) and improved 
insight into the sedimentary and palaeogeographical devel-
opment of the Holocene coastal plain. Such studies proved 
extremely useful to the detail of the geological maps. 
Less attention was paid to detailing the legend for the 
sandy areas outside the Holocene coastal and fluvial plains 
(see below). The morphostratigraphical approach of Tesch 
was abandoned and stratigraphical thinking was strongly 
influenced by the palaeontological subdivisions introduced 
by Van der Vlerk and Florschütz. At the highest level the 
lithostratigraphical formations were arranged according to 
their main depositional domain, i.e. fluvial, marine, glacial, 
and local deposits (Doppert and co.). Lithology and heavy 
mineral characteristics formed the basic elements defining 
the formations. Subsequently, pollen analysis and other 
micro-palaeontological data were used to define the age of 
the deposits. Eventually this has led to a complex inter-
mingling of litho-, bio-, and chronostratigraphy, as was a 
trend in Quaternary mapping in many other countries in the 
course of the 20th century. 
The subdivision of the geological map coincides with 
the topographical map sheets at 1:50,000 (fig. 5-10) and 
differs from the one used at the time the Tesch-map was 
produced. There are 62 map sheets, each consisting of a 
west (W) and east (O) sheet. Combined sheets occur in the 
south-western part of The Netherlands, around the Wadden 
Sea and along the state border. A completed geological map 
consists of a geological surface map at 1:50,000, 4 subsidiary 
maps at 1:100,000, several cross-sections, and an explana-
tory booklet which gives information on the geological 
composition and evolution of the area. Fig. 5-10 provides 

In the 1950s much attention was 
paid to the methods of mapping 
and visualisation that could be 
applied to the whole sequence of 
deposits in the Holocene coastal 
plain. The aim was to develop a 
legend for mapping the complex 
pattern of clastic deposits and 
intercalated peat beds of the 
Holocene coastal wedge, and 
which gave insight into the gen-
esis and spatial distribution of 
the deposits. In 1957, Bob Hage-
man (who would become later 
director of the RGD) presented a 
proposal for the so-called profile-
type legend.
This legend made it possible to 
produce geological maps with a 
semi 3-dimensional content. This 
proposal was later described in 
detail in publications by De Jong 
& Hageman and Hageman. From 

annual reports of the Geological 
Survey and related correspond-
ence it became clear that during 

the development and application 
of this legend for the Holocene 
strata, a shift took place from a 

pure lithostratigraphical ap-
proach to a legend with strong 
bio- and chronostratigraphical 
constraints. Descriptions of the 
legend for Holocene strata by 
Van der Heide and Hageman 
illustrate this shift. This opened 
up a discussion on whether the 
legend should be based on pure 
lithostratigraphical or chron-
ostratigraphical approaches 
or perhaps on a combination 
of both (Weerts and co.). The 
profile-type system and the 
wish to give as much informa-
tion as possible demanded high 
standards of cartographic design 
for the maps, and a skilful team 
of cartographers succeeded in 
producing a map of such high 
quality that they received an 
award from The Netherlands 
Cartographic Society. 

the profile-type legend

Fragment of the second generation geological map 1:50,000.  
The fragment shown is a part of Voorne-Putten in the province of Zuid-
Holland (SW-Netherlands). In the left-hand corner the main principle of the 
profile-type is graphically explained, e.g. type-A: clastic deposit on top of 
peat (black in the column) that is underlain by another clastic deposit.

Fig. 5-10. Overview of produced map sheets of the second  
generation geological map 1:50,000.
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a market and demand-driven environment. This all 
played a role in the decision to stop with the traditional 
mapping products. As a result the geological 1:50,000 
surface map has been finished for only about half of the 
country’s territory (see fig. 5-10). In comparison to 60 
years ago some might conclude that this is ‘unworthy of 
a civilised nation’ (Van Panhuis). On the other hand the 
major shift to providing the society with digital geologi-
cal data, information and knowledge has brought the 
RGD into challenging new developments. 
Concentration on application and efficiency caused a 
critical evaluation of all aspects of the former RGD. This 
led to the reduction and finally to the outsourcing of in-
house drilling teams and drilling equipment and a firm 
shake-out of laboratory disciplines. Simultaneously, the 
physical concentration of the institute at a new locality 
in De Uithof also formed the start of more intensive 
co-operation with the Faculty of Geosciences of Utrecht 
University next-door (fig. 5-13)
Already in 1999, NITG-TNO started with its first national 
and nation-wide digital mapping program, called DGM 
(Digital Geological Model). The first step was to create a 
new lithostratigraphic scheme for the shallow subsur-
face of The Netherlands, applicable when dealing with 
large datasets and applied geological questions. The 
new scheme divides all Dutch Quaternary and Tertiary 
deposits into four major groups: marine deposits, fluvial 
deposits, aeolian deposits and glaciogenic deposits 
(fig.5-14). 

data and would also greatly improve the efficiency of 
the mapping process. A start was made to digitise all the 
hundreds-of-thousands of written and typed-out bore-
hole descriptions and to store them as ‘text strings’ in the 
sequential database. Applications were developed to auto-
mate simple tasks, such as constructing cross sections and 
plotting depth maps. However, the real revolution took 
place in 1997, when all borehole data (approx. 400,000 
borings) were stored in the relational database DINO (Data 
and Information of The Netherlands, Subsurface; Data en 
Informatie van de Nederlandse Ondergrond). From that 
time onward, it became possible to query the data in al-
most every way and to quickly answer new questions (fig. 
5-11). Such new questions were more and more related to 
large infrastructural projects commissioned by the Dutch 
government. After high river discharges in 1993 and 1995, 
with fear for massive dyke breaching and large-scale inun-
dation along the Rhine and Meuse rivers, the government 
started several projects to increase river safety, such as 
Maaswerken, Pannerdense Kop, IJsselkop and Ruimte voor 
de Rivier (‘Room for the River). These projects included 
river widening and associated massive sediment extraction. 
For NITG-TNO this meant both describing massive amounts 
of new core material and making detailed predictions of 
the lithology of the sediments to be extracted. The digital 
database enabled the large amount of data to be queried 
quickly and to visualise the interpreted information in com-
prehensive ways (fig. 5-12).

Concentration on application
In the year 2000, after a long debate and several attempts 
to alter the structure and organisation of the 1:50,000 
mapping program it was decided to stop the production 
and publication of paper printed geological maps. One of 
the reasons was the need for numerically designed 2.5D 
(see column) and 3D subsurface models that can provide 
nation-wide geological information, but that also can be 
zoomed in to regional or even local scales. Furthermore, 
digital models are highly suitable for descriptions or pre-
dictions of the temporal and spatial variability of subsur-
face properties and can be updated relatively easily. 
The need to make geological data and information more 
readily applicable to various kinds of practical research 
(geohydrology, geotechnics etc.) formed an additional 
argument for shifting from paper printed to digital and 
custom-made products. The RGD faced budget cuts, a firm 
restructuring, and positioning outside the civil services in 

Fig. 5-12. Lithological profile of the IJsselkop area. Green: fine-grained 
sediments, purple: coarse-grained sediments. 

Fig. 5-13. The NITG-building in the Uithof, Utrecht.

2d verSuS 3d mapping
The term 2.5D is used at TNO 

when the spatial model is 

made of stacked 2D surfaces, 

the so-called ‘flying carpets’. 

Only when information is 

available in between these 2D 

surfaces, so in every point with 

an x, y and z-coordinate, can 

one speak of a true 3D model.

Figure 5-11. “Let’s make an atlas!” The first steps into the digital 
era in practice.
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The Late Pleistocene and 
Holocene evolution of the 
Rhine-Meuse delta in the cen-
tral part of The Netherlands 
has for a long time been exten-
sively studied by the Depart-
ment of Physical Geography, 
Utrecht University. 
Research started in 1959 when 
a field course was initiated for 
undergraduate students under 
the supervision of Jan van 
Rossum. The course consisted 
of soil mapping using hand-
coring equipment, and closely 
followed the tradition of the 
Wageningen soil scientists, 
like Edelman, Hoeksema and 
Pons. There were relatively 
few students at that time and 
progress was slow. In 1973 Henk 
Berendsen took over supervi-
sion, and gradually changed 
the field program into a course 
in geomorphological-geological 
mapping, with a standard 
legend, deeper coring depths 
and standard core descrip-
tions. New coring methods 
were introduced, as well as 
14C dating, which stimulated 
research on delta evolution  
that began to evolve around 
the field course in 1975. The 
number of students increased 
steadily, which speeded up the 
accumulation of data. 
In 1982 the influential PhD 
thesis of Henk Berendsen on 
the Holocene fluvial geomor-
phological development of 
the southwestern part of the 
province of Utrecht appeared, 
followed in 1986 by his study of 
the landscape of the Bommel-
erwaard. In 1989 the computer 
was introduced in the field 
course, enhancing storage 
and analysis of the borehole 
data. In the 1990’s the work 
in the Holocene Rhine-Meuse 
delta became internationally 
known, with the start of a 
series of PhD studies focusing 
on thematical aspects of delta 
evolution and the publication 
of an increasing number of 
scientific papers. 
In 2001 a book was published 
on the palaeogeographic devel-
opment of the Holocene Rhine-
Meuse delta together with a 
geological-geomorphological 
map. A detailed overview of 
the history of geological map-

ping up to until 2005 was  
given by Berendsen (2007). 
Nowadays mapping of the 
Rhine-Meuse delta continues 
within the context of the 
research programme ‘Delta 
Evolution’ and of MSc. and 
BSc. teaching activities. Since 
1993 approximately 20 PhD-
theses and postdoc projects 
have been carried out and have 
increased the understanding 
of the architectural build-up 
and formative processes of the 
Rhine-Meuse delta. Mapping 
has improved and the covered 
area extended, to include even 
into the Lower Rhine area in 
Germany. The results are now 
more accurate thanks to the 

use of Lidar elevation data 
(www.ahn.nl) and improved 
inter-institute (University 
Utrecht, TNO and Deltares) 
geo-information management 
and exchange (scale 1:5000 
delta-wide!).
Thanks to the long-term ef-
fort of data-collection and 
mapping, a unique database 
comprising over 200,000 litho-
logical borehole descriptions 
has been developed. Since 1999 
14C-dates, OSL-dates, archaeo-
logical dates, age reconstruc-
tions and location of channel 
belts, Late Pleistocene and 
Holocene palaeogeographic 
development (channel-belt 
network evolution), deltaic 

architecture and sediment 
budgets, are all stored in a 
Geological Information System 
(GIS). The database is unique 
in the world. It forms the basis 
of the Delta Evolution research 
programme and serves a wide 
range of academic and applied 
research. A continued effort 
will be made in the years 
ahead to digitise the remain-
ing data, update mapping and 
improve dating control, and 
so to increase our insight into 
delta evolution.

mapping of the holoCene rhine-meuSe delta - the ‘berendSen map’
eSther Stouthamer, wim hoek and kim Cohen

The Rhine-Meuse delta in the central part of The Netherlands, with the distribution, age of abandonment, and network 
evolution of Holocene fluvial channel belts.
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has been updated several times. It is the first nationwide 
geological model of the shallow subsurface and testifies to 
the fact that for the first time in many decades, one might 
say since Tesch, a whole country wide mapping programme 
has been brought to a successful end.

The REgional Geohydrological Information System
The REgional Geohydrological Information System (REGIS) 
emerged from separate mapping tasks commissioned by the 
Provinces in collaboration with the Directorate-General for 
Public Works and Water Management and TNO. REGIS is the 
digital successor of the Groundwater Map of The Nether-
lands, published in the 1980s by TNO (see also Groundwater 
surveys).
The first model was constructed in the early 1990s with the 
support of ten provincial authorities. The current model 
(REGIS II) employs the lithostratigraphical units of the 
DGM as a framework for defining new units with uniform 
hydrological characteristics (hydrogeological units; Vernes 
and Van Doorn). The model uses the same dataset of 
~16.500 boreholes as used in DGM, (fig. 5-16). Representa-
tive values for hydrological parameters are calculated and 
assigned to the hydrogeological units, making it suitable for 
groundwater modelling at a regional scale. The creation of 
REGIS II was supported by RIZA (Rijksinstituut voor Integraal 
Zoetwaterbeheer en Afvalwaterbehandeling, the Institute 

The digital period (2000 till present) : modelling the 
subsurface 
Jan Stafleu and freek buSSCherS

TNO - Geological Survey of The Netherlands started to 
develop regional-scale digital hydrogeological and geologi-
cal subsurface models from the beginning of the 1990s 
onwards. To date, three models are available, providing 
information on the subsurface (DGM, REGIS II and GeoTOP 
models), each with its own specific scales and application 
areas. All of these models use digital borehole descriptions 
stored in the DINO digital archive of subsurface data of The 
Netherlands developed and maintained by TNO (www.
dinoloket.nl).

Digital Geological Model
The Digital Geological Model (DGM), constructed using a set 
of ~16,500 uniformly interpreted boreholes, is a 3D stacked-
layer lithostratigraphical model of the entire onshore part 
of The Netherlands down to a depth of 500 m (fig. 5-15). It 
consists of a series of raster layers in which each geological 
formation is represented by estimates of the top, bottom 
and thickness (Gunnink and co.). The model includes a 
tectonic framework obtained from seismic information and 
previous mapping results. The formations mapped in the 
model are based on the newly developed stratigraphical 
nomenclature (fig. 5.14). Following its first release, DGM 

Fig. 5-14. New stratigraphic schedule ( TNO-Geologische Dienst van Nederland).

olga and regiS:  
tno goeS digital
Digital groundwater mapping 

had already started at TNO in 

the early 1990s, as a follow-

up to the Dienst Grondwater 

Verkenning DGV-mapping 

programme that had resulted 

in the analogue paper maps 

known as the Groundwater 

Map of The Netherlands 

(Grondwaterkaart Nederland, 

see below). This digital map-

ping resulted in REGIS, the RE-

gional Geohydrological Infor-

mation System. TNO started its 

digital groundwater database 

OLGA (Online Groundwater 

Archive) in 1987. With over 50 

million groundwater heads, 

it formed and still forms the 

groundwater backbone of the 

DINO database.
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ter reflecting the main zone of current Dutch subsurface 
activity (Stafleu et al., 2009). The model provides estimates 
of lithostratigraphy and lithology (including grain-size 
classes), as well as physical and chemical parameters, 
such as hydraulic conductivity and chemical element 
concentrations (fig. 5-17 and 5-18). It provides a basis for 
answering subsurface related questions about, amongst 
other things, groundwater management and infrastruc-
tural issues. Modelling is carried out per province using 
all available digital borehole descriptions, components of 
the DGM model and a context of geological maps created 
during the last few decades (e.g. 1:50,000 map sheets and 
channel belt mapping). An important component of the 
GeoTOP model workflow is that all database boreholes are 
stratigraphically interpreted using an automated procedure. 
This procedure delivers a set of uniformly and objectively 
interpreted boreholes that are used in the subsequent 
modelling stages. The Holocene deposits are modelled in 
great detail using a framework of lithostratigraphical units 
(down to the bed level) and lithofacies units such as sandy 
channel-belt deposits. To date, the GeoTOP model is avail-
able for the provinces in the southwest of the country. TNO 
is currently extending the model towards the other parts of 
The Netherlands. Meanwhile, a low resolution voxelmodel 
called NL3D has been constructed to serve users in areas 
that lack GeoTOP coverage. 

Groundwater surveys 
Jan-anne boSwinkel

Hydrological research in The Netherlands has its origin in 
the struggle to survive the threats from high (surface) water 
levels. Consequently research has mostly been directed at 
development of measures for water management (water-
huishouding) in general; water discharge and water levels 
in the rivers and later on the discharge of excess water from 
polder areas and artificial drainage.
Geo-hydrological or hydro-geological research (depend-
ing on the background of the researchers) was developed 
later. Although Aristotle already spoke about groundwater, 
it was not until the 16th century that more was published 
about groundwater occurrence by, amongst others, Simon 
Stevin (1548-1620), Pierre Perrault (1608-1680) and Edmé 
Mariotte (1620-1684), as mentioned by De Vries. In the 19th 
century the movement of groundwater also became subject 
of research; an important milestone was the formulation of 
groundwater flow in porous media by Henri Darcy (1803-
1859). 
In The Netherlands, due to the establishment at the end of 
the 19th century of several water supply locations, infor-
mation led to new insights. An important pioneer in the 
beginning of the 20th  century was J.M.K. Pennink (1854-
1936), managing director of the Amsterdam Water Supply 
company, who obtained important results with investiga-
tions in the coastal dunes as water supply areas.
Soon it became clear that these scattered local results 
were not sufficient to obtain a nationwide insight into the 
geohydrological situation, needed for the establishment of 
more water supply areas. Based on a hydrologic research 
programme for Belgium, formulated by the Société Belge 
de Géologie in 1888, the Dutch geographer F.E.L. Veeren 
published in 1891 a plan for a similar systematic study for 
The Netherlands. Its objective was to include data collection 
about the horizontal extension of the groundwater, the 
direction and velocity of groundwater flow, the relation 
between groundwater levels and river levels, groundwater 

for Fresh water and Sewer-water Treatment) and all twelve 
provinces. REGIS II represents the first nation-wide geohy-
drological mapping of the groundwater bearing upper part 
(0-500m) of The Netherlands and, together with DGM it 
places The Netherlands in an internationally acknowledged 
unique position.

GeoTOP - 3D model of the upper 30 m
GeoTOP is the latest generation of Dutch subsurface models 
at TNO - Geological Survey of The Netherlands. GeoTOP 
schematises the shallow subsurface in millions of voxels 
of 100 by 100 by 0.5 m down to a depth of 30 m, the lat-

Fig. 5-16. 3D view through DGM (A) and REGIS II (B) of Zuid-Limburg.

Fig. 5-15. Cross-sections through the Digital Geological Model of the entire onshore part of  
The Netherlands down to a depth of 500 meters. Colours represent geological formations.

 J.M.K. Pennink (1854-1936)
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recharge and the influence of the climate on water level 
fluctuations (Krul).
In 1913 the Governmental Institute for Drinking Water Supply 
(Rijksbureau voor Drinkwatervoorziening, RBD) was estab-
lished by Koninklijk Besluit (Royal Decree). Its task included 
the collection and processing of all data that could be 
important for the water supply, including all hydrological 
data of the Dutch subsurface. This meant that both geologi-
cal and hydrological data were collected, and this resulted 
in a close cooperation between the RBD and the RGD: J.F. 
Steenhuis, geologist at the RGD became the geological 
adviser at the RBD, being the formal link between the two 
governmental bodies. This resulted in the processing and 
publication of the geohydrological archives of the RBD in a 
number of ‘Geo- and hydrological considerations’ of differ-
ent provinces.
Throughout the years it became obvious that the increas-
ing importance of hydrological research needed efficient 
coordination. Because of the historical development of 
research under the responsibility of various ministries 
(agriculture, drinking water supply, water management), 
the concentration of the coordination under one single 
Ministry was expected to be difficult. Discussions between 
representatives of TNO and various government agencies 
like the Rijksinstituut voor Drinkwatervoorziening (RID), 
Rijkswaterstaat (RWS) and the Waterloopkundig Labora-
torium resulted in an inventory of authorities involved in 
hydrological research. In February 1946 the Commission for 
Hydrological Research TNO (Commissie Hydrologisch Onder-
zoek, CHO-TNO) was established, made up of representa-
tives of these authorities.
Under the auspices of CHO-TNO technical meetings were 
organised, where the various technical aspects and societal 
needs of hydrology were presented and discussed. This 
resulted in the establishment of bodies for geohydrological 
research and surveys: Archives for Groundwater 
Levels TNO (1948) and the Working Group Geo-electrical 
Research TNO (1954). In November 1963 a technical meeting 
on geohydrological mapping was held. In August 1965 this 
resulted in the assignment by the Ministry of Transport, 
Public Works and Watermanagement for TNO to prepare the 
nationwide groundwater map of The Netherlands (Ministry 
of V&W, 1965). For this purpose TNO established in 1967 
the Groundwater Survey TNO (Dienst Grondwaterverken-
ning TNO, DGV), in which the Archives for Groundwater 
Levels TNO and the Working Group Geo-electrical Research 
TNO were incorporated. Its tasks were (1) the systematic 
collection of groundwater data, the processing of these 
data and the construction of groundwater maps on a scale 
1:50,000 - this was intended to support the appropriate 
and sustainable use and management of the groundwater 
in The Netherlands, and (2) the establishment of a Central 
Geohydrological Archive to ‘archive and manage all present 
and future groundwater data, thus preventing the loss 
of valuable information and the repetition of expensive 
investigations’. 
As a number of institutes and water supply companies were 
already involved in groundwater investigations, it was ob-
vious that mapping must be done in close cooperation with 
these institutes and companies as well, of course, as with 
the close cooperation with the RGD, as for most geohydro-
logical problems knowledge of the subsurface is essential.
The first 1:50,000 groundwater map was published in 
1970. In order to gain a faster overview of the groundwater 
situation of The Netherlands, it was decided to start with a 

Fig. 5-17. Part of the GeoTOP model showing the lithostratigraphical units in the upper 30 meters 
of the subsurface of The Hague and Leiden. 

Fig. 5-18. Part of the GeoTOP model showing lithology and grain-size classes in the upper 30 me-
ters of the subsurface of The Hague and Leiden. 

preliminary map. This first phase of preliminary groundwa-
ter mapping was completed in 1990.
For a long time investigations and mapping were domi-
nated by the analysis of groundwater levels and pressures. 
Once it was recognised that the main problem relating to 
pollution of the subsurface was groundwater flow, and that 
vegetation is very sensitive to the quality of the groundwa-
ter, analysis of the flow patterns became more important. 
Based on the flow system analysis of J. Tóth in the 1960s, 
Ben Engelen promoted this approach in The Netherlands 
in the 1980s. The concepts of nested groundwater flow 
systems were elaborated both in mapping activities and in 
computer simulations (fig. 5-19).
As all groundwater maps and the underlying data were 
only available on paper, updating of maps and models was   
done manually and was very time-consuming. In the 1980s 
it was recognised that a digital database was indispensable 
for fast interactive updating of maps with new field infor-
mation and for automated pre-processing of groundwater 
model input. Finally this resulted in the REgional Geohy-
drological Information System concept, see above.
Increases in both data supply and information require-
ments, together with a fragmented nature of research 
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institutes involved in (geo)hydrology in The Netherlands, 
prompted CHO-TNO in 1984 to establish a study group to 
investigate the cooperation on information supply between 
geologists, soil scientists and hydrologists (Samenwerking 
bij de verstrekking van Aardkundige Gegevens, SAG). In a 
follow-up study (SAG II, Samenwerkingsverband Aard-
kundige Gegevensverstrekkende Instituten), the RGD, the 
TNO Institute for Applied Geoscience (formerly Groundwater 
Survey TNO), the National Institute for Public Health and the 
Environment (RIVM) and the Staring Centre (the former or-
ganisation for soil mapping, now called Alterra), agreements 
were made for demarcation of responsibilities, exchange of 
data and data supply.
In 1997 the TNO Institute of Applied Geosciences and the RGD 
merged into The Netherlands Institute of Applied Geoscienc-
es TNO (NITG-TNO). This resulted in improved data storage 
and data- and information supply. An integrated informa-
tion system with geological and geohydrological data was 
made available: DINO (Data en Informatie Nederlandse On-
dergrond, Data and Information of the Dutch Subsurface). 
The creation of this institute also gave an impulse to the 
strengthening of the geological base in REGIS (see above). 
In years to come the geological and geohydrological data 
of TNO (DINO) and the soil information of Alterra (Bodem 
Informatie Systeem, BIS) will be combined in the new key 
register for subsurface data (Basis Registratie Ondergrond, 
BRO). BRO has been initiated and is owned by the new 
Ministry of Infrastructure and Environment and comprises 
a central database with comprehensive data on the soil 
and subsurface, freely accessible for everybody; this means 
a further broadening and implementation of the Central 
Geohydrological Archive, as foreseen by CHO-TNO in 1965. 
TNO will be the manager/administrator of this BRO system.
The developments in groundwater research and mapping 
in The Netherlands throughout the years have provided the 
base for international cooperation in groundwater mapping 
and supply of information. 
Based on proposals made at the 1999 congress of the World 

Meteorological Organisation (WMO), the Dutch National 
Committee of the International Hydrological Programme 
took the initiative for the establishment of an international 
groundwater centre in The Netherlands in 2000. In 2003 
this International Groundwater Resources Assessment Centre 
(IGRAC) was formed under the auspices of the water pro-
grammes of UNESCO and WMO. IGRAC was originally placed 
with NITG-TNO; recently (2011) it has become an independ-
ent foundation financed by the Dutch government and 
linked with the UNESCO-IHE Institute for Water Education, 
where it will be based from 2012 onwards. IGRAC supplies 
products and services for international groundwater profes-
sionals in support of a better use and management of the 
world groundwater resources.

The Eemian stratotype:
from Système Eemien to MIS 5e 
aleid boSCh

The story of the Eemian starts round 1850. Pieter Harting, a 
physician charged by the municipal authorities of Amster-
dam with finding high quality drinking water, published 
a detailed description of boreholes made in the centre 
of Amsterdam. These had yielded an interesting fauna 
of marine shells, with several species not seen on Dutch 
shores at present. Twenty years later, after an investigation 
in Amersfoort where similar species were recovered, he 
compared the composition of the fauna with malacological 
classifications of the surrounding countries, among which 
Dumont’s classification of the Belgian Pliocene. Conclud-
ing that the faunas of Amsterdam and Amersfoort had no 
earlier-defined parallel he proposed the term ‘systeme 
eemien’ (Eemstelsel), named after the small river Eem at 
Amersfoort). Similar shell species were recovered from bore-
holes in northern Germany and Denmark. Early palynologi-
cal work in Denmark inspired Vermeer-Louman to analyse 
Eemian peats for her PhD. study. Later, Zagwijn published 
the standard palynological zonation for the Eemian of The 
Netherlands.

groundwater 
knowledge: exported 
abroad
Over the years scientists of 

TNO-DGV, TNO-NITG and 

Deltares have used their 

geohydrological experience in 

third world countries such as 

Kenia, Sudan, India, Pakistan, 

Ethiopia, Somalia and Yemen, 

where the war on drought has 

been supported by the Dutch 

government. The Philipines, 

Bolivia, Paraguay, Syria and 

Mongolia have been assisted 

in developing monitoring 

networks, databases, ground-

water management plans 

etc. In South Africa a total 

groundwater management 

system for the entire country 

was developed in cooperation 

with the Department of Water 

Affairs and Forestry.

In 2003-2008, Chinese geo-

hydrologists were trained in a 

major Sino-Dutch develop-

ment project. TNO-NITG and 

Unesco-IHE developed, to-

gether with about a hundred 

Chinese scientists, a ground-

water management plan for 

three pilot areas in Urumqi 

(NW-China), Jinan (Central 

China) and the greater Beijing 

area. In addition to local 

investigations, field measure-

ments and mapping, central 

databases were developed in 

the style of the Dutch REGIS 

and DINO projects (see main 

text). On the spot training of 

the Chinese in The Netherlands  

formed an essential part of 

the project, while data loggers 

developed in The Netherlands 

were shipped and installed in 

hundreds of (partially new) 

water wells.

Fig. 5-19. Classical example of Tóth’s flow systems family.
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5.3 The deep subsurface 

5.3.1 The coal mining district of Limburg 
henk pagnier and frank van bergen

Between 1903 and 1923, the State Survey for Minerals 
Exploration (Rijksdienst voor de Opsporing van Delfstoffen, 
ROD) carried out extensive studies. Employees of the ROD, 
e.g. Van Waterschoot van der Gracht, Klein and Reinhold, 
published a large number of specialised geological maps 
that were incorporated in the annual reports (1903 till 1916) 
and in the final report (1918) of the ROD and in annual 
appendices afterwards. This work stimulated govern-
mental interest in coal mining where State Mines were 
involved and all later mapping served the general purpose 
of supporting government (central, provinces and local), 
companies (oil&gas, aggregates, salt etc.) and consult-
ants. Detailed mapping was carried out by consultants or 
oil companies themselves but will not be treated here (see 
ch. 6).
Even after the ROD was closed, work continued. It was 
Van Rummelen, under the supervision of Jongmans, who 
deserves exceptional praise for the geological surveying 
of South Limburg. Thanks to his great diligence a series of 
important geological maps, some of which are contained 

Even at a global scale the Eemian of Northwestern 
Europe is unique. The Subcommission on Quaternary 
Stratigraphy (SQS) of INQUA has undertaken the task of 
formally proposing a global standard stratotype and 
point (GSSP), a so-called golden spike locality, for the 
Middle/Late Pleistocene boundary. In the late 1990s 
TNO-NITG collected new data to support this. A borehole 
was cored down to a depth of nearly 79 meters at the 
IJ in Amsterdam near to the passenger terminal. The 
core contained 35 m of Eemian sediments, the lower 2 
m formed in a fresh water lake, the rest in a brackish to 
salt water environment. Due to the quiet sedimentary 
environment no erosion breaks have been identi-
fied in the fine grained deposits in the core. In 1998 a 
conference was devoted to the Eemian. It resulted in a 
special issue of the Netherlands Journal of Geosciences, 
presenting an overview of knowledge on the Eemian all 
over Europe. From correlation with deep sea sediments it 
is clear that the Eemian corresponds with Marine Isotope 
Stage 5e, about 115-128,000 yr ago.The Subcommission 
Working Group concluded that on no other continent 
has such a complete sequence ever been found: Not 
only the boundary stratotype, but also the history of the 
Last Interglacial has been very well documented in The 
Netherlands. The Eemian is a period as Dutch as polders 
and windmills.

Marine, fluvial and continental depositional environments during the 
Eemian.

With the acceptance of the 
idea, late in the 19th century, 
that The Netherlands had 
been covered by Scandinavian 
land-ice it was clear that the 
Eemian sea entered a landscape 
sculptured by glacial activity. 
Within the glaciated area the 
landscape was characterised by 
deep basins from which the ice 
had excavated and pushed up 
older sediments into ice-pushed 
ridges. After the melting of 
the land ice, these depressions 
acted as large sediment traps. 
The IJssel valley is the best 
example, but before the start of 
the Eemian transgression sedi-
ments of the river Rhine had 
filled it up to a level of about 
10 m below present sea level, 
reaching a maximum thick-
ness of 100 m. At the start of 
the Eemian most of the other 
glacial basins had not collected 
much sediment and over time 
received a thick sequence of 
marine deposits. Outside the 
glacial basins, the Eemian 
transgression was governed by 
the altitude of the ground sur-
face. In the Hunze valley in the 
northern part of The Nether-
lands, a long depression carved 
by ice and meltwater was filled 

by a tidal channel system, leav-
ing thick sandy sequences. Fur-
ther to the west in northwest-
ern Friesland, the glacial till 

could only just be overtopped 
by the seawater. Here a la-
goonal environment persisted 
for quite a long time. The main 

sedimentation basin was 
located in the proto-Vecht val-
ley in the central part of The 
Netherlands. This tidal basin 
was the corridor for the Rhine 
waters to reach the North Sea 
(fig.). In the southwestern part 
of The Netherlands, outside the 
glaciated area, deposits were 
probably formed in a wadden-
type environment. However, in 
the Weichselian period erosion 
has attacked these sediments so 
much that it is difficult to find 
autochthonous material. Most 
of the marine shells found in 
Upper Pleistocene deposits in 
Zuid-Holland and Zeeland are 
interpreted as having been 
reworked in fluvial sediments. 
The river Rhine followed a 
northern course through the 
present IJssel valley reaching 
the coastline north of Zwolle. 
Continental deposits have 
been found locally. A major 
occurrence of ombrotrophic 
peat (soil or vegetation which 
receives all of their water and 
nutrients from precipitation) 
is found at the Peel Horst, an 
area with extensive formation 
of peat during the Holocene as 
well.

the eemian extenSion in the netherlandS
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5.3.2  On- and offshore – seismic  
and well data 
Serge van geSSel

The systematic (nation-wide in contrast to earlier more 
prospect-scale) geological mapping of the deep subsurface 
(i.e. deeper than 500 m below ordnance level) started in 
1985. The Ministry of Economic Affairs then commissioned 
the Geological Survey (RGD) to map the onshore area 
with the aim: “to compile a consistent and regional scale 
geological framework”. Up to that time the emphasis had 
lain on ad-hoc investigation of sandy units and reservoirs 
using the sparse, mostly analogue, well and seismic data 
available.
Deep subsurface mapping became possible in 1985 with an 
agreement with NOGEPA (Netherlands Oil and Gas Explora-
tion and Production Association) to use, under certain 
conditions, confidential data acquired by the industry. For 
onshore concession areas this concerns data older than 5 
years while the confidentiality period for the rest of the 
onshore and the offshore data extends to 10 years. Later, in 
2003, a revised mining legislation loosened the confiden-
tiality provisions by granting free public access to all data 
older than 5 years.
In the period between 1985 and 2004 a team, dedicated 
to deep subsurface mapping, was formed within RGD and 
its successor TNO-NITG and produced 15 map sheets of 60 
by 75 km in size, at a scale of 1:250,000, covering the entire 

in the report ‘Water production in South Limburg’, were 
published in 1941. In 1942 two further map sheets (II and 
IV) were published. They formed part of the map sheet 
‘Heerlen’ of the Tesch Geological Map of The Netherlands, 
at the 1:50,000 scale. Unfortunately only one main sheet 
of this excellent map (the sheet as a rule contained main 
and side maps) appeared, showing the formations at the 
surface. 
The following detailed maps for the Carboniferous have 
been published since 1942: 
Sax (1946): Tectonic overview of the surface of the 
Carboniferous in the South Limburg Mining Area, scale 
1:30,000. 
Patijn and Kimpe (1961): Overview of the Carboniferous 
surface of the Limburg Mining Area, scale 1:25.000. 
Kimpe, E.A. (1978) Palaeozoic abrasion surface east of the 
Brabant Massif, scale 1:50,000. Basal Post-Carboniferous 
deposits on the Palaeozoic surface, scale 1:50,000.
The establishment of the Geological Foundation (Geolo-
gische Stichting) and later the Geological Survey of The 
Netherlands (Rijks Geologische Dienst, RGD) enabled the 
mapping of the whole of The Netherlands (see also sec-
tion 5.2.2). 1980 saw the publication of the Heerlen Sheet 
(62W eastern half, 62O western half) at 1:50,000 scale by 
O.S. Kuyl, assisted by Werner Felder and Peter Bosch. The 
comprehensive explanation (206 pages) provides, to date, 
the most detailed description of the geology of South 
Limburg from the Carboniferous to the Holocene. A good 
deal of attention also focuses on the tectonics, hydroge-
ology and minerals found in the area, like coal, lignite, 
limestone, sand and gravel.
Sheet 61, Sittard-Maastricht, was never published. 
However, a set of compilation maps of the geology of 
South Limburg has been made under the supervision of 
Felder and Bosch at the scale of 1:50,000. They published 
a series of four geological maps of South Limburg and 
the surroundings: Pre-Quartenary (1984), Surface map 
(1988), Maas deposits (1989) and Palaeozoic (1995). These 
detailed and handsome maps with their complex geology 
still hold great value for professionals and amateurs alike. 
Finally, in 1999 map sheet XV Sittard-Maastricht was 
published on a scale of 1:250,000 as part of the Geo-
logical Atlas of the Subsurface of The Netherlands. This 
concluded the pre-digital era. Various types of digital 
mapping programmes have been carried out since then, 
such as the shallow (0-500 m) and deep subsurface 
(500-5000 m) of the Limburg area. These maps are not 
printed anymore but are all digitally available via www.
dinoloket.nl.

Fig. 5-20. Frontispiece of the Geological Atlas of the 
Subsurface of The Netherlands – onshore, 2004.

The extensive use of digital 
data and advanced interpreta-
tion and modelling software 
enables the steady and consist-
ent development of a full 3D 
digital offshore model that 
includes detailed information 
on subsurface structuration 
and rock properties. The digital 
velocity measurements and 
high quality 3D seismic surveys 
significantly boost the model’s 

level of confidence compared 
to the earlier 2006 compila-
tion. An additional feature of 
the current offshore mapping 
program is the quantification 
of the model’s reliability or 
uncertainty (i.e. the determi-
nation of the possible range of 
depth and thickness values per 
layer for each location). The 
uncertainty workflow follows 
a stochastic approach whereby 

the average depth and standard 
deviations are derived from 
multiple realisations of the 
model that approximate the 
expected heterogeneity of the 
subsurface. Another addition 
to the mapping program is 
the basin modelling, which 
brings the 3D model into the 
4D domain. Rock, fluid and 
maturity parameters as well as 
the thickness of layers before 

erosion are determined and 
used in a regional 3D burial 
history and petroleum systems 
analysis. The results shed light 
on the dynamic geological evo-
lution of the area as well as the 
prospectivity of its hydrocarbon 
resources.

3d and unCertainty: new model developmentS
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tigated Palaeozoic and Tertiary sequences in terms of their 
potential for unconventional applications such as gas from 
tight shales etc.
In the past 25 years large dual monitors have replaced 
pencils and drawing tables. Project data no longer fit on 
a floppy disk but require tens of gigabytes stored on high 

onshore area. The sheets comprise depth maps, thick-
ness maps, structural geological cross-sections spanning 
the Palaeozoic up to Cenozoic stratigraphic interval and an 
explanation and description of structures and reservoirs. 
Biostratigraphical analysis provides dating and palaeo-
environmental interpretations of the various layers. In the 
first years digital data were still sparse and mapping was 
predominantly an elaborate, manual process. Through 
the access to more (3D) digital data and the increased use 
of improved computer-aided mapping tools the onshore 
mapping program gained new momentum in the 1990s and 
was concluded in 2004 with the publication of the Geologi-
cal Atlas of the Subsurface of The Netherlands– onshore, 
containing a full compilation of all map sheets (fig. 5-20).
In 2005 TNO initiated the mapping of The Netherlands con-
tinental shelf. The Ministry of Economic Affairs envisioned 
that this would lead to stimulation of exploration and 
production in the Dutch offshore and attract (foreign) oil 
companies and contractors by providing for free interpreted 
subsurface information. A first ‘quick and dirty’ model 
assembled the bits and pieces that were available at that 
time (existing interpretations and regional 2D lines) and 
was reviewed in a publication (2006). In the following 
years TNO detailed the offshore mapping by filling in gaps 
using publicly available 3D seismic surveys. Contrary to the 
onshore mapping, the subdivision of the offshore area into 
7 mapping areas followed the outlines of major Mesozoic 
structural elements (fig. 5-21).
The mapping predominantly focuses on the 10 major Late 
Permian to Neogene stratigraphic units and the faults 
within them. In some areas like the Cleaver Bank High and 
the London-Brabant Massif older Palaeozoic layers were 
also investigated. With respect to the regional (1:250,000) 
mapping scale, seismic interpretation involves the interpre-
tation of every 10th to 20th inline and crossline in a 3D survey 
(composed by a very dense array of seismic profiles, hence 
a limited amount of lines is interpreted for this mapping), 
calibrated with the stratigraphic markers from several hun-
dred wells. 2D survey data are only used for those regions 
lacking 3D data. The compilation of all horizon interpreta-
tions, subcrop boundaries and concurrent faults results 
in a 3D model in a two-way-time domain. Conversion of 
the model to a true vertical depth domain uses a general 
regional velocity model that assumes a linear increase of 
acoustic velocity with depth for clastic layers due to burial 
and compaction. For the salt layers in the Zechstein Group a 
constant interval velocity with depth is assumed, fig. 5-22. 
Digital acoustic measurements from over 1400 wells in the 
onshore and offshore area provide a quantitative estima-
tion of the velocity parameters for each layer. Incorporation 
of reservoir geometries and properties relies on the detailed 
lithostratigraphic interpretation and petrophysical analysis 
of available wells. Biostratigraphy is used for the correla-
tion and dating of layers as well as the determination of the 
paleo-environment.
With the finalization of the offshore mapping program in 
2010, TNO has reset its focus on the onshore area again. 
Especially since renewed interest in and success in apply-
ing geothermal energy, there is a demand for an upgrade 
of the onshore maps with newly available data and rock 
properties. Updated and extended interpretations and new 
modelling techniques improve the structural framework 
and the reservoir geometries and properties therein. Ad-
ditionally the mapping focus has moved from the conven-
tional Mesozoic sequence towards the formerly uninves-

Fig. 5-21. Map index for the subsurface regional mapping of The Netherlands showing the years 
of publication of the individual map sheets for the onshore and of the mapped sub-areas for the 
offshore.

Fig. 5-22. 3D representation of the top Palaeozoic surface and cross sections through the Mesozoic 
and Cenozoic overburden in the northern Dutch offshore. The image shows the prominent influence 
of salt deformation in this area.
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TNO carried out the geothermal demonstration project 
‘Delfland’ in 1980-1984, which was complementary to 
the regional mapping studies. Unfortunately, due to the 
combination of high investments and long pay-out time 
and also due to the substantial exploration risk of the 
targeted Lower Cretaceous sandstones, the ‘desk study’ 
character of the project was not transformed into the drill-
ing of an exploration well. Under the same NOA program, 
the Geological Survey and TNO also jointly accomplished an 
extensive regional geothermal potential study of Tertiary 
and Quaternary aquifers. 
Overall, the main conclusion from the NOA program in 1985 
was that the hydrogeological and geothermal conditions 
in The Netherlands are suitable for several hundreds of 
geothermal projects, which could potentially contribute to 
4-8 % of Dutch space heating.
In the succeeding research program, NOAA (1985-1989), the 
reservoir characteristics of the Early Permian, Early Triassic 
and Early Cretaceous sandstone aquifers were once more 
subjected to closer examination. In addition, the techni-
cal and economic feasibility of geothermal re-use of ‘dry’ 
oil and gas wells, drilled into these aquifers, was consid-
ered. However, the first Dutch geothermal research well 
in 1987 was drilled into Tertiary aquifers (at a depth range 
of 850-1550m below mean sea level) at Asten in the Roer 
Valley Graben (fig. 5-23). The project, which was carried out 
jointly by TNO, the Geological Survey and Utrecht University, 
regrettably revealed that these aquifers did not meet the 
economic requirements. The productivity, as well as the 
temperature, was too low to develop a feasible geothermal 
heating system for nearby greenhouses. Nevertheless, from 
a scientific point of view, the results of the project were 
much appreciated.
In the 1980s and 1990s, the existing and improved maps 
showing aquifer geometry, subsurface temperature and 
geothermal potential of deep pre-Tertiary aquifers in The 
Netherlands were published in various compiled versions 
of the European Geothermal Resource Atlas (fig. 5.24). For 
the European atlas of 1988, the total Dutch potential value 
of 90,000 PJ ‘heat-in-place’ was calculated. Nowadays, 
this value is often misinterpreted, because the generic ‘heat 
in place’ value was based on aquifer thickness, porosity 
and temperature and a simplified ‘recovery factor’ of 33%. 
Hence, permeability, the key factor in the production of 
geothermal heat, was not taken into consideration in this 
approach and this was often overlooked in the interpreta-
tion. 
In the 1990s, geothermal energy remained promising, but 
was not applied: despite the potential, several feasibil-
ity studies, such as the De Lier project, showed that high 
drilling costs combined with the low oil and gas price and 
the easy access to natural gas in The Netherlands, inhibited 
the development of commercial geothermal projects. In ad-
dition, the geological uncertainties, an unknown future oil 
price, lack of experience on how to incorporate geothermal 
systems into existing low temperature heating networks, as 
well as institutional uncertainties (e.g. legislation, plan-
ning) did not contribute to enthusiasm under potential 
investors. The part time professorship of Frans Walter 
(former director of Geo-Energy at TNO) in geothermal energy 
at the Delft University of Technology could not change that. 
At the end of the 1990s, governmental research budgets on 
geothermal energy were further cut and now they are only 
sufficient for consolidation of state of the art knowledge, 
both from the past and from experience in neighboring 

speed network servers. In the rush of all these technical 
developments it is essential to keep in mind that a geologi-
cal model is more than the trillions of bytes stored in the 
computer’s memory. Although advanced techniques may 
help us to inspect subsurface data and models in more ef-
ficient and new ways, it is still the geoscientist who defines 
the end result.

The Geothermal Atlas of The Netherlands 
leSlie kramerS and erik Simmelink

The 1974 Energy Crisis and the increase of oil and gas prices 
in the early 1970s led to several National Research Pro-
grammes for alternative, sustainable energy sources. The 
National Geothermal Research Program (Nationaal Onder-
zoekprogramma Aardwarmte, NOA, 1979-1984) was one of 
these. Already at that time, the exploitation of geothermal 
energy from deep groundwater was regarded as a potential 
source for space heating, especially for the substantial 
number of greenhouses in The Netherlands.
Within the NOA program, the Geological Survey mapped 
the geothermal potential of the Dutch deep subsurface in 
terms of subsurface temperature conditions and presence of 
suitable deep aquifers. The Surveys’ deep subsurface map-
ping department published three reports with the regional 
(hydro-) geological characterisation of Early Permian, Early 
Triassic and Early Cretaceous sandstone aquifers in 1983. The 
maps are based on well and seismic data, as provided by 
oil and gas companies. Within the same research program, 

Fig. 5-23. Geothermal exploration well Asten in wintertime.

Fig. 5-24. Frontispiece of geothermal atlases.

geothermal produCtion: 
poSSible Side effeCtS 
The near future growth 

scenarios for open and closed 

systems will introduce large 

scale disturbance of the shal-

low subsurface and a vast 

amount of groundwater circu-

lation. The long term physical 

and (bio) geochemical effects 

on natural groundwater 

systems are currently being 

evaluated in a large research 

program. This will lead to new 

legislation by the Ministries 

of Infrastructure & Environ-

ment and of Economic Affairs, 

Agriculture & Innovation 

on the use of the subsurface 

groundwater.
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countries like Germany and France. The conclusions of the 
resulting consolidation report in 2000, once more pointed 
to the large potential of the Dutch subsurface, and pro-
posed that a demonstration project for learning purposes in 
a technical, but also in an institutional sense be developed.  
As a consequence, another feasibility study was executed in 
2002-2003 in Barendrecht, for the Ministry of Economic Af-
fairs, NAM (Nederlandse Aardolie Maatschappij) and NUON 
(the regional energy company).  It ceased, however, as soon 
as real investments for drilling were required. A fall-out 
from this period was the founding of the Stichting Platform 
Geothermie, a knowledge-sharing and lobby institution, 
initiated by Senter Novem, a State Agency for participating 
in new developments. The aspiration of this Platform was 
to promote the use of geothermal energy, aiming at about 
20 installed systems in 2020. It was boosted enormously 
by the increase in gas price and by the release of a wealth 
of oil and gas data through the new mining law of 2003. 
Helped by the gas price development and encouraged by 
experiences from Germany, Rik van den Bosch, a tomato 
horticulturist in Bleiswijk, near The Hague, showed entre-
preneurial courage (fig. 5-25). Based on geological advice 
from TNO, he developed the first geothermal heating plant 
ever in The Netherlands in 2007. This enterprise now heats 
more than 70 000 m2 of tomato greenhouses with warm 
water coming from a geothermal doublet that reaches 
into Lower Cretaceous aquifers at 1,700 m depth. A second, 
nearby, doublet is currently in development for the enter-
prise; it has an even better performance.
In 2010, in the southern part of the city of The Hague, a 
six-party consortium developed a geothermal plant with a 
2000 m deep doublet to heat 4.000 houses, the first project 
of this nature in The Netherlands. The group consists of 
energy companies, housing associations and the munici-
pality of The Hague. Another geothermal initiative worth 
mentioning is the Heerlen Minewater project: a residential 
area of Heerlen is heated with water which is produced 
from abandoned coal mine galleries at a depth of around 
700 m. 
These success stories are what seems to be ‘the start of a 
New Era’: Under enthusiastic support by the Platform, more 
then 80 geothermal exploration applications have emerged 
(fig. 5-26). Most of them come from greenhouse enter-
prises and target the Lower Cretaceous or Upper Jurassic 
sandstones in the West Netherlands Basin, although some 
are targeted towards the Slochteren Formation sandstones 
in the northern part of the country and some even aim at 
fractured (karstified) Lower Carboniferous limestone in the 
southeastern Netherlands. At TU Delft students took the ini-
tiative to explore heating of the university area using geo-
thermal energy, see 4.5.1. In 2009, the Ministry of Economic 
Affairs implemented a financial guarantee fund to cover the 
geological element of the exploration risk. Related to this 
fund, TNO has recently developed a geothermal information 
system, with a regional-scale geothermal and hydro-
geological spatial database of the distinct deep aquifers, 
including permeability maps: ThermoGIS™. The system also 
contains an economic feasibility tool that provides the user 
with a statistical analysis of the technical and economic 
potential of a chosen location, based on the hydrogeologi-
cal and geothermal input from the database. Hence, The 
Netherlands is preparing itself for substantial exploitation of 
geothermal heat for direct heating purposes in near future. 
The next challenge will be to explore the geothermal po-
tential that the earth provides at depth ranges of more than 

Fig. 5-25. Tomato glass houses near Bleiswijk.

Fig. 5-26. The geothermal boost in The Netherlands since 2007, depicted by the current license 
status:  around 80 geothermal exploration licenses have been submitted, 40 of them already 
granted.

Fig. 5-27. Frontispiece SPBA-Atlas.
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Fig. 5-29. West-east cross-section through the Southern Permian Basin showing the Late Paleozoic to Cenozoic succession.  
For location, see figure below.

Fig. 5-28. Depth map of the base Zechstein Group.

Fig. 5-30. Rotliegend gas fields plotted on top of Late Rotliegend facies distribution.
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The Netherlands geological community and especially the 
geoscientists that work for the Geological Survey contribute 
to and often spearhead development of such atlases such as, 
for instance the Millennium Atlas, which describes the pe-
troleum geology of the North Sea and the Northeast Atlantic 
Geoscience Tectonostratigraphic Atlas (NAG-TEC) which covers 
the area between Scandinavia and Greenland (fig. 5-31).

5.4 The Dutch coastal zone, the 
North Sea and marine research 
worldwide   
Coordinated by erno oele 

erno oele

Bordering the sea behind a vulnerable coast made up of 
soft sediments make it essential that Dutch geoscientific 
interest in the coastal and marine domains remains high. 
Despite the long record of previous investigations, break-
through results for the coastal zone date only from the mid 
1950s. Somewhat earlier, in the mid 1930s, one systematic 
investigation took place in the North Sea, more specifically 
along the Dutch coast and in the Southern Bight/the Straits 
of Dover.    
Names attached to these developments are those of Johan 
van Veen and Bert van Straaten.  
The most recent leap forward in Dutch marine geosciences 
was made in the period after the mid 1960s. The keywords 

5 km. For this purpose, a new national geothermal research 
programme is currently being initiated.   

Shallow storage
The presence of thick layers of unconsolidated sands and 
gravels in the shallow subsurface has contributed in the last 
two decades to the implementation of more than 1000 open 
systems for the storage of cold and heat for utility buildings. 
In addition, thousands of closed shallow borehole heat 
exchangers for individual residential heating and cooling 
purposes have been installed. For the open aquifer systems, 
a yearly growth of 30% (some 18,000 systems in 2020) is 
foreseen within the Dutch policy for sustainable energy. 
As the growth of closed systems is also impressive, shal-
low geothermal energy is turning into a significant energy 
source, bringing down CO

2
 emissions. 

Regional Geological Atlas projects
hanS doornenbal and henk kombrink

Regional atlas projects have become an increasing focus 
area for the Dutch geological survey. In 1997 the Northwest 
European Gas Atlas was published as a digital stand-alone 
ArcGis product. This atlas was not printed but only published 
as a CD-ROM, leaving the era of printed atlases behind and 
was a joint project of the Geological Surveys of the United 
Kingdom, The Netherlands, Germany, Poland and Denmark.
Early 2003 the next regional atlas, the Southern Permian 
Basin Atlas (SPBA)-project was initiated by Ken Glennie 
and executed as a joint project of the Geological Surveys of 
the United Kingdom, Belgium, Denmark, The Netherlands, 
Germany and Poland. The project was supported by a wide 
range of petroleum exploration and production companies, 
licensing authorities, research institutes and universities. The 
atlas was conceived to celebrate a milestone in the Southern 
Permian Basin area: the discovery in 1959 of the Groningen 
gas field, one of the largest gasfields in Europe. The aim of 
the atlas is to present a comprehensive and systematic over-
view of the results of over 150 years of petroleum exploration 
and research in the Southern Permian Basin area. As the 
Groningen gas field is situated in The Netherlands and hith-
erto a vast amount of knowledge on the Permian deposits is 
developed in the country, The Netherlands was nominated 
for the project management.
The Atlas reviews the entire Southern Permian Basin area, 
covering the British, Belgian, Dutch, German, Danish and 
Polish sectors. The paleogeographic and tectonic evolution is 
covered within the framework of the principal stratigraphic 
intervals, from the Precambrian basement to the Holocene 
cover. The various structural and stratigraphic settings are 
elucidated by a thorough set of field examples, overview 
maps and illustrations. In addition, petroleum generation, 
migration, trapping and production as well as the history of 
exploration and licensing in the basin are covered, together 
with a summary of resource assessments. Other potential 
options for use of the deep subsurface such as gas storage 
and geothermal aspects are also addressed.
The atlas has been published as an impressive hardcopy in 
A2 format (fig. 5-27), but the most important product is the 
DVD which contains - amongst others - depth maps of 11 
key-horizons, thickness maps, maps of hydrocarbon fields 
against reservoir facies distribution and palaeogeographic 
maps. Besides this, reservoir volumes, ages and production 
data have been collected for all the fields in the Southern 
Permian Basin area. Two of these maps and a cross-section 
across the entire basin are shown (fig. 5-28, 5-29, 5-30).

Fig. 5-31. Location of atlases (MA, SPBA, NAG-TEC, NAPGA).
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pattern we can recognise a kind of natural fluctuation of 
short, intense ‘events’, alternating with extended ‘quiet’ 
periods, comparable to the record of natural evolution. In 
the following sections a broad outline of  coastal research 
since the early 1930s will be described on the basis of 
these ‘events’ and the main active characters.

Johan van Veen and the surveys with the RV. Oceaan 
(1934-1936)
Johan van Veen was a civil engineer employed by Rijks-
waterstaat, the Dutch water management authority, to 
study the processes in the estuaries and tidal inlets of the 
Dutch coast. From 1931 on, he organised field campaigns 
using the S.S. Oceaan, and during these currents and 
sand transport rates were measured and sea-bed samples 
were collected. The step to encompass also the offshore 
zone eventually led to his well-known cruises to the 
southern Bight of the North Sea and the Straits of Dover 
in 1934 and 1935. These had the objective to check if local 
cliff erosion could be the source of the Dutch coastal 
sands (see 5.4.2), but from the survey he concluded that 
there was no significant sand transport to the north.
These new insights were not received without debate, as 
is clear from the discussion in 1937 between Tesch (director 
of RGD) and Van Veen.

Van Straaten and Jelgersma and the rise of sedimentology 
and Quaternary geology (1955-1970)
During World War II little progress was made. The 
Netherlands coastal zone had become part of the Atlantik 
Wall, the German coastal defence line, rendering the area 
closed for field investigations. However, a construction pit 
near Velsen offered the possibility to study the complete 
Holocene coastal sequence in detail. After the war, these 
studies were continued and resulted in a special publica-
tion in which Van Straaten (1957) described the Holocene 
coastal deposits. In the same period, a nation-wide 
soil survey, the development of the new polders in the 
IJsselmeer region, the start of a new geological map-
ping programme by the RGD and mapping by geography 
students generated a wealth of new information on the 
composition and distribution of coastal deposits.
The 1953 storm-surge disaster in the southwestern Neth-
erlands triggered the design and construction of a large-
scale coastal protection plan. The preparations for this 
plan demanded new and detailed data and information. 
Johan van Veen, now principal scientist, requested the 
Geological Survey to investigate the ‘subsidence of the 
coast’. The systematic research of basal peats by Saskia 
Jelgersma, the depth positions of which mark a cor-
responding sea level, showed that the coastal deposits 

behind this development are in the first place, economic 
wealth (hydrocarbons & aggregate exploration) and in-
frastructure (dredging of shipping routes) in the North Sea 
and secondly, fundamental marine research worldwide. 
As far as the latter aspect is concerned names to be 
remembered are those of Vening Meinesz and Kuenen, 
both famous for their pioneer surveys in the East-Indian 
Archipelago. From 1960 onward they were also driving 
forces behind making government staff aware of the need 
for marine research and were successful fundraisers. After 
several years of lobbying many geological organisations 
could expand in 1965 integrating certain activities, and 
worldwide sea-going investigations could start (fig. 5-32).
Institutes involved were the Geological Survey (RGD), the 
Royal Netherlands Institute for Sea Research (NIOZ), the 
Vening Meinesz Laboratory (Utrecht University), VU (Free 
University, Amsterdam) and, until its closure, the Gronin-
gen Geological Institute. Regular funding came from the 
ministries of Public Affairs (Rijkswaterstaat), Economic 
Affairs and Education and Sciences. Additionally extra 
budgets were allocated for special projects depending on 
their nature of their application or scientific importance. 
Some special projects (e.g., storage of radioactive waste in 
the subsurface of the oceans) received financial support 
from international agencies. 
Research in the Coastal Zone (5.4.1) and the marine 
geoscientific investigations and research worldwide (5.4.2) 
were the main activities after 1965.    

5.4.1 The Holocene evolution of the Dutch 
coast; 80 years of geological coastal research
ad van der Spek

Our understanding of the Holocene evolution of the Dutch 
coast has increased enormously over the last 80 years. 
Until the early 1930s, this understanding was based on 
limited information. Umbgrove summarised the state 
of affairs: “According to prevailing opinions the Dutch 
coast originated as a large spit which grew from Sangatte 
near Calais towards the North and North-East under the 
influence of tidal currents passing from the Atlantic Ocean 
towards the North Sea by way of the English Channel. 
Marine clay … accumulated in the bay behind the spit. 
….” 
The first dedicated field campaign to investigate the coast 
started in 1931. This initiated a growth of our knowledge 
of coastal evolution characterised by a pattern of com-
paratively short periods of intensive investigations trig-
gering a significant ‘jump’ in understanding, followed by 
extended intervals of consolidation and detailing. In this 

Until the 1950s the recognition 
and dating of Holocene sea-
levels was difficult. Consequent-
ly, few reliable data points were 
available and reconstructions 
of the rise in sea level showed 
a highly irregular pattern. The 
development of radiocarbon 
dating inspired Johan van Veen 
to start a systematic investi-

gation of the age of the basal 
peats in the coastal area of 
The Netherlands. His study of 
the historical water levels at 
Amsterdam had convinced him 
that land subsidence played a 
significant role in the (relative) 
rise of water levels. This infor-
mation had to be accounted for 
in the design of the Delta Plan. 

Saskia Jelgersma, working at 
the Geological Survey, was as-
signed to the investigation. She 
collected samples of basal peats 
along dipping, compaction-free 
Pleistocene surfaces, in order 
to obtain data points covering 
the major part of the Holocene 
period. On the basis of these 
data points, she reconstructed 

the Holocene rise in relative 
sea level along the Dutch coast. 
Her sea-level curve showed a 
gradual decline in the rate of 
rise, without wild scatter. It 
was one of the first systematic 
sea-level reconstructions in the 
world.

SaSkia JelgerSma dating peat and the holoCene Sea level riSe 

Johan Van Veen with the map 
of the delta-area coastline 
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Early Investigations 1935-1965
In May 1934, Van Veen on board the RV Oceaan of the Min-
istry of Public Works (RWS), sailed to the Straits of Dover to 
investigate their physical development. Besides the interest 
in the source of the coastal sands, Dutch scientists as well as 
politicians were concerned about an accelerated enlarging of 
the Straits, which could affect the tidal regime in the southern 
North Sea and might weaken the Dutch coast. Based on his 
1936 report Van Veen received a doctor’s degree cum laude 
from Leiden (Prof. B.G. Escher being promotor) as well as a 
distinction from a notable learned society. 
The nature of sediments transported by marine currents and 
the position of former shorelines made Van Veen conclude that 
fear of change in the Straits’ configuration was unjustified. 
Following Edelman’s observation that the heavy-mineral 
composition of onshore Dutch sands reflect six source areas, 
his assistant Baak studied North Sea material. In 1935 Baak 
concluded that during the Weichselian the Rhine had 
debouched via the Straits and that Rhine-derived material 
mixed with other sands had been swept back during the 
Holocene transgression, building the Flemish/Dutch coastal 
zone.
Seventy years later Baak’s data were integrated with recent 
seabed mapping and seabed dynamics studies. Besides con-
firming Baak’s conclusions, this proved that integrated heavy 
mineral studies were still useful in tracing relict deposits and 
identifying the fate of eroded seabed material. 
After these comprehensive studies thirty years elapsed, 
before around 1965 new developments initiated a sizeable, 
institutionalized follow-up for North Sea seabed studies and 
subsequently for open ocean research. 

The Groningen school and its shallow marine studies in 
the Caribbean
From the 1950s onward, sedimentological studies, coupled 
with the recognition of the seafloor’s importance, had so 
much impact in The Netherlands, that in line with his previ-
ous work Kuenen and his coworkers Van Straaten, Van Andel 
and Postma could transform the Geology Department of 
Groningen University (Groningen) into a centre of excellence. 
Elsewhere (see 4.2.2 and 4.3.8, 7.1.2), the institute and its 
scientific output are highlighted. A few additional remarks 
may be made. 
In the 1960s Veenstra collected samples from the North Sea 
seafloor. He distinguished five gravel groups, reflecting as 

were formed during a continuous but decreasing rise in 
relative sea level. On the other hand, the large construc-
tion sites for the Deltaworks that were excavated in (artifi-
cial) islands in the mouths of the estuaries prompted new 
research opportunities, e.g., sedimentological analyses 
and geotechnical testing of tidal-channel deposits. Oom-
kens and Terwindt were the first to study the estuarine 
sedimentation processes in a pit for the Haringvlietsluices.
The wealth of new information on the composition and 
distribution of coastal deposits, the topography of the 
underlying Pleistocene landscape and the evolution of 
mean sea level facilitated the production of the first series 
of palaeogeographical maps of the Holocene Dutch coast 
in 1963. Sedimentological analysis of cores from and 
excavations in the coastal barriers of Holland led to the 
first interpretation of the processes building these barri-
ers by Van Straaten. Other aspects of these barriers were 
published by Jelgersma and co-workers in 1970.

Dirk Beets and the Kustgenese project (1985-1995)
After 1970 we see a steady increase in the study of barrier 
deposits by sedimentologists. Details of the sea-level rise 
were investigated and our understanding of tidal sedi-
mentation was boosted by studies in the construction pits 
of the Oosterschelde works. 
However, the Kustgenese (coastal genesis) project initi-
ated by Rijkswaterstaat in 1984-1985, earlier proposed 
by J.Wiersma, created a new window of opportunity. It 
aimed at studying the main issues of coastal evolution to 
obtain a sound basis for coastal management. Geologists 
were explicitly invited to participate. Dirk Beets, then 
Head of the Mapping Department at the Geological Survey, 
strongly  advocated this interdisciplinary collaboration 
in order to learn from other disciplines and improve our 
understanding of coastal evolution. By this time so many 
geological data on the coastal zone including the barrier 
system and underlying deposits had become available, 
that positions of former coastlines, river estuaries and 
tidal inlets through time had been traced. The Kustgenese 
project clearly showed that large-scale coastal erosion is 
caused by a discrepancy between sediment supply and 
demand. This demand is controlled by relative sea-level 
rise in estuaries and tidal basins and the impacts of large-
scale engineering works. The natural supply of sediment 
has dropped seriously over the last centuries. However, 
coastal erosion can be repaired by artificial supply of sand 
to the system: coastal nourishment. Today, sand nourish-
ment has become daily, or more properly, yearly practice. 
The results of coastal maintenance with sand over the 
last two decades have proved that coastal erosion can be 
stopped and even reversed into coastal progradation. 

5.4.2 Netherlands marine geological  
investigations worldwide   
erno oele, CeeS laban & tJeerd van weering, unleSS Stated otherwiSe

As mentioned in the section above, the roots of marine 
geological research are found in Johan van Veen’s expedi-
tions into the southern Bight of the North Sea and the 
Straits of Dover in 1934 and 1935. They make Van Veen the 
’founding father’ of Dutch geological research in the North 
Sea. 
Here our review starts; it will end with the present-day 
worldwide marine research.

Fig. 5-32. Areas (outside the North Sea) studied by marine earth scientists, 1965-2010.  
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(NIOZ), Vening Meinesz, Kuenen and Brongersma–Sanders 
were nominated as members of NCZ, while BPM was repre-
sented by d’Arnaud Gerkens.  The availability of a national 
oceanographic vessel was discussed at its first meeting. For 
the time being the Hydrographic Service (Royal Netherlands 
Navy) offered opportunities to collect seabed data in the 
North Sea, and the marine geophysics group of the Vening 
Meinesz Laboratory (VML, Utrecht), Veenstra (Groningen), 
the Netherlands Geological Survey (RGD) and NIOZ made use 
of this offer. 
A first result of the NCZ was the adoption of the internation-
al CICAR project by the Intergovernmental Oceanographic 
Commission in 1965.
This research programme, carried out by NIOZ and partici-
pating universities, was partly related to the Continentaal 
Plat Suriname Project (1966, 1969) and partly to the Coop-
erative Investigations of the Caribbean and Adjacent Regions 
Project (CICAR 1970-1972). Eisma & Van der Marel established 
that the muds along the Guyana coast derive unmistakably 
from the river Amazon. 
As The Netherlands was CICAR project coordinator, the 
Hydrographic Service placed Hr.Ms. Luymes and Snellius 
at the disposal of researchers, thus making the seagoing 
research programme possible. Unfortunately, Brazil refused 
permission for sediment sampling in the mouth of the river 
Amazon, hampering the geological part of the project.
In 1983 an Academy advisory council report on Marine 
Research proposed creation of a Marine Geological Centre, 
participation in the Advanced Ocean Driling Programme and 
increase of research on the sea and ocean bed. A result was 
establishment of a national marine facility centre at the 
NIOZ compound on the island of Texel and some funding for 
scientists to particpate in some of the IODP projects. 

many source areas, and sketched the development of the 
Dogger Bank and its (post)Weichselian morphology.
After 1965 Groningen remained active in the marine domain 
for some years, but unfortunately did not profit from the 
political support for the marine earthsciences triggered by 
Kuenen (see 4.2.2. and 4.1.4.).  

The Continentaal Plat Suriname and CICAR projects 
With support from Kuenen, Van Andel and Postma, inves-
tigations of the continental shelf off Surinam started in the 
1950s.  
In addition, they organized a sedimentological and 
oceanographic investigation of the Gulf of Paria and the 
Orinoco delta. This cruise was financially supported by BPM 
(now Shell), the location selected by Kuenen (Van Andel, 
pers. comm.; see also 4.5.1.). In retrospect this was one of 
the first steps in building Dutch sedimentological expertise 
on recent marine sediments. Later Doeglas (Wageningen 
/ Utrecht) joined the research program, leading to Nota’s 
investigations of the shelf area between the Orinoco and 
the Amazon rivers in front of the Guyanas, and Koldewijn’s 
analysis of the Paria Trinidad shelf.
The survey led to further programme development on the 
composition and transport of silt in the same area.

Renewed interest in marine studies
Meanwhile, in 1962 the Royal Netherlands Academy of Arts 
and Sciences established the Netherlands Committee for 
Sea Research (NCZ) as an advisory body to promote marine 
research. It articulated the new governmental policy to 
actively participate in international research into marine 
environments.  In addition to the directors of the Geological 
Survey (RGD) and the Netherlands Institute for Sea Research 

The biography of Johan Van 
Veen by Van der Ham (2003) 
makes the master come to life 
and allows us to understand 
his drive.
Grown-up at a farm behind the 
Wadden Sea dyke of northeast-
ern Groningen, Johan van Veen 
was familiar with the tidal-flat 
regime and the particular sedi-
mentation processes that al-
lowed land reclamation. On the 
other hand he was aware of the 
ever-lasting vigilance required 
to avoid devastating flooding 
of the coastal zone. In his own 
time disastrous inundations in 
North-Holland had led to the 
closure of the Zuiderzee embay-
ment by constructing the then 
much debated enclosure dyke 
(Afsluitdijk). 
Interest in coastal develop-
ment made him opt to study 
hydraulic engineering at Delft. 
In 1929, having wandered for a 
while, he entered the service 
of RWS to become involved 
in basic studies on protection 
of the low-lying Netherlands 

against the threat of rivers and 
the sea. He was shocked to find 
the country badly prepared for 
a storm surge, which he was 
convinced would occur sooner 
or later.
He called attention to the dan-
ger incessantly and, when he 
received too little support from 
RWS management, he sought 
publicity through articles in 
newspapers under the name 
Cassandra, the disregarded 

prophet of Troy. Working day 
and night he drew plans to 
improve the system of dykes, 
resulting in a design of the Del-
taplan completed only a couple 
of days before the 1st February 
1953, when a devastating storm 
surge hit the south-western 
Netherlands.
Marine geologists know Van 
Veen particularly for of his 
investigations in the Straits 
of Dover and southern North 

Sea. The cruises were well 
prepared:  Van Veen developed 
an adequate seabed sampler, 
the “Van Veen grab sampler”, 
and moreover arranged for the 
use of a modern echosounder. 
He gathered information from 
a multitude of relevant sources 
including historic and geologic 
data and even visited the sur-
rounding coasts to look for 
traces of former shorelines.
Van Veen was well aware of the 
ongoing process of subsidence 
of the western Netherlands. 
When he learned how sealevel 
stand in time could be deduced 
from the depths of 14C dated 
basal peat, he urged the RGD to 
collect peat from relevant sites 
and to have them dated. The 
eventual result was Jelgersma’s 
famous sealevel curve of 1961.
Influenced by Van Veen, later 
Rijkswaterstaat staff was well 
aware of the importance of the 
geological context in coastal 
studies. 

van veen: founding father of north Sea geologiCal reSearCh 

a peCuliar way of 
Sampling 
At the same time, in 1963, 

Houbolt had started his sedi-

mentological investigations on 

North Sea sandbanks, consid-

ered to be possible analogues 

for hydrocarbon reservoirs.

He successfully applied a g

ravity corer designed by BPM 

in these loose sandbodies.    

For a Brown Bank survey a year 

later RGD used the same corer. 

However, at the first sampling 

station it became stuck in the 

stiff Brown Bank clay and the 

hoisting cable broke. Neverthe-

less the ship brought home 

datable clay attached to the 

anchor. 

Van Veen grab sampler ready for use onboard RV Oceaan. 
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Advisory services were rendered in relation to the expansion 
of pipeline networks and cable routes, not limited to the 
southern North Sea. Special attention was paid to pipeline 
behaviour i.e. whether they would bury themselves into 
the seabed or stay proud. Apparently, self-burial occurs on 
a sandy seabed with less than 10% mud, while pipelines 
on muddy sand remain exposed at the seabed and require 
expensive trenching.
Knowledge of bedform behaviour and seabed dynamics is 
essential in areas with cables on or in the seabed or where 
shipping channels need to be maintained at depth. Fields of 
mobile sand waves, kilometres in length, many metres high, 
and hundreds of metres apart pose potential problems. 
Despite many studies, a breakthrough in understanding 
was achieved only in the late 1990s with repeated, highly 
accurate multibeam echo soundings. 
Since 1990 positioning systems have become very accurate 
thanks to the introduction of GPS. Nowadays bedform mo-
bility, migration rate and bedform shape can be determined 
in great detail.  Data on seabed dynamics are of importance 
when monitoring shipping routes, refill of sand extraction 
areas, foundations for installations and insight into sea bed 
habitat dynamics.
Data collection on both seabed mobility and seabed dynam-
ics is nowadays part of routine seabed surveying (see the 
section on North Sea mapping and surveying programmes).
In view of the mobility of seabed sediments along oil tanker 
routes to Rotterdam, the British and Dutch Hydrographic 
Services saw the need for a survey of the Sandettie/Fairy 
Bank area in the Southern North Sea. This work was done 
jointly in 1970 and 1972 by the Institute of Oceanographic 
Sciences (UK), RGD and RWS. 
The occurrence of exploitable gravel in the Dutch North Sea 
has been discussed repeatedly, despite poor prospects. Re-
quested for advice on the potential in a UK concession area, 
it was recommended that the shoulders of a glacial channel 
be assessed, and this proved to have a positive result. The 
first grab sample in a similar Dutch setting south of the Dog-
ger Bank consisted largely of gravel indeed. However, the 
deposit, according to Veenstra related to the Weichselian ice 
margin, was limited in size. Other potential gravel locations 
(off Texel and the Borkum Riff area) turned out to be sub-
commercial. 
The heavy mineral prospectivity of seabed and beach sands 
was evaluated by Delft and RGD, once again with a number 
of other interested parties, rutile, zircon and ilmenite being 
the minerals of interest. The highest concentrations found on 
and near Ameland beach were, however, sub-commercial, 

Worldwide activities
The developments and achievements of RGD, NIOZ, VML 
and VU are reviewed here for the period since 1965.

Institutional strengthening and the North Sea 
Around 1965 exploration and exploitation of the economic 
resources of the seabed increased, while also awareness of 
environmental constraints arose. Consequently, demands 
from society and the scientific community led to strength-
ening of the marine earth-science departments within 
several organisations. The NCZ became again effective:  
it could provide financial support for sea-going pro-
grammes, coordinated by a professional secretariat.  
Eventually a national research vessel even became  
available. 

Growth phase of the RGD 
Incorporation in the Ministry of Economic Affairs made the 
RGD change priorities, because the ministry was reluctant 
to support RGD’s marine ambitions. 
However, Rijkswaterstaat involved the RGD as an advi-
sor on offshore projects. Attaching value to geological 
information, it financed the major part of the costs of data 
collection and provided research vessels. RGD developed 
and handled sampling equipment and took care of data 
interpretation. 
In the early 1970s the tasks in the North Sea increased, 
and this led to the establishment of the RWS North Sea 
Directorate and the availability of the R.V. Volans (fig. 
5-33) on a permanent basis. Subsequently, the standing 
cooperation between RGD and the North Sea Directorate 
was formalised. 
In 1968 geological data were collected from the northern 
part of the Dutch North Sea sector, and this was later fol-
lowed by a survey in the southern part. This survey was 
gradually refined by systematic subbottom profiling and 
(sub)seabed-sampling. Fugro’s foundation borehole data 
added indispensable information on the uppermost 100 m 
of sediments below the seabed (for Fugro see 4.5.3.). More-
over, numerous applied investigations were carried out.
In due course Quaternary geological studies were done by 
all North Sea bordering countries, though mostly in inlets 
and other coastal areas. It became clear that interna-
tional cooperation would be in everybody’s interest. An 
expression of scientific cooperation was a joint publication 
The Quaternary history of the North Sea. The book was 
compiled on the instigation of the International Union for 
Quaternary Research (INQUA) Subcommission on Shorelines 
of Northwestern Europe and has substantial contributions 
by RGD and NIOZ. 
The International Association of Sedimentologists’ confer-
ence of 1979 on Holocene marine sedimentation in the 
North Sea Basin, organised jointly by RGD, Utrecht and 
NIOZ reflected the common interest and state of the art 
knowledge of the North Sea.

RGD applied studies
From 1965 onward the RGD and RWS were involved in 
many projects related to civil engineering, exploration 
and the environment of the North Sea: these included 
emplacement of installations, dredging of shipping chan-
nels, sand and gravel exploration (e.g. for beach nourish-
ment), natural coastal defence, disposal of harbour spoil 
and environmental impact of human activities (fisheries, 
aggregate extraction). 

Fig. 5-33. R.V. Volans (RWS), drawn by crew member Cor Harteveld.

5 / The sTaTe, exploraTion and research 191



in a joint cooperative effort between the geological surveys 
involved. BGS took care of editing and publication of the 
map sheets. The text on the maps is bilingual. Other ad-
vantages of the coopera tion are the use of the same scale, 
projecti on (UTM) and reference level (LLWS) of the maps, a 
similar geological legend and the standardisation of grain 
size values of mud, sand and gravel. 
An important additional technique used has been seismic 
profiling, which enables registration of continuous profiles 
of the seabed to a certain depth by recording of acoustic 
impedance contrasts. They can be related to significant 
lithostratigraphic boundaries and correlated with existing 
bore-hole information. 
Each map consists of three distinct editions notably: Solid 
(pre-Quaternary geology), Quaternary (Pleistocene geology) 
and sea bed sediments and Holocene geology. The early 
1990s saw the completion of the reconnaissance maps 
along the median lines.
The applied geological mapping programme of the coastal 
zone on a scale of 1:100.000 began in 1986. The first ap-
plied geology sheets, Buitenbanken and Rabsbank were 
published by the RGD in 1992 and 1996 respectively, and 
were made available in both printed and digital versions. 
The remaining sheets south of 53°  N have also been com-
pleted, but are available only in digital format. The data 
derived are digitally stored in the RGD central database and 
the geological maps are prepared using ArcInfo GIS. The da-
tabase contains descriptions of more than 14000 cores and 
boreholes together with a grid of seismic sections covering 
the entire Dutch sector.
In the foregoing the practical importance of proper knowl-
edge of seabed morphology and seabed dynamics has 
been emphasised. To build such knowledge base, several 
parameters must be registered almost continuously. 
Included in seabed mapping therefore is the seabed 
morphology which can vary widely. The Dutch sector of the 
North Sea contains many different morphological features. 
In the southern part, south of 53° N, the Southern Bight, a 
huge field of sand waves occurs west of the 20 m isobath. 
Here tidal currents are strong.  The amplitudes vary be-
tween 2 and 12 m and wavelengths between 200 to 400 m. 

even when extraction was combined with beach nourish-
ment. 
Since the late sixties indications for (very) shallow gas occur-
rences, of interest to drilling plans and soil properties, were 
observed, but received no attention. In view of plans for 
storing CO

2
 in depleted gas fields in recent years, shallow gas 

phenomena and gas pathways have been studied as ana-
logues for modelling the sealing properties and potential 
leakage scenarios. 

RGD North Sea mapping and surveying programmes
The reconnaissance surveys of 1968 and 1971 mentioned 
above can be considered as the first geological mapping 
activities of the area, the more so since a rough outline of 
the Quaternary for the sector could be presented. Several 
years later a seabed lithology map based on the analysis of 
3000 samples was published.
Because of the areal low density of the available data and 
the relatively shallow penetration of the cores collected, 
a programme with a closer grid of survey lines was set up 
by the RGD in the early 1970s. Moreover, fast technological 
developments at the time permitted the application of vari-
ous new types of marine geophysical equipment for these 
systematic investigations. Next to this, the intensive activity 
of oil and gas exploration yielded an abundance of material 
from site investigations. 
In the end two systematic geological seabed mapping 
programmes in the Dutch sector of the North Sea evolved: 
notably the reconnaissance map, at a scale of 1:250,000, 
covering areas of 1° N x 2° E, and the detailed applied 
geology maps of the coastal zone, at a scale of 1:100,000, 
covering areas of 20’N x 40’E. 
The decision to pursue the 1:250,000 map series was accel-
erated by an initiative of the British Geological Survey (BGS). 
From 1966 onward this institute was mapping the entire 
British offshore area at a 1:250,000 scale and had chosen 
to publish sheets with the aforementioned areal bounda-
ries. The latter implied that the southern North Sea sheets, 
along the median line, in general cover areas of British and 
respectively Belgian, Dutch and German sectors. Following a 
BGS proposal, mapping of these sheets has been carried out 

The joint British-Dutch offshore 
mapping programme resulted 
a.o. in the following new 
insights and findings including 
several on the Quaternary, of 
the North Sea:

•  The limits of the Elsterian, 
Saalian and Weichselian gla-
ciations in the North Sea.

•  The presence of at least two 
earlier glaciations in the 
North Sea area, represented 
by glaciomarine sediments 
found in several deeper bore-
holes.

•  The range of Elsterian glacial 
valleys, locally over 400 m 
deep, could be mapped over 
the southern North Sea. 

•  The origin of the Dogger Bank 
as a Late Weichselian glacial 

fan, which has been modified 
by ice pushing and Holocene 
tidal currents and waves.
•  The presence of Early, Middle 

and Late Pleistocene fluvial 
deltas and coastlines during 
sea level low-stands. 

•  The presence of gas seepages 
and pock marks in the Dutch 
sector of the North Sea.

•  The sea bed dynamics ex-
pressed in the mobility of bed 
forms in the southern part of 
the Dutch sector with ranges 
of up to 10 to over 180 metre 
per annum.

•  This information is important 
for the stability of windmills, 
the maintenance programmes 
of shipping routes, establish-
ing the frequency of sea bed 
surveys for nautical purposes, 
the extraction of infill and 
beach nourishment.

•  The presence of sand and 
gravel resources for industrial 
use, land fill, and long term 
coastal defence programmes.

new inSightS

Charateristic pattern of Elsterian glacial 
valleys in the North Sea, revealed by 
geophysical surveys. 
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sampling considerably, while new subbottom profiler images 
allowed targeted sediment sampling at well defined locations. 
In 1971 NIOZ R.V. Aurelia was commissioned for work in the 
entire North Sea.  
Studies in the northern North Sea concentrated on the Late 
Glacial development of the Outer Silver Pit and Devil’s Hole 
area, where the impact of tunnel valleys during deglaciation 
was highlighted. A local, Late Glacial and Holocene acoustical 
stratigraphy was deduced from reflection profiling and vibro- 
and piston coring. This investigation led also to cooperation 
with the BGS, which was mapping the area using comparable 
techniques and approaches. 
A similar, though larger scale study of the Skagerrak and 
Norwegian Channel revealed both areas as final, major depo-
centres of North Sea sediments. The late Glacial to modern 
sedimentary processes and pathways involved in net sediment 
transport could be characterized and a balance of net sedi-
mentation in the North Sea, one of the main underlying NIOZ 
objectives, was established. 
Moreover, for the first time, pockmarks were observed along 
the margin of the Norwegian Channel and correctly ascribed  
to escaping natural gas. 
 
Studies in Southeast Asia and the Caribbean
(RGD and NIOZ international cooperation projects in the region 
from 1974- present)

Indonesia
Under the auspices of the Netherlands Organisation for Sci-
entific Research in Tropical areas (part of ZWO/NWO, see 4.1.3), 
the Teluk Banten (West Java) region was studied (1996-2001). 
Construction of a deep water harbour was foreseen to relieve 
Tandjong Priok, the harbour of Jakarta. A team of Utrecht and 
NIOZ scientists measured recent sediment accumulation rates 
in relation to oceanographic conditions and shallow water 
hydrodynamics. A tsunami layer of variable thickness was 
identified and could be related to the Krakatau explosion in 
1883, thus serving as a perfect time marker. Based on this age 
an improved model for 210Pb dating of recent sediments was 
made, while also a model for hydrodynamic conditions vs. 
sedimentation was developed. 

The Southeast China coast 
After visits to some Chinese Universities and institutes, the NIOZ 
Marine Geology group started a project in 1987 on net sediment 
dispersal along the Chinese coast. It compared the sediment 
output and dispersal from some of the larger Chinese rivers. 
These studies were driven by NIOZ’s interest in flocculation of 
suspended particulate matter in estuaries and the influence 
of organic matter on aggregate formation and particle settling. 
This specific programme, which continued until the mid-
1990s, focused amongst other things on sediment deposition 
and erosion on Chinese tidal flats. These studies resulted in 
overview papers by Wang and by Eisma. Partners were the 
Eastern Normal University of Shanghai, the First Institute of 
Oceanography (Qingdao) and the Second Institute of Oceanog-
raphy (Hangzhou). 

The Vietnamese Red River Delta 
The geological, hydrodynamic and sedimentological and 
morphodynamic aspects of the Red River Delta were inves-
tigated in 2002-2003. Sediment dispersal and deposition 
were determined by combining river outflow, longshore and 
cross-shore flow conditions and dynamics. They show strong 
differences between the dry and wet seasons. The modern 

The amplitudes decrea se in height to the north. 
In the south-east along the Zeeland coast huge linear sand 
banks, the Zeeland Ridges, occur with heights of >20 m 
reaching to just below sea-level. In the area somewhat more 
to the north (c. 52° 30’ N) a pattern of more of less north 
south running linear ridges with an amplitude of <10 m and 
length up to >100 km is pre sent. The amplitude of one of 
these banks, the Brown Bank, reaches to 19 m below sea-
level.
Still further to the North (above c. 53° N) the sea bed is 
mainly flat and the water depth varies between 30 and 
50 m. Only the eas tern part of the Dogger Bank rises in 
a north-westerly direction to a height of 25 m above the 
sur rounding sea bed. South-south-east of the Dogger Bank 
a channel, the Botney Cut, is present with water depths 
varying between 60 and 70 m.
Also part of the mapping programme is data collection on 
the seabed dynamics that underlies the seabed morphology. 
Information is required on bottom transport processes and 
seabed stability, while availability of detai led bathymetric 
maps of the sea floor is essential. The dynamics that play a 
part in the present morphology and transport processes are 
the result of para meters such as water depth, tidal cur-
rents and wave height. Since 1990 the global positioning 
systems have become very accurate, allowing for registra-
tion of changes in water depth at exactly the same location 
after short time intervals. From then on the bathymetric data 
collected by the Hydrographic Service has provided good 
information on the sea bed mobility. The sediment transport 
processes show that there are great differences in the mobility 
of the bedforms such as sand waves that vary from less than 
10 m to over 180 m per year. This information is essential for 
decision-makers involved in matters like allocation of sand 
extraction areas, protection of special habitats, the mainte-
nance of shipping routes and the foundation for constructions 
like windmills.
The mapping programmes could be executed thanks to close 
cooperation with the North Sea Directorate of the Ministry of 
Public Works. Moreover, side-scan sonar and bathymetric 
data are placed at the disposal by the Hydrographic Service as 
well as by the coastal directorates of the same ministry.

The Netherlands Institute for Sea Research (NIOZ)
NIOZ (in 2001 granted the status Royal) was formed by govern-
mental decision in 1957. The preceding, largely biologically 
oriented Zoologisch Station in Den Helder, was transformed 
into an oceanographic institute, completed under Postma 
after 1965. A marine geological department was set up, with 
the North Sea as its major study area. 
The investigations of the new department under Eisma con-
centrated initially on the composition and transport of sands 
along the Dutch coast. The samples were obtained from RWS 
and later by the NIOZ vessels R.V. Max Weber and R.V. Ephyra. 
Subsequently the scope was broadened to include sediment 
dispersal in the southern North Sea, focusing on fine grained 
particle behaviour. Under Postma, whose 1967 overview 
paper became internationally authoritative, the subject 
remained a NIOZ research topic for the next decades. 
Expansion of the study areas into the northern North Sea and 
Norwegian Channel necessitated the deployment of more 
seaworthy vessels. At first RV Willem Beukels of the fishery 
research institute was used, thereafter the coaster HADO was 
rented. Because the ship’s crew was inexperienced and 
handling the corer was complicated, the initial results were 
poor. Acquisition of a modern piston corer improved bottom 
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The Netherlands Antilles 
The RGD joined two Hydrographic Service cruises to The 
Netherlands Antilles. In 1988 reconnaisance surveys were 
made off St. Martin, observing Holocene linear reefs and 
producing a geological seabed map with indications for 
non-cemented carbonate sands suitable for beach nour-
ishment, and in St. Martin’s bays, on sand mobility and 
effects of infrastructural developments. 
Also, part of the Saba Bank was surveyed to pinpoint the 
rim reef and interior pinnacles and to assess the accumula-
tion of loose carbonate sand away from the bank margin. 
On St Eustatius the natural sand mobility was measured in 
relation to a planned container port.
In 1996 a dense pattern of lines was surveyed around 
St. Martin, on Saba Bank and around St. Eustatius using 
various seismic profilers. Other lines were laid out between 
St. Eustatius and Saba and in the southwestern Antilles 
around Bonaire, Curaçao and Aruba. Applying side scan 
sonar and sampling techniques, a bottom sediment map of 

prodelta sedimentation rates may reach up to tens of 
centimetres per year. A distinct shift to the SW occurs 
under influence of the prevailing SW directed bottom 
currents.

A Dutch-Sino Centre of Coastal Geology
On 11th September 2008 the directors of the Chinese 
Geological Survey and Deltares signed a Memoran-
dum of Understanding between their respective 
institutes. It was a follow-up towards an institution-
alised collaboration on marine and coastal sciences 
that was carried out with financial support of the 
Dutch Ministry of Economic Affairs. The aim of the 
project was to establish a joint Sino-Dutch Coastal 
Research Centre based at the Qinqdao Institute of 
Marine Geology, Qinqdao (China) and at Deltares in 
Utrecht. Cooperation between the institutes found its 
origin in the participation by both countries in CCOP 
(see text below).

From 1973 onwards a special 
relationship developed between 
the CCOP (Coordinating Com-
mittee for Geoscience Pro-
grammes in East and Southeast 
Asia), the earth scientific focal 
point in SE and E Asia, and the 
Dutch counterpart community. 
Dutch assistance during some 
offshore mineral exploration 
cruises rapidly transformed 
into cooperation in the fields of 
Quaternary geological mapping 
of the onshore coastal zone, re-
lated engineering geology and, 
subsequently, on mitigation 
of the hazards of sealevel rise. 
The development merits a short 
overview.   
 In 1973 RGD was invited to co-
operate with the UNDP-funded 
CCOP, which at that time coor-
dinated the promotion of ma-
rine mineral and hydrocarbon 
exploration for eight Southeast 
Asian countries. Besides UNDP, 
donor countries rendered 
financial and/or technical sup-
port. The required cooperation 
comprised surveys of two delin-
eated areas in the South China 
resp. Andaman seas. They were 
considered as potential sites of 
submerged cassiterite bearing 
granites or sediments. Indica-
tions for the presence of such 
granites might raise the inter-
est of mining organisations in 
further exploration. Another 
objective was training. 
The cruises were run by Dutch 
staff with counterpart staff 
from the Malaysian and the 
Thai geological surveys. A vi-
brocorer was to sample bottom 

sediments on the basis of a geo-
physical survey. The latter was 
carried out by means of CESCO’s 
Sonia, designed by Van Overeem 
and successfully applied by 
the Billiton Company around 
the Indonesian tin-islands (see 
also 4.5.2, 4.5.3 and 7.1.3). The 
surveys revealed some of the 
geology of both marine areas, 
but unfortunately no traces of 
cassiterite in either granitic 
rocks or seabed sediments were 
observed. 
During and after the surveys 
the apparent lack of underly-
ing Quaternary-geological 
knowledge became obvious. The 
Netherlands were therefore 
invited to assist in transferring 
such knowledge to the member 
countries. It appeared the more 
relevant because most CCOP 
countries have densely popu-
lated low lying areas, where 
accelerated sea level rise forms 

a real threat and where mitiga-
tion plans require knowledge 
of the Quaternary geology. 
Subsequently, Dutch Quater-
nary geologists were stationed 
in the region to set up mapping 
programmes. Additionally RGD, 
Utrecht, Delft and VUAmster-
dam universities jointly organ-
ised relevant courses in The 
Netherlands as well as in the 
region. For instance two three-
month courses on engineering 
geology, organised by David 
Price (Delft), were run at the 
Asian Institute of Technology 
(Bangkok) by some ten lecturers 
from five Dutch institutes. 
At the end of the 1980s CCOP 
officially crossed the offshore-
onshore border. The success of 
marine cooperation between 
the member countries brought 
the step about. As a conse-
quence the field of cooperation 
with the Netherlands wid-

ened from the coastal zone to 
endangered low lying areas, for 
which in the foregoing years 
special attention had been 
advocated. The addition of a 
Geo-Environment Sector had 
to take care of this item, but 
Dutch support was still wel-
come. After an inventory phase 
three case studies were carried 
out in respectively the Yellow 
River delta, the city of Jakarta 
and in the Lae Valley (Papua 
New Guinea). For example, in 
the Yellow River Project, jointly 
with Chinese counterparts 
sedimentologists and technical 
staff from the RGD and Utrecht 
University did extensive field 
work together. 
Next to CCOP projects bilat-
eral cooperation between its 
member states and the Dutch 
government developed. Re-
cently an appeal was made in 
the field of hydrocarbons and 
coal. Because of the more or less 
similar geological conditions in 
The Netherlands joint studies 
were made for the exploitation 
of some tectonically complicat-
ed reservoirs in China. Also an 
investigation was undertaken 
to solve the tremendous envi-
ronmental problem of China’s 
natural coalfires.
CCOP, now independent and 
intergovernmental, is an 
esteemed body in SE Asia. For 
The Netherlands it is a valu-
able partner and the relation-
ship has opened the door for 
mutually profitable bilateral 
contacts. 

a SpeCial SoutheaSt aSian-dutCh Journey from offShore  to land geology 
erno oele, inCluding text fragmentS by henk SChalke and JoS de Sonneville

Relaxing on Pulau Tioman, Malaysia with barbecued goats and chicken. 
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was integrated into the plans for National Oceanographic Re-
search 1972-1980, formulated in 1972 by the Netherlands Com-
mittee for Sea Research and based on a nationwide inventory. 
The plan included a listing of required manpower, oceano-
graphic equipment and, most importantly, the justification for 
a national oceanographic research vessel. The latter, already 
advocated by the Committee in the mid 1960s, received support 
from the Ministry of Science, and, after inter-ministerial discus-
sions, the Kordes Commission was formed in order to carry 
out a deeper investigation. In the meantime the Hydrographic 
Service had plans to replace the research vessels Hr.Ms. Snellius 
and Luymes. The Committee advised in 1973 that the new vessel 
for oceanographic research (R.V. Tydeman) be operated by the 
Navy, but that 30% of shiptime be made available for civilian 
research, with additional opportunities during non-restricted 
military operations. Additionally, civilian scientists were 
encouraged to use chartered vessels. Based upon this latter 
recommendation in 1978, the Tyro was chartered. Bought by 
the Government in 1982 it became the main carrier of Dutch 
oceanographic research (fig. 5-35).   

the northern shelf of St. Eustatius was made. Curaçao’s bays 
were surveyed and sampled. Bottom samples of Schottegat 
and Spaanse Water were geochemically analysed. 

Research in the Arctic
Dutch marine geoscientists joined three research pro-
grammes in the Arctic, one national (Greenland) and 
two international (Spitsbergen and in the context of the 
Integrated Ocean Drilling Program).  

Research in Greenland took place in 1992, when the RGD 
made an expedition with R.V. Pelagia to the Søndre 
Strømfjord (SW Greenland), joining the Greenland Ice 
Marginal Experiment project as part of the national Air 
Pollution and Climate Change (Mondiale Luchtverontrei-
niging en Klimaatsverandering) research plan. Partners 
were the Institute for Marine and Atmospheric Research 
Utrecht (Utrecht, VU and UvA). The project aimed to achieve 
a realistic model of the Greenland ice cap. The expedition 
focused on the glacial sedimentation system and the effect 
of sudden drainage of ice lakes on the fjord system.  
A geomorphological and glacial-geological map of the area 
between the present-day ice margin and the fjord was 
made and it was attempted to delineate and date former 
ice margins (fig. 5-34).

The research in Spitsbergen took the form of a marine expe-
dition to the NW Spitsbergen shelf and slope. Together with 
Norwegian and British partners, the RGD participated in The 
1988 ESF Polar North Atlantic Margin Programme. Objectives 
were the fjord-shelf-slope-fan depositional systems, the 
continental-marine interaction during the last glacial-
interglacial cycle and the comparison between these ’fresh’ 
glacial and glaciomarine sediments and comparable “fos-
sil” deposits found in the North Sea sub-surface. The pro-
gramme comprised seismic surveys and bottom sampling, 
mainly involving short cores and dredge samples. Specific 
objectives were the build-up of the shelf, the structure of 
sediment fans and the presence of contourites and normal 
versus debris-flow slope deposits. Data processing took 
place in cooperation with foreign partners. The research re-
sulted in publications on the Weichselian glacial maximum 
off West Spitsbergen, the deglaciation history of the area 
and ice-rafted debris history. 

In the framework of the Integrated Ocean Drilling Program 
(IODP), the recent Expedition 302 which drilled wells on the 
Lomonosov Ridge exemplifies new possibilities for arctic 
research. Data were collected and prepared by scientists 
from Utrecht University Palaeobotany department and NIOZ 
organic geochemistry under the auspices of the Darwin 
Center of Biosciences in Utrecht (see 4.1.5). The drilling 
addressed the Palaeocene/Eocene Thermal Maximum, a 
period of extreme global warming about 56 million years 
ago. The environmental response at the North Pole could 
be deduced. Episodic fresh surface waters led to the massive 
presence of Azolla over an 800,000 years interval, whereas 
its termination coincided with a local sea surface tempera-
ture rise from ~10º to 13ºC due to influx of warmer waters 
from the adjacent oceans.

Ocean research since 1965 
To accommodate scientific research on board chartered 
vessels standardised containers were introduced as mobile 
laboratories and workshops. Subsequently, this concept 

Fig. 5-34. R.V. Pelagia in the Søndre Strømfjord, Greenland. 

Fig. 5-35. R.V. Tyro, for more than ten years the national oceanographic research vessel. 
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on the sediment movement and transport from its estu-
ary via the canyon into the deep sea (Angola Basin). The 
Zaire is the world’s second largest river in terms of annual 
water discharge, and the major supplier of terrigenous 
sediments into the eastern Atlantic Ocean. Objectives were 
the physico-chemical, sedimentological and biological 
processes involved in sediment transport. 
The programme, started in 1976 with the Greek vessel  
Tamara, concentrated on the physical and chemical pro-
cesses in the Zaire outflow. Its continuation in 1978 with the 
Dutch vessel Tyro included extensive sedimentological stud-
ies. In the same year the programme was expanded with a 
joint French/Dutch investigation into sedimentation off the 
adjacent shelf and upper slope of Gabon. 
Eisma and Kalf noticed an important decrease in suspended 
matter content in the Zaire estuary, half the sediment 
load being deposited between the head of the canyon 
and the river mouth, in spite of strong currents. The Zaire 
River plume, still with a considerable load of particles, 
was shown to extend as a layer of 100 m thickness over an 
area up to 107 km2. It was speculated that episodic turbid-
ity currents and regular density flows over the bottom in 
the channelised parts of the Zaire fan system transported 
particles from the river to the deep sea. Observations by Van 
Weering & Van Iperen of the mainly fine grained turbidites 
that build most of the Zaire fan sediments supported the 
idea.   
The third phase of the Zaire programme in 1980 combined 
chemical and sedimentological studies of the Zaire estuary 
and the adjacent Angola Basin.  The longest piston core 
ever (18 m) collected by Dutch investigators was recovered! 
The Zaire and Angola Basin studies were expanded in 1989 
by addressing especially the palaeoceanography and geo-
chemistry of the Angola Basin. The VML marine geochemis-
try group participated in this study.  
The 1978 and 1980 cruises investigated the Middle and 
Late Quaternary geology, oceanography and climatology of 
the Zaire-Congo Fan and Angola Basin. A Late Quaternary 
stratigraphy based on carbonate content, microfossil assem-
blages,  14C and 130 U/Th datings in 33 piston cores was refined 
by combining data on carbonate and non-carbonate 
accumulation, dissolution and surface-water productivity. 
Productivity appeared to be high during interglacials, while 
dissolution occurred during glacial periods. High to very 
high sedimentation rates were recorded in the central Zaire 
fan area. Illite in the fan sediments appeared to represent 
an aridity indicator: downcore ratios showed that African 
deserts had expanded during glacial stages 2 and 4 and 
around 150,000 years ago.
The palaeoceanographic studies of the Angola Basin were 
successfully concluded around 2005, when a direct link 
with Late Quaternary climatological changes on the African 
continent was established. 

The eastern North Atlantic margins had meanwhile become 
a NIOZ project as a logical extension to its investigations 
in the North Sea. Three cruises were made in 1981, 1983 
(with RV Tyro) and 1987 (with Hr.Ms. Tydeman). The aim 
was to obtain insight into the sedimentary processes along 
the continental slope as well as in the channel between 
the Shetland and Faeroe Islands and over the Scotland/
Greenland Ridge. The investigations extended into adjacent 
parts of the Norwegian Sea and the North Atlantic Ocean. 
After the mid 1980s the objective in the NE Atlantic Ocean 
research broadened towards linking the sedimentology and 

Especially the early 1980s saw a strong increase in ocean 
going activities, including marine geology of fundamental 
and applied nature. 

Ocean research by the Vening Meinesz Laboratory (VML)
In line with renewed interest in continental drift in the six-
ties, research at the Utrecht Vening Meinesz laboratory (VML) 
focused on the structural evolution of sectors of the Mid 
Atlantic Ridge. Magnetic and seismic surveys, occasionally 
accompanied by gravimetric measurements, were carried 
out within the so-called Kroonvlag project. The surveys 
were executed aboard ships of the Koninklijke Nederland-
sche Stoomboot Maatschappij (Royal Netherlands Steamship 
Company, with a crown in its flag) in passage between 
Amsterdam and the Caribbean. Their high cruising speed 
necessitated adaptations of equipment: the air-gun towed 
behind the ship was kept down below wave- and wake-
turbulence by a length of heavy anchor chain.
From 1976-1983 VML expanded its Kroonvlag project with 
numerous cruises mainly using RV Tyro and Hr.Ms. Tydeman.
While finishing its Kroonvlag project, VML focused on the 
Hayes fracture zone, a chain of volcanic structures south of 
the Azores, the Nares Abyssal Plain, and contributed to the 
RGD radioactive waste programme described below. 
A synthesis of a decade of Mid Atlantic Ridge studies be-
tween 10° N and 38° N was published. Conclusions were:
•  fracture zones represent sutures in the process of ocean 

floor spreading and mark flow line patterns of plates mov-
ing away from the Mid Atlantic Ridge.

•  the reconstructed spreading history of the North Ameri-
can plate demonstrates that ocean flow processes can be 
determined only by a three dimensional (3D) model i.e. 
normal spreading in the direction of the plate movements 
as well as at right angles to it. Effects of the latter are 
recognized in fracture zone patterns of oceanic crust. 

•  the relative movement of North and South America did not 
affect the ocean floor north of 10º N (Vema fracture zone) 
during the past 84 Ma.

In the mid-1980s the geophysics group reduced its marine 
activities and VML’s attention shifted towards geochemistry, 
notably through input in the RGD radioactive waste disposal 
programme, the Snellius II programme, research in the 
Mediterranean and in the Arabian Sea (NIOP programme, 
see below).  
In the Mediterranean various geological parameters were 
measured, the information being used in the reconstruction 
of the paleo-oceanographic/climatological history in the cir-
cum Mediterranean region on a decadal to centennial scale.
VML Geochemistry also discovered the first anoxic, brine 
filled basins in the Mediterranean south of Crete; one of 
them was named Tyro Basin after RV Tyro. The natural 
variation of the inputs of riverine versus aeolian material 
was found to be related to climatic changes and sediment 
composition. VML acquired the longest (over 10 years) record 
of sediment trap deployments in the Mediterranean so far. 

Ocean research by NIOZ
NIOZ was involved in four programmes of ocean research: 
In Zaire, the eastern North Atlantic, and several other areas, 
co-funded by the EU, as well as in the Black Sea and Medi-
terranean in the context of UNESCO programmes.

Zaire programme - Returning to its basic studies on fine 
grained particle behaviour, NIOZ developed a programme 
on the outflow of the river Zaire in Congo: The study focused 

a Cooperation that 
ShipwreCked
VML and NIOZ jointly prepared 

a cruise in 1975 that would be 

the first ocean expedition un-

der the auspices of the Nation-

al Committee, using the Greek 

freighter Aegeon Express. The 

cruise addressed research aims 

in the central Atlantic Ocean. 

One piece of equipment was 

the winch donated by KSEPL 

(the Shell Research Laboratory 

in Rijswijk), used by Houbolt 

for his North Sea studies. 

The combination VML/NIOZ 

stranded, however, during the 

cruise.
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ostracods vs. the extant watermass properties. In 1986 this 
topic was pursued through a cruise with R.V. Tyro focusing 
on actuo-micropalaeontology.
Lastly, a joint expedition with the VML marine geochemistry 
group addressed the actuo-micropalaeontology as well 
as the geochemistry of benthic foraminifera along depth 
transects in the eastern Mediterranean. Additionally, the 
investigations aimed at establishing the relationship to 
vertical (neo)-tectonic movements in the Hellenic Arc. The 
project was complemented in 1987 by studying active mi-
croplate tectonics (central and eastern Mediterranean) and 
the micropalaeontology of the eastern Mediterranean Sea. 
Neotectonic studies in this region were combined with ob-
servations on fluid flow and gashydrate dissociation, initially 
within UNESCO, later as part of EU programmes. Frequently 
VU, VML and NIOZ marine geochemistry groups cooperated 
closely, VML addressing inorganic geochemistry and NIOZ 
focussing on organic geochemistry and microbiology of 
extreme environments such as found in mudvolcanoes and 
related to gashydrate dissociation. 

National ocean programmes
The Snellius II Expedition (1982-1989) -  To commemorate 
the 50th anniversary of the first Snellius expedition of 1929-
1930, UNESCO approved the idea of an international, second 

palaeoceanography with the setting of basins and margins. 
Together with determination of the water mass conditions 
the outcome was a successful IODP drilling proposal and the 
subsequent drilling of site 162 at the Feni Ridge (fig 5-36). 

EU support became increasingly important to Dutch marine 
geological research in the early 1990s. Consequently, NIOZ 
investigations on sedimentary processes continued in an 
international framework:
•   sedimentation under influence of outflow of the river 

Rhône (NW Mediterranean)
•   large scale past /present-day sedimentary processes 

along the eastern North Atlantic margin from Norway to 
France in 199º3-1996 and 1996-1999.

•   establishment of the Neogene evolution and compila-
tion of a unified stratigraphy of the NW European Atlantic 
margin (with support from the oil industry). 

•   particle transport and organic carbon exchange/cycling 
over selected transects (the northern Biscay and Iberian 
margin), as part of a compilation of a global marine 
carbon budget from 1993 to 2001.

Deep water carbonate mounds and cold water corals along 
the European Margin were studied from 1998 up to today in 
three related EU projects. Moreover, NIOZ participated in the 
multidisciplinary project HERMES project (Hotspot Ecosystem 
Research on the Margins of European Seas) and is cur-
rently involved in its follow-up HERMIONE project, which 
addresses sediment transport and biodiversity in relation 
to hydrodynamic conditions in canyons on the European 
Atlantic margin. 

UNESCO - Following establishment of UNESCO’s international 
Training Through Research (TTR) Programme, mud volcano 
formation and venting of gas/fluids in the Black Sea and 
Mediterranean Sea were studied in cooperation with 
Moscow State University. Dutch partners were AmsterdamVU 
and NIOZ (1991, 1993), later also the VML geochemistry 
group. The relationship between mud mound formation 
and gas escape from gas hydrate dissociation through the 
sediments formed the basis for follow-up research in the 
eastern Mediterranean over a decade, most recently with 
the French R.V. Atalante and the diving vessel Nautile.

VU University Amsterdam ocean research
With the appointment of Van Hinte in 1979 as Professor 
at the Vrije Universiteit, the Dutch marine earth science 
community received an advocate of international research, 
having been stimulated already by the Ministry of Science’s 
decision to designate marine research a priority area. Van 
Hinte started a range of actuo-micropalaeontological and 
palaeo-oceanographical activities. A main objective be-
came testing the geohistory analysis approach, i.e. tracing 
a basin history by depth zone classification of benthic fau-
nal assemblages and proxy indicators. Thus oceanographic 
conditions of surface and bottom waters could be deduced 
from piston core and drill samples.
To identify changes in the benthic fauna along depth tran-
sects across the margin, a first VU cruise was made in the 
Mediterranean with the French vessel Catherine Laurence. 
In addition benthic foraminiferal samples were collected 
along depth transects from Ibiza to Melilla with the Spanish 
R.V. Cornide Saavedra. VU investigations were expanded by 
joining biologically oriented cruises in the North Atlantic. 
The goal here was to define the relationship between the 
spatial distribution of living planktonic foraminifera and 

Fig. 5-36. The NIOZ BoBo lander monitors the hydrodynamic conditions within two metres above 
the sea-floor. Measured are speed/direction at 5 cm intervals (by an acoustic doppler current pro-
filer), oceanographic conditions (salinity, temperature) and particle concentration. A high-resolution 
pan & tilt video camera registers changes of the sea-floor. Operational depth up to 5000 m, deploy-
ment maximum 1 year.
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veloped. This resulted in an intensive exchange of sampling 
technologies, samples and scientific results. Consequently, 
Snellius II can be considered a milestone in Dutch multidis-
ciplinary, marine earthscience research. 

The Netherlands Indian Ocean Programme (NIOP)  
1990-1995 -  The multidisciplinary approach of Snellius 
II was the starting-point for planning NIOP.  It offered an 
opportunity for another national expedition in 1992 and 
1993 with R.V. Tyro (fig. 5-35 and 5-38), which carried out 
research in the NW Indian Ocean, the Arabian Sea, off Kenya 
and around the Seychelles.
 The topic of the VU/NIOZ contribution was the tracing of 
a monsoonal upwelling system to determine spatial and 
temporal variability of the various parameters that govern 
upwelling off Somalia, Yemen and Oman. The results 
created new interest in climatic forcing and variability of 
monsoonal systems. This theme has been studied continu-
ously by the VU marine group, resulting in a considerable 
number of publications. Recent follow-up is an ESF/NWO 
project (2009) on climatic forcing and variability of marine 
systems offshore Tanzania. 
VML marine geochemistry studies in NIOP concentrated on 
Late Quaternary productivity and dynamics of the oxy-
gen minimum zone in the NE Arabian Sea. Jointly with 
sedimentologists and marine geophysicists the depositional 
architecture and facies of the middle and lower Indus Fan 
was analysed during two cruises in 1992. The VML Arabian 
Sea studies were complemented in 2004 by a seismic and 
bottom sampling survey carried out with the French R.V. 
Marion Dufresne, in order to set constraints for an IODP 
drilling site, proposed by VML, which was accepted but 
awaits execution. The theme, carbon degradation and 
diagenesis, was continued by VML in 2009 with time series 
measurements of particle fluxes in the eastern Arabian 
Sea. The overall aim of the marine geological studies of the 
above projects was definition of regional climate change 
and variability during the Late Quaternary and the associ-
ated effects and processes in the oxygen minimum zone. 
After completion of NIOP it was announced that RV Tyro, 
bought in 1982 for Snellius II, would be disposed of. 
Meanwhile R.V. Pelagia, an oceanographic research vessel 
equipped for shelf and slope studies had been commis-
sioned to NIOZ in 1991. NWO decided to base the National 
Marine Facilities’ operational part at NIOZ and to charter 
additional ships in case RV. Pelagia could not meet the 
national scientific demands.

Antarctic -  Long before a potential revision of the Antarctic 
Treaty in 1991, some partners wanted to add a minerals 
regime annex. This led to special meetings from 1982 on-
wards. The Ministry of Economic Affairs realised that Dutch 
representation at the meeting table would be accepted, 
provided The Netherlands participated substantially in Ant-
arctic research. Thus a limited sea-going programme was 
formulated with the German Polar Institute in 1984, which 
was subsequently funded by Economic Affairs early in 1985. 
Meanwhile, scientists from other disciplines had, for quite 
some time, urged their respective ministries to join Antarctic 
research. After lengthy inter-ministerial discussions a first 
national programme emerged. 
In 1985 the RGD participated in the German expedition to 
the King George Basin, a presumed active back-arc rifting 
zone in the Bransfield Strait. The aim was to understand the 
near-surface processes within the sediments covering the 

Snellius Expedition to the eastern Indonesian waters in 
1979 (see 4.3.8 and 7.1.2, 7.1.4). In 1982, under the aegis of 
the National Committee for Sea Research a group of Dutch 
marine scientists prepared a draft programme. An amended 
version was agreed upon by Indonesian counterparts. A 
bilateral Dutch-Indonesian commission then formulated 
the programme outline for the Snellius II expedition to be 
executed in 1984 to 1989, (fig. 5-37).
Five research themes were defined, of which Theme 1, Geol-
ogy and Geophysics of  the Banda Arc and adjacent Areas, 
formed the geological component of Snellius II. It comprised 
a combination of marine geological and geophysical stud-
ies of eastern Indonesian basins and adjacent islands, to 
unravel the geological and climatological evolution of the 
Banda Sea archipelago. 
This theme (coordinated by Van Hinte, Jongsma and Van 
Weering) was the most extensive one. It united topics for-
mulated by scientists from NIOZ, VU, VML, FUGRO (see 4.5.3) 
and Indonesian partners. A total of 110 days of R.V. Tyro 
shiptime was available for surveying areas as far apart as 
the Straits of Makassar, the Flores Sea, the Savu and Lombok 
basins, the Java Trench and the eastern Banda Arc. Utrecht 
marine geochemists and geophysicists (VML) and stratig-
raphy groups visited Kau Bay (Halmaheira) to take piston 
cores long enough to sample anoxic Pleistocene fresh water 
deposits in the bay, following up successfully on Kuenen’s 
initial but failed attempt of 1930. 
Snellius II results were highlighted at a symposium in 
Jakarta in 1987. The Theme 1 proceedings of the Snellius II 
Symposium presented as main outcomes: 
•  a detailed zonation and estimates of the Late Cenozoic 

palaeobathymetry of sections across the eastern Seram 
Trough

•  an overview of planktonic foraminifera in modern sedi-
ments of the Flores, Lombok and Savu basins including 
descriptions of the actuomicropalaeontology and sediment 
distribution along three transects across the Banda Arc 

•  a study of the Late Quaternary palaeo-oceanography of 
the Banda Sea.

Other highlights were the discovery of a triple junction, es-
tablishment of a seismic stratigraphy for the Aru Trough and 
Banda Arc, the seismic structure of the Lombok and Savu 
forearc basins and geochemical descriptions of Halmaheira 
Bay sediments. 
As a follow up to Snellius II a team from NIOZ and the VU 
investigated (1989-1992) the forearc development along the 
eastern Sunda margin, focusing on the position of the island 
of Sumba and the adjacent ocean basins. 
It is interesting to note that Snellius II was organised along 
disciplinary lines. During the cruises, however, cooperation 
between individual scientists of all institutes involved de-

Fig. 5-37.  ’Snellius II’ postage stamps.  
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geophysical and biostratigraphical programme and, in 1987 
a French expedition to collect cores from the western side of 
the Antarctic Peninsula and the nearby Scotian Sea for 10Be 
studies. The latter elucidate changes in the terrestrial influ-
ence on the marine sedimentation and consequently on ice 
cover and climate change. 
Towards the end of 1987 the German expedition to the 
Bransfield Strait area enabled the RGD once more to collect 
material in this area and to extend studies on isotopes (10Be, 
210Pb/238U), sediment cores and on dropstones. 
Meanwhile the minerals regime negotiations were con-
cluded with the Convention on the Regulation of Antarctic 
Mineral Resource Activities (1988). As a consequence the 
Ministry of Economic Affairs withdrew its financial support. 
However, Australia and France vetoed the Convention, which 
was shelved.
In 1989 another National Antarctic Programme funded by 
five ministries was developed, resulting in RGD participation 
in the 1990/1991 Dutch Antarctic expedition to King George 
Island, which took place with Polish support. The cruise 
focused on seabed sediments in Admiralty Bay, its coastal 
sands as a source of sediments in the Bay and on onshore 
lavas. 

High-level radioactive waste disposal (1977 to early 1990s)
In 1977 the Seabed Working Group was established under the 
Radioactive Waste Management Committee (Nuclear Energy 
Agency of the OECD). The Working Group was to provide 
scientific and technical information to enable authorities 
to assess the safety and engineering feasibility of disposal 
in the seabed. Seven task groups carried out integrated, 
multinational research and published integrated results. Ten 
countries plus the European Commission participated. 
From 1979 Collette (VML), attended working group meetings 
on request of the Ministry of Economic Affairs. When the 
university refused to back ocean-going fieldwork for the 
Site Assesment Task group, the RGD stepped in, initially with 
Collette’s support. From 1980 onwards the RGD executed or 
participated in a number of ocean-going expeditions and 
subsequent research. Eight expeditions went to abyssal 
plain areas south of the Azores, while two went to the Nares 
Abyssal Plain in the NW Atlantic. RGD-led expeditions had 
a multidisciplinary crew of scientists and technicians from 
RGD, Dutch universities and research institutes as well as 
participants from other member states. High-resolution seis-
mic, coring, sampling and geochemical studies were among 
the on-board activities. Several types of instrumented scale 
models of free-fall penetrators (fig. 5-39) were deployed to 
test penetration depth, angle of impact, any rotation and 
effects of surface roughness. Use of penetrators was one of 
two options for the emplacement of waste, the other was 
the drilled method. 
International research efforts culminated in a multinational 
expedition in 1985 to the Madeira and Nares Abyssal plains, 
in which 70 scientists from all member states, including a 
strong Dutch contingent, participated. 
More important than site characterisation studies were 
the development and implementation of Site Assessment 
Guidelines, forming the basis for evaluating geoscientific 
feasibility. Most significant factors were: 
•  predictable characteristics in time and space to ensure 

long-term stability and to enhance the level of confidence 
in the ion-transport-risk-assessment models. 

•  geologic stability with a minimal probability of activities 
disrupting the integrity of the effective sediment barrier.

supposed axis of spreading. RGD staff studied the sedi-
mentology of cores of volcanic rocks sampled at Deception 
Island. 
RGD then joined another German expedition in 1986 to 
the Maud Rise and the Weddell Sea, carrying out a small 

Fig. 5-38. R.V. Tyro with lab containers and cranes.

Fig. 5-39. Joint Research Centre Petten-designed scale-model 
penetrator being prepared for deployment from the stern of RV 
Tyro. Deployment was done tail first to prevent damage to the 
instrumented section. The penetrators varied in shape, density 
(from concrete to depleted uranium), surface roughness and 
instrumentation.
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This was in fact the vision of Dr A.J. Piekaar, Director-Gen-
eral of the Ministry of Education and Science in 1972 when 
he decided to stimulate the Ocean Sciences.  
On the other hand, practical ’users of the seabed with a 
vision’, working within organisations like Rijkswaterstaat, 
have offered opportunities for great progress in applied ma-
rine geosciences. Awareness that geoscientific information 
and understanding is indispensable when dealing with 
the seabed has promoted the acquisition of applied marine 
geoscientific knowledge.
In spite of all this support, the current Dutch expertise could 
be achieved only thanks to devoted marine scientific and 
technical staff from Academia and Institutes.
Of course, the question is what future lies ahead for the 
Netherlands’ marine earth sciences? It seems unlikely 
that the general high level of the late 20th century will be 
matched in the coming years, and this will lead to a lower 
international visibility and marine profile. Most of the 
institutes described as having been so extremely active have 
chosen for another route, partly due to tougher funding 
constraints and partly because of university reorganisa-
tions. Either their marine investigations have been stopped 
completely or they have been reduced to limited participa-
tion in external programmes. In fact, it can be expected 
that only NIOZ on the basis of its raison d’être will continue 
high level investigations, most likely complemented with 
university research groups. In this respect it is promis-
ing that in 2011 the Dutch Government allocated longterm 
funding for the establishment of an own research station 
on the Antarctic as annex of the British Rothera Research 
Station. The funding will allow NIOZ to start among other 
things measuring effects of the increasing quantities of fresh 
meltwater on the marine ecosystems. 
The question remains whether we once more need a 
Kuenen and a Vening Meinesz to convince the outside 
world of the importance of marine earth sciences for 
mankind? 

•  any radionuclide transport by pore water advection 
must be less than the rate of diffusion.   

Most of the more than a dozen potential sites were 
skipped for technical reasons or because of the need to 
focus the available means. Detailed studies indicated that 
the westernmost Madeira Abyssal Plain might contain 
sites of suitable dimensions that met all Site Assessment 
Guidelines except for the possible presence of sand layers 
beyond coring depth or the possible occurrence of com-
paction faults in between profiler grid lines.
The overall conclusion drawn from the work of the entire 
Seabed Working Group since 1977 was that sub-seabed 
burial appeared to be a technically feasible method for 
disposal of high-level radioactive waste or spent fuel. 
The recommendation for further research in a limited 
number of areas never materialised because governmen-
tal support gradually waned, largely as a result of the 
Chernobyl 1986 incident. Although as a result the Seabed 
Working Group died, various groups including RGD, 
partly sponsored by the European Commission, continued 
for some more years to study the sedimentary system 
of the Madeira Abyssal Plain from the shelf edge to the 
most distal plain, until the processes, sources and sinks 
became clear.

Concluding remarks
In the footsteps of Kuenen and Vening Meinesz marine 
geosciences developed from their infancy in the 1960s 
along two lines and reached an international scale with 
worldwide investigations (fig. 5-32). 
On the one hand, scientific research was strongly pro-
moted by the Netherlands Committee for Sea Research 
(KNAW), who laid the basis for long-term financial sup-
port. Later the Netherlands Organisation for Pure Scientific 
Research (ZWO/NWO), as national funding agency, stimu-
lated internationally-oriented research by the institution-
alised marine geosciences.

•  Madeira Abyssal Plain (MAP): 
hardly known around 1980, 
but since the 1990s the best 
studied abyssal plain. The 
depositional system in time 
and space is well understood:  
Complex debris flows off NW. 
Africa and the Canary Islands, 
gradually transform into tur-
bidity currents ending as fine-
grained, non-erosional distal 
turbidites in the extremely 
flat plain area.

•  Turbidites in the western 
(distal) MAP: individual, 
larger turbidites can be traced 
for more than 300 km in a N-S 
direction and for about 150 
km E-W. At least 4 sediment 
sources have been operational 
for limited time periods, and 
have supplied several tur-
bidites, particularly at times 
of climate/sea-level change, 
before switching source. 

 •  Pelagic layers. In the western 
MAP the bio- and lithostrati-
graphic framework followed 
from   comparing the pelagic 
layers in between the tur-
bidites with the stratigraphy 
of pelagic cores from nearby 
hills. Quaternary climate 
changes find expression in 
alternating pelagic litholo-
gies i.e. marly clays in glacial 
intervals, marls and oozes in 
interglacials. 

•  Geochemistry: uranium, im-
portant in geochemical ana-
logue studies of radioactive 
waste, was studied through 
the behaviour of authigenic 
uranium, present in organic-
rich MAP turbidites. This is 
redistributed due to redox 
changes to just below the 
active oxidation front. When 
the pore water conditions 
become anoxic again after 

the next turbidite emplace-
ment, this profile remains 
stable in individual turbidite 
units at more than 30 m depth 
(representing 700ka). Pore 
water studies indicate that 
there is very little subsequent 
movement of uranium in the 
anoxic conditions of these 
sediments.

•  Compaction faults. Sub-seabed 
discontinuities observed in 
long cores proved to be faults, 
and are ascribed to compac-
tion. Reducible manganese and 
iron have been leached from 
a 1,5 cm zone around these 
faults. Apparently, reducing 
pore fluids migrated along the 
fracture plane. This signifi-
cant factor is to be taken into 
account when considering the 
effectiveness of deep sea or 
any other clayey sediment for 
radioactive waste disposal. 

•  Manganese nodules, lying on 
calcareous ooze and low in 
valuable metals, were found 
on a low hill rising above the 
distal MAP. The large differ-
ence between their growth 
rates, determined with 10Be 
AMS measurements, and the 
sedimentation rate of the 
ooze suggests that they were 
emplaced by flotation. Nod-
ules larger than 4 cm, present 
downcore in a nearby core, 
fit the proposed size limit for 
flotation.

MAIN GEOLOGICAL ACHIEVEMENTS OF OCEAN RESEARCH FOR RADIOACTIVE WASTE DISPOSAL
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of the computer, data could be stored digitally and, if neces-
sary, written or printed on normal paper. Digital recording 
started in the 1970s and became mature in the 1990s.
Initially, DBN was the only seismograph station in The 
Netherlands (fig. 5-40). Later, other seismic stations were 
installed in Heerlen (1926), Witteveen in Drenthe (1951), 
Winterswijk (1974), and Epen (1979) and Valkenburg (1985) 
in South Limburg. Due to an increase in ambient environ-

5.5 State supported research,  
some examples

5.5.1 A century of earthquake seismology in 
The Netherlands
femke goutbeek and hanneke paulSSen

Thanks to improvements in the development of seismo-
graphs at the turn of the 19th and 20th centuries, scientists 
started to study earthquakes. Many of the seismology 
departments started as part of a meteorological institute, 
dealing with geophysics (air, oceans and solid earth) and 
accustomed to long term monitoring. In 1904, the first 
experimental seismograph was installed in the cellar of the 
Royal Netherlands Meteorological Institute (Koninklijk Ned-
erlands Meteorologisch Instituut, KNMI). In 1908 better in-
struments were purchased and in 1911 a special observatory 
building was constructed in which temperature and hu-
midity could be kept constant. The first seismograph station 
(DBN, De Bilt Nederland) was established and earthquakes 
could from then on be analysed. With the introduction of 
electro-magnetic devices, recording changed from smoked 
paper to photographic paper in 1914. After the introduction 

Fig. 5-41. Seismicity in The Netherlands for the period 1904-2004.

Fig. 5-40. Dr G. van Dijk in the KNMI seismological observatory 
(around 1920), calibrating the Bosch-Omori seismograph.
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by Scholte (KNMI and Utrecht University) and Vlaar, to the 
imaging of (deep) earth structure by inversion of seismic 
data since the late 1970s and 1980s. A seismology research 
group was formed in 1985, first headed by Nolet and later 
by Snieder and Trampert. They have all made important 
contributions in the field of seismic tomography, in par-
ticular on methods that image the Earth’s interior using full 
waveform information from entire seismograms. Observa-
tional studies were carried out using six different temporary 
deployments of the NARS network at a number of locations 
in The Netherlands, Europe, and around the Gulf of Cali-
fornia. Many students have profited from their seismology 
education at Utrecht University: Dutch seismologists can be 
found all over the world.
In the last decade, the earthquakes in the North of the 
Netherlands have also become an object of study at Delft 
University of Technology (Wapenaar and co-workers), spe-
cifically related to the application of the technique called 
seismic interferometry. The novelty of this technique lies 
in the idea that earthquakes and/or microseisms are used 
as sources for creating seismograms, just as if active seismic 
sources were installed at the location of one of the receiving 
stations. This approach has opened up the possibility of 
imaging the reflectivity of the subsurface rather than just 
determine its velocity distribution, as commonly obtained 
from seismic tomography. A seismic sub-network specifi-
cally allowing the study of this approach has been built as 
part of the LOFAR network, as a complementary network to 
the network of the KNMI.

5.5.2 Research on the disposal of radioactive 
waste in The Netherlands 
leo van de vate

A solution to the disposal of the radioactive waste, in 
particular that of the high-level waste, is often called the 
Achilles-heel of the use of nuclear energy.   
Research into safe and socially acceptable solutions began 
in the 1970s both on- and offshore (see 5.4.2).  Onshore it 
started with the OPLA (OPLAnd, On Land, 1984 -1993) and 
CORA (Committee on Disposal of Nuclear Waste, Commissie 
Opberging Radioactief Afval, 1996 - 2001) programmes. 
Recently, a new programme, called OPERA (Research 
Programme Final Storage Nuclear Waste, Onderzoek Pro-
gramma Eindberging Radioactief Afval, 2011 – 2015) started 
research into the potential for disposal in Boom clay, a solid 
clay layer at several hundreds of meters depth in the south 
of The Netherlands, as discussed below.
The OPLA Research Programme (26 projects, costs e 31 million), 
which formed part of the Integrated National Research 
Programme -Nuclear Waste (ILONA), was intended to 
explore the disposal options for nuclear waste in the 
deep subsurface onshore. It was initially decided to focus 
the research on rock salt as host rock. Three phases were 
identified for the purposes of the interim parliamentary 
decision-taking procedure. At the end of each phase, 
government and parliament were to decide whether a 
subsequent phase of the programme was justified and, if 
so, what content and scope it should have. The first phase, 
which commenced in 1984, comprised a feasibility study, 
investigating various disposal methods and salt formation 
types with reference to safety. For this purpose, desk studies 
and laboratory investigations were performed on the basis 
of existing data in the public domain. In many cases, these 

mental noise over the years, alternative locations had to be 
found for the DBN station, which served as a reference. After 
the Roermond earthquake of 1992 a new seismic station was 
built at the Heimansgroeve close to Epen, one of the quietest 
places in the country with regard to background noise. After 
1992 the seismometers became smaller and more mobile and 
since then, a network of instruments has been installed in 
Limburg to measure all earthquakes of magnitude 1.5 and 
larger. Utrecht University started observational studies in the 
early 1980s with their mobile network of 14 seismic stations 
(Network of Autonomously Recording Seismographs, NARS). 
After two projects in Europe, the stations were deployed in The 
Netherlands from 1989 to 1992. Since 2008 a new temporary 
network with new instrumentation has been deployed: it 
consists of 19 stations all over the country.
The largest earthquakes in The Netherlands during the last 
century were at Uden (1932) and Roermond (1992), with local 
magnitudes of 5.0 and 5.8 (Richter scale) respectively. Both 
earthquakes were felt throughout the country and caused 
damage in the area around the epicentre. They both are 
situated in the Roer Valley Graben, the geological structure in 
which faults are active. 
In 1986 a first earthquake in the northern part of The Nether-
lands was felt in Assen, Drenthe. The magnitude of this earth-
quake was 2.8. After this, more small earthquakes followed. 
Since this was the first earthquake ever to be felt or recorded 
in this part of the country a study, involving the KNMI, State 
Supervision of Mines (Staatstoezicht op de Mijnen,SodM), 
Nederlandse Aardolie Maatschappij (NAM), the Geological 
Survey of The Netherlands (RGD), Delft University of Technology 
(TUDelft) and the Free University Amsterdam (VUA), was carried 
out to clarify its cause. The conclusion was that gas-extraction 
was the most likely cause, and this was corroborated in sub-
sequent years, as the location of new events showed a high 
correlation with the existing fields in production, fig. 5-41.
After the installation of an experimental borehole in 1991 near 
Finsterwolde, a network of borehole geophones was installed 
in Groningen, Drenthe and around Alkmaar in order to moni-
tor induced seismicity. By placing the instruments at the max-
imum depth of 300 meters a large amount of the noise, which 
is very high on the clay and peat soils of this area, could be 
avoided. With this network, between 20 and 50 earthquakes 
of magnitude 0.5 to 3.5 are recorded each year. The spatial 
setup of the boreholes is designed to record every earthquake 
of magnitude 1.5 and larger. Smaller earthquakes are only 
recorded if they occur very close to one of the stations.
In addition to this borehole network, a number of accel-
erometers have been placed in the provinces of Groningen 
and Drenthe. They are placed close to earthquake locations 
to record ground acceleration, which is a good measure of 
probable damage to buildings. Nowadays around 20 ac-
celerometers are situated in Groningen, Drenthe and the town 
of Alkmaar.
By recording earthquakes in the southern and northern part 
of The Netherlands, and thus gaining regional information on 
the seismic activity of the subsurface, a seismic hazard analysis 
can be performed. Earthquakes cannot be predicted but the 
likelihood, or probability, of experiencing acceleration due 
to an earthquake at a particular site or region during some 
period of time can be determined. This information is useful 
for engineering purposes and political decision makers.
At Utrecht University seismological research is primarily 
focused on theoretical developments in seismology. The scope 
gradually changed from wave propagation and the excita-
tion of seismic waves in the late 1950s and 1960s, investigated 
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although still much lower than the ambient dose rate in The 
Netherlands of about 2.4 mSv per year.   
For the underground options retrievability requires extra 
facilities. In addition a fall-back surface storage may be 
needed to accommodate any waste retrieved from the 
underground disposal facility. Based on today’s knowledge 
retrievability can only be guaranteed for a few hundred 
years.
In the community debate on disposal of radioactive waste, 
risk perception was and is a key element. Advantages of 
retrievable disposal are that no irrevocable decisions have to 
be taken, that it allows continuous monitoring and that the 
possibility of alternative solutions remains open as long as 
the facility is accessible. Moreover, the community at large 
has to be involved more closely in the technical and societal 
aspects of the waste issue. 
A scoping study into the societal aspects, including an in-
quiry among Dutch environmental organisations, confirmed 
that the waste problem is associated with the negative 

investigations were carried out with international coop-
eration, for example in the area of in-situ investigations. 
The OPLA Committee reported on the first phase (OPLA 1) 
of the research programme in mid-1989. The conclusions 
amounted, in brief, to a statement that safe disposal of 
radioactive waste in rock salt formations of a nature and 
scale as very probably occur in the Dutch subsurface (fig. 
5-42) is in principle feasible. 
The OPLA Committee also concluded that certain assump-
tions on which the conclusions were based required fur-
ther verification to establish their reliability and accuracy. 
It was furthermore indicated that which salt formations 
would be most suitable for further technical investigation 
was limited by a lack of location-specific data.  
At the same time, the ILONA Committee noted that it was 
possible and necessary to perform supplementary research 
(OPLA 1A, 1989 – 1993, 15 projects, costs e 15 million) in 
order to reduce the limitations and margins of uncertainty 
established in the 1989 findings. This view was supported 
by the results of an international review performed by 
the European Community (EC) and the Nuclear Energy 
Agency (NEA) of the Organization for Economic Cooperation 
and Development (OECD). In addition, it was considered 
important that attention should be given to new develop-
ments, such as the retrievability of disposed-of waste.
After completion of the OPLA 1 and OPLA 1A programs, the 
OPLA Committee reached in 1993 to the central conclu-
sion that disposal of radioactive waste in Dutch rock salt 
is in principle possible in a safe and technically feasible 
way. In spite of this conclusion government decided 
not to perform the second and third phases of the OPLA 
programme due to the huge public resistance against test 
borings in rock salt which formed part of these phases.  
A new research programme, which has concentrated 
on the retrievability of nuclear waste, was defined. The 
Netherlands was among the first countries to introduce 
this aspect - its objective is to enlarge societal confidence 
in geological disposal. This CORA programme (1996 -2001) 
encompassed also research on the Boom clay as an 
alternative to rock salt. The Boom clay is widespread in the 
subsurface of The Netherlands (fig. 5-43) and in Belgium 
considerable research on this host rock had already been 
performed, including the construction of an underground 
test facility in Mol (B).
The CORA research programme (costs e 3.5 million) 
comprised 21 projects from research institutes both in The 
Netherlands and abroad.
The studies performed did not reveal any factors that 
might prohibit any of the three options for retrievable 
disposal examined: long-term surface storage and deep 
underground disposal in either salt or clay deposits.
For surface storage the data used are more reliable and 
the retrieval operation is simpler than for underground 
storage. However, in contrast to underground disposal, the 
surface option lacks the natural multi-barrier and fail-safe 
features. Therefore, eventually, underground disposal will 
be necessary. Compared to rock salt, the basic data for clay 
are less reliable and the galleries in the disposal facility 
must be supported.
 A worst case scenario considered for underground 
disposal is that of inadequate maintenance, resulting in 
flooding of the facility. Under these conditions the annual 
dose rate to a representative individual in the biosphere 
could reach a maximum after some 100,000 years. This 
dose will be higher for disposal in clay than in rock salt, 

Fig. 5-42. Extension of Zechstein salt deposits.

Fig. 5-43. Extension of Boom clay.
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5.6 Government and geological wealth – an 
unstable relationship  
diCk van doorn 

How can we best summarise the involvement of govern-
ment authorities in the management and exploitation of 
the Dutch subsurface?
Thanks to the Napoleonic legal system, the Dutch govern-
ment owns, on behalf of the people, all resources that lie 
below the surface. This is in contrast to the USA where the 
landowner owns the subsurface rights, for instance, to any 
oil reserves lying below his property.
Over the years, the Dutch government has exercised its 
managerial responsibilities in various ways; sometimes by 
actively exploiting subsurface resourses itself, but more 
commonly in capacity as landlord, leaving the actual 
production to private sector operators, but taking a share 
of the proceeds in the name of the public.
In the case of the oil, gas and salt industries, the central 
government may be an active operator or it may, through 
participation, actively monitor production (EBN). For more 
shallow-lying resources, such as sand, gravel, clay and 
(ground) water, production and commercial exploitation 
are usually delegated to the provincial authorities or local 
Waterschappen (Water-Authorities).
As noted in chapter 6 and above, for a short period the 
State had its own organisations for the exploration and 
exploitation of coal and, to a lesser extent, salt. After 1923, 
however, these activities were transerred to the private 
sector and, with the development of the oil and (especial-
ly) gas industries, the State chose not to establish its own 
state oil company (Nederlandse Staatsolie Maatschappij), 
but rather to profit optimally from the production of these 
subsurface resources via legal and fiscal means.
In the management and control, as well as in encourage-
ment of the public to utilise the subsurface, policy has 
been rather erratic. A Dutch geological survey along the 
lines of the British Geological Survey (recently 175 years 
old), with responsibility for geologic, hydrogeologic, geo-
physical and geochemical studies has, at any event, never 
been realised. During the past 200 years a large number 
of institutes have been formed, each with its distinct 
objective varying from research into the occurrence of coal 
to general surface mapping, shallow and deep subsurface 
mapping and hydrogeologic research, etc.(fig. 5-45). The 
text in 5.1 summarises a number of such institutes that 
have existed since World War II. It emphasises the frag-
mentation in earth science skills in The Netherlands. That 
the core custodian of geological knowledge during the past 
100 years has changed names from Geological Bureau to 
Geological Survey, Geological Foundation, State Geological 
Survey, Netherlands Institute for Applied Geoscience TNO, 
TNO Building and Subsurface and lately back to Nether-
lands Geological Survey, eloquently demonstrates how the 
State’s involvement with the country’s geological riches 
has manifested itself.
In The discovery of the subsurface, one and a half centu-
ries of applied geoscientific research in The Netherlands 
the author, Patricia E. Faasse, wrote a very telling epilogue: 
“It was only in the second half of the 19th century that po-
litical circles took any interest in the Dutch subsurface, and 
then not primarily to develop knowledge, but to evaluate 
the possibilities of making rational use of it. This interest 

image of nuclear power and with the fear that solving the 
waste problem could imply renewed deployment of nuclear 
energy. The organisations expressed a lack of confidence in 
the feasibility and safety of underground disposal.
Experience in other countries with inquiries where stake-
holders could express their opinion on the selection of 
disposal options and sites indicates that it is very difficult to 
reach a consensus.
CORA stated that with proven ability and acceptance of 
underground disposal there will probably be a shorter or 
longer period of surface storage, followed by underground 
retrievable disposal. In the latter case also the periods of 
retrievability have different durations. During or at the end 
of the retrievability period it can be decided whether the 
waste is fully or partially to be retrieved or permanently 
disposed.  
In order to give the reader an idea, a number of possible 
storage paths is shown schematically in fig. 5-44. This 
figure illustrates again that the principle of retrievability will 
give future generations a great deal of freedom of choice. 
The recently started OPERA research on disposal in the Boom 
clay will, after a down time of about 10 years in research 
on radioactive waste disposal in The Netherlands, benefit 
from the results of the OPLA and CORA programmes, and 
especially from the great experience and knowledge ac-
cumulated in Belgium.

Fig. 5-44. Different disposal trajectories of nuclear waste.

DiSpoSal trajectory a
long lasting surface storage 

DiSpoSal trajectory B
100 years storage at surface, 100 years retrievable 
at subsurface, permanent closure

DiSpoSal trajectory c
200 years storage at surface, 200 years retrievable at subsurface, 
permanent closure

Surface storage

retrievable disposal

Final disposal (permanent)

Spare storage

possible retrieval
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commercial missions and during State visits by the Royal 
family. The current heir to the throne is seen by water au-
thorities as their best special representative in years. 
Although the government restricts itself to the role of land-
lord, receiving income from activities related to exploitation 
of ground-based resources, it is responsible for execut-
ing EU directives on subsurface management, including 
such related tasks as building and maintaining subsurface 
data-banks. This task is not carried out without some 
reservations, as in some cases it may be seen to have some 
negative consequences, as for example, for the agricultural 
sector. And here we perhaps reach the heart of the issue; 
the diverse interests that influence policy making. While the 
geologists, with their specialist knowledge and common 
culture have always lobbied for a unified approach, the 
added value of pooling their knowledge has, for many poli-
ticians (the majority without backgrounds in natural history) 
been only one of many factors that define their policy.
Recent questions posed by the government, whereby they 
requested  100% certainty from scientists on the amount 
of ground subsidence resulting from gas production below 
the Wadden Sea, do not give the impression that politicians 
understand earth science any better now than they did 100 
years ago. However, the fact that, as a consequence of closer 
cooperation between their respective research laboratories 
(Deltares, TNO, RIVM and Alterra) a consolidation of the min-
istries of Economic Affairs and Agriculture, as well as of the 
ministries of Transport and Environment took place in 2011, 
provides cause for some optimism that things might improve 
in the future. 

has not waned...research still takes place in an applied 
context. Knowledge of the subsurface was expected to serve 
practical goals, commissioned by external bodies”.
Faasse and others provide us with a number of examples to 
illustrate this: “In 1903 the government mandated the ROD 
to identify and map Dutch coal reserves. Actually, knowl-
edge of the coal distribution itself was not the ultimate 
objective of the research, as exploration by the private sec-
tor could have achieved this. The goal was in fact, to delay 
private company exploration until such time as the exact 
reserves and distribution were known and the government 
could develop an appropriate concession policy, so that not 
only the easily accessible seams, but all economically mine-
able coal could be recovered. However, in 2012, the coal re-
serves identified in the Peel are just as unexploited as they 
were in 1906. Was the ROD research a waste of money?”
A generally similar approach, designed to encourage gas 
production from (sub-) marginal fields, the ’Small fields 
policy’ (kleine-veld politiek, see 6.1.), did prove a great 
success and has led to the optimal exploitation of the Dutch 
gas reserves.
“For geological mapping a similar approach was adopted. 
The objective was to prepare a geological map of The Neth-
erlands that would serve multiple purposes in, for instance, 
the public works, agricultural, water management and 
purification industries, etc. As far back as 1941, however, 
while the explanation accompanying the first geologi-
cal map was still being written by the RGD, a spokesman 
for agricultural interests noted that the map was about as 
useful as “chicken wire against mosquitos”.  The Public 
Works Department, active in road construction...had to 
rely on additional investigations. The deputy director of the 
Geological Foundation, A.J.Pannekoek, wrote in 1949 “... 
the map has other disadvantages...one profile is inaccu-
rate... the definitions on the legend are vague...there are 
large parts of the map on each side of the profiles without 
any information..!”.
In this respect we see a gradual improvement in quality as 
the value of 3D mapping has begun to help users to locate 
themselves more readily. A last example, which in the not-
too-distant future is likely to see follow-up, relates to the 
disposal of radio-active waste. Faasse writes: “It looks as 
though research into storage sites for radio-active waste has 
failed to satisfy its initial objective: Is it possible to safely 
store such waste over long periods in the Dutch subsurface? 
The answer from the geologists was, yes it can. The waste, 
however, is still today stored on the surface at Borssele (in 
Zeeland), awaiting a decision. Should this research be sent 
to the archives straight away?”
Everything suggests that within the political leadership of 
The Netherlands, there is and has never been a consensus 
on the establishment of a single, central institute that could 
provide earth science advice to both country-wide and 
provincial authorities. Each ministry has, over the past dec-
ades, created its own research institute over which it is very 
protective and apprehensive of any outside interference. 
In a country with a long tradition of a strong free market 
economy, the establishment of State organisations for the 
exploration and exploitation of deep and shallow natural 
resources is an anathema. The VOC mentality of the Dutch 
industrial establishment has been encouraged in the world 
of earth science, and the export of our expertise on delta 
and groundwater management is supported in overseas 

Fig. 5-45. Simplified development “tree” of RGD and TNO in the last century. 
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Twelve well production facility, Groningen gas field
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Arguably, the single most significant event in The Netherlands after World War 

II was the discovery by a private enterprise of the giant Groningen gas field. 

The exploitation of this resource revolutionized energy usage in the country 

and in the late 1960s industry and domestic consumers massively switched 

from using coal to gas. Additionally, The Netherlands became a hub in the 

emerging continent-wide transportation of and trade in natural gas. Finally, 

revenue from the sale of gas resulted in a welcome long-term boost to the 

state coffers. Economists still debate whether this windfall was always wisely 

spent, but undeniably it had a lasting positive effect on the country’s economic 

development and facilitated innovation in many fields. 

Mineral resources lie at the origin, growth and evolution of three of the most 

prominent Dutch companies. Hydrocarbons and coal formed the foundation 

of the NAM (Nederlandse Aardolie Maatschappij) and DSM (Dutch State Mines), 

respectively the latter of which has evolved since the 1960s from a mining 

company into an internationally active chemical company. To exploit the salt 

resources in The Netherlands KNZ (Royal Dutch Salt Industry) was founded in 

1918 – it now forms part of the multinational company AkzoNobel. Finally, 

Dutch building industry relies on a substantial, largely domestic production of 

building materials from omni present unconsolidated sediments.

This chapter will deal with the evolution and activities of these three 

companies and of many other players in the field of exploration and 

exploitation of the country’s natural resources. 

6   Coordinated by Mark Geluk

Exploiting our 
ricHEs 
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6.1 The development of the Oil  
and Gas Industry
Mark Geluk and Jan de JaGer

The early days of hydrocarbon exploration in The Nether-
lands correspond with the first half of the 20th century, 
and were characterised by a number of fortuitous events 
and serendipity rather than by careful evaluation of 
subsurface data. The first steps towards systematic data ac-
quisition were made by BPM (Bataafsche Petroleum Maat-
schappij, predecessor of Shell Internationale Petroleum 
Maatschappij) who acquired a gravimetric survey in the 
northern Nether-lands in the 1930s and after World War 
II in the western Netherlands. The first discoveries were 
based upon these data (fig. 6-1). In the 1950s a further step 
towards 2D seismic data was made; single fold at first but 
quickly evolving to higher quality multiple fold. The 2D era 
lasted until the 1980s, when increasing stretches of land 
and the offshore began to be covered by 3D data. The first 
3D survey was acquired by NAM in 1978. Currently 56% of 
The Netherlands is covered with 3D seismic data, making 
it one of the countries with the best imaged subsurface in 
the world. Despite all this seismic data, which allows an 
unprecedentedly clear appreciation of potential gas and 
oil traps, we continue to rely on the drill-bit to prove, or 
disprove, the presence of hydrocarbons.
The period of 88 years since the first hydrocarbons were 
encountered can roughly be subdivided into: 1) the Early 
Years, when slowly the various oil and gas plays and 
provinces became known, 2) the Golden Years, starting 
with the discovery of the giant Groningen field in 1959 and 
during which most of gas reserves in The Netherlands were 
discovered, and 3) the Late Years since 1995, when the size 
of discoveries started to decline and new, mainly smaller, 
companies entered the scene. 
The discovery of the Groningen field in 1959 was without 
any doubt the most important milestone for the E&P in-
dustry in The Netherlands, and marked a clear watershed. 
The transition between the golden and the late years has 
been much more gradual and a somewhat arbitrary year 
has been picked for this.
In this period of 80 years a wide range of hydrocarbon 
plays has been discovered (fig. 6-2). 

6.1.1 The Early Years: 1923 to 1959

The first oil shows in the territory of The Netherlands were 
observed in 1923 in an exploration well for coal and salt 
in the eastern part of the country. In this well, Corle-1, 
drilled during the state exploration campaign, a strong oil 
smell together with stains and gas bubbles was observed 
in cores from the basal Zechstein and Carboniferous (fig. 
6-3). When attempts were undertaken to stimulate the 
well with explosives the borehole was severely damaged 
and the well was lost. During retrieval of the casing a total 
of 1.5 barrels of light green oil was recovered. Subsequent 
discussions between the industry and government on a 
possible re-drilling of the well remained unresolved. The 
government’s views that industry should pay for a new 
well was not accepted, but the discovery did trigger inter-
est in the Zechstein as a prospective reservoir, although 
this only proved to be commercial 25 years later when the 
Coevorden gas field was discovered (1948).
Between 1924 and 1927 five more wells were drilled in what 

Fig. 6-1. Milestones in 
the Dutch exploration and 
production history. 
1923: Corle oil show; 
1938: The Hague oil show; 
1943:  Schoonebeek oil 

discovery; 
1948:  Coevorden gas discovery; 
1953: Rijswijk oil discovery; 
1959: Slochteren gas discovery; 
1961:  First offshore well  

(Kijkduin Zee-1); 
1968:  First offshore gas 

discovery (P6); 
1970:  First offshore oil 

discovery (F18); 
1974:  Last coal mine in Zuid-

Limburg closed;
1975:  First offshore gas 

production (L10); 
1982:  First offshore oil 

production (Q1); 
1984:  Botlek gas discovery in 

Rijswijk concession; 
1993:  F3 oil field on stream; 
1996:  Hanze oil discovery in 

the Chalk; 
2010:  production restart from 

Schoonebeek; 
2012:  Shale gas exploration 

well.

Fig. 6-2. Petroleum systems and the main reservoirs in The Netherlands. 

>
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later would become the Gelria coal and salt concession in 
the area around Winterswijk. Most of these wells encoun-
tered oil shows, but an attempt to add hydrocarbons to the 
license agreement of the Gelria concession was not accepted 
by the government. In 1928 the Bataafsche Petroleum 
Maatschappij (BPM), whose activity so far had been focused 
exclusively on areas outside The Netherlands, drilled a 300 
m deep well in the area (Kotten). To this day, however, it 
remains unclear what the actual objective of this well was.
BPM was the first company to undertake more serious 
exploration activities in The Netherlands, and in 1932 it 
obtained a prospecting license covering the NE part of the 
country. The company acquired a gravimetric survey and 
subsequently drilled 12 dry exploration wells – the Noord-
Nederland wells. With one exception, these wells stopped 
in the Palaeogene succession and were not deep enough to 
evaluate the prospectivity of the deeper formations which 
we now know to comprise the main oil and gas reservoirs.
The year 1938 was remarkable for two occurrences, firstly 
because the second indication for oil in the subsurface of 
The Netherlands was discovered, this time in the west of 
the country. During an exhibition in The Hague to promote 
interest in the Dutch Indies, BPM drilled a demonstration 
well on its premises (De Mient). The initial plan to drill a 
well in the more prospective eastern Netherlands and to 
transport the visitors there from The Hague was considered 
to be too ambitious in view of the poor road network at 
that time. At a depth of 460 m, the drillers unexpectedly 
encountered oil stains – a classic case of serendipity. Subse-
quently a gravimetric survey was acquired in the province of 
Zuid-Holland (fig. 6-4), based on which many of the post-
war discoveries in the Rijswijk oil province were made. 
The second notable occurrence in 1938 was a blow-out at 
Bad Bentheim in Germany, about 15 km east of Oldenzaal. 
This provided the first evidence for the presence of gas 
at Zechstein level. The sound of the gas eruption was so 
loud that inhabitants of the Dutch cities of Hengelo and 

Fig. 6-3. In 1923 the first discovery well in The Netherlands was drilled: Corle-1. The photos show the rig at its location in the east of 
The Netherlands and its interior.

Fig. 6-4.  Bouguer gravity map for the province of Zuid Holland. It shows many of the structural 
highs in which oil and gas fields were found in subsequent years. Contour values are in mgal.
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became aware of the discovery and after World War II 
a joint company was set up – the Nederlandse Aardolie 
Maatschappij (NAM), with the head office in Oldenzaal (fig. 
6-5). NAM took over operatorship from BPM in the entire 
Netherlands in 1948. Despite the success of NAM in find-
ing gas it should be mentioned that for a long time Shell 
management had strong reservations about gas and had 
more interest in oil.
After World War II, the freedom to explore was reinstated 
in 1947, but until 1960 NAM was the only active company 
in The Netherlands. Activities were focussed on the two 
known hydrocarbon provinces with oil finds in the West 
Netherlands Basin (e.g. the Rijswijk, Berkel, IJsselmonde, 
Wassenaar, Ridderkerk and Moerkapelle fields; (fig. 
6-6) and gas discoveries in the east of the country (e.g. 
Coevorden, De Wijk, Wanneperveen and Tubbergen fields). 
NAM obtained concessions for production from these areas. 
Until the end of the 1959 Zechstein carbonates and Lower 
Cretaceous sandstones were considered the most prospec-
tive reservoirs, although a variety of other plays such as a 
Middle Jurassic carbonate oil play (Dogger) in the southern 
Netherlands (based on exploration success in the Paris Ba-
sin) were chased. None of these resulted in any commercial 
discoveries.

6.1.2 The Golden Years: 1959 to 1995

The discovery of the Groningen field
The giant Groningen gas field, which would change the 
exploration outlook for good, was discovered in 1959 with 
drilling of the Slochteren-1 well (fig. 6-7). The well’s target 
was a relatively small structural closure at the level of 
the basal Zechstein carbonates, in which gas had already 
been encountered in south-east Drenthe. However, the 
sandstones at approximately 3 km depth in the underlying 
Permian, now known as the Slochteren Formation, turned 
out to contain gas as well. It has been reported many times 
that the sheer size of this field was initially not recognised. 
Only slowly did the realisation grow that a giant gas field 
had been found. Drilling continued and gas was proven in 
Delfzijl-1, 30 km north-east of Slochteren in May 1960. The 
gas pressure and composition were identical to Sloch-
teren-1. A high level of secrecy surrounded this discovery for 
the first few years. Knowledge of the gas discovery was kept 
to a “need-to-know” basis within NAM. In the Olden-
zaal office the Groningen team occupied a special corridor 
behind locked doors. Based on the initial well results a first 
(conservative) estimate of 60 billion m3 was made by NAM 
– it is telling that these numbers were reported to the Dutch 
government but not to the other shareholder, Esso (Stand-
ard Oil). Reasons for the confidentiality were said to be the 
inaccuracy in the volume estimates, but the real reason was 
that NAM did not want to alert competitors and first wanted 
to secure exclusive rights for the field and surrounding 
exploration area (Correljé, 1998). 
On 17 October, 1960, however, the news of a sizeable gas 
discovery in the northern Netherlands became public 
knowledge when Dutch newspapers quoted the Belgian 
senator Leemans, who, during a debate of the European 
parliament, stated that a 300 billion m3 gas discovery had 
been made in The Netherlands. Only years later it turned 
out that a Dutch member of parliament had leaked infor-
mation regarding this discovery during a European trade 
mission to Algeria. 

Oldenzaal ran out into the streets in fear believing that a 
German military invasion was upon them (pers. comm. 
Willem Steenken/Dick Sluijk). It took several months before 
the blow-out was killed by relief well Bentheim-10, but by 
this time 270 million m3 of gas had been expelled into the 
atmosphere, 6% of the field’s reserves. 
With the outbreak of the World War II in The Netherlands in 
May 1940 all exploration activities were initially suspended, 
but they resumed in the later part of the German occupa-
tion. A contract between BPM and the German Gewerkschaft 
Elwerath provided a basis for exploration and production 
on an equal share basis. The attempt to find new hydro-
carbon resources was mainly focussed on the areas where 
previous discoveries had been made – i.e. the western and 
eastern parts of the country. However, oil discoveries in the 
adjacent Emsland area (e.g. Georgsdorf, 1942; Lingen, 1942) 
resulted in a focus on the eastern Netherlands and these 
efforts led in 1943-1944 to the first commercial discovery in 
The Netherlands, Schoonebeek. This field in SE Drenthe was 
discovered by the well Schoonebeek-3 in a Lower Cretaceous 
sandstone reservoir at a depth of about 800 m. Develop-
ment of the field was delayed because the exploration wells 
were deliberately deepened into the Liassic clays below the 
reservoir section where drilling rates are particularly low. It 
is unclear whether this act of war-time sabotage was car-
ried out entirely by the Dutch drilling crews or was possibly 
also endorsed by the German joint company overseer who 
was unhappy with the mismanagement (overproduction) of 
the German fields in Emsland (pers. comm. Franz Kockel). 
The Schoonebeek field, with an initial in-place volume of 
ca. 164 × 106 m3 (1 billion barrel) , is the largest onshore oil 
field in western Europe. Production from this field started in 
1944 and continued until 1996 when 25% of the heavy oil 
had been produced. Redevelopment of this field is currently 
ongoing and new production was established in January 
2011.
The discovery of the Schoonebeek field attracted extensive 
publicity and the interest of exploration and production 
companies. In the 1930s Standard Oil of New Jersey (later to 
become Esso) and BPM had signed an agreement for joint 
exploration in several areas around the world, including 
The Netherlands and Germany where BPM was designated 
as operator. The agreement lay dormant, until Standard 

Fig. 6-5. NAM head office Villa Rozenhof, Oldenzaal (1960).  

War-tiMe drillinG 
reCords
Official records of the wells 

drilled during wartime reside 

for the most part in Hanover in 

the archives of the Bundesan-

stalt für Geowissenschaften. 

Only a limited selection of 

these documents can be found 

in the TNO archives. They 

present interesting insights 

into the firm belief in the 

German victory of the German 

staff. In the years 1942-1943, 

daily drilling reports were all 

signed with “Heil Hitler”, but 

in 1944 the traditional miner’s 

greeting “Glückauf” was being 

used - no doubt in recognition 

of the inevitable approach of 

the war’s end. 
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agreed – it was situated according to the German authori-
ties in the former course of the thalweg of the estuary but 
according to the Dutch authorities in the middle of the 
estuary (as defined during Napoleonic occupation). A treaty 
signed in 1962, however, between the two governments 
enabled joint exploration and production of the extension 
of the Groningen field below the estuary to take place. 
Production on the German side was carried out by BEB – 
a 50/50 Shell/Esso joint venture like NAM. In the 1980s, 
however, it became clear that production from the German 
wells had been disproportionally large resulting in loss of 
revenue and taxes for NAM and the Dutch state. Only after 
a period of lengthy technical studies did both governments 
agree in the mid 1990s on a substantial financial settlement 
of 3 billion guilders (~1.4 billion euro) which was com-
pleted only in the late 1990s. 

The early 1960s: a gas bonanza
News of the discovery of the Groningen field in the early 
1960s worked like a magnet on the oil industry. The Neth-
erlands experienced a real ‘gas boom’ in this period. The 
Napoleonic mining law of 1814 provided companies with 
significant freedom to explore. This resulted in a frenzied 
bout of seismic acquisition and drilling. NAM secured the 
production license for Groningen in 1963 and subsequently 
moved its attention elsewhere in the northern Netherlands. 
Three other companies, Amoseas, Mobil and BP, became 
active in the onshore Netherlands already in 1962, and 
were followed rapidly by Amoco, Petroland, Agip, Placid, 
Phillips, Conoco, Petrofina and Superior. No permits were 
required for exploration wells in those days. Exploration 
success for NAM continued with gas discoveries at An-
nerveen (1961), Blija-Ferwerderadeel (1963), Wimmenum-

NAM’s initial response to the announcement was that “the 
extent of this field was far from proven and that the actual 
gas reserves were only a quarter of what senator Leemans 
had claimed”. But the reserves steadily grew – 150 billion 
m3 in early 1962, 470 by end 1962, 1,100 in 1963 and 1,900 in 
1967, 2,409 in 1987 and ultimately 2,750 billion m3 in 1993. 
The Groningen field accounts for two thirds of the total ini-
tially recoverable proven gas volumes in The Netherlands.
In parallel with the ongoing efforts to delineate the field 
the State, Esso and Shell discussed the commercial aspects 
of the gas discovery. The Dutch State Mines (DSM Energy) 
also participated in these discussions in its role as the main 
coal gas producer in the south of the country – and as 
compensation for the impending closure of the coal mines 
in Limburg (see 6.2). In the agreement, Shell, Esso and DSM 
would sell the produced gas to Gasunie – the company that 
would serve the industrial customers and households.  
In the 1960s a visionary and unprecedented operation to 
roll out a nation-wide gas infrastructure network in  
The Netherlands was undertaken in combination with the 
conversion of all household heating and cooking equip-
ment to the new gas standard – the Groningen gas quality 
(81% methane, 14% nitrogen, 5% other gases). Gas mixing 
stations have been built to make sure the gas quality that 
goes to all Dutch households is of a constant calorific value, 
and in several of them atmospheric nitrogen is mixed in 
with hydrocarbon gas in order to dilute it to the correct 
quality. A separate gas pipeline system exists for higher 
quality gas (with very limited non-hydrocarbon gases), 
which is reserved for industrial customers and export.
The Groningen field is not confined to The Netherlands but 
stretches eastwards below the Eems-Dollard estuary (fig. 
6-8). Here, the Dutch-German boundary had not been 

Fig. 6-7. The discovery well Slochteren-1 of the giant Groningen 
gas field, 1959. 

Fig. 6-6. In the densely populated country of The Netherlands, 
many wells are drilled close to homes, permitting for some a 
very close-up views of the operations. The picture shows the 
rig drilling near Monster, as photographed from inside a private 
house. 
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Fig. 6-9. The exploration department of NAM celebrated disco-
veries with sausijzenbroodjes – depicted here for the farewell of 
Willy van Tellingen. 

took until 1968 until the issue of the overlapping concession 
applications was resolved. For a concession application one 
of the requirements now became proof for an economically 
producible quantity of hydrocarbons (fig. 6-10). 
In 1961-1962 the first tentative moves into the offshore 
were made by NAM with the drilling of the near-coastal 
wells Kijkduin Zee-1, Scheveningen-Zee-1, Noordwijk-Zee-1 
and Zandvoort-Zee-1. Kijkduin Zee-1 actually was the first 
offshore well in NW Europe. Initially the government had 
no objections to these wells, but pending the finalisation of 
the Continental Shelf Mining Law, the Ministry of Economic 
Affairs announced that the drilling of more wells would be 
considered an unfriendly act. A moratorium became thus 

Egmond (1964), Middelie (1964), Hollum (1964), Tjietjerk-
stradeel (1965), Suawoude (1965) and Ureterp (1966). In the 
NAM office in Oldenzaal every success was celebrated with 
saucijzenbroodjes (sausage rolls) from the local bakery – an 
initiative of the exploration manager Willy van Tellingen. 
NAM was furthermore the first company to work with inte-
grated subsurface evaluation teams – clearly recognizing the 
benefits of this approach (fig. 6-9).
Mobil was the first foreign company to strike gas, in 
Ameland-East and in another well drilled several km north 
of this island (1964); followed by Amoco’s gas discoveries 
in Schermer (1964) and Groet (1965). Petroland struck gas 
at Harlingen (1964), followed one day later with another 
gas discovery at Slootdorp. The waves of fortune were not 
equally distributed between the various companies, how-
ever, with Placid, Conoco, Superior and Phillips drilling one 
or more dry holes. During the period between 1963 and 1965 
a total of 18 applications for concessions were filed with the 
Ministry of Economic Affairs. Most of these areas overlapped 
to some extent, resulting in a chaotic and fiercely competi-
tive environment in which different companies drilled close 
to each other in attempt to reach the objective reservoir 
horizon before their competitor. With binoculars or from 
a strategic angling position in the area the number of drill 
strings was carefully counted to find out to which reservoir 
the competitor was drilling. 
In December 1965 the Dutch government declared a mora-
torium on further exploratory drilling outside the existing 
concession areas – which were all held by NAM (Groningen, 
Schoonebeek, Rijswijk, Tubbergen). A new legal framework, 
including the requirement to obtain drilling permits became 
effective in 1967 and onshore exploration was resumed. It 

Fig. 6-8. 3D visualisation of the Groningen field, with an initial recoverable gas volume of 
ca. 2750 × 109 m3, the largest gas field in Europe. The level shown is the top of the Upper 
Rotliegend Group. 
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smells were noted and a detector was installed - the scale of 
which was set to 1 ppm which was the highest value reported 
during drilling. The H

2
S level at the mud pit, however, turned 

out to be as high as 60 ppm and during retrieval of a Zech-
stein carbonate core a strong H

2
S smell was noted. Also when 

the core had arrived in the Assen core storage room, several 
persons on site complained of sore eyes. During testing of the 
Z2 Carbonate a hand-held measuring device indicated no less 

effective and remained in place until 1967. Legislation cov-
ering offshore exploration was in place much earlier in the 
UK, Denmark and Germany, and the first wells in pursuit 
of the Rotliegend play were drilled there in 1965. The early 
successes in the UK sector (West Sole, Leman fields) with 
their high-methane gas stand in glaring contrast with the 
non-commercial high nitrogen/carbon dioxide discoveries 
made in the German sector of the North Sea (e.g. well B-1). 
In 1968 KNGMG organised a symposium dedicated to the 
Groningen gas discovery at which for the first time details 
on the geology and development of the giant field were 
shared with the outside world. The Napoleonic mining law, 
in place until 2003, contained no provision for the release 
of exploration data, and for a long time the oil companies 
retained the discretion to release data and knowledge 
of the subsurface of The Netherlands. Needless to say, in 
the highly competitive conditions of the 1960s and early 
1970s they were very reluctant to release any information 
that could be put to advantage by competitors. Therefore, 
despite a growing insight into the subsurface geology 
amongst the oil companies, little of this became known to 
the public prior to 1975 (see Chapter 5). Fortunately there 
were exceptions: NAM published a series of country-wide 
tectonic maps (Heijbroek, 1974) and several other regional 
milestone papers. It would also take until the late 1970s 
and 1980s before the public became aware of some of the 
side effects of oil and gas production such as subsidence 
and earth tremors. 

Not all went well...
December 1965 saw a rare mishap for The Netherlands when 
a gas blow-out occurred in the exploration well Sleen-2. 
Detailed descriptions are given in Grondboor & Hamer 
(1966), upon which the following text is based. When the 
drill-bit reached a depth of 1840 m, a kick from the first 
high-pressure gas layer was experienced. Weighed-up mud 
controlled this kick and the well was deepened to 1944 m, 
but when the drill-bit was pulled out of hole to case-off 
the reservoir section, and when this was almost completed 
the well began to flow. Re-entry of the well turned out to 
be possible down to 930 m only owing to an obstruction in 
the Texel Chalk. The well was carefully reamed and drilled 
down to 1070 m, but mud losses increased to very high 
rates. The drillers tried to keep the wellbore filled with mud 
and water – but the high-pressured gas from the Triassic 
had found its way into the porous Chalk formations and 
had subsequently leaked behind the casing to the surface. 
At 3:15 pm on December 1st, the first eruption occurred 50 
m from the derrick, accompanied by fountains of mud and 
gas to a height of 8 to 9 m. Staff immediately evacuated the 
derrick, shut off the electricity and removed all vehicles. 
Within 45 minutes the derrick started to tilt and sway and 
quickly disappeared in a crater 10 m wide. 
Sleen-3 was spudded as a relief well 2 weeks later and 
reached final depth by early February 1966. The blow-out 
was killed by injecting 840 m3 of water and mud and 390 
tons of cement. On 21 February 1966, NAM was able to 
officially declare that the blow-out had been controlled. 
The eruption crater is still visible today in the landscape as a 
small lake near the village ‘t Haantje (fig. 6-11).
A potentially very dangerous situation occurred during 
drilling the onshore Exloo-2 well in Drenthe (NAM, 1972). 
This well was not equipped with sour gas detection devices, 
despite it being situated in an area where sour gas was 
known to occur. When drilling through the Zechstein, H

2
S 

Fig. 6-10. Acreage situation in The Netherlands for 1966, 1975 and 2010, and the oil and gas 
fields discovered to date.

Fig. 6-11. A small lake is all that remains of the catastrophic blow-out during the drilling of the 
Sleen-2 exploration well in 1965, whereby the rig disappeared into the ground. 
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injectors in the oil field, experienced a steam blow-out. 
One of the down-hole valves had failed and with a 
thundering roar a mixture of steam, sand and oil blew out 
of the well. The steam column was some 30 m high, and 
the southerly wind blew the mixture towards the village of 
Schoonebeek, covering the entire village with an oil-water 
emulsion. It was only after 40 hours that the blow-out 
could be finally controlled and a massive clean-up of the 
village could start.

Regulated exploration – 1967 
In 1967, exploration in The Netherlands entered in a 
completely new phase. The onshore license situation was 
finally resolved and exploration permits were granted to 6 
operators. 
Furthermore the Mining Law for the Continental Shelf 
became effective in August 1966. Licenses were granted 
during a system of rounds in a similar way as in other 
countries around the North Sea, although much later. The 
first license round was a success – twenty consortia of 
Dutch and foreign companies filed a total of 367 applica-
tions for 109 blocks. In March 1968, blocks were awarded to 
18 companies. Some blocks received multiple applications; 
e.g. there were 15 applications for K17 covering regional 
high at Rotliegend level. Block K15, covering a structural 
low, had received no bids at all in the first round, and was 
acquired by NAM in the second round without competition. 
Whether by wisdom or luck, K15 may end up to be the best 
gas-producing block in the Dutch offshore, with a cumula-
tive output of around 60 billion m3. The system of rounds, 
with a fixed number of blocks offered for a short duration, 
continued in The Netherlands up to the current 9th round 
which opened in 1995 for an as yet undetermined period.
The first company to strike gas in the new offshore licenses 
was NAM in K17 – but the Rotliegend was found tight and 
production tests were disappointing. Several wells were 
later drilled in the block to appraise this discovery, but it 
took until 2006 before the right technology was available 
to unlock these tight resources and put this discovery on 
stream. Further discoveries were drilled in L2 (NAM), P6 
(Mobil), K9 (NAM), L10 (Placid), L4 & L7 (Petroland) and K10 
& K13 (Pennzoil). The first production license was granted to 
Placid for L10 in 1971 and first offshore gas production from 
this block was established in 1975.
After the first well results the realisation began to grow that 
the reservoir quality of the Rotliegend is poor in some areas 
of the North Sea (e.g. northern P blocks, K17), and that the 
southern limit of the Zechstein salt seal coupled with the 
northern limit of good-quality Rotliegend sand (in the 
northern K & L blocks) effectively defined a prolific fairway 
for Rotliegend exploration. 
Judging by discovered volumes of gas, the 1st and 2nd rounds 
(1967 and 1968) were the most prolific – 500 billion m3 or 
72% of the offshore gas reserves to date have been located 
in blocks acquired during these. An interesting further de-
tail is that of the 52 companies participating in these rounds 
to date only 4 are still active in The Netherlands (Manders, 
2009). 
The subsequent rounds progressively opened up more off-
shore acreage but the success of the first two license rounds 
was not replicated. Some areas, like the former acreage 
reserved for military purposes in the M and N blocks, and 
the Carboniferous of the Cleaver Bank High, where there 
initially were high hopes for establishing major gas hubs 
met with disappointment. 

than 2000 ppm of H
2
S, which was the maximum limit for 

the device. The general impression was that some H
2
S was 

present – not unusual in SE Drenthe – but the discrepancy 
between the various measurements was not adequately 
picked up. In the end analysis of a gas sample revealed 
the seriousness of the situation; the gas contained as much 
as 38% H

2
S. It was decided immediately to kill the well, 

since it was not known how long the tubing and well head 
would remain gas-tight. During killing of the well some 
cows in the meadows down-wind of the well location 
were temporarily overcome by vented H

2
S from the mud 

tanks – but they recovered and were moved away from 
the site. Considering the fact that H

2
S is lethal for humans 

at concentrations above 500 ppm (and not smelled above 
250 ppm) a potentially very dangerous situation for the 
drilling crew, people and cattle in the area had existed. It 
was sheer luck that no serious injuries, or worse, had been 
inflicted. The experiences of the drilling of Exloo-2 led to a 
complete revision of the safety procedures of wells with a 
sour gas risk.
Well Zuidwal-1 (Petroland, 1970) encountered volcanic rocks 
of a strange composition below the Vlieland Sandstone 
reservoir but continued on in the hope of encountering un-
derlying Permian and Carboniferous rocks – after drilling on 
for more than 1 km they found out the well was drilling into 
a volcanic pipe. A good lesson - had the operator consulted 
the magnetic anomaly map of The Netherlands, published 
in the 1962 scientific atlas, his eye would immediately have 
been drawn to the strong magnetic anomaly in the Wad-
denzee, known now as the Zuidwal volcanic complex.
In November 1976, well Schoonebeek-457, one of the steam 

PatriotiC MaPPinG 
In the 1960s exploration data were 

the property of the companies 

who produced them, and as such 

they were guarded jealously for 

competitive reasons. The RGD in 

Haarlem had no access to this 

trove of data and relied on snip-

pets of information voluntarily 

provided by the oil industry.

In the International Treaty 

concerning the Continental 

Shelf the precise boundaries of 

the Dutch part of the shelf were 

however not yet entirely fixed. 

There was a demarcation dispute 

with Germany which felt that the 

Dutch and Danish proposals gave 

them too small a slice of the cake. 

The matter was put before the 

International Court of Justice in 

The Hague, which ruled in favour 

of Germany. That country should 

get a larger section than argued 

by the Dutch and the Danes. The 

Netherlands was charged with 

formulating a revised map for 

their boundary.

The ministry of Economic Affairs 

was and is responsible for matters 

concerning mining legislation. 

The minister did the logical thing 

and turned to the RGD charg-

ing them with producing a new 

proposal safeguarding as much as 

possible Dutch interests. What else 

could the RGD do but to go in turn 

to the only holder of complete 

mapping coverage of the offshore, 

NAM?

So, in NAM the task went down 

the hierarchical ladder and a sen-

ior geologist and the chief seismic 

interpreter were told to produce a 

boundary proposal, leaving the 

Germans a minimum of prospects. 

In October 1969 their proposal was 

approved and they were sent to 

Haarlem to hand personally their 

product to RGD’s director A.A..

Thiadens. Not surprisingly he was 

very pleased to have a reply for 

his Minister. Without delay the 

NAM proposal went up the ladder 

and the proposed sector boundary 

was adopted unchanged under 

the Treaty of Copenhagen of 28 

January 1971.

Looking back, it was gratifying for 

the authors of the map when it 

turned out that few hydrocarbons 

were found in the German sector!
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concession area. In the 1980s and 1990s several of these 
companies tried to grow their onshore position but were 
not successful in finding new hydrocarbons. 
Around this time a second conference was organised, this 
time by the KNGMG Petroleum Geological Circle celebrat-
ing its first lustrum (September 1982). The subject was the 
Petroleum Geology of the southeastern North Sea and its 
adjacent onshore areas. Information was exchanged and 
released and a selection of papers was published in Geolo-
gie en Mijnbouw.
The offshore acreage positions show a more differentiated 
picture. Again NAM became the dominant player here with 
blocks in the Rotliegend play in the K and L quadrants and 
in the Triassic play in the northern L quadrant around the 
NOGAT gas pipeline. Petroland successfully acquired blocks 
in the Rotliegend play in the northern K and L quadrant, 
and the F15 block in the Dutch Central Graben. Pennzoil 
(later Wintershall) obtained blocks in the Rotliegend play in 
K10, K13 and L18 and was one of the companies to actively 
pursue the Carboniferous play in the D & E quadrants on 
the Cleaver Bank High. Mobil discovered gas in the Triassic 
play in blocks P9 and P12, and Amoco became an impor-
tant player in the 1980s and 90s in P15 and P18, following 
this up with a gas and oil discovery in P11. In P15 the Rijn 
oil field was discovered, and as a result, the subsequent 
exploration well had a Lower Cretaceous objective. Amoco 
wanted to call TD on the P18-1 (1987) exploration well when 
the Lower Cretaceous target was found dry, but Veba, one 
of the partners in the block convinced Amoco to drill on to 
the Triassic. This led in 1988 to the first of a series of 10 gas 
discoveries in Triassic reservoirs in the P15-P18 blocks.
Next to these operators there were a number of other play-
ers who were successful in discovering hydrocarbons – for 
instance, Conoco discovered the Kotter, Logger and Helder 
oil fields (fig. 6-12).

Small fields (kleine velden) policy to save Groningen gas
Initial plans were to produce Groningen as quickly as 
possible, as in the not too distant future it was anticipated 
that the availability of nuclear energy might reduce the 

Offshore oil
First oil was struck in block F18 in the Upper Jurassic of the 
Dutch Central Graben by Tenneco in 1971. Production tests 
were disappointing and pointed to heavily compartmental-
ized reservoirs. Other companies tried their luck (NAM, AGIP) 
and made several small oil discoveries in blocks F14 and F17. 
None of these, however, met the criteria for commerciality. 
Only recently did high oil prices trigger renewed interest 
in these blocks. In 1974 NAM made a light oil discovery in 
block F3. It took, however, almost 20 years for the field 
(F3-FB) to come on stream in 1993; the delay being related 
to permitting issues for the planned NOGAT pipeline and the 
historically low oil prices in the 1980s.
Other oil discoveries were made in Lower Cretaceous shal-
low marine sandstones in the West Netherlands Basin 
(P15-Rijn, P8, P9, P11, P12), the Broad Fourteens Basin (Q1, 
L16) in Triassic sandstones in block K10 and P11 and finally in 
the Chalk in F2 in 1996. First oil was produced in 1982 from 
the Lower Cretaceous in block Q1. 
Almost all oil discoveries are related to the prolific oil-prone 
Lower Jurassic Posidonia Shale source rock – the excep-
tion is the Schoonebeek field which is sourced from the 
lacustrine Wealden shales. All in all – including the giant 
Schoonebeek and other onshore fields – around 160 
million m3 of recoverable oil has been discovered in The 
Netherlands. The distribution of oil mature source rock and 
suitable reservoir are the critical elements in this play. They 
are found only together at the margins of the main Meso-
zoic basins, e.g. the West Netherlands, Broad Fourteens and 
the Central Graben.

Building heartlands
Companies used the regulated onshore exploration and 
the offshore licensing rounds to build their heartlands. 
The onshore area clearly became NAM’s heartland – only 
Mobil (Zuid-Friesland, Ameland), Petroland (Slootdorp, 
Leeuwarden) and Amoco (Bergen) were successful here in 
acquiring license positions. In the late 1980s BP encoun-
tered gas in Triassic reservoirs at Waalwijk and obtained a 

Fig. 6-12. Workover on the Groet wellsite (1978). Drilling from the dunes in the Bergen concession (Amoco), like the rig in the picture, 
requires adhering to strict laws and regulations to minimise the impact on the environment. Courtesy Hans Wijbosch.
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vinced of these effects, an extensive monitoring programme 
including yearly levelling surveys and global positioning 
measurements have indicated that in 2003 a maximum 
subsidence of some 24 cm had occurred in the centre of a 
40 km wide ‘bowl’ above the Groningen field. This subsid-
ence is now well understood, and subsidence is consist-
ent with current modelling studies taking into account 
the reservoir pressure drop and compaction behaviour of 
the reservoir. Current predictions are that the maximum 
subsidence in 2050, towards the end of gas production from 
the Groningen field, will be between 38 and 48 cm. As all 
other Dutch gas fields are one or two orders of magnitude 
smaller than the Groningen field, subsidence above those 
is much less than above the Groningen field; generally in 
the order of a few centimetres only, in some cases maybe 
up to 10 cm. Nevertheless, prior to the start of production of 
new gas fields, sometimes even in the exploration phase, 
predictions of future subsidence are made, while subsid-
ence is monitored at regular intervals during production 
and the environmental implications are evaluated. In a few 
cases, where even limited subsidence would not have been 
acceptable, subsidence predictions have led to a decision 
not to produce a certain gas accumulation. The issue of 
subsidence also played a key role in the discussions about 
the development of gas fields below the Waddenzee (see 
below).
It must be noted that subsidence resulting from lower-
ing of the groundwater table is often greater and more 
widespread than subsidence caused by gas production, 
particularly in peat areas. For example, in the province of 
Friesland, away from producing gas fields, it is predicted 
that an area of 80 km2 will have subsided more than 40 cm 
by the year 2050.
Protests against activities by the oil companies have oc-
curred many times, often attracting much media attention. 
The most important bone of contention was and remains 
the Waddenzee. In the 1970s Petroland (currently Total) 
and NAM found gas at Zuidwal, in the Waddenzee between 
Harlingen and Vlieland, and on Ameland respectively, 
and presented plans to develop these fields. Apart from 
emotional sentiments against producing gas from below 
this nature reserve area, there was a serious concern that 
subsidence caused by the extraction of gas from the sub-
surface would negatively affect, or even destroy, the natural 
habitat of the Waddenzee. Serious political uncertainty 
on the best course of action arose. On the one hand there 
were environmental concerns, counter arguments and 
potential electoral consequences to consider, while on the 
other hand there was the strong possibility of hefty damage 
claims being made. NGOs such as the Waddenvereniging 
and Greenpeace tried to influence the decision-making 
process by organising protest actions and collecting signa-
tures (it is possible that a number of now senior E&P staff 
may have signed these petitions in their younger days at 
university; Chapter 4). It took until the early 1980s before 
it was decided that the Zuidwal (fig. 6-13) and Ameland 
gas developments could go ahead, but at the same time a 
10 year moratorium was installed on any other drilling in 
the area. At the end of these 10 years it was assumed that 
the experiences gained would dictate the further course 
of action. Towards the end of the moratorium, however, 
protests flared up again. One of the more spectacular 
protest actions was in 1993, when Greenpeace parachutists 
landed on the roof of NAM’s head office in Assen (fig. 6-14), 
where they unrolled a huge banner saying: “Shell, Esso: 

value of the gas. Only when it was realised that nuclear 
energy was meeting with very strong public resistance, and 
following the oil crisis of the early 1970s, was it decided to 
preserve the Groningen gas for as long as possible for the 
benefit of future generations. The Dutch State thus set a 
ceiling for yearly domestic gas production and at the same 
time introduced tax incentives for the development of gas 
reserves in small fields. This became known as the small 
fields policy, installed in 1974. This allows operators of 
small fields to produce at their optimal production rates, 
while reserving the large Groningen field for the provision 
of extra production capacity during winter. With the ongo-
ing production and corresponding pressure decline in this 
field, it has become increasingly difficult to fulfil this role 
during extreme cold weather spells. Three underground 
gas storage facilities (Grijpskerk, Langelo and Alkmaar) and 
LNG tanks in the Maasvlakte near Rotterdam have therefore 
been installed to provide additional ‘swing production’ ca-
pacity. Other underground storage facilities (the Bergermeer 
gas field and salt caverns at Zuidwending) are in various 
phases of installation and will provide additional capacity 
in the future.

Environmental concerns and protests
Subsidence of the surface affects the surface water runoff 
and the groundwater table, which is an understandable 
concern in the densely populated and low-lying country of 
The Netherlands. Already in 1969 A.M. Winkelmolen posed 
in his thesis that gas production from Groningen would 
result in surface subsidence with important impact on the 
water drainage. While initially not everybody was con-

Fig. 6-13. Total’s Zuidwal gas field is produced from a platform in the middle of the Waddenzee 
(here seen during a cold winter spell), between Harlingen and Vlieland. Production from Zuidwal 
started in 1988. At the same time a 10-year moratorium was emplaced for further E&P activities in 
the Waddenzee. Surprisingly, the Zuidwal activities have attracted much less media attention and 
protest than the NAM activities. 

Fig. 6-14. NAM head office Assen.
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 As a result of the sensitivities and potential environmental 
impacts, all E&P activities are now subject to procedures and 
permits that are stipulated in the Mining and other laws. 
During all permitting procedures, civilians and any (non-
government) organisations are entitled to file objections; 
and often they do. For activities in or near sensitive areas it 
may take several years before all permits are secured.

The ‘Golden Lane’ in the NE Netherlands.
A significant number of discoveries were made within a few 
tens of km of the Groningen field. Annerveen (1961) and 
Ameland (1964) were the most important of these. Some 
others are Norg (1965), Tjieterksteradeel (1965) and Vries 
(1968). But by the late 1980s there was a distinct feeling that 
most of the gas in the north-east of The Netherlands had 
been found. There were a few undrilled prospects but it was 
not considered that many more exploration heroics could be 
expected and the NE Netherlands team in the NAM wasn’t 
the team explorers hoped to be assigned to. However, 
for two reasons things were about to change - firstly, the 
Grijpskerk exploration well led to a new understanding of 
the role of the Ten Boer Shale with respect to spill and leak 
points, and secondly, 3D seismic enabled a much better trap 
definition than before.
 Grijpskerk was the best of three similar prospects; Pasop 
and Sebaldeburen (fig. 6-15) were the other two. The pre-
dicted volume for Grijpskerk was in the order of 1 to 2 billion 
m3, but when the Rotliegend was penetrated, the gas 
column appeared to be some 70 m longer than predicted. 
That was a surprise, because the trap was clearly visible 
on seismic and the spill-point (at the base of the overlying 
Zechstein salt seal, as in all other fields in the area) was well 
controlled. A post-well evaluation made clear that the Gas 
Water Contact did not coincide with the spill point at the 
base of the Zechstein salt, but with the base of the Ten Boer 
shale. This shale forms the upper member of the Rotliegend 
and becomes thicker and more shaly to the north. In the 
Grijpskerk area it has a thickness of 70 m; exactly corre-
sponding to the amount that the gas column was longer 
than predicted. Before Grijpskerk, it was considered that the 
Ten Boer shale acted as a reservoir waste zone and not as a 
seal. What was now apparent was that in the north, where 
this unit becomes more shaly, it is sealing where it is in 
juxtaposition with the Rotliegend sands. Assuming this was 
not a fluke, other structures just south of the Waddenzee 
could be expected to have a gas column controlled by the 
base of the Ten Boer. And so it proved. Further evaluation 
was helped by the carpet 3D surveys which gradually started 
to cover the more prospective area of The Netherlands. A 
previously unimaginably detailed picture of a mosaic of 
tile-like fault blocks emerged, separated by a rhomboidal 
pattern of faults. A large number of new prospects were 
recognised, and drilling these proved to be like shelling 
peas – every new exploration well was a discovery. The 
NE Netherlands exploration team became NAM’s most suc-
cessful with discoveries like Munnekezijl and Anjum. Some 
of these made headlines in the Dutch national press. After 
Grijpskerk an additional 140 billion m3 was found in an area 
that in 1988 appeared to contain only a few small minor 
prospects (fig. 6-16).

The Solling Fatsand discovery - a case of serendipity.
In 1992, NAM drilled the 7th exploration well in offshore 
block L9. The objective was the Triassic Volpriehausen 
Sandstone reservoir that had a depth conformable seismic 

Handen Af van het Waddengas” (freely translated as: Shell, 
Esso: Hands off gas below the Waddenzee). Despite all the 
protests, no adverse effects had been experienced from the 
gas development activities and it was agreed in 1994 that 
more exploration drilling would be allowed, but only by 
deviated drilling from the onshore, ‘from behind the dikes’. 
However, in 1999, under strong emotional pressure from 
parliament, the government gave in and decided to disal-
low development of the Lauwersoog, Nes and Moddergat 
fields after all. Only in 2002 was this decision reversed, and 
it seems that again the possibility of high, and probably 
successful, damage claims played a role. 
Another reason for protests against gas production were 
earth tremors that started to be noticed in the 1980s in gas-
producing areas in the northeast Netherlands, e.g. above 
the Roswinkel field, and in the province of Noord-Holland 
above the Bergermeer field. Variations in subsurface stress 
fields as a result of production- induced pressure reduction 
causes these tremors, most of which have a magnitude of 
not more than 2 on the Richter scale, and can in extreme 
cases cause rattling of doors and windows, accompanied 
sometimes by minor damage. The maximum-recorded 
tremor had a magnitude of 3.5. Dr. M.W. van der Sluis 
(Provincial Board, Drente) was the first to link these tremors 
to gas production, Initially the Exploration & Produc-
tion industry was reluctant to accept that the tremors had 
anything to do with the production of gas, but after ex-
tensive studies (KNMI, VU Amsterdam, RGD) using sensitive 
seismographs in well bores, we now know that gas produc-
tion indeed causes earth tremors, and this is fully accepted 
by all parties. In cases where independent experts or by 
a committee installed by the Ministry of Economic Affairs 
ascribe damage to production-induced earth tremors by the 
responsible oil company is required to provide compensa-
tion. 

Fig. 6-15. A map from the well proposal for Grijpskerk-1 shows 
that the area west of the Groningen field was not considered 
to have much remaining prospectivity. Only 3 modest prospects 
remained, of which Grijpskerk, with a volume potential of 1 to 
2 billion m3 only, was the largest. 
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few months. Well L9-8 was a Fat Sand discovery. With 80 
m, the sand was even thicker in the new well, and cores 
and well logs showed it to be a highly porous and perme-
able reservoir with high gas saturations. Now that the field 
is in production as one of the best producers in the South-
ern North Sea, we know that the thickest development of 
the Fat Sand is a staggering 125 m (fig. 6-17)! Initial reserves 
are close to 30 billion m3: a very respectable discovery this 
late in the exploration history. 
The project remained tight and task forces were set up 
to replicate this discovery elsewhere. This could not be 
unique, everyone thought, there had to be other occur-
rences of this sand. But to predict other occurrences there 
needed to be an understanding of the age and deposi-
tional environment of the sand. In the end the ‘need-
to-know-group’ of people became very large. It was an 
exciting time in the office and everybody wanted to be part 
of the discovery and the follow-up evaluations. Most ex-
ploration staff in NAM were aware of what the L9-7 and -8 
wells had found, yet, the staff proved to be an extremely 
trustworthy bunch of people. Until almost 10 years later, 
when NAM finally made the well results known just before 
they were due to be made publicly available, nobody 
outside NAM seemed to know what the fuzz and secrecy in 
block L9 had been all about.
Unfortunately, the discovery could not be replicated. The 
sand is now known to be the Middle Solling Sand. Nor-
mally these Solling sandstones are just 1 m thick, but in L9 
under the influence of early extension and salt movement 
a half-graben like depocentre was created in which thicker 
wind-blown sands accumulated. Fat Sand developments 
were found elsewhere in the Solling Formation, but were 
either totally salt plugged (in L6) or water wet (onshore NE 
Netherlands). 

6.1.3 The Late Years: 1995 to 2012

As of the mid 1990s the realisation that The Netherlands 
represents a very ‘mature’ area for exploration and that 
the chances of locating significantly more oil and gas were 
limited became more persuasive. Until then the cream-
ing curve for gas had shown a very steady increase. Year 
after year similar volumes of new gas resources had been 
added, on average some 30 billion m3 of gas per year (fig. 
6-18). By the mid 1990s, however, the discovery ma-
chine showed the first indications of stagnation, and this 
heralded a fundamental change in the outlook for the 
Dutch oil and gas industry. Until the first years of the third 
millennium these signs were subtle and they often passed 
unnoticed, as declining volumes of newly discovered gas 
were partly compensated for by upward field revisions, 
and the total volume of added gas per year did not decline 
much. An, initially largely ignored, indication that things 
were not the same as before was that the composition of 
the exploration prospect portfolio was changing. Prospect 
portfolios had for a long time contained a healthy mix of 1) 
attractive prospects in the well-known Rotliegend and Tri-
assic plays, 2) small but profitable near-field prospects and 
3) a reasonable selection of interesting prospects testing 
new play concepts or variations on existing play concepts, 
which were perhaps risky but offered potentially large 
volumes and had follow-up promise. By the late nineties 
it became evident that only small near-field prospects, 
profitable but not adding much volumes (low risk – low 

amplitude at top reservoir level. The pre-drill assessment 
gave a high chance of finding a modest but commercial 
volume of a few billion m3 of gas. At that time the Triassic 
stratigraphy was thought to be well understood, after all, 
this was the 7th exploration well in a block of just 10 by 10 
km. A Volpriehausen thickness of some 30 to 35 m coupled 
with a thin overlying Detfurth reservoir that could contain 
a little extra gas was expected. Reservoir depth prediction 
proved sometimes to be an issue, as the seismic velocities of 
the Upper Triassic were known to vary quite a bit, but when 
the first sandstone cuttings appeared on the shakers some 
200 m shallow to prognosis, eyebrows were raised. Was the 
depth prediction that far off? It looked like it. However, the 
mystery deepened when after 40 m the formation drilled 
still consisted of 100% sandstone. In the end a sandstone 
interval of no less than 60 m was confirmed; double that of 
what was expected for the Volpriehausen. And as it turned 
out, this was not the Volpriehausen at all: this came in 
deeper, close to its predicted depth, and gas-bearing as the 
top reservoir amplitudes had predicted. The mystery sand 
was water-wet, but nevertheless it was very exciting to find 
a thus far unknown new reservoir. And a very good one at 
that! It had excellent reservoir properties and a very blocky 
and massive character on the Gamma Ray log. It didn’t take 
long before the name “Fat Sand” was affectionately given 
to this new sand, and what was even more exciting was 
that updip from the well a promising high amplitude was 
clearly visible on seismic. This became immediately a ‘tight’ 
project. Information flow relating to this well was limited to 
a strict need-to-know basis. A proposal for an updip well 
was written in a matter of days, and it was drilled within a 

Fig. 6-17. Prior to the drilling of the L9-6 well in 1992, the ‘Fat 
Sand’ was unknown. A well correlation shows the extreme thick-
ness variations of this sand in the offshore L9 block, where it is 
the reservoir in a field that is one of the best producers in the 
southern North Sea with initial reserves of circa 30 billion cubic 
m of gas.

Fig. 6-16. A comparison of the discovered gas fields in 1988, before the drilling of the Grijpskerk 
prospect, when the area was considered to be very mature with little remaining prospectivity, and a 
map showing all fields we have discovered up to 2010. 
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helped by the ever-increasing computing power, tech-
niques such as 3D basin modelling made quantum leaps 
forward, and resulted in much improved understanding, 
and therefore prediction, of gas generation and timing 
issues, variations in gas quality (high versus low calorific gas 
due to differences in nitrogen content), (over)pressures and 
reservoir porosities. The increased confidence made it easier 
to drill for a small gas volume if the expectation was that it 
was of the correct calorific value, and if the risk of finding 
sub-commercial volumes was limited. 
In development, 3D reservoir models are now routinely be-
ing constructed for all discovered fields and it has become 
unthinkable that a development would be undertaken 
without one. Nowadays they may even be made for un-
drilled prospects.
In parallel, much effort was put into reducing drilling and 
development costs. As the field-size of new discoveries de-
clined, drilling costs become a larger component of the total 
cost. Impressive cost reductions of up to 50% have been 
achieved, for example by using a lighter rig for onshore 
drilling and by standardising well designs. 
The application of these new technologies and the pref-
erential drilling of well-defined near-field prospects did 
result in higher success rates than before. However, because 
of the small size of the prospects and the smaller number 
of wells drilled per year, discovered gas volumes declined to 
disappointingly single digits of billions m3 /year (fig. 6-20).
The realisation that most of the gas and oil volumes have 
been found has led the traditional oil and gas companies 
in The Netherlands to reduce exploration expenditure and 
activities. NAM, for many years the dominant explorer in 
The Netherlands, has reduced its exploration activities 
from drilling more than 15 exploration wells per year in 
the heyday of the early nineties to less than a handful of 
so-called near-field exploration wells currently. Total and 
Wintershall have also reduced their exploration activity and 
are now more clearly focussing on their core areas. New, 
mostly smaller players are however taking over. GdFSuez, 
Petrocanada and others are buying fields that no longer fit 
the strategy and ambitions of the established companies 
and are drilling successful wells. GdFSuez in particular very 
quickly established itself as one of the main E&P companies 
in The Netherlands by farming in to acreage, acquiring new 
acreage and buying old fields from companies like NAM, 
and is now rivalling a company like Wintershall in yearly 
production of hydrocarbons.
So not all is doom and gloom; the new independents are 

volume), and potentially larger but very risky prospects in 
new plays, stratigraphic traps, or with deeper objectives 
and/or uncertain trap definition (high risk – high volume) 
remained - and this last category did in most cases not 
have much follow-up potential. Increasingly, companies 
withdrew to their heartlands, drilling the low-risk near-
field prospects, and only occasionally a more risky new 
play concept. At the same time, the number of explora-
tion wells that was drilled declined from some 40 wells 
per year to less than 17 after 2003. Drilling the near-field 
prospects, however, continued to deliver a steady volume 
per year until the early 2000s.
An important change in exploration practices resulted from 
new technologies that were introduced as from the early 
1980s, and that were further developed during what we 
call here the ‘late years’, 1995 to the present day. The most 
important technology was 3D seismic, and the associated 
introduction of seismic workstations. The wall-to-wall 
carpet coverage of 3D seismic over all proven gas areas 
resulted in unprecedented images of the subsurface 
(fig. 6-19), and the productivity of interpreters increased 
with improving interpretation techniques and toolkits. 
Aliasing problems in fault interpretation became a thing 
of the past, uncertainties as to whether faults joined 
up or should be interpreted as shorter and en-echelon 
vanished. Subtle Riedel shears could sometimes be ’seen’, 
indicating an oblique displacement component. Varia-
tions in reservoir thickness and lithology could directly be 
observed, and with the introduction of seismic inversion 
techniques these could be quantified. Seismic anomalies 
resulting from the presence of hydrocarbons provided 
direct evidence for working traps, in some areas even 
at sub-salt levels. Triggered by these developments and 

Fig. 6-19. 3D seismic coverage. In total ca. 56000 km2 of 3D seis-
mic data have been acquired, representing ca. 56% of the Dutch 
on- and offshore areas.

Fig. 6-18. The gas creaming curve for The Netherlands, excluding the giant Groningen 
field. Since the discovery of Groningen in 1959, an almost constant volume of new gas 
per year has been added through new field discoveries and field revisions. As of the early 
years of the new millennium gas volumes added per year are declining. 
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extend further north than was commonly accepted. The 
interpretation was tested successfully with a gas discovery. 
All these examples show that challenging generally accepted 
views can lead to success, but also that finding additional 
hydrocarbons in a mature basin in unconventional settings 
requires stamina and technically excellent work. 
In perhaps as what may come to be seen as a final effort 
by the traditional big E&P companies in The Netherlands to 
open a new play, true exploration heroics were displayed by 
NAM and Total with the drilling of the Uithuizermeeden-2 
well in 2001/02 (NAM) and Luttelgeest-1 in 2004/05 (Total). 
These wells, which were surrounded by a great deal of se-
crecy, were drilled to great depths, to test virtually unknown 
Lower Carboniferous targets. Large structural highs, identi-
fied on seismic and interpreted as Lower Carboniferous car-
bonate reefs formed the objective (fig. 6-21). Explorers are 
often attracted by deeper targets below existing large fields, 
and this was no exception. In fact, the exploration risk of 
these prospects was extremely high and it was very easy to 
find reasons why these prospects might not be gas-bearing, 
but their sheer size and probably also their romance of the 
chase made it impossible for true explorers to resist the 
temptation to drill them. The low probabilities of success 
that were assigned to both prospects proved to be correct, 
and both wells had to be abandoned as dry holes, although 
they did find very thick sequences of Lower Carboniferous 
(Dinantian) carbonates. The geological models had been 
correct! Unsurprisingly, in both wells the reservoir objective 
was found to be extremely tight. Could better reservoirs be 
expected elsewhere in the reefs, and had the wells simply 
been drilled in the wrong spot? Or was the timing and/or 
presence of charge perhaps fatally flawed? We may never 
know for certain, as it looks as though the appetite for drill-
ing costly wells to these very deep targets has now ebbed 
away. In the context of this it is worth mentioning that 
another effort to find large gas volumes in deeper targets; 
the drilling of an exploration well in the UK waters on the 
Mid-North Sea High for pre-Rotliegend objectives was not 
reported as a success either.

Schoonebeek oil
In 1996, after having produced some 250 million barrels of 
oil, out of an initial in-place volume of 1 billion barrels, 
and with the water content of every produced barrel having 
risen to 95%, production from NAM’s Schoonebeek oil field 
was terminated. The shallow and heavy oil had been pro-
duced from some 450 wells out of a total of more than 600 
wells that had been drilled into the field. The abandon-
ment required a massive clean-up and restoration operation 
of all well sites. While normally clean-up and restoration 
work should ensure that nothing is left to remind us of 
past E&P activities, the oil field had been so important for 
Schoonebeek that one of the ‘jaknikkers’ (nodding donkeys) 
in the village centre has been preserved as a monument of 
industrial historic importance. 
In the 2000s, with new recovery techniques and a different 
oil price scenario, NAM began to consider redeveloping the 
field. In 2007 it was decided to go ahead and production 
was resumed early 2011. New high resolution seismic was 
acquired over the field giving a much more detailed picture 
of the field’s structure and faults, and 73 new development 
wells have been drilled at much reduced costs (fig. 6-22). 
Using horizontal drilling and low-pressure steam injection 
NAM is expecting to recover a further 100 to 120 million bar-
rels of oil over 25 years of production.

replacing to some extent the traditional companies active 
in The Netherlands, new play concepts continue to be 
drilled, and some with success! In 1996, Petrocanada dis-
covered the Hanze oil field in the far northern offshore; the 
only Dutch oil field in the Upper Cretaceous Chalk. Initial 
recoverable volumes are reported to be 21 million m3 of oil. 
Unfortunately, this discovery has not opened a portfolio 
of similar prospects, and no additional discoveries in the 
Chalk have yet materialised. After finding gas in offshore 
block M7 in a somewhat unusual Triassic Volpriehausen 
trap, GDFSuez farmed in to NAM’s G14 where the Volprie-
hausen sands were found gas-bearing in similar subcrop 
traps below the base Cretaceous unconformity. In 2001 
NAM drilled a very poorly imaged Rotliegend prospect be-
low the reversed basin-bounding faults on the NE margin 
of the Broad Fourteens Basin in K15, and found a long gas 
column and a significant new gas field. In 2001 Wintershall 
predicted that in block F16 Rotliegend sandstones could 

Fig. 6-21. This N-S seismic section shows the deeply buried Lower Carboniferous carbonate 
structure that was the objective of the Luttelgeest-1 exploration well (Total), and unfortunately 
found no hydrocarbons. The reef is covered by shales of Namurian age. The blue marker corre-
sponds with the top of the carbonates; while the yellow marker (D) is the top of the Devonian 
(interpretation by Total).

Fig. 6-20. Annually discovered gas volumes in the Dutch onshore and offshore from 1990 to 2008 
(based on annual reports by the Ministry of Economic Affairs). There has been a sharp decline in 
newly discovered volumes since the late 1990s.
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very unfavourable. The incentive for the Dutch State to come 
up with measures to make extension of field life commer-
cially attractive should be enormous. 
In addition to what has been proven, it is thought that 
more remains to be discovered. The officially published 
range of remaining exploration potential is 170 to 380 bil-
lion m3 of gas. Strangely, however, these figures have hardly 
changed for many, many years now. One would expect the 
estimate to decrease over time as prospects are drilled and 
the undiscovered exploration potential either translates into 
discovered gas or is disproved. Apparently, the Dutch E&P 
industry has managed to offset the volume that was drilled 
out of the prospect portfolios by finding new prospects. Can 
we expect to be able to do that for much longer? Perhaps, 
but probably not at the same rate. Since the late 1990s, 
’wall-to-wall’ 3D seismic, large scale application of seismic 
imaging through depth migration and highly improved 
hydrocarbon charge and migration modelling have been 
instrumental in finding new prospects. With the current 
coverage of 3D seismic by far the majority of traditional 
prospects has now been identified and tested and most 
remaining conventional potential may lie in prospects that 
may have a gas column extending beyond the normal spill 
point, requiring sealing faults. Detailed mapping, tectonic 
reconstruction, diagenetic categorisation, gas composition 
analysis and pressure cell identification may allow some 
prediction of the sealing capacity of faults to be made. This 
could unlock a portfolio of exploration targets in newly 
identified structures, particularly in the offshore, as onshore 
this concept has already extensively been tested. Next to 
fault-seal concepts, some examples of unproven plays are 
deep Jurassic oil in the offshore, highly overpressured deep 
(>5 km) gas in the Permian Rotliegend and stratigraphically 
trapped gas in the Carboniferous. However, the risks associ-
ated with these plays are high and the volume potential is 
not likely to be very significant.
With a falling number of attractive conventional prospects, 
industry interest in so-called Unconventional Gas (UG) is 
clearly increasing. UG resources are not limited to conven-
tional structural or stratigraphic traps. They are of regional 

6.1.4 The future

The realisation that most of our underground gas and oil 
volumes have been found raises the question of what fu-
ture there is for the Oil and Gas industry in The Netherlands. 
Exploration for conventionally trapped gas and oil seems 
to be in its final phase. But development activities are not 
over, and activities related to the underground storage of 
CO

2
 are in their infancy. And what about unconventionally 

trapped gas?
The total volume of gas found so far in The Netherlands is 
almost 4500 billion m3, more than half of which is in the 
Groningen field. Of this, we have produced just over 3000 
billion m3, leaving proven reserves of 1345 billion m3 ‘in 
the ground’. A relatively small part of the discovered gas 
volumes (some 80 billion m3) lies in currently sub-com-
mercial undeveloped fields. This may change in the future, 
however, as higher oil and gas prices and new technologies 
coupled with cheaper drilling, completion and develop-
ment practices may make them commercially attractive. 
Developing ‘difficult’ fields will no doubt be manpower 
intensive.  
At the same time there will be an increasing effort to 
squeeze the last bubbles of gas and the last drops of oil 
out of our producing fields. Techniques such as ‘deliqui-
fication’, or the injection of foam into the well, thereby 
reducing the weight of the water column and allowing the 
well to flow at lower reservoir pressure, has been applied 
successfully in several onshore fields. It is likely that at 
some point this will become an attractive technique for 
the offshore as well. Enhanced Gas Recovery by down-dip 
injection of nitrogen or CO

2
 to sweep the remaining gas from 

pressure-depleted fields is another promising technique 
that can extend field life. Application of these techniques is 
urgent, in particular for the offshore, as the current infra-
structure makes it commercially attractive to squeeze the 
most from existing fields and find new (albeit small) ones. 
Once the offshore infra-structure has been dismantled, the 
economics for such new developments will quickly become 

Fig. 6-22. The redevelopment of the Schoonebeek oil field (NAM) benefits from newly acquired state-of-the-art high resolution seis-
mic data, allowing mapping of the field and reservoir units in much greater detail than was possible before. Wells can now be placed 
more accurately, thus improving the economics of the redevelopment significantly.
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Bed Methane play in the San Juan Basin in Colorado some 
38,000 wells have been drilled in an area of about one 
third of the size of the onshore Netherlands! Obviously, 
therefore, development of UG resources would have a 
high environmental impact on the surface. In the onshore 
Netherlands it would be almost impossible to fit such 
infrastructure in the landscape, even outside built-up areas 
and nature reserves. This presents a big challenge for the 
development of long-reach, low-impact drilling technology 
as well as for engineering solutions that render production 
stations ‘invisible’. In pursuit of UG in The Netherlands, as 
much priority will need to be given to the development of 
acceptable surface/drilling engineering solutions as to as-
sessment of the subsurface resource. 
Estimates for the volume potential for UG resources in The 
Netherlands vary wildly and range from tens to maybe hun-
dreds of billion m3 of gas even to 1,000s of billion m3 of gas. 
Whatever they are, so far the presence of unconventionally 
trapped gas remains unproven and the chance of establish-
ing commercial developments must be considered low. This, 
coupled with the enormous surface impact, make large-
scale UG developments unlikely in The Netherlands. 
Underground storage of CO

2
 will, however, almost certainly 

be expanded in the future. Although it is generally ac-
knowledged that it does not provide a sustainable solution 
for reducing the concentration of greenhouse gases in the 
atmosphere, it will at least for some time have an impact. 
Once a successful project has demonstrated that CO

2
 can be 

stored underground, it is likely that additional projects will 
occur, probably mainly in the west of Holland, not far from 
where most of the CO

2
 is being produced. As with other 

projects public acceptance is the main bottleneck here. 
In conclusion, even though exploration for conventionally 
trapped gas and oil in The Netherlands has entered a final 
phase, there will continue to be a requirement for subsur-
face expertise and knowledge. The development of difficult 
(tight) gas fields, extending end-of-field life, maintain-
ing underground gas storages, CO

2
 capture and storage, 

and – who knows – exploration for and development of 
unconventionally trapped gas, will continue to keep the 
Dutch E&P industry busy for many years to come.

6.2 Coal 
Henk PaGnier and Frank van berGen

Coal layers of Pennsylvanian age (Upper Carboniferous, 
Westphalian), crop out in the valley of the Worm river 
(Germany) to the North of Aachen. The coals have been 
mined here in open pits since Roman times. Underground 
mining in galleries started in the 14th century. In the 16th 
century, when mining started to demand more capital and 
engineering, an industry was created based on an early 
capitalist system. At the onset of the 18th century the abbey 
of Kloosterrade (Rolduc) in the present-day Netherlands 
began mining by digging tunnels of two km or even longer, 
to ensure optimal production from the coal layers.
Mining came to a virtual standstill during French occupation 
of The Netherlands (1794 to 1815) after being confiscated and 
poorly run by the French state. The Napoleonic Mining Act of 
1810 stipulated that all natural resources became the prop-
erty of the state, which was empowered to award explora-
tion concessions. After 1815 production from the state mines 
was unsuccessfully and in 1845 the Domaniale concession 

or sub-regional extent and, unlike conventional buoyancy-
driven gas accumulations, they do not have well-defined 
hydrocarbon-water contacts. They occur in low matrix-
permeability reservoirs (<1mD) that produce at low rates and 
therefore require large numbers of wells to develop. The 
main types relevant for The Netherlands are Basin Centred 
Gas systems, Coal Bed Methane systems and Shale Gas sys-
tems. Once proven technically viable, the volume and rate 
of production become the main concern in the development 
of unconventional gas resources. Initial flow rates and total 
recoverable gas per well need to be sufficient and in balance 
with drilling, completion and surface facility costs, as well 
as with gas prices. All current commercial developments - 
mainly in the United States of America - are onshore. The 
costs and scale of offshore developments are prohibitive, 
and this is very unlikely to change, even in the longer-term. 
The potential for commercially developable UG systems in 
The Netherlands is very uncertain, and has high associ-
ated technical and non-technical risks. Development of UG 
resources requires a very large number of wells which, in 
a densely populated country like The Netherlands, will be 
subject to severe constraints and will attract much opposi-
tion. Opposition to a planned shale gas well has already 
been seen developing in the province of Noord-Brabant. 
Typically, well spacing for UG development is in the order 
of 100s of m. For development of a sweet-spot with an 
ultimate recovery of 10 billion m3, some 300 wells would be 
required in an area of 20 km2 and their total daily produc-
tion would only equal that of a single ‘good’ well in the 
Groningen field. In the combined Basin Centered Gas/Coal 

Fig. 6-23. Overview map of coal mining concessions in Limburg.
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Fig. 6-24 Coal exploration well, Rijksdienst voor de Opsporing 
van Delfstoffen campaign 1903-1916.

was leased to a private enterprise. This trend was expanded 
in the second half of the 19th century, when several conces-
sions were granted in the adjacent area (Laura, Vereeniging, 
Carl, Neuprick, fig. 6-23).
Coal mining only started to flourish, however, at the end 
of the 19th Century with the arrival of the railway in the 
eastern part of South Limburg. At this time the Oranje-
Nassau concession was granted and, following successful 
surveys, the Oranje-Nassau I mine began operating in 1899. 
For partly geopolitical reasons a number of state mines – 
Wilhelmina, Emma, Hendrik and Maurits were established 
outside the already granted concession areas and these 
were expanded on various occasions during the first part 
of the 20th century. Smaller privately owned mines came 
into operation along the border with Germany.
In a law promulgated on 24 June 1901, it was decided 
that the Dutch state would also engage in the exploita-
tion of the coal resources in the southern Netherlands. 
This law was a response of the state towards the private 
coal mining companies, and extended the area of 
exploration to include parts of the coal basin where no 
private coal concessions existed. 
Thus, the Dutch State Mines (DSM) was founded in 1902 
as the state coal mining company in Limburg and estab-
lished the following mines: 
State Mine Wilhelmina at Terwinselen (1906 - 1969) 
State Mine Emma at Treebeek/Hoensbroek (1911 - 1973) 
State Mine Hendrik at Brunssum (1915 - 1963) 
State Mine Maurits at Lutterade-Geleen (1926 -1967)
These new concessions were expanded on various occasions 
during the first part of the 20th century. A national coal 
exploration campaign was initiated by the Dutch Govern-
ment in 1903 (Rijks Opsporing van Delfstoffen, 1903-1918), 
and involved the drilling of several new exploration wells 
(fig. 6-24). This campaign discovered new prospective areas 
in Northern Limburg and the Achterhoek and was brought 
successfully to a conclusion by the inspiring director Van 
Waterschoot van der Gracht. 
Coal was worked in both state and private mines mainly 

between the Benzenrade Fault and the first NE Mainfault 
where the coal layers dip to the north to northeast (fig. 
6-23). Because of the large number of faults, there is a great 
variety of operating depths (fig. 6-25). One of the Doma-
niale shafts penetrated coal at just 22 m below the surface 
while the deepest shaft of the Hendrik state mine reaches 
1008 m. There are 248 coal layers with a combined thick-
ness of 73 m (fig. 6-26).

Fig. 6-25. Graphic representation of a typical mine lay-out of the first half of the 20th century (from Bunge, 1936).
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The State Mine Beatrix (1954) near Vlodrop/Roermond never 
became operational although a shaft was sunk here in the 
1950s. The relatively thick Cenozoic overburden made the 
costs of the coal very high and non-competitive with that 
imported from abroad. Building the shaft had cost Dfl 65 
million (€ 30 106 ) and in the early 1960s it was estimated 
that it would require another Dfl 300 million to complete 
the mine. For some time the shaft has been used for the 
training of deep-sea divers. In the Peel and Achterhoek 
various exploration wells struck coal below 650 m depth but 
this has not resulted in any mining.
After the discovery of the giant Slochteren gas field in 
Groningen, interest in coal from South Limburg quickly 
diminished. This discovery and the development of world 
energy prices (coal and steel crisis, end 1950s) along with 
the rising operating costs led to the termination of coal min-
ing in The Netherlands. Between 1967 and 1974 the mines 
closed down at an unprecedented pace. The private mines 
Oranje-Nassau I and Julia /Laura ended active coal mining 
on 31 December 1974. During this process 45,000 people lost 
their job in the province of Zuid-Limburg in marked contrast 
to the overall increasing prosperity and employment in the 
rest of The Netherlands. To compensate DSM for the loss of 
the coal mines the company was allowed to participate in 
the Gasunie, and also as a separate oil and gas company on 
the Dutch continental shelf. To compensate the population 
the government stimulated new activities (e.g., DAF private 
car factory, Open University) and moved government offices 
from The Hague to South Limburg.
At the beginning of the 1980s a second energy crisis and 
the emergence of new technologies like underground coal 
gasification renewed interest in coal and an inventory of 
coal reserves down to a depth of 1500 m in South Limburg, 
North Limburg (including the Peel area) and the extension 
of the Achterhoek and Overijssel was made. This inventory 
was based on reinterpreted results of historical campaigns 
(Rijks Opsporing van Delfstoffen, 1903-1918, and the Peel 

Following the economic crises of the twenties and thirties, 
the mines flourished until the end of the fifties, interrupted 
only by World War II. Production reached 12.6 million 
tonnes, with 28,000 miners below ground and 23,000 
above ground. In 1960 a top production of 23 million tons 
was achieved. 
In the 1930s the production of ammonia en fertiliser were 
added to the activities of DSM; this production branch was 
named Stikstof Bindings Bedrijf. Its products were made 
from the gas derived from coking coal from the Mau-
rits mine. From this chemical complex the well-known 
multinational DSM evolved into a highly diversified (bio)
chemical company. 

Fig. 6-27. Coal exploration well Kemperkoul-1, RGD campaign 
1982-1985. 

Fig. 6-26. Standard profile of the Westphalian coal seams in the South Limburg mining district (after Patijn & Kimpe, 1961).
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Commissie, 1963), on new seismic and on six new explora-
tion wells (fig. 6-27). In 2000 an assessment of potential 
resources was made and included a calculation of coal 
resources at depths between 1500 and 2000 m. This study 
also investigated the coal bed methane potential down to 
a depth of 1500 m. The potential gas resources could be 
considerable, perhaps in the order of 30 billion m3 of gas. 
In 2009, exploration permits were granted for coal bed 
methane in North Limburg and the Achterhoek area. 

6.3 Unconsolidated sediments
MiCHiel van der Meulen & tJeerd kooPMans  

Nobody would consider The Netherlands to be a mining 
country. However, significant quantities of aggregates and 
clay are produced from unconsolidated Quaternary deposits 
for use as raw materials in building and construction. In 
this particular context, the term ‘aggregate’ refers to all 
granular matter used as constructional fill, railway ballast, 
etc., or with some binder in concrete, asphalt, masonry 
mortars, etc. Aggregate is also commonly produced by 
crushing solid rock, but as The Netherlands has hardly any 
such resources there is no current production from this 
source. Clay is used for the fabrication of structural ceramics 
such as bricks and roof tiles, and in earth constructions 
such as dikes.
Dutch production of sand, gravel and clay amounts to 90 to 
100 Mt per year, over 90% of which is sand. This amounts 
to some 6 tonnes per inhabitant per year. The value of this 
production, at trade prices ranging between about 5 Euro 
and 25 Euro/t, is limited in comparison with that of hydro-
carbons, but it is significant because of the sheer volume. 
Aggregate is a typical low-cost bulk commodity, which 
relies on short transport pathways to be economic. Hence, 
commercial supply of raw building materials is essentially 
a matter of matching a fairly large, constant demand with 
resources as close as possible to the area of usage. Transport 
distances hardly ever exceed tens of kilometres, especially 
in the case of road transport. While markets for industrial 
and energy minerals are global, those for building materi-
als are largely domestic, except where such resources are 
unavailable or inaccessible. 
Aggregates are initially processed as loose material for all 
applications, while in case of clay, texture and cohesion 

Fig. 6-28. The Kraaijenbergse plassen, a large sand extraction 
along the river Meuse close to the town of Nijmegen. Vessels in 
the pit are either dredgers or transportation ships that supply 
concreting plants etc.

Fig. 6-29. A typical Dutch clay extraction near Nijmegen: a super-
ficial operation rather than quarrying, resulting in lowering of a 
few hectares by some 1.5 m.

need to be preserved. Accordingly, Dutch aggregates are 
mostly dredged from extraction pits or from open water 
(fig. 6-28) and clay is extracted with dry techniques, i.e. 
with equipment like draglines, bulldozers and shovels (fig. 
6-29). 
The Netherlands is one of the most densely populated na-
tions in the world, with very high land use intensity. More 
than in most countries, minerals extraction can interfere 
with existing or planned land use, and especially ag-
gregates extraction can be locally controversial, leading to 
‘NIMBY’ (not in my back yard) reactions. Because of this, 
access to Dutch surface mineral resources is considered 
in integral spatial planning, rather than being secured 
through specific minerals policy instruments. In spite of the 
occasional societal resistance, supplies to Dutch building 
and construction industries have never been truly problem-
atic, to an increasing extent thanks to a well-functioning 
European market (The Netherlands currently imports about 
one quarter of its aggregates). Increasing efforts are now 
put into integrating extraction processes with landscap-
ing, hydraulic engineering works, or any other activity that 
allows for the removal of a certain volume of sediment. 
Creating more acceptable forms of extraction, better 
integrated with the surroundings, is now a policy of both 
industry and government, and this is expected to help keep 
domestic production at acceptable levels, so that we do not 
unnecessarily burden our neighbours with the impact of 
our raw material needs.

Aggregates
Sand and, to a lesser extent gravel are amply represented in 
Dutch Quaternary fluvial, marine and (peri)glacial deposits. 
Except for filling, for which any aggregate will do unless 
the grains are too rounded, aggregate resource potential 
is largely determined by grain size. As a rule of thumb, 
the coarser the material, the better it is as an aggregate 
resource, at least for applications such as concreting. 
Equally important is overburden thickness: the thinner the 
better, with a threshold value of about 5 m. We make a 
distinction between fine filling sand, which is omnipresent 
and presents no problems in terms of supplies, and coarse 
sand and gravel (median grain size > 210 μm, preferably > 
420 μm), which occur regionally and are more difficult to 
supply nationally. Silica sand, not used as aggregate but as 
a quartz resource, is discussed below.
In conjunction with sediment transport directions from the 
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hinterlands of present-day Germany and Belgium towards 
the North Sea basin, Dutch Quaternary aggregates resources 
show an overall fining from the south-east towards the 
north-west (fig. 6-30). As these resources are partly over-
lain by Holocene clayey and peaty deposits that thicken in 
the same general direction, production of coarse aggregates 
(i.e. coarse sand and gravel) is concentrated in the east 
and south of the country. Filling (fine) sand is extracted all 
over the country, but production for the coastal provinces 
has gradually been shifted to the North Sea. The volume 
of technically exploitable coarse sand in The Netherlands 
equates to roughly 7500 annual consumption equivalents, 
which would be abundant by any definition. Roughly 150 
annual consumption equivalents of gravel are estimated to 
be present, mainly in Limburg, in the extreme southeast of 
the country. 

Fig. 6-31. Dutch aggregate supplies. The upper panel shows fig-
ures for coarse sand only, filling sand production is not shown. 
In the lower panel, domestic production of coarse aggregate 
is gravel only, while crushed rock is included in consumption. 
Production statistics are based on Van der Meulen et al. (2007a), 
supplemented with data from the Ministry of Infrastructure and 
the Environment.

Fig. 6-32. Clay resources in The Netherlands, fine and coarse being defined by the share of lutum 
vs. silt and sand (coarse includes loess and till deposits, for example). Suitability for structural 
ceramics fabrication is defined according to deleterious impurity probability (see text). However, 
not all resources without impurities qualify. Brick production sites belonging to members of KNB, 
the sector organisation, give an indication of where good-quality resources are located. Modified 
from Van der Meulen et al. (2007b, 2009a). 

Fig. 6-30. Aggregate resources in The Netherlands (North Sea not included) down to 40 m below 
the surface. Depicted are technically exploitable resources of coarse sand and gravel, i.e. having an 
overburden of less than 5 m, and intercalations of non-dredgeable material of less than 2 m. Ag-
gregate pits include active, planned and abandoned sites, but filling (fine) sand sites are excluded. 
Based on Van der Meulen et al. (2005) and resource data from.www.delfstoffenonline.nl

Fig. 6-33. Clay statistics for 1980 to 2006: (1) production of clay 
for structural ceramics (hatching: estimates), (2) production of 
clay for earthworks, (3) production of clay (undifferentiated), (4) 
consumption of clay for structural ceramics (dashed: estimates), 
(5) imports of clay for structural ceramics (dashed: estimates). 
Exports are nil. Modified from van der Meulen et al. (2009a).
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There are fairly big differences between sand and gravel 
supplies, due to a combination of geological and minerals-
planning factors. During the 1980s and 1990s it was Dutch 
policy to be self-sufficient in coarse sand. This is clearly 
visible in fig. 6-31, which shows that production equated 
to consumption and there were no net imports / exports. 
In the early 2000s, this regulation was abandoned and it 
became harder to obtain extraction permits. This is clearly 
evidenced by a declining home production and increas-
ing imports, mainly from Germany. Gravel statistics (lower 
panel), reflect a longstanding policy to allow the produc-
tion in Limburg to drop to regional self-supply levels (about 
3 Mt/a). The Netherlands is now largely supplied with 
imported coarse aggregates, both of gravel and of crushed 
rock.

Clay
Clay is abundant in Holocene fluvial and coastal deposits 
in the central and western parts of the country, and in 
Pleistocene fluvial to shallow marine deposits in the east 
and southeast (fig. 6-32). Aeolian loess present in Limburg 
is also exploited as a resource for structural ceramics. Bricks 
and roof tiles were historically produced all over the coun-
try from local clay resources. However, modern production 
efficiency and quality requirements have made the industry 
increasingly ‘choosy’ when it comes to its clay resources. 
Present-day production is concentrated in the upstream 
Dutch Rhine and Meuse areas (fig. 6-32). Floodplain clays 
are extracted from both rivers, and a variety of Pleistocene 
clay, including loess, is used in Limburg. In the western part 
of The Netherlands, clays have admixtures of, e.g., plant 
and shell materials, which are deleterious impurities for 
present day fabrication processes. Such clays are adequate 
for earth works, however.
Even though brick walls and ceramic roof tiles still deter-
mine the face of any Dutch town, use of these products 
has been declining for decades (fig. 6-33). In the case of 
wall and street bricks this is due to the increasing use of 
concrete and asphalt, respectively. The demand for clay 
for earthworks is mainly determined by dike maintenance 
works. The production peak in the mid-1990s, for example, 
corresponds to the dike reinforcements that were under-
taken after serious flood threats in 1993 and 1995. 
When it came to meeting objections against miner-
als extraction, the structural ceramics industry was an 
early adapter: by agreement with WWF in 1994, coupling 
superficial clay extraction with nature development became 
common practice. Over the past few years, the green im-
age of the industry has faded somewhat as a result of the 
high energy consumption associated with firing, and the 
industry is looking for new green concepts, one of them 
being sustainable exploitation of floodplain resources, in 
which extraction is balanced with resource replenishment 
by sedimentation.

Silica sand
Miocene silica sand, (almost) pure quartz sand, is a 
relatively valuable and scarce Dutch sedimentary mineral 
resource, exploited in the south of the province of Limburg 
(fig. 6-34). Here, a favourable combination of (1) quartz-
rich source material from a well-weathered hinterland, (2) 
sorting in a coastal depositional environment, (3) leaching 
by humic acids from peat intercalations, and (4) favourable 
early diagenetic conditions, have led to an extremely pure 
quartz sand, with grades that can be as high as 99.6 – 

Fig. 6-34. Silica sand resources in southern Limburg. The Breda formation is the lithostratigraphic 
unit in which silica sands occurs, generally in the upper part. Modified from Van der Meulen et al. 
(2009b). 

99.9%. Other quartz-rich sands are known from the lower 
Pliocene, but these have not yet been exploited. 
Unlike aggregate, silica sand is not exploited for its granu-
larity but for its mineral composition, as a raw material in 
the glass, ceramic, chemical and other process industries. 
Annual production is about 0.7 Mt.

6.4 Salt
Mark Geluk 

The Netherlands is a true salt land. Rock salt of Permian 
and Triassic age occurs widespread throughout the subsur-
face and because of its impermeable character it plays an 
important role as top seal to many Rotliegend and Triassic 
gas fields in the country (see 6.1).
Triassic Röt salt was first encountered in the eastern 
Netherlands during the 1880s in a drinking-water well 
near Delden. During the drilling campaign by the Dienst 
der Rijksopsporing van Delfstoffen between 1903 and 1923, 
more extensive deposits of Permian (Zechstein) rock salt and 
more valuable potassium-magnesium salts were discovered 
in the eastern Netherlands. 
Following the imposition of heavy taxes on German salt ex-
port, the Koninklijke Nederlandse Zoutindustrie (KNZ, now 
AkzoNobel Salt) started rock salt production in the Buurse 
concession in 1919, using a process of solution mining of 
the Triassic Röt salt. The bedded salt deposit is situated here 
at a depth of 300-500 m. The initial location was selected 
because of its proximity to a railway line but in 1936 the 
production moved to the Twenthe-Rijn concession (fig. 
6-35) close to the newly constructed Twentekanaal. Despite 
a lower salt thickness in this area, the canal allowed for 
easier transport. The production of rock salt in the Buurse 
concession was discontinued in 1953. In the area over 500 
salt production wells have been drilled to date. Only four 
wells failed to locate the salt – not a bad success ratio given 
the absence of seismic data!
In the 1920s there was fierce competition for additional salt 
concessions in the eastern Netherlands. In 1923, a conces-
sion (Gelria) was granted for the exploitation of Zechstein 
rock salt and coal around Winterswijk. To protect the 
underlying Carboniferous coal reserves, however, solution 
mining of the salt was not allowed - production was re-
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set up by a local factory producing salt for cattle feedstock. 
In 2005 the German salt producer K+S (former Kali & Salz) 
took over operations at Harlingen, and this resulted in more 
competition on the Dutch salt market.
In the Barradeel concession salt is produced by solution min-
ing from layered Zechstein salt at depths between 2500 and 
3000 m. It is the deepest salt mining in the world. Of a total 
of four caverns two are still in operation. The large depth 
at which the salt is mined has both positive and negative 
effects. In a positive sense the time to saturate the brine is 
much reduced thanks to the high temperatures – salt can be 
produced after several months compared to 1-2 years in cav-
erns at shallower depths. The negative effects are caused by 
the (unexpected) rapid convergence of the caverns. Whereas 
this effect is almost negligible at shallower depths (0.1% 
per year), the high temperatures are conducive to much 
more rapid convergence of the salt (10s% per year). The 
implications are that after a certain period the caverns reach 
equilibrium between their size and the moving rock salt and 
that the salt production directly translates into subsidence 
at surface. No previous experience had been obtained from 
solution mining at great depth, and the early and strong 
subsidence came as a complete surprise. After several years it 
was noted that subsidence was 20-fold stronger than what 
was anticipated. Within 10 years the limit of 35 cm had been 
reached – a marked contrast to the modelled amount of 8 
cm. The scheduled production life of the caverns in the Bar-
radeel concession is therefore much shorter than anticipated 
and salt production rate is much lower than originally 
planned. 
 

6.5 Cement and building stone
WiM dubelaar

Building stones: historically exploited resources 
Most of the near-surface deposits in The Netherlands consist 
of unconsolidated sediments; outcrops of natural stone 
suitable for building purposes are rare. In the northern 
part of the country use was made locally of large boulders, 
transported from Scandinavia by glaciers during the Saalian 
Ice Age. In the south gravel and boulders from the Ardennes 
region deposited by the river Meuse were excavated and 
used for pavements and walls. Bog iron ores from Late Pleis-
tocene and Early Holocene deposits have been used since 
early medieval times on a very small scale in the eastern part 
of the country.

stricted to conventional mining, which made it uneconom-
ic. No activities were ever undertaken in this concession 
and, following the introduction of the 2003 mining law in 
The Netherlands, the concession was not renewed. 
During and after World War II several Zechstein salt domes 
were discovered by drilling, while others were interpreted 
from gravity anomalies. More domes and pillows were 
detected by seismic surveying during the 1950s to 1980s. 
The salt domes form by a combination of the visco-plastic 
behaviour of rock salt at higher temperatures and density 
inversions between relatively light salt and heavier overly-
ing sediments. In the course of geological history a large 
number of salt domes have developed, forming a subterra-
nean mountainous landscape below The Netherlands. The 
base of these domes lies typically at depths between 3000 
and 5000 m, while their tops sometimes are as shallow as 
100 m below the surface (fig. 6-36). The salt domes extend 
both over the NE Netherlands and the adjacent offshore 
area.
In the 1950s NAM drilled several exploration wells in 
the Winschoten salt domes on behalf of KNZ and on the 
base of these wells the Adolf van Nassau concession was 
granted in 1954. The top of the salt domes occur 100 to 450 
m below the surface and solution mining takes place at 
depths below 800 m. In 1967 this concession was further 
extended to include the shallower Zuidwending salt dome. 
The produced salt is transported by pipeline to the soda 
and salt factory at Delfzijl. Production is still ongoing and, 
moreover, AkzoNobel and Gasunie are currently building 
underground gas storage caverns in the Zuidwending salt 
dome.
In the late 1960s Shell Delfstoffen explored in the northern 
Netherlands for potassium and magnesium salts. They 
successfully applied for the Veendam concession where rich 
layers of the rare magnesium salt Bischoffite (MgCl2

*6H
2
O) 

were encountered. These salts occur in a salt pillow at 
depths of around 1600 m. They are recovered by solution 
mining, currently operated by NedMag.
The most recent salt concession, Barradeel in NW Fries-
land, was granted in 1991 and enlarged in 2003. Published 
material and older exploration wells had generated the 
idea that salt production would be possible in western 
Friesland. The concession was granted to Frima, a company 

Fig. 6-36. 3D geological model of the Zuidwending salt dome 
near Winschoten.

Fig. 6-35. Map showing the concession areas for salt production.
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Flint
Flint derived from layers and nodules in Upper Cretaceous 
limestones was used as long ago as 6,000 years BP for making 
working tools. Flint has also been used sparsely as build-
ing stone in the southern part of Limburg close to where it 
crops out. At present flint represents a ‘by-product’ of the 
limestone quarries and is mainly used for road foundations 
and hydraulic engineering purposes.

Carbonate cement 
In the area of the Sint Pietersberg Upper Cretaceous lime-
stone (Maastricht Formation) is being exploited by the Eerste 
Nederlandse Cement Industrie (ENCI) as a raw material in 
the cement and chemical industries (fig. 6-38 ).The factory 
currently extracts about 1.3 million tons of chalk per year. Hei-
delberger Cement, the present-day parent company of ENCI 
has recently decided to reduce its cement producing activities 
in Belgium and The Netherlands and to close down the plant 
near Maastricht.
Near Winterswijk in the eastern part of the country a dolomitic 
limestone the Middle Triassic Muschelkalk, with magnesium 
content up to 17% is being quarried. The limestone powder is 
mainly used in agriculture (fertiliser), as filler in ceramic prod-
ucts, in asphalt and for the desulphurisation of flue gasses.

Upper Carboniferous sandstones exposed in the Geul valley 
in the southernmost part of the province of Limburg were 
excavated locally and were used mainly for masonry in 
farm houses. Natural stones have been imported from 
Roman times onwards. They belong to various types of 
rocks, e.g. slate and volcanic tuff from the Eifel region 
and Bentheim Sandstone from Lower Saxony in Germany. 
Several types of limestones (called hardsteen) from the 
Lower Carboniferous in Belgium became the most widely 
used stone in The Netherlands. Nowadays nearly all kinds 
of natural stones used are imported from various countries 
in Europe, Asia, Africa and South America. 

Maastricht limestone
The Upper Cretaceous limestone deposits in the vicinity 
of Maastricht in the southern part of Limburg provide the 
major supply of Dutch natural stone. During Roman times 
the so-called Maastricht limestone was already used for 
building purposes and probably also as a fertiliser. Maas-
tricht limestone became the predominant building stone 
for gothic and renaissance-style buildings, and continues 
to be used to the present day (fig. 6-37). The Maastricht 
limestone occurs near the surface in a restricted belt about 
40 km wide, between the towns of Tongeren (Belgium), 
Maastricht and Heerlen. Several stone qualities are recog-
nized, based on regional facies types (Maastricht facies and 
Kunrade facies). Among the soft building stones (Maastricht 
facies), the Zichen, Sibbe and Kanne block types can be 
distinguished, based on their fossil content and diagenetic 
fingerprint. More tight varieties (such as the Kunrade facies) 
are restricted in distribution. All carbonate facies types 
comprise predominantly bioclasts of sand-size, exhibit-
ing a calcarenitic (grainstone) fabric. They consist of very 
pure limestone (94 - 98 % CaCO

3
) with slight differences in 

colour, mineralogy, cement and fossil fragments. Porosity 
is up to 40 - 50 volume %. The grains are loosely packed 
and cementation is mostly related to syntaxial cements 
overgrowing echinoderm particles. Notwithstanding the 
low compressive strength (5- 30 MPa or even less), the du-
rability of the soft Maastricht limestone is remarkably high. 
Due to the high porosity and connecting intergranular pore 
spaces it is not or only slightly sensitive to frost action. The 
limestone is currently mined in two underground quarries, 
mainly for restoration work, and extraction is about 500 
m3/yr. As local architects regularly apply the limestone as 
cladding in modern buildings, the demand is expected to 
increase in the future. 
An abandoned quarry in the Margraten plateau (‘t Rooth) is 
a very welcome source of inspiration for amateur geologists 
and nature lovers in general.

Fig. 6-38. ENCI open pit St. Pietersberg, Limburg, used for the production of 
limestone powder. The quarry face shows horizontal flint layers and remnants of 
underground quarries. Photo TNO- Geological Survey of The Netherlands. 

Fig. 6-37. Maastricht limestone in the St. Servaas Church, 
Maastricht. Shells of sea-urchins are clearly visible in some of the 
stones. 
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7   Willem steenken

Dutch earth 
scientists 
overseas
For generations earth science students from The Netherlands were well-

advised to explain to future parents-in-law what kind of life awaited their 

beloved daughter. The chances were great that she would either lead a 

nomadic life, following her husband to more or less remote areas while 

raising a family, or lead the lonely existence of a seaman’s wife, awaiting the 

return of her husband from overseas assignments.

Roughly a quarter of the earth science graduates ended up working in the 

former Dutch colonies. It is estimated that about 1000 Dutch geologists and 

mining engineers spent all or part of their careers in the Dutch East Indies 

alone while another 15% found work in countries like Bolivia, Canada, 

Zambia and South Africa.   

Especially the East Indies offered almost unlimited opportunities to gain 

hands-on experience in a variety of disciplines. This was to the great 

advantage of teaching institutions in the homeland, where experienced 

geologists and engineers from overseas eventually took up teaching jobs, 

raising geoscience education at the Dutch universities to a high level. 

Examples include G.A.F. Molengraaff, H.A. Brouwer, R.W. Van Bemmelen, 

J.H.F. Umbgrove, J. Westerveld, I.M. Van Der Vlerk and H.J. Mac Gillavry. 

The following sections give an account of the activities of Dutch geoscientists 

overseas, more specifically in the former colonies, and relate some of their 

scientific endeavours and achievements. Special attention is given to the 

Dutch Indies, where, due to its size and mineral wealth, an overwhelming 

share of these scientists were deployed.

>



donesia). Its main commercial interests were spices, includ-
ing nutmeg, pepper and cloves, mainly from Java and the 
Moluccan Islands. Areas that did not offer short-term profits 
were largely neglected by the company which administered 
itself in trading settlements alongside the local rulers. During 
this period the Indies were not a colony in the traditional 
sense of the word: the Dutch claimed no territory, but only 
specific, monopolistic rights. The centre of their power was in 
Batavia, presently Jakarta, capital of Indonesia.
Changing commercial conditions, overexpansion into areas 
also outside the Indies, overwhelming corruption at all levels 
of the company and a naval war fought and lost against 
the English all contributed to the demise in 1796 of what 
once was one of the mightiest commercial enterprises of the 
world.
The bankruptcy of the VOC coincided with the beginning of 
the Napoleonic wars, during which the Dutch state was first 
occupied and later annexed by the French, who were quick 
to realise that there was profit to be made out of the Dutch 
position in the Indies. Through a Dutch pro-French caretaker, 
Daendels, there was a brief period of French influence, 
but he was soon replaced by the now famous Sir Thomas 
Stamford Raffles, appointed Vice-Governor of Java from 1811 
to 1816 in the name of Great Britain. After difficult and long 
negotiations, the English agreed in 1814 and 1825 to hand 
back to the Dutch all their previous possessions and spheres 
of interest in the Indies, including large areas where neither 
they nor the Dutch had ever been active, such as large parts 
of Sumatra and Borneo (now Kalimantan). From then on the 
Dutch considered the Indies as Dutch overseas territory and 
ruled it as a true colony. 

7.1  The Dutch Indies - fertile 
ground for earth science
Peter de ruiter, unless stated otherWise 

On a windy day, early April 1595, a fleet of four Dutch ships, 
with a total of 249 men on board, left the island of Texel 
in Holland. Their destination was the East Indies, which 
they reached following a route plan (fig. 7-1) partly stolen 
from the Portuguese by Jan Huygen Van Linschoten. The 
objectives were to explore this route and to acquire as much 
oriental spice as possible for sale on the European markets. 
The leader of this small fleet was Cornelis Houtman.
The ships arrived 15 months later at Bantam, at the western 
tip of the island of Java, and three of them arrived back in 
Amsterdam in August 1597, with only 87 surviving sailors 
and a disappointing cargo from the sale of which the cost 
of the expedition could barely be recovered. Nevertheless, 
it had been proven possible to sail to the East and return 
with valuable goods. Appetites were wetted and during the 
next three and a half centuries the East Indies would be the 
scene of large-scale involvement by the Dutch. 
For the following two centuries the Dutch interests were en-
tirely in the hands of what would become one of the largest 
monopolistic cartels of those days, the VOC, which stands 
for Vereenigde Oost-Indische Compagnie (United East India 
Company), a joint venture between the state (the young 
Dutch Republic) and private investors (fig. 7-2). It has been 
argued that the VOC was the first shareholder-owned mul-
tinational in the world. For two centuries it would exercise 
a monopoly on all trading to and from the archipelago that 
today we know as the Republic of Indonesia (Republik In-

>

Fig. 7-1. Map (1570) of the world by Abraham Ortelius (1527 – 1598). Houtman journey dotted.

Cornelis Houtman (1565 – 
1599), leader of the first 
Dutch naval expedition to the 
East Indies

Jan Huygen van Linschoten 
(1553 – 1611), described sea 
route to the East Indies
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7.1.1  Several centuries of investigations

VOC times
J. Bontius, the first researcher 
Scientific research requires people with intense curiosity, a 
critical mind, good observational and communication skills. 
In the early years of the Dutch presence in the Indies there 
was another important factor: stamina. Consider a prime 
example, Jacobus Bontius (1592-1631, fig. 7.3) who, born 

to a highly intellectual family, became a medical doctor at 
the age of 22 and twelve years later was sent to Batavia to 
become “Doctor, Pharmacist and Supervisor of all medical 
personnel in The Indies”. His wife died during the outward 
journey (1627), and his second wife, who he married in 
Batavia, died of cholera in 1630. He survived two sieges 
by the local sultan, was ill for four months with malaria, 
beriberi and dysentery, fulfilled various high functions and 
was nominated bailiff of Batavia. In his spare time - how 
did he manage to have any? - he studied the flora and 
fauna around Batavia and wrote six books, dealing with a 
host of subjects, medical as well as biological, two of which 
were published well after his death. He claims that he saw 
anthropomorphic bipeds, apparently in captivity, termed by 
him Homo silvestris (Latin for the local name orang hutan 
(bush man. It is almost unbelievable how much could be 
accomplished by one man during a short life, notwith-
standing the most adverse circumstances. We honour him as 
the first ever Dutch researcher in the Indies.

G.E. Rumphius, the blind visionary of Ambon                         
One of the truly great scientists of his time, Georg Everhard 
Rumphius (1628–1702, see also ch 2) started his career as 
a navy man, found employment with the VOC, arrived 
in Batavia in 1653 and was posted to Ambon, one of the 
Moluccan Islands. He changed jobs and in 1662 became 
Merchant, an official VOC title. 
Around that time Rumphius requested and received 
permission to spend time studying the plants and animals 
of Ambon. After incredible mishaps –his library, including 
his own drawings, perished in a fire, his wife and daughter 
died during an earthquake, his manuscripts were lost on 
their voyage to Holland, culminating in his blindness as 
from 1670- he persisted, with the help of able assistants, 
and completed three books on the herbs, the curiosities and 
the animals of Ambon. These books would only be printed 
more than fifty years after his death, since his employers, 
the directors of the VOC, feared that they contained confi-
dential material, the publication of which could be harmful 
to their commercial interests.
Rumphius can also be considered to have been the first 
collector of geological data. In his book on the curiosities 

Fig. 7-2a. Logo of the VOC  Verenigde Oost Indische Compagnie (United East 
Indian Company).

Fig. 7-2b. VOC coin (ducaton) On one side the Dutch 
Lion and motto: Concordia res parvae crescunt. 
Reverse side stipulates its use by the VOC.

Fig. 7-3. Front cover of the first scientific book about the Indies 
by Jacob Bontius (1592 – 1631).

‘Homo silvestris’  drawn by 
Bontius, an anthropomorphic 
biped in captivity   

Georgh Everhard Rumphius 
(1628 – 1702), great naturalist 
and first describer of fossils 
and minerals from Ambon 
“The blind visionary” 
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(1773–1859). He was initially especially interested in the 
botanic wealth of Java, which he visited whilst he was 
employed as a physician on the merchant ship ‘China’. 
He was so impressed with the country, however, that he 
travelled back to Philadelphia where he bought books and 
scientific instruments for further study and returned in 
1802, where he became a physician in the Dutch colo-
nial  army. This gave him ample opportunity to travel. 
His interest in geology was awakened by the eruption of 
the Goentoer volcano. He proceeded to climb, map and 
sample several volcanooes. The arrival in 1811 of the British 
governor, Sir Thomas Stamford Raffles, who took over from 
the Dutchman Daendels, was good news for Horsfield as 
Raffles was very interested in natural sciences and stimu-
lated Horsfield, who published his report on the volcano’s 
of Java in the Proceedings of the Royal Batavian Society of 
Arts and Sciences (Koninklijk Bataviaasch Genootschap van 
Kunsten en Wetenschappen), including a mineralogical 
map of Java.
He was also involved in a detailed study of tin mining in 
Bangka and made an interesting scouting trip to the island 
of Sumatra together with Raffles and his wife Sophie. His 
rock samples and notes ended up in the British Museum. 
Horsfield himself settled later in England and became a re-
spected, prominent personality in the scientific community.
The Committee for the Natural Sciences in the Dutch East 
Indies (Natuurkundige Commissie voor Nederlandsch Indië) 

of Ambon, he described phosphorescence in diamond and 
recognised fossils for what they are: petrifactions of once 
living animals and not the lusus naturae (freaks of nature) 
as was commonly believed. Rumphius was posthumously 
honoured in 1902 with a great conference in Haarlem and 
a beautiful memorial book (Rumphius Gedenkboek 1902. 
Koloniaal Museum Haarlem).
    
Scientific ebb (1773–1854)
After the death of Rumphius, research on the abundant 
plant and animal life of the Indies was halted. The only 
progress that can be reported from this era is in astronomy 
under leadership of J.M. Mohr (1716–1775). From his own 
means he built an observatory where he made many meas-
urements that did not, however, lead  to any new insights. 
He touched upon geology in his report to the Dutch Scientific 
Society (Hollandsche Maatschappije van Wetenschappen) 
on the eruption of the Papandajan volcano on Java, a 
disaster that killed nearly 3000 people, entitled Report con-
cerning the explosion and collapse of the burning sulphur 
mountain, with the sad consequences thereof on the island 
of Java, which took place in the month of August 1772, with 
remarks concerning this phenomenon.

Thomas Horsfield 
The first geological work on the island of Java was carried 
out by an American medical doctor, Thomas Horsfield 

Thomas Horsfield (1773 – 
1859), the first geological 
explorer 

Franz Wilhelm Junghuhn 
(1809 – 1864), very talented 
universalist, obsessed by 
Java’s natural beauty

Fig. 7-4. Crater lake “Kawah Patocha” West Java, painted by Junghuhn. Stünd ich, Natur! vor dir ein Mann allein. Da war’s der Mühe 
wert ein Mensch zu sein.   

The ongoing strong link 
between science and com-
merce was clearly visible in the 
objectives of the Geographical 
Society, which were ”to strive 
for and maintain the fame of 
the forefathers and to find, by 
scientific geographic investiga-
tions, new means and ways for 

profitable relationships”. The 
much coveted Plancius Medal 
shows the bust of Plancius 
(1552–1622), the cartographer 
and oracle for explorers of fara-
way lands, and on the back the 
four ships of the Houtman fleet 
(1595), symbol of Dutch courage 
and enterprise.

 Geography has always blos-
somed in the Low Countries. 
Famous cartographers and map 
makers from the 16th and 17th 
centuries like Hondius, Merca-
tor, Ortelius, Plancius, Barentz, 
Cruquius and Blaeu are still 
of world fame (see chapters 2 
and 3). The great international 

explorers in the 16th to 19th 
centuries, whether British, 
Portuguese, Spanish, French 
or Dutch, were all, in today’s 
definition, geographers, albeit 
with strong commercial motiva-
tion, and they consulted the 
mapmakers before sailing into 
the unexplored.

the GeoGraPhical society

The Geographers’ Plancius 
medal, “Trade follows science”
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Fig. 7-7. Mean annual rainfall in Indian Archipelago (mid 19th century).

was founded in 1820 by King Willem I, with the purpose 
of supporting the exploitation of the colony. It had an un-
fortunate start when two young bright German biologists, 
H. Kuhl and J. Van Hasselt, found early deaths (in 1821 and 
1823) through contracting incurable tropical diseases soon 
after their arrival. In 1825 the Austrian Major Georg Müller, 
on an assignment from the Committee, attempted an 
east-west crossing of Borneo (Kalimantan), starting at the 
east side via the Mahakam River, but he and his party were 
killed by a Dayak tribe, probably in the mountains of the 
watershed, later called “Müller Range”. More successful 
was Carl Schwaner (1817–1851) in 1843, as will be discussed 
later (see the section on Kalimantan below).
An outstanding figure in geological spheres during the last 
years of the Committee for the Natural Sciences was the 
German physician Franz Wilhelm Junghuhn (1809–1864). 
He was a personality in the true sense of the word: strong, 
straight, stubborn, loyal to his principles and of independ-
ent mind. Although not formally trained as such, he was a 
great earth scientist, and his 1853 book Java, its form, cover 
and internal structure (fig.7.4) is an undisputed classic. 
Worthy of mention also is Raffles’ book History of Java 
which gives, among other information, much insight into 
the social aspects of life amongst the local and expatriate 
population. The Committee was disbanded in 1850, its last 
members being Salomon Müller, Schwaner and Junghuhn.

The new era (1854-1940)
Around the middle of the 19th century the western world 
was in turmoil, technologically and politically. The first 
trains started to operate, Morse telegraph was introduced 
and steam engines became common. At the same time 
Marx issued his Communist Manifesto, revolutions and 
repressions took place in Italy, France, Germany, Hun-
gary and Czechoslovakia. The first ever Women’s Rights 
conference was held in New York. Perhaps 1848 can be 
considered to represent the “hinge year” of  modern 
history. This was certainly so in The Netherlands where a 
new Constitution was adopted and where a new colonial 
policy was established. The latter was to have significant 
consequences for geological investigation in the vast 
southeastern Asian area which the Dutch considered as 
their play ground. These changes implied, amongst others 
that the King was responsible for the overseas areas and 
that he had to report to Parliament every year on plans 
and progress. Colonial policies thus became a political 
matter, not solely related to business as had been the case 
in VOC times. 
In addition, trading and manufacturing in the Indies by 
Dutch and foreign private investors was now allowed; the 
state’s monopoly disappeared forever. Whereas the first 
coal mine was opened still as a state enterprise in 1849, 
1852 saw the creation of a private company that obtained 
a concession to exploit tin ore on the island of Billiton (see 
below).
In the same year a Bureau of Mines (Dienst van het Mijn-
wezen) was created, and systematic investigation of the 
geology of the Indies could start. The geological mapping 
task that lay ahead for this Bureau of Mines was huge by 
any standards: 
•  the land area to be studied covered a surface area of 

nearly 2 million km2, split up into five large and thou-
sands of smaller islands (fig. 7-5),

•  accessibility was poor: there was virtually no infrastruc-
ture and aviation was years away,

•  the main islands were (and still are) heavily forested (fig. 
7-6) and receive more than 2000 mm of rain per year (fig. 
7-7),

•  the hot, damp equatorial climate plays host to a great 
variety of fatal diseases like malaria and cholera, and 
medical science was still in its infancy; mortality was 
high amongst all inhabitants, especially amongst the 
ill-adapted white men, such as geologists hacking their 
way through the jungle, and the crews of locals that ac-
companied them, 

•  moreover, the people living in the areas of field work were 
not always inclined to receive the foreigners in a friendly 
and polite manner and sometimes even cases of head 
hunting were reported.  

The Bureau of Mines had a broad brief amongst which was 
the general mapping of the archipelago. This was certainly 
with economic objectives in mind, but the tasks were not 
restricted to commercial aspects. The government realised 
that it had a responsibility to the population at large and 

c0mical event
In a letter to a friend  

Raffles describes an comical 

event that took place  

during the Sumatra trip:

“It was near Simawang that 

we first found feltspar (sic), 

granite, quartz, and other 

minerals of primitive forma-

tion. They were here mixed 

with a variety  of volcanic 

productions in the greatest 

confusion, strongly indicating 

that this part of the country 

had at some distant time 

been subjected to violent 

convulsions. Dr.Horsfield got 

specimens of these, which he 

gave in charge to some coo-

lies who attended him. After 

the day’s journey he wished 

to examine this collection. The 

men produced their baskets 

full of stones, but on the 

Doctor’s exclaiming, that they 

were not what he had given 

to them, and expressing 

some anger on the occasion, 

they simply observed, they 

thought he only wanted 

stones, and they preferred 

carrying their baskets empty, 

so they threw away what he 

gave them and filled them 

up at the end of the day’s 

journey, and they were sure 

that they gave him more than 

he collected”.

Fig. 7-6. Forest cover Malayan Archipelago (first half of 20th 
century).

Fig. 7-5. Indonesia and Europe at the same scale.
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that meant, for example, that volcanic activity had to be 
monitored. The many deadly and catastrophic eruptions 
resulting in tens to hundreds of thousands of deaths were 
fresh in the memory (see section on Volcanology below). 
Purely scientific studies, without a direct commercial ad-
vantage, were also to be undertaken. 
Steady expansion of the Bureau of Mines became necessary 
during this period. It was clear that the publication of re-
sults had to be professionalised and enlarged. To this end, 
the Yearbook of Mining (Jaarboek van het Mijnwezen) was 
created in1872 (fig. 7-8),  to host the many scientific results 
obtained by the growing number of geologists and mining 
engineers. This became by far the most important source of 
geological information during the decades to come.
 In the early years, the Bureau was manned almost ex-
clusively by mining engineers of the Delft Academy, which 
had been established in 1842, and where the future civil 
servants of the colonies were educated. As from 1846, a 
curriculum for mining engineering was added in order to 
enable the creation of a Mining Engineering Corps, later 
to be called Mijnwezen (Bureau of Mines). In 1864, the 
Academy was transformed into a Polytechnical School, 
where only engineering-type studies could be undertaken 
(see 3.5).This was the predecessor of the present-day Delft 
University of Technology (TUD). In 1850 the first three min-
ing engineering graduates arrived in Batavia, together with 
the first Chief of the Bureau of Mines, C. De Groot.
Compared to countries like France, England, Germany and 
the U.S.A., geology was introduced into Dutch universi-
ties much later. In 1877 (see 4.2). F.J.P. Van Calker became 
professor of geology in Groningen, K. Martin in Leiden 
and A. Wichmann in Utrecht; all were of German descent. 
A steady flow of rocks and fossils from geologists map-
ping in the Indies was sent to these new institutes and 
thus provided valuable learning material for students. It is 
likely that without this input of material from the colony, 
geology would much longer have remained a science of 
only marginal significance in The Netherlands. Possibly 
we would, for instance, not have seen the establishment 
of four complete subfaculties (Leiden, Utrecht, Amsterdam 
Municipal University, and later, Free University (Amsterdam, 
VU) without this almost unlimited source of geological data.

Fig. 7-8. Cover of first issue of 
the Yearbook of the ’Mijn-
wezen’ 1872.

Furthermore, 1873 was marked by the foundation of the 
Geographical Society of The Netherlands (since 1888 Konink-
lijk Nederlandsch Aardrijkskundig Genootschap, KNAG). 
Geography and geology meet and overlap significantly 
and  the geographers’ contribution to earth science in the 
Indies has been substantial. Several important geographical 
expeditions included geologists. 
A prominent leader of the Bureau of Mines, who worked 
in the Indies from 1867 to 1901 was R.D.M. Verbeek. He was 
assisted by eminent researchers like R. Fennema (1849–
1897), who was, with Verbeek, author of the famous 1896 
publication “Geological description of Java and Madoera” 
(Geologische beschrijving van Java en Madoera)

7.1.2  The geology of Indonesia 

Before going into a description of the actual work of the 
Dutch geologists, we should pause and look at the current 
state of knowledge of the geology of Indonesia. This may 
enable us to put the efforts of the past in a better perspec-
tive. When Dutch geologists were ploughing through the 
jungles of the Indies, the Wegener hypothesis of continental 
drift, once hotly debated, had entered a period of armistice 
following the 1926 Symposium on Continental Drift in New 
York, organised and led by the Dutch geologist Van Water-
schoot van der Gracht. Radar imagery, satellite observations 
and subtle isotope studies were in those days completely 
unknown and the plate tectonics theory as we now know it 
had not yet been formulated, although the Dutch geophysi-
cists Vening Meinesz and, separately, Berlage came close to 
articulating some of its essential elements. Knowledge of 
the geology from the pre-World War II era was compiled 
very ably and in great detail by R.W. Van Bemmelen (1949) 
in “The geology of Indonesia”, but the modern book by 
Herman Darman and F. Hasan Sidi (2000) with the same title 
contains some 350 references of which no more than 15 date 
from before 1942, the period during which the Dutch geolo-
gists were most active.This illustrates the lack of continuity 
between the Dutch and the Indonesian geologists. “It is 
greatly to be regretted that in the period before World War II 
not a single attempt was made by the Colonial government 

Rogier Diederik Marius Verbeek 
was the son of a Dutch vicar. Af-
ter his study in Delft, where he 
learnt the secrets of geology, he 
was sent to the East to search for 
natural resources. He became 
an employee of  the Bureau of 
Mines for 34 fruitful years until 
his retirement in 1901. Under 
his inspiring guidance a great 
mapping exercise was started 
and this effort resulted in 
geological maps of Java, Sumatra 
and Borneo. It is probably fair to 
say that most of the pre-World 
War II geological mapping of the 
Indies was completed not only 
under his general guidance, but 
also with his hands-on partici-
pation. Verbeek’s interest was 

purely scientific and he became 
a true pioneer of geological 
knowledge in the archipelago.

Interestingly, Verbeek (R.D.M.) 
wanted nothing to do with 
another Verbeek (R.D.), also a 
geologist (but with one initial 
less), who was an explorer pur 
sang, keen on finding valuable 
metals like gold. “The mere sus-
picion that an area could have 
useful resources was for Verbeek 
(R.D.M.) rather a reason to avoid 
such terrain as he feared that 
he would be pinned down on 
potential commercial finds and 
would then have to interrupt 
his general geological reconnais-
sance, to which he was entirely 
devoted” (quote from Van Bem-
melen).
Ironically, the funding of the 
basic geological mapping of the 

archipelago was dependent on 
political decisions, which were 
commonly based on the expected 
commercial advantages. 
Verbeek was also a leading vol-
canologist and his work on the 
Krakatoa, including 25 finely 
hand-drawn colour pictures, 
remained an example of ‘art 
and science’ for generations. 
Verbeek was an extremely mod-
est man, averse to praise and 
publicity. The book written by 
his colleagues on the occasion of 
his 80th birthday had therefore 
no dedication, and did not even 
feature a photograph of the 
great man.

r.d.m. verbeek

Rogier D.M. Verbeek (1845 – 1926). 
Great leader and hands-on geologist.
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Fig. 7-9. Regional Geology of Indonesia (2000).

Fig. 7-10. Drowned Pleistocene river valleys

To the southwest the Indian Ocean Plate is moving towards 
the Sunda Craton at a speed of  6-7 cm per year, converging 
in a classic subduction zone, complete with longitudi-
nal deep- sea trenches and an active volcanic island arc 
formed by parts of Sumatra, Java and the smaller islands 
to the east. The accompanying earthquakes range in focal 
depth from some 70 to over 500 km and plot out on a 
steeply dipping plane, now called a Benioff zone. The 
existence of this zone was  demonstrated in detail by the 
Dutch meteorologist and geophysicist H.P. Berlage, who 
published his results in 1937.
To the southeast  the Australian Craton (the Sahul Shelf), 
pushing its way towards the northwest, dominates the 
scene. Finally the Pacific Plate is moving towards the west, 
substantially impacting the eastern Indonesian island of 
Irian Jaya (now Papua). The relationships between these 
four elements are relatively straightforward to summa-
rise, but the remainder of the archipelago defies simple 
analysis. For instance, as anyone can see, the island of 
Sulawesi (formerly Celebes) is by virtue of its geographic 
outline alone, a misfit. If one plots the various geotectonic 
elements of the area, like deep-sea troughs, volcanic arcs 
and earthquakes, combined with a variety of stratigraphic 
and igneous events not seen in the rest of Indonesia, one 
can imagine that this area was both a geological paradise 
and a nightmare, and it was not until well after the Dutch 
had left that some tentative explanations were proposed, 
amongst others by the above-mentioned doyen of the In-
donesian geologists, John Ario Katili, and by the American 
Warren Hamilton.

Efforts of Dutch geologists in the 1850–1942 period
In the early years, field geology in the Indies was rather 
basic from a scientific point of view. Geologists had first to 
address logistic problems. Where possible, transport through 
the dense vegetation was by boat and the water levels of 
the various rivers and creeks were a matter of daily concern 
(figs. 7-11 and -12). The field parties were large. Guides, 
porters, boatmen and cooks were all required, and these 
also needed food and shelter during the field trips, thus 

to educate Indonesian geologists, either in the East Indies 
or in The Netherlands” sighs J.A. Katili (1929-2008), one of 
the greatest, possibly the greatest Indonesian geologist of 
his time.
 The good news is that obviously the study of the geol-
ogy of Indonesia is in full swing with new people, from 
Indonesia and all over the world, employing new methods 
and new ideas.

Outline 
The Indonesian archipelago is situated in an area where 
four large geotectonic units (plates) meet and interact (fig. 
7-9). The northeastern part, upon which we find the three 
largest islands of Indonesia, Kalimantan, Sumatra and 
Java, is called the Sunda Craton, which is the southernmost 
part of the Eurasian Plate. The seas between the islands are 
shallow and sea- bottom profiles show the course of river 
systems that crossed this area during the low sea levels of 
the Pleistocene, before the extensive Holocene sea-level 
rise (fig. 7-10).

Reinder Fennema (1849 – 
1897), right hand of Verbeek, 
tragically drowned in the Posso 
Lake, Celebes

J.A Katili (1929 – 2009), a 
great Indonesian gelogist

IndIan Ocean Plate 

PacIfIc Plate

<

<
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later geologists had few corrections to make. The difference 
between the generations was clearly evident, however, in 
the geological models applied. The old generation mapped 
what they saw, drew maps and profiles, then searched for 
surface minerals and that was it. Only few, among which 
Van Bemmelen and Abendanon, ventured into large-scale 
speculation. Regrettably, their theories have not survived. 
The post-World War II generations had more and better tools 
such as geophysical measurements and aerial photography, 
as well as the powerful plate tectonic model into which their 
observations could be fitted.

Java  
The first island to be really colonised, Java, also was the 
first part of Indonesia to be systematically mapped, both 
geographically and geologically. The classic work of R.D.M. 
Verbeek and R. Fennema, “Geological description of Java 
and Madoera” (1896), was a milestone in the geological 
investigation of the archipelago. Fieldwork, interpretation 
and reporting took some 15 man-years. For today’s reader 
the book is hard to digest as it describes in minute detail 
everything they saw, both geographically and geologically. 
All thousand plus samples are listed, named and numbered  
in the text and it is only when one sees the maps and sec-
tions that any interest can be raised. 
Obviously, it was important in those pioneering days that 
all observations should be recorded for later generations. 
Mostly it is young Tertiary and Quaternary clastics and 
volcaniclastics that one finds at the surface of Java and apart 
from the 44 large, partly still active volcanoes the surface ge-
ology is not particularly thrilling.The lavas and ashes spilled 
by the volcanoes, half of which have been active during the 
last two centuries, have provided fertile soil for the intensive 
terrace agriculture that thrives on it. This results in a spec-
tacular landscape of unique beauty (fig. 7-14).

Sumatra 
The second largest island of Indonesia, Sumatra –it is about 
the size of the United Kingdom- was up to around the 
year 1900 hardly colonised outside the southeastern part 
(Palembang, Djambi), and the adjacent islands of Banka 
and Billiton, where tin mining flourished. In large parts of 

adding to the loads to be carried. Rain, humidity, mosqui-
toes and other vermin added to the discomfort. As for the 
geology, a first requirement was a topographic map which 
the explorers often had to make while travelling. Long and 
minutely detailed descriptions of the trek were published 
to assure that later generations would benefit from their 
efforts. At the end of it all came the geology (fig. 7-13).
The extent of rock exposure is small and the vegetation 
dense, so every piece of bare rock had to be carefully de-
scribed. The dominance of volcanoes and volcanic material 
at the surface, though geologically interesting in their own 
right, is not helpful towards unravelling  the deeper geol-
ogy. Nevertheless, excellent mapping jobs were done and 

Fig. 7-11. Fast streaming River in South Sumatra.

Fig. 7-13. State of geological mapping 1915 vs 1975.

Fig. 7-12. North Sumatran jungle.

brouWer tiPs
One of the most experienced 

field geologists, Prof. H.A. 

Brouwer, issued a booklet in 

1922 entitled Practical hints 

for scientific travellers. Leafing 

through it, one is impressed by 

the large number of tips and 

hazards that Brouwer found 

necessary to emphasize. He 

rightly states that the success 

of a field trip or an expedi-

tion depends as much on the 

practical constraints as it does 

on the scientific excellence of 

the geologist. High on the list 

is a brief recommendation: ”In 

their own interest travellers 

are urgently advised to let 

the female natives alone”. He 

deals with field kit and recom-

mends flannel undershirts and 

shoes of Hungarian leather. 

Relations with the sometimes 

large work force are of utmost 

importance: “Treat the people 

well and above all be strictly 

just, especially in a pecuniary 

respect, and keep an eye on 

the mandoer (the foreman)”
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Fig. 7-14  Mount Penanggungan, East Java. The many active volcanoes are a continuous threat to the population, but also a blessing, by virtue of the fertile soil they 
leave behind after an eruption.

Sumatra, especially in the North, the population had been 
traditionally very hostile to non-Muslim, Dutch influ-
ence. The famous (or notorious, depending on one’s point 
of view) General Van Heutz had to win a long and costly 
counter-guerrilla war before the area became accessible to 
geological parties. The first geological maps of southern Su-
matra were printed in 1881 and 1883, after much fieldwork 
by R.D.M. Verbeek, C.J. Van Schelle, R. Fennema and D. De 
Jongh, assisted by seven Dutch supervisors, four topogra-
phers and uncounted numbers of labourers. It took from 
1875 to 1879 to complete the mapping of the west coast, the 
geologically most interesting part of the island, at least from 
a field-geological point of view.
Western Sumatra is an integral part of the Sunda Arc system, 
a structurally controlled zone of islands, ridges and deep-
sea trenches that results from the collision of the Indian 
Ocean Plate with the Eurasian Continental Plate (figs. 7.15 
and 16). This structural unit is decorated with an almost un-
interrupted row of 35 recent and sub-recent volcanoes, and 
is underpinned by the Barisan Mountain Range, 1650 km 
long and 100 km wide. These mountains stretch along the 
entire western coast and expose undated slates and young 
Palaeozoic rocks of the continental Sunda Platform. The 
low-lying northeastern parts of the island are dominated 
by Tertiary and Quaternary sediments. The highest elevation 
on the island  -the peak of Indrapura, in the northern part 
of the island- is 3800 m high. 
The Barisan Range is the site of a semi-continuous fault 
that runs from the northwest to the extreme southeast (fig. 
7-17), a feature noted by the early explorers but only later 
recognised as due to dextral transcurrent movements by the 
Indonesian geologist Katili. Rocks older than Tertiary give us 
insight in the composition and tectonic history of the Sunda 
Craton which is in Indonesia only little exposed or covered 
by the sea.
Most geological cross-sections drawn by the early explorers 
include only limited downward extrapolation – mostly they 
stop at sea level - as geologists were in general not inclined 
to surrender to reckless speculation. An exception to this 
rule was R.W. Van Bemmelen, who was not only an able 
field geologist, but also a renowned theorist whose much 
criticized Undation theory enabled him to extrapolate well 

Fig. 7-15. Sumatra, tectonic frame.
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attitude of some of the indigenous tribes, a major challenge 
for pre-World War II explorers. The eastern seaboard with 
early finds of oil and coal reserves in Tertiary deposits of the 
Barito Basin and the Mahakam Delta, received most of the 
geological attention, but some major, heroic crossings of the 
entire island –one of these fatal- have to be mentioned.
The first one was carried out by Major Georg Müller, a 
military engineer previously in the service of Napoleon I. 
In 1825 he attempted an east-west crossing, starting at the 
Mahakam River (eastern Borneo) with the plan to end up 
via the Kapuas River at Pontianak on the western shore 
of the island. He and his party were killed by Dayaks near 
the watershed of the Mahakam and Kapuas Rivers (fig. 
7-19). No traces of the expeditionary team were ever found 
and no notes were ever recovered. It was probably not a 
geologically oriented expedition, but more a basic ‘tell us 
what there is and make a map’ kind of undertaking. The 
name Müller Range was given to the upland watershed by 
a much later explorer, G.A.F. Molengraaff and honoured the 
memory of this courageous but unfortunate man and his 
party.
The German geologist Carl Schwaner sponsored by the 
Committee for the Natural Sciences in The Dutch East 
Indies, of which he was one of the last members before it 
was dissolved in 1850, led two expeditions between 1843 
and 1848 and made the first successful crossing. Mov-
ing from the south along the Kahajan River towards the 
Goenoeng Raja (2278 m), the highest peak of the mountain 
range that forms the backbone of Kalimantan (in 1894 
named Schwaner Mountains by Molengraaff), he reached 
Pontianak on the western coast (fig. 7-19). Schwaner was 
a pedigree geologist, who laid the foundations of the 
geological knowledge and understanding of Kalimantan in 
a two-volume book, published after his death. As before, 
the overall structural, stratigraphic and geotectonic picture 
was unknown and basic mapping and reporting were the 
essential tasks. Only much later could these findings be 
incorporated into a coherent context.
The last of the traditional voyages of discovery, cross-
ing the entire island (fig. 7-19) was undertaken in 1894 
by one of the first outstanding geologists of Dutch breed, 
Gustaaf Molengraaff (1860–1942), professor at the Uni-
versity of Amsterdam. He was way ahead of his time, for 
in his inaugural address in 1891 he warned against the 

into the mantle of the Earth from observations at the surface 
(fig. 7-49, and see below).
Knowledge of the plate-tectonic model, developed half a 
century later, would have had a major impact on the surface 
interpretation. For example, in the case of Nias island, situ-
ated on the outer arc ridge southwest of Sumatra (fig. 7-17), 
some 5000 m of Tertiary sediment were interpreted to be 
present, whereas we deal here with severe tectonic thicken-
ing by means of several overthrusts along a subduction zone.
In addition to the field work by the Bureau of Mines, a 
growing number of surveys were carried out by geologists 
who explored for oil and minerals on behalf of private com-
panies. Reflection seismics came gradually into use already 
before World War II and eventually enabled the mapping of 
the on- and offshore back-arc basins.
Perhaps the visually most spectacular element in the geology 
of Sumatra is Toba Lake (fig. 7-18), still a great tourist attrac-
tion, the world’s largest caldera, formed around 70,000 BP, 
and much studied, particularly by Van Bemmelen, whose 
interpretation was strongly contradicted by Verstappen 
(1961).
Borneo
The largest of the Indonesian islands, Borneo, now Kaliman-
tan (fig. 7-19) was by virtue of its size (536,000 km2, about 
the same as France) and inaccessibility, as well as the hostile Fig. 7-18. Toba Lake. Largest lake of SE Asia, caldera of super vol-

cano?

Fig. 7-17. Schematic cross section of the Sunda forearc region.

nias island

Fig. 7-16. Schematic cross section of Sumatra.
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presumed fixated nature of oceans and continents, well 
before Wegener published his first article on continental 
drift. He rightly foresaw that the Indonesian region would 
become a textbook example of an area impacted by a variety 
of geotectonic forces. From observations during his Timor 
expedition he concluded that the overthrusts were caused 
by the movement of continents and he considered them as 
models for the Alps. He also stressed, as a well-bred and 
convinced 19th century liberal, that ”wise economic think-
ing demands that a colonial power thoroughly knows the 
mineral resources of its colonies, but that a civilized colonial 
nation also has the duty to develop the scientific treasures of 
the area that it rules”.
Already in 1891 plans had existed for a geological expedi-

Fig. 7-19. Geological outline of Kalimantan.

tion to Borneo, but it was not until 1894 that it actually 
took place. Molengraaff had initially withdrawn, but later 
he agreed to join. Money -a lot of it was needed- had to 
come from various sources, which complicated matters. The 
original idea was to start in Pontianak on the west coast 
and to end up at the mouth of the Mahakam River in the 
east (fig. 7-19).
Logistically it was a nightmare. There were 24 canoes, 1 
controller, 19 Indian soldiers, 8 Malay coolies, 8 Dajaks and 
85 Kajans, all  to serve four scientists, who appeared to 
have conflicting interests. Whereas the zoologist, the bota-
nist and the anthropologist wanted to make mileage, the 
geologist Molengraaff needed time to measure, draw maps, 
take notes, collect samples and observe the landscape.      

C.A.L.M. Schwaner (1817 – 
1851), German geologist.  
The Schwaner Range,  
in Kalimantan, was named 
after him by Molengraaff

G. Molengraaff (1860 – 1942), 
an adventurous scientist  

Fig. 7-20. Borneo expedition (painting).

national Border of indonesia

Muller expedition (1825)

schwaner (1843) / Molengraaf (1894) (in opposite 
direction)
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The Dutch influence had been relatively small, owing to 
the hostility of local rulers like the sultan of Bone and the 
absence of commercial plantations. This latter was related to 
the scarcity of recent and sub-recent volcanoes of the kind 
that provided Java and Sumatra with their abundant fertile 
soil. Obviously, however, there could be prospects for ore 
deposits in the great variety of rocks known to be present. 
The quadruple junction of the Pacific and Indian oceanic 
plates, and the Sahul and Sunda continental plates led, 
together with the proximity of the Banda Arc, to a nearly 
unsolvable jigsaw puzzle. Compared to the relatively orderly 
geological arrangement of Java, Sumatra and Kalimantan, 
Sulawesi looks like the result of a bad concertina crash 
together with some head-on collisions involving several 
vehicles of different types.
Sulawesi was the subject of two major geological expedi-
tions, but although some twenty    geologists did fieldwork 
on the island throughout the pre-World War II years the 

As all the foodstuff and cooking utensils were stored in one 
canoe, however, it was essential for the geologist to stay in 
touch with the group.
When the party had reached the upstream part of the Ka-
puas River (fig. 7-20) and was about to cross the watershed 
to the eastern part of Borneo in order to continue its way 
down the Mahakam River, disaster struck. The Kajan scouts 
had discovered that the people of the upper Mahakam 
area believed that an army of a few thousand men was 
about to invade their territory and that the local Dayak 
tribes had united to prevent any such invaders from doing 
so. The original plan would have led the expedition over 
the area where Georg Müller and his party had been killed 
in 1825. These same Dayaks clearly meant business again. 
It was therefore decided to change the planned route. The 
geological party would continue in a southward direction, 
to end up on the southern coast of Borneo, while the oth-
ers would retreat to Pontianak from where they had come.
After some geological fieldwork in the upper Kapuas 
region, Molengraaff found, described and named the 
Danau Formation, a Mesozoic complex with radiolarites 
alternating with volcanic rocks, which he interpreted to 
be deep-water deposits. This formation, which was later 
found all over the archipelago, undermined the theory of 
Neumayer who had in 1886  postulated the existence here 
of a Mesozoic Sino/Australian continent (fig. 7-21). Molen-
graaff also made a touristic climb of the Bukit Kelam (Dark 
Mountain), a huge lump of quartz porphyry rising from the 
alluvial plain (fig. 7-22). 
The party proceeded to the watershed (of the Upper Ka-
puas – Upper Mahakam). In short stages they then trekked 
southward, climbed the Bukit Raya, the highest peak 
in Kalimantan (2778 m), crossed the mountains, which 
were baptized “Schwaner Range” after its first European 
explorer and then worked their way seawards, making 
good use of the Katingan River and ending up at Pegatan, 
a town on the southern coast of the island. They arrived 
there on the 28 October 1894, after an expedition of nearly 
250 days.
 
Celebes 
Celebes, now Sulawesi (figs. 7-23 and 7-24), stood low 
on the priority list of the early geological investigations. 

Fig. 7-21. View of the Mesozoic world by M. Neumayer (1886).

       

bukit kelam
“The Bukit Kelam offered its 

most impressive view when 

thunderclouds – like chariots 

of divine wrath – covered the 

summit, and shreds of dark 

clouds raced wildly on the 

wings of the storm. Then the 

rolling thunder was like the 

voice of its gods, rolling down 

from their divine dwelling 

heights. No wonder that the 

local people approach it with 

awe: the sacred place, of 

which their forefathers had 

told fearsome tales” (Molen-

graaff).

challenGes
“..treks through the moun-

tains offer all sorts of chal-

lenges: mountain streams and 

marshes to be waded through, 

or, worse, to be crossed over 

Dayak tree stems, too tricky for 

most rope-dancers, vertical 

rock faces to be scaled using 

protruding rock edges, hang-

ing aerial roots or lianas; 

surely there are ample small 

excitements which give this 

sort of travel an undeniable 

charm. What is detestable, 

however, is the incredible slip-

periness of the humus-covered 

and clay-covered mountain 

slopes” (from Poley 2000).

Fig. 7-24. Tectonic provinces of Sulawesi.

Fig. 7-23. Structural framework of Sulawesi.

bOrneO
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Fig. 7-22. Bukit Kelam (the black mountain) in Kalimantan. 

mapping was far from complete when Dutch involvement 
ended. The second most important man in the Mining 
Department, Fennema lost his life in Lake Posso (see below). 
Land traverses were made by the brothers P. and F. Sarasin, 
but the emphasis of their work was ethnographic rather 
than geologic. E.C. Abendanon (1878–1962), the editor of the 
first geological map of the entire archipelago (1914), made 
long-lasting excursions to central Celebes (1909-1910), the 
descriptions of which he published in four massive volumes. 
Understanding of the geotectonic position of the island came 
only in the 1970s and is summarised in the joint Indone-
sian-American-Australian publication by Warren Hamilton 
Tectonics of the Indonesian Region. The maps of figs. 7-23 
and 24 illustrate the main elements. Sulawesi comprises a 
complex of subduction zones, a volcanic arc, spreading axes 
of differing ages and large sheared-off pieces of the Sahul 
continental plate like the asphalt-rich island of Buton, 
introduced along some major sinistral strike-slip faults. The 
complexity of the geology even increases eastward towards 
the area of the Moluccas.

Banda Arc.
The Banda Arc is a prominent, intriguing and complex 
element in Indonesian geology. In some ways it is similar 
to the classical island arcs of the eastern Pacific Ocean, but 
different in that it is protected from the expanding Indian 
and Pacific Oceans by part of the Sahul Shelf of Australia 
and Irian Jaya (figs. 7.25 and 26). It is defined primarily by 
a double arc of islands: an inner one consisting of young 
volcanoes, many covered with reef limestones and an outer 
one consisting of fragments of the continental Sahul plate, 
the most prominent example thereof being Timor, another 
geologist’s nightmare. Hamilton (1979) has no qualm in 
writing: “The large island of Timor is a tectonic chaos” but 
it is also, by virtue of its unique fossil faunas, a paradise for 
the palaeontologist. Exceptionally well preserved crinoids of 
Late Palaeozoic and Triassic age abound. 
After the discovery of very deep oceanic trenches and associ-
ated strongly negative gravity anomalies, the Banda Arc was 
recognised to be a fundamental geotectonic feature clearly 
expressed in the surface topography and linked with the 
Java Trench and associated volcanic arc. The Siboga expedi-
tion (1899), the famous Vening Meinesz submarine surveys 
(1923 and 1924) and the Snellius expeditions (1929-1930) 
were key undertakings in the mapping of this area (see 
below).

Nieuw Guinea
Nieuw Guinea (formerly Irian Barat, Irian Jaya, and now 
Papua, figs. 7-27 and -28) is since 1962 incorporated politi-

Fig. 7-25. Geotectonic outline of the Banda Arc.

 Fig. 7-26. Cross section Banda Arc.
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cally as part of Indonesia (see also 7.2). This followed a 
prolonged dispute between the Dutch -who were reluctant 
to abandon their last piece of colonial territory in south east 
Asia- and the young Republic of Indonesia. The argu-
ment was decided in favour of the latter, due to pressure 
exercised by the USA. 
Papua is in all aspects different from the main body of the 
ex-colony. Geographically and geologically it is remote 
from the main islands, sparsely inhabited by people with 
a distinctly primitive lifestyle, with religions unrelated to 

fennema’s death
On 27 November 1897 Ir. 

Fennnema and De Corte, a 

mining supervisor, left the west 

bank of  Lake Posso (central 

Celebes) in a prahu, no more 

than a hollowed-out tree, 

aiming for Peoera on the east 

bank. The weather was fine 

until the early afternoon when 

a strong squall reshaped the 

calm waters of the lake into a 

whirling water mass. The boat 

capsized almost immediately 

and the two passengers and 

four-man crew hoisted them-

selves on the capsized boat. 

Again and again the boat 

turned over and again and 

again the men had to climb 

onto it. This struggle lasted 

until around eight o’clock in 

the evening, when a muted 

cry was heard and it was 

discovered that Fennema had 

disappeared. The dark night 

did not permit any search 

effort and, moreover, those still 

alive needed all their strenght 

to hang on to the rolling ves-

sel. Fennema’s body was never 

found.

  Fig. 7-27. Geological map of Papua (ex-Nieuw Guinea).

anywhere else in the world, an estimated 250 different 
languages and a level of economic development being 
well short of the rest of Indonesia.
A military reconnaissance expedition, with the participa-
tion of a number of geologists and mining engineers, took 
place from 1904 to 1905. It was organised by the Geo-
graphical Society (KNAG) with the support of the colonial 
government, which wanted to leave a clear footprint in 
this area, afraid that further neglect would result in a loss 
of this territory to the Germans and the British. The expe-
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dition aimed at reaching the Snow Mountains, at altitudes 
between 4000 and 5000 metres, which mark the contact 
between the continental Sahul Plate and the westward 
moving Pacific Plate. The objective could not be met for a 
variety of natural and logistic reasons, but it did provide 
very useful information for later attempts, though at a high 
cost in human life.  
The most famous trip was made in 1936 by three strong 
men: A.H. Colijn (son of the then Dutch Prime Minister), the 
geologist J.J. Dozy (later Head of Exploration of Shell, fig. 
7-29) and F. Wissel, an aviation pilot and discoverer of the 
Wissel Lakes.The expedition was supported from the air. It 
did not achieve its most ambitious objective of reaching the 
highest peak in the Carstenz Mountains. The peak that they 
did reach was the Ngga Pulu, which at that time, measured 
with a barometer altimeter, appeared to be ± 5030 m high. 
A peak that seemed to be higher, the Carstenz Pyramid 
(fig. 7-30), could not be reached because of bad weather. 
Many years later trigonometric measurements showed that 
the real altitude of Ngga Pulu was 4907 m and it became 
evident that, although they had in fact reached the highest 
peak at the time, since the day of their ascent in 1936 the 
ice cap of the Ngga Pulu had melted enough to allow the 
Carstenz Pyramid to become the highest of Indonesia, at an 
altitude of 4884 m. However, the expedition was successful 
in many other ways. Meticulous preparation, airborne sup-
port, aerial photographs, food droppings and light travel-
ling, with a minimum of luggage and people, were found 
to be key to the success. Only eight Dayak porters were 
hired for this expedition, a very small number compared to 
the nearly hundred soldiers, cooks, forced labour porters, 
etc. of the 1905 expedition. Party leader Colijn explained 
why, remarking that “…porters have the awkward qual-
ity of not only being porters, but also eaters: using more 
and more porters has no useful effect”. His expedition 
travelled light, everybody had the same menu and no one 
fell sick. It should be mentioned that the most spectacular 
discovery was the copper and gold deposit of the Ertsberg 
(Ore Mountain) which many decades later, would grow to 
be the largest copper mine of the world (fig. 7-34, see also 
section 7.2). Starting before World War II, a Royal Dutch/
Shell subsidiary explored, be it with very limited success, 
for oil in the western extremity of the island, the Vogelkop 
(Bird’s head, fig. 7-28).
All in all, not much geological information on Irian Jaya 

Fig. 7-28. Tectonic synthesis of Papua.

Fig. 7-30. Carstenz Pyramid, highest mountain in Papua.Fig. 7-29. A.H. Colijn, J.J. Dozy and friends, 1936.

was gathered before World War II and the geological map 
of 1965 shows more than 90% white areas, separating iso-
lated pieces of geological information. A final, short-lived 
campaign to fill the gaps in knowledge was undertaken 
from 1950 to 1962, when Nieuw Guinea formed a colonial 
remnant under Dutch administration (see 7.2).

The end game
The invasion (10 January 1942) and subsequent occupa-
tion of the East Indies by the Japanese in World War II put 
an end to all activities of the Dutch inhabitants. Deporta-
tion, forced labour and concentration camps were the 
destinations for all Dutch men, women and children. 
The subsequent capitulation by the Japanese three years 
later (15 August 1945) did not result in a re-establishment 
of the pre-World War II colonial rule, as the Indonesian 
independence movement was successful in creating a new 
state: the Republik Indonesia. After a drawn out guerrilla 
war against a Dutch army of some 100,000 soldiers, this 
new state was recognised by the Dutch government on 29 
December 1949. 
Understandably, all Dutch civil servants had then to leave 
the country, gradually followed by planters and other busi-
ness men, teachers, doctors and missionaries. Expatriates in 
the mining industries were allowed to stay, at least during 
the first years after independence.
Before World War II, a fair number of Indonesian students 
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had been sent to Dutch universities to study disciplines like 
law (Leiden and Utrecht), economics (Rotterdam) and natural 
sciences (Delft) and several of them reached high positions in 
the senior ranks of the Republik Indonesia.
There were, however, no qualified Indonesian geolo-
gists, and a Geological Department at the Faculty of Natural 
Sciences at the University of Indonesia in Bandung had 
to be created from scratch. To this end Dr Th.H.F. Klompé 
(1903-1963) was appointed as lecturer in geology in 1948 and 
was promoted to full professor there in 1950. In 1956, the 
first geologists graduated from the department. Due to the 
conflict over Nieuw Guinea-Irian Jaya, however, all Dutch 
teaching staff had to leave the country in the same year and 
their tasks were taken over by young Indonesian geolo-
gists assisted by United States experts. Klompé, who later 
served for one year as professor at the university of Malaya 
died suddenly in 1963. Prof. Katili - one of his first and 
most brilliant students– wrote in the In Memoriam in 1963: 
“Klompé’s untimely death is an irreparable loss to South 
East Asian geology, particularly to that of Indonesia. For a 
young and developing nation like Indonesia his name will 
always be remembered as a pioneer in the field of geological 
education”.

7.1.3  Natural resources

Metals mining
With the great variety of geological settings in Indonesia it 
is almost impossible to imagine that there would not be 
a wealth of useful natural resources. With that premise in 
mind many larger and smaller expeditions were made, 
including for instance those of R. Everwijn, who made many 
reconnaissance trips in northwestern Kalimantan from 1853 
to 1857. Most of these failed to locate economic resources – as 
is common in exploration work. Nevertheless a number of 
outstanding successes accumulated through the years.

Tin
Tin mining in Banka, an island off the eastern coast of 
Sumatra started in 1711 and is the oldest industrial mining 
operation in Indonesia (fig. 7-31). The cumulative produc-
tion from more than two centuries of mining activities 
had reached one million tonnes of tin metal in 1940. In its 
neighbour, Billiton Island, where exploitation started one 
and a half century later, half a million tonnes had been 
produced in that year.

Th. H. F. Klompé (1903 – 1963), 
“The last of the Mohicans”

Fig. 7-31. Location of the Tin islands.

Banka
Banka, a 15,000 km2 island with hills up to 280 m high, 
has a granitic substrate, and an alluvial cover rich in tin 
deposits. Tin ore (cassiterite, SnO

2
), found at very shallow 

depths (fig. 7-32) and sometimes even at surface, is derived 
by erosional processes from the underlying granitic bodies.
Tin ore is easy to locate, easy to mine and easy to process 
(fig. 7-33). The high specific gravity (6.8 g/cm3) of cassiterite 
results in concentration of the ore at the bottom of small al-
luvial gullies and channels, from which it can be recovered 
by low-technology methods. The first exploitation dates 
from well before 1711, but the industry got a real boost from 
Chinese immigrants, who obtained production rights from 
Sultan Ratoe. They operated in kongsies (Indonesian for 
partnerships), well integrated, self-supporting communities 
that were paid a fixed price per unit tin by The Company, 
i.e. the VOC, after deduction of advanced capital. The 
operational risks were assumed by the kongsies and the 
commercial risks by the VOC, which actually found it difficult 
to deal with this commodity. Prices were (and still are) 
extremely volatile, the highest historical price being nearly 
ten times the lowest. 
Between the demise of the VOC in 1796 and the establish-
ment of the Republic of Indonesia in 1949 the Banka tin 
production, with ups and downs, continued under Dutch 
management and mostly to the benefit of the Dutch na-
tional coffers.

Billiton 
Article 2 of the 1814 Treaty between England and The Neth-
erlands reads as follows:
“the island of Banka’s full sovereignty will be ceded to The 
Netherlands, in exchange for the residence Cochin and be-
longings on the coast of Malabar”.  Did the island of Billiton 
belong to Banka? In 1824 it was decided that it did.
Geologically speaking, the tin belt of which Banka is part, 
stretches northward over Malacca and well into Burma 
(now Myanmar). An extension into Billiton island, east of 
Banka seemed logical even for the eye of the layman and 
indeed a Billiton venture was initiated by private entrepre-
neurs, mostly Dutch patricians (Loudon, Van Tuyll, Hoëvell) 
and royalty (Prince Hendrik, son of  King Willem II) with 
borrowed money. Whereas the Banka venture was strictly 
under governmental control, the Billiton private invest-
ment was made possible by the Mining Law of 1850 which 
stimulated such initiatives. 
 Although geologically Banka and Billiton are much alike, 
the presence of tin on Billiton had still to be established 
and a geological investigation was carried out in 1850 
by Dr. J.H. Crookewith (1823–1880) a physicist and Dutch 
colonial civil servant. In his final report, he states firmly: 
“it is certain that the soil of Billiton does not contain tin 
ore”. J.F. Loudon, one of the initiators, had the gut feeling, 
however, that something was wrong with the investigation, 
and a new expedition, led by C. De Groot, was organised. 
The Dutch Resident of Banka was not cooperative, believing 
that a successful Billiton venture could not be of benefit 
to the Banka operations. Nevertheless the new team was 
eventually allowed to visit Billiton Island. Just before they 
departed from Banka to Billiton they picked up an Indo-
European harbour clerk who wished to visit friends on 
Billiton. His name was Joh. Den Dekker.
Immediately after arrival on Billiton, the delegation had to 
exchange formalities with the local ruler, who very politely 
told them that not long before a Dutch geologist had 

sIngkeP Island

bangka
belItung

J.F. Loudon (1821 – 1895)
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Geologists are obviously not paid to agree with each other 
and in 1874 Ir. J.H. Menten (who later became famous 
through successful oil exploration) did further investiga-
tions and concluded firmly: “This reporter is definitely of the 
opinion that the investigated parts of  Singkep Island never 
will be a candidate for exploitation by State enterprise; also 
he is practically certain that the smaller, not investigated 
part, will never attract such enterprise”.
Notwithstanding this negative advice, the (private) Singkep 
Tin Maatschappij was founded in 1889 and the first 
dividend was paid in 1896. In 1907 it acquired an offshore 
concession for a  period of 30 years. From 1911 onwards, the 
operation became more and more mechanised with both 
great success and miserable failure: in 1926 good results 
were obtained with the dredger Dabo, but another dredger 
sank.The tin dredger Karimata was completed and towed 
to the Indies in 1938. This vessel was the largest of its kind 
in the world and helped to establish Dutch prominence in 
this type of mining. Rapid decline came with the worldwide 
economic crisis of 1929, but the Billiton Company decided 
after ample consideration to take over the company and 
thus saved the mining activities on and around Singkep.
As from the 1950’s acoustic methods were applied to locate 
palaeo-channels and gullies in the shallow offshore, rem-
nants of the river systems that flowed during the last glacial 
maximum, when the sea level was some 120 metres lower 
than it is at present (fig. 7-10). This turned out to be an ef-
ficient way of exploring for tin.

The end
The Dutch involvement in the operations, both on Billiton 
and on Singkep Island came to an end in 1958 when they 
were taken over by the Indonesian state, but Billiton Co. 
operations continued in other countries. Tin established the 
Billiton Company, but bauxite became the main profit centre 
in the post-World War II era, especially in a huge project in 
Suriname, then still an undisguised Dutch colony, but since 
1975 an independent republic (see 7.3). Billiton finally was 
split up between South African Cencor and Australian Broken 

studied the island and had concluded that there was no 
tin to be found. During this long conversation Den Dekker 
was visiting old friends who, apparently without much 
hesitation, showed him where he could collect handfuls of 
tin ore. The rest is history.
Later it became clear that the inhabitants of Billiton had 
been silent about the fairly obvious occurrence of tin on 
their island, afraid that large-scale colonial style exploita-
tion –as on  Banka- would prove to be of little benefit to 
them. While the Dutch scientist Crookewith was literally 
walking over their hidden treasures, the locals fooled 
him by ‘helpfully’ showing him pieces of titanic iron ore 
(ilmenite, FeTiO3

); ”Is that what you are looking for, tuan?” 
instead of the coveted cassiterite (SnO

2
). The Indo-Europe-

an, Den Dekker, however, with a good local network broke 
this omertà in a few hours and his name rightly figures 
prominently on the memorial stone erected to commemo-
rate the 75th birthday anniversary of what was to become 
one of the larger international mining companies:the 
Billiton Company. The concession contract signed in March 
1852 by the government and the Billiton Maatschappij  led 
to the foundation in 1860 of a limited liability company. 
Technical and commercial ups and downs characterised 
the next century, but tin production lasted until 1985 and 
was only interrupted during World War II. Regrettably tons 
of geological data were lost during the hectic years of the 
1940’s. See also 4.5.2.

Singkep
The Island of Singkep (fig. 7-31) belongs geologically to the 
same province as Banka and Billiton, but is much smaller 
(780 km2). Geological investigations in 1863 by R. Everwijn, 
who replaced the deceased J.E. Akkeringa (the inventor 
of the Banka drill, a most useful tool for ore exploration), 
concluded that excellent prospects existed for alluvial tin 
deposits there. In his report he mentions that tin ore was 
also exploited offshore, using a method that later was to 
expand with modern prospecting and dredging tech-
niques.

Fig. 7-32. Drilling in Bangka, well supervised. Fig. 7-33. Tin melting by night on Bangka.

Joh. Den Dekker, discoverer 
of tin on Billiton, his network 
was more effective than the 
geologists’ hammer
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additional material (like sulphur) and its calorific value de-
termine whether a coal find has the potential to be mined. 
Its location with respect to infrastructure and the price of 
coal are also key factors. Small-scale mining had been taking 
place for centuries, but real industrial mining took off only in 
the 19th century.
Carboniferous coal is rare in Indonesia, owing to a scarcity 
of pre-Mesozoic outcrops in the archipelago. All commercial 
coal in Indonesia is of Tertiary age and although coal could 
be found wherever a well developed and exposed deltaic 
Tertiary section is present, the truly commercial occurrences 
are restricted to the Palaeogene of Sumatra and the Neogene 
and Palaeogene in Borneo (Kalimantan). Exploitation 
involved a coming and going of government and private 
enterprises with mines opening and closing with the vagar-
ies of economic and technical circumstances.
Five main coal districts were developed (fig. 7-35):
(1) The Umbilin field in central Sumatra, discovered in 1868 
by Ir. W.H. De Greve. Seams of up to ten metres of net coal 
make this a rich area. A total reserve of 200 million tonnes 
was mentioned by Van Bemmelen. De Greve tragically 
drowned in the Kuantan River in Upper Djambi while 
investigating the feasibility of transporting the produced coal 
to the east coast.
(2) The Bukit Asam coalfield in south Sumatra, which was 
discovered in 1915 by a governmental investigation that 
found thermally-metamorphosed coal at several localities. 
A nearby intrusion had locally even resulted in anthracite. 
It was a monstrously big operation to get the coal, won by 
open cast mining and later from two shafts by means of a 
ropeway over a distance of two kilometres to the screening 
plant. In 1938 the system returned to open cast again. To 
mine 850,000 tonnes of coal, 1.6 million m3 of overburden 
had to be removed. In 1931 the production was 300,000 
tonnes, in 1941 more than 860,000 tonnes. This was 

Hill Properties, the latter now operating under the name 
BHP/Billiton.

Copper, gold and molybdenum 
The search in Indonesia for natural resources like oil, coal 
and metals was initially simple. ’Go-and-look-for-it’ was 
the name of the game. Geophysical methods, ground- or 
airborne, did not exist and aerial photography became only 
available well into the 20th century. The main problems 
were thus on the logistics side in the broadest sense of the 
word: transport, food, health and personnel. The trajec-
tory of the main expeditions was often determined by 
weighing the logistically possible versus the geographically 
and geologically desirable. The Molengraaff expeditions in 
Kalimantan illustrate this point.
The discovery of copper in Irian Jaya, (in colonial times 
Nieuw Guinea) was a bonus result of one of these events. 
The private 1936 expedition, supported logistically by the 
NNGPM (Nederlandsch Nieuw Guinea Petroleum Maat-
schappij), took place with a specific alpinist purpose, 
namely to reach the top of the highest mountain in Nieuw 
Guinea, the Carstenz Pyramid (fig. 7-30). There had not been 
much time for geological observation and sampling, but the 
geologist Jean-Jacques Dozy (fig. 7-29) observed two large 
morphological anomalies in the landscape, calling them 
Ertsberg (Ore Mountain) and Grasberg (Grass Mountain) and 
on the basis of good observation and limited sampling he 
concluded that these mountains contained major copper 
deposits. They now constitute one of the biggest mining 
operations on the globe.
In fact, a good part of the economic value of the Ertsberg 
lies in its gold content: 0.75 gram per tonne on top of 9 
grams of silver and 2.5% of copper, all that in a metasomatic 
package of rock at the contact of a diorite intrusion in the 
Tertiary New Guinea Limestone. Mining started in 1973 in the 
Ertsberg, and was followed by a new mine in Ertsberg East. 
Finally, and after much hesitation, the richest of them all, 
Grasberg was exploited, starting in 1989.
The Grasberg turned out to contain 1.7% copper and an 
astonishing 1.77 grams of gold per tonne. At the end of 
2008 the remaining Grasberg reserves stood at 46 million 
tonnes of copper, more that 1 million tonnes of molybede-
num and 1.1 million kg of gold. The venture is the largest 
molybdenum producer of the world. The project is operated 
by Freeport-McMoran Copper & Gold Inc. from the USA (fig. 
7-34).
The expert eye of a Dutch geologist who during a daring 
expedition spotted an exceptional feature, thus resulted 
much later -with the help of equally daring investment 
and heroic engineering- in an extremely successful mining 
venture. 

Coal
 With the advent of steam engines and steamboats in the 
19th century, coal became an  attractive commodity, espe-
cially for a Dutch colony of which the commercial interests 
were almost entirely linked to export overseas, especially 
to the motherland itself. In addition, a dense network of 
inter-insular shipping lines in the Indies had to be provided 
with fuel. Coal is easy to find owing to its unique appear-
ance (pitch black sedimentary strata) and there were count-
less reports that mention coal layers varying in thickness 
from millimetres to tens of metres. Apart from the thickness 
and the concentration of the various seams in each area, the 
quality (i.e. the grade of carbonisation), and the unwanted 

Fig. 7-34. Papua, Grasberg open pit mine. (For scale: vehicles 
in pen-drawn circle).
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Buton mountains”. In the early 1900’s this tarry stuff – 
probably coming from underlying Triassic source rock- was 
produced and used for the asphalting of some Amsterdam 
streets. Oil seeps, gas seeps, tar, they all were known to the 
local people, but were largely neglected, produced in mi-
nor quantities or simply revered.The earliest years of the oil 
industry in Indonesia have been brilliantly researched by 
Hans Poley (2000) for his book Eroica, which was consulted 
for the following six sections.

Beware of experts
Oil and gas are found underground. They sometimes leak 
to the surface to form what are called “seepages” but the 
overwhelming majority of hydrocarbon molecules remain 
hidden below a cover of up to thousands of metres of sedi-
ment. Predictions of the occurrence and size of accumula-
tions and of oil quality carry a large degree of uncertainty, 
so much so that it is quite possible for simpletons to beat 
the experts, for the impossible to become true and for 
sheer luck to dominate over advanced science. Thus, on 
the basis of reasonable but incomplete understanding, 
Junghuhn predicted that Java would not hold commercial 
oil and, as later was shown, he was proved wrong. 
Gramberg, a ship’s surgeon who investigated seepages in 
South Sumatra in 1865, had high hopes that the oil recov-
ered by him (and previously by Everwijn) from a seepage 
near Muara Enim would be of good quality. Samples that 
he sent for analysis were first lost; then a second batch 
was left uncorked for six months and hence lost most of its 
light fractions.The chemical analyst ignored that fact, did 
not ask for fresh samples and concluded that the oil was 
useless for illumination, which in those days was the main 
market for it. Gramberg knew that with such a verdict there 
was no hope of raising finance for a well and withdrew. 
Thirty years later, on Christmas eve of 1896, the Palembang 
Syndicate would drill a well at Kampong Minjak Itam (Black 
Oil Village) and achieved a flow rate of 1000 barrels per day 
and the large Muara Enim field was discovered. 

achieved by 60 European employees and 2900 labourers.
(3) Several promising coal finds of Eocene and Miocene 
age were made on Java by R.D.M. Verbeek, Fennema and 
Huegenin, especially in the southwestern part of the island. 
Tectonic factors (steep dips) in combination with the rela-
tively low quality of the coals deterred the interested parties 
from exploiting these finds.
(4) Western Borneo is the site of several coal occurrences, 
mostly of Palaeogene age. Everwijn, Van Schelle and Wing 
Easton investigated several of them. Before 1935 the native 
population had extensively exploited the reserves, but 
unfortunately the geographic position of the fields with 
respect to the main rivers is unfavourable.
(5) Palaeogene and Neogene coals abound in eastern 
Borneo, dispersed all over the coastal area, with the excep-
tion of Mangkalihat Peninsula, which is largely covered by 
young limestone. Older coals are on average of better qual-
ity than the younger ones. A large number of coal deposits 
have been mined intermittently by the local population, 
the government or private enterprise, and a prominent 
private player has been the East Borneo Company. 
Indonesia has some 4000 million tonnes of coal reserves, 
with an annual production of over 170 million tonnes. Most 
reserves are situated on southern Sumatra. Kaltim Prima 
Coal in North East Kalimantan has one of the world’s largest 
opencast mining operations.

Hydrocarbons
Eroica 
Although traditionally the successful 1859 oil well of ‘Colo-
nel’ Edwin Drake in Titusville USA is considered to mark the 
birth of the modern oil industry, hydrocarbons were already 
being produced for many millennia. The first mention by a 
Dutchman of oil in the East Indies is a hearsay account from 
Jan Huygens Van Linschoten who in 1596 mentioned that 
on Sumatra there was ‘a fountain of pure balm’, informa-
tion he had picked up in Goa where he had stayed for five 
years among the Portuguese. Rumphius mentions in his 
book The old Ambon curiosity shop (1705),  “ambar batu (= 
rock amber) or Buton black amber is a rock pitch, bitumen 
durum(…). I found that it sweats out of the ground and 
out of some limestone cliff sides at the southern side of the 

Fig. 7-35. Indonesia, major coal mining areas. 
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oil seepage that had already been spotted by Junghuhn. 
Analysis showed this to produce excellent lamp oil and 
Reerink went after it in the most professional way, namely 
by drilling a hole into it. The first ever well drilled for oil in 
Indonesia, Tjibodas–Tanggat-1, was spudded in the spring 
of 1872. Seven wells (25 to 230 metres deep) were drilled on 
and near the seepage, of which only two produced some 
oil. 
Following the introduction of more advanced drilling 
equipment, use of more experienced drillers from the USA 
and the drilling of another four wells further away, the 
net score was still, however, low. Two of the earliest wells 
could produce just over 100 litres of light oil per day and 
in early 1876 Reerink gave up, having lost almost all his 
money. But never underestimate Dutch grocers. He started 
a grocery shop again in Cheribon, became soon very rich 
once more and could retire on his profits already in 1884. 
He settled in Haarlem, married and lived happily for forty 
years thereafter. 

A.J. Zijlker, the farmer
The failed oil exploration campaign by Reerink resulted 
in a quiet intermezzo in the exploration of the Indies that 
lasted till 1883. Some sniffs and drops of oil were reported, 
oil analyses were carried out but no great and daring 
enterprise was to be seen until Aelco Jans Zijlker arrived on 
the scene. He was a tobacco planter in the coastal area of 
northeastern Sumatra who, entirely by chance, came across 
a large oil seepage. He recognised it for what it was, took 
some samples and had these analysed. He was not the 
first person to find oil seeping out of Sumatran soil but, to 
quote poet, historian and writer of the History of the Royal 
Dutch, Gerretson (1937): “he was one of the very first to 
have sufficient spirit of enterprise to stake his position, his 
peace of mind, his resources and his life on a still remote 
contingency”.
After some clever land swapping Zijlker obtained a land 
area containing several seepages. He found financial sup-
port in The Netherlands and created a financial consortium 
that was later converted into the “Provisional Sumatra 
Petroleum Company”. Through this he obtained a petro-
leum mining concession, 3.5 km2 large, named “Telaga 
Said” from the local ruler in 1883 (Telaga is the local word 
for “pond”, in this case an oil pit). Clearance was given by 
the Ground Water Service of the colonial government, and 
the first Sumatra borehole was spudded on 11 July 1884. 
In September of the same year, at a depth of some 100 
metres, it encountered a strong flow of water, gas and oil. 
A first flow test showed a crude production of 200 litres 
per day. The well reached a depth of some 130 metres, 
but no further oil was found. After lengthy discussions 
on whether to drill on for deeper targets with equipment 
that could barely perform such a task, the rig was moved 
-rather arbitrarily- a mile to the east. As became obvious 
much later, it was by chance located on top of an anticline. 
It found a good reservoir with producible oil and thereby 
saved the venture, at least temporarily (fig. 7-36). Zijlker 
needed financial and technical support from the govern-
ment, but there were intense disagreements among those 
in high places as to whether that support should be given. 
Fortunately Governor-General O. Van Rees was in favour of 
the venture and sent one of the best people of the Mining 
Department, Reinder Fennema, to help out. 
Misfortune hit several times. In February 1888 a small gas 
blow-out ignited and destroyed the rig. The new equip-

The start
All over the world drilling for oil started on or near oil 
seepages, without any understanding of the hydrocar-
bon systems that fed them. The drilling equipment was 
primitive and did not protect against the dangers present 
in the subsurface. So blow-outs were common, unpredict-
able and hard to cure. Hard-rock formations could not 
be penetrated and this limited considerably the depth to 
which exploration was possible. A lot of money was lost in 
unsuccessful ventures.
In The Netherlands there was a growing realisation of the 
global potential of oil and a request was made in 1863 for 
oil samples from the Indies to be sent to the University 
of Amsterdam for analysis by Professor E.H. Baumhauer. 
Bureaucracy and jealousy delayed the process and it took 4 
years before any samples reached Amsterdam. Well before 
that, C. de Groot (of Billiton fame and Head of the Bureau 
of Mines, see 3.5)  requested from W.H. De Greve a status 
report. This review, Oil and its occurrence in The Dutch 
Indies, was a true milestone, both for the technical and the 
political aspects of exploration for oil. Its final conclusion 
very strongly favoured free entrepreneurship in oil matters.
An international geological breakthrough was the anticlinal 
theory, “the theory of gravitational arrangement accord-
ing to density“ (Emerson, 1921) which was demonstrated 
by many examples in an 1885 article by the American I.C. 
White in the journal Science. Its acceptance was initially 
not universal, but convincing results were soon obtained 
through its application and that settled the argument. In 
the Indies it resulted in a growing emphasis on the map-
ping of anticlines at the surface, of which there are many. 
Van Bemmelen mentioned 138 of these in Sumatra alone. 
Seismographs were invented only in 1914 and rotary drill-
ing in 1920, so until the end of the first quarter of the 20th 
century, exploration methods remained simple: geological 
field work was the essence. Even so, quite a lot of oil was 
found, mainly in the shallow Tertiary strata.

J.Reerink, the grocer 
Pioneering times often produce (or reveal) some larger-
than-life personalities and history is written around them. 
The first of these during the difficult times of initial oil ex-
ploration in the Indies, the “trailblazer”, was Jan Reerink. 
He grew up in the provincial town of Haarlem where his 
father had a grocery store. Jan himself started a grocery 
shop in 1860 in Cheribon (Cirebon, Java) and in some ten 
years time became very rich. But rather than returning to 
his homeland to live on his investments he sought and 
found co-financiers in the Dutch Trade Company (Neder-
landse Handels Maatschappij) and set out to explore an 

J.B.A. Kessler (1853 – 1900), 
engineer who led the North 
Sumatra oil venture through its 
most difficult early years

Jan Reerink (1836 – 1923), 
grocery shop keeper and first 
oil explorer in “The Indies”

A.J. Zijlker (1830 – 1890), 
tobacco farmer who discovered 
the first economic oil field

Fig. 7-36. Cross section through Telaga Said anticline. Cradle of Royal Dutch/Shell.
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at the eastern end of the island of Java and got a free hand 
from the government, provided he paid for everything 
himself. With money from family and friends the Dordt-
sche Petroleum Maatschappij  was created. The concession 
measured some 150 km3 and for the first four wells he 
opted to drill on the oil seepages – still the only indica-
tor for subsurface oil. The first well, Kuti-1, was spudded 
on the 25 January 1888. The engineer Stoop overcame the 
problems of the sticky clay (Reerink’s undoing in Cheribon) 
by designing a new bit on the spot. On 29 April 1888 at a 
depth of 167 metres the well came in and produced 8000 
litres of high-quality of oil in 36 hours. It became an early 
example of an integrated company: they produced, trans-
ported, refined and sold their product. Soon the company 
broke away from its parochial beginnings and started to 
grow. The brothers Adriaan and Jan Stoop alternated as 
managers in Indonesia, as it was too heavy a duty for one 
man alone.
Again the success attracted many competitors. In the Java/
Madoera area the number of concessions grew from 1 in 
1889 to 21 in 1905 and the lead that the “Dordtsche” had in 
expertise and experience was rapidly disappearing. With 
gradually improving drilling equipment and techniques 
and plenty of experienced crews for hire, it became easier 
to start a new venture. Finally the competition with “Royal 
Dutch” ended in a merger of the two companies in 1911, the 
“Dordtsche” being integrated into “Royal Dutch”.

 J.H.B. Menten, the entrepreneur
“Kalimantan had always been the land that history passed 
by: an inaccessible, unassailable, awe-inspiring, hostile 
jungle. In size almost a continent in itself, it had been 
unmanageable for any administration” (Poley 2000). 
When the young Menten (1833–1920), a graduate of the 
Delft mining school, joined the Bureau of Mines in 1860, he 
was sent prospecting for coal in eastern Borneo. He found 
reasonable quality coal, befriended the Sultan of Kutei and 
negotiated a coal concession which he would manage from 
1862 onwards. After a variety of other assignments  he was 
posted as senior mining engineer to southeastern Borneo in 
1880, but resigned from government service in 1882 to start 

ment was still unable to drill the harder rocks and the 
two wells completed were dry. Fennema was withdrawn 
to work on more promising projects. Most fortunately, 
however, he wrote a final summary report (in March 1890) 
on the venture, which was a balanced but optimistic ap-
preciation of the prospects in the area and of the economics 
that went with it. On the basis of the solid arguments in 
this report, Zijlker could convince influential financiers of 
the potential of his concession. The Nederlandsche Bank 
(the Dutch central bank) became fully involved and in the 
spring of 1890 the “Dutch Company for the Exploitation of 
Petroleum wells in the Dutch Indies”, soon thereafter orna-
mented with the title “Royal”, was floated on the market, 
to be called “Royal Dutch” (De Koninklijke) from then on. In 
September 1890 Royal Dutch became the concessionaire of 
the Zijlker concession. The venture blossomed on northeast-
ern Sumatra, with more wells at Telaga Sundaal, some with 
initials of up to 80 m3 per day, and through its own refining 
facilities lamp oil was produced for export. Up to World 
War II the field produced in excess of one million m3. Royal 
Dutch grew steadily through acquisitions and new finds in 
new areas, countries and continents to become one of the 
major players of the international oil industry. The efforts of 
the tobacco planter, Zijlker, were brought to fruition by the 
operator Jean Kessler, the engineer Hugo Loudon, and the 
merchant Henri Deterding, uniquely talented people, giants 
in their fields of expertise.
Tragically Zijlker himself died in Singapore, victim of a 
tropical disease, on 27 December 1890, 60 years of age. 
He did not live to see the success of his life’s work. Hans 
Poley mentioned that he personally visited three Singapore 
cemeteries but could not locate Zijlker’s grave.
The next move of ”Royal Dutch” was a venture in south Su-
matra which started in 1896 under Kessler’s leadership. The 
problems encountered are easy to name but were difficult 
to solve: ‘where are the seepages and how are we going to 
get there?’ Each logistic problem could have killed the un-
dertaking, but in the end inventiveness and stamina (and a 
lot of casualties) won through. Early in 1897 a first ‘gusher’ 
was brought in at a depth of 350 metres and more wells 
followed. A refinery was built and the first lamp oil was 
delivered in December 1898. The success attracted competi-
tion and this time it was the “Palembang syndicate” that 
ran away with the first prize by drilling a well in Kampong 
Minjak which came in at some 155 m3  per day (fig. 7-37). 
In 1887 the Muara Enim Co. was established, led by Jan 
W. IJzerman (1851-1932), an exceptionally gifted engineer. 
With a refinery and a pipeline this company rapidly became 
the largest Sumatra producer and a dangerous competitor 
for Royal Dutch. In the end the merchant Deterding (who 
was spotted and hired by Kessler in 1896) and the owners 
of Muara Enim agreed to a take over by Royal Dutch in 
1904, who thus acquired the treasure that Gramberg had 
searched for in vain.

A. Stoop, the engineer 
Born to a patrician family from Dordrecht, Adriaan Stoop 
studied in Delft and became a mining engineer; in those 
days this was as close as you could get to being a geologist, 
but his special talents were on the drilling side. He joined 
the overseas Department of Mines in 1879 and worked for 
the Groundwater Service. At his boss’s expense he made a 
three-month visit to the USA and Canada to evaluate the 
drilling industry. He also became convinced that Java held 
good oil prospects, applied for a concession near Soerabaja 

A. Stoop (1856 – 1935), dis-
coverer of oil in East Java

H. Loudon (1860 – 1941)

Henri W.A. Deterding (1866 – 
1939), commercial genius

Fig. 7-37. Kampong Minjak oil field, South Sumatra; Old and new interpretation.
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the dry holes of the previous operators. It was a success. 
They hit the narrow, but prolific Sanga Sanga anticline 
(fig. 7-39) and the Muara (Indonesian for ‘River Mouth’) 
concession became the bridgehead of Royal Dutch in eastern 
Borneo.
Geological science had until then not played a major role in 
the oil story of the Indies. Seepages were the triggers, chem-
ical analyses the deciders; engineering wit and perseverance 
of the executers and commercial ingenuity the final deciders 
in this big race for the minjak tanah or earth oil.

Royal Dutch, the end of a success story
Geology, geophysics, petrophysics and geochemistry would 
become the intellectual tools; aerial photography, satellite 
pictures, electronics and a host of other technical discoveries 
would carry it further. Of all the Dutch pioneering oil com-
panies only Royal Dutch would survive. It became, after a 
60/40 merger with Shell Transport and Trading Ltd in 1907, an 
international giant operating in scores of countries all over 
the world. Its operations in the Indies, where it became a 
big player, albeit with strong competitors like Esso and Stan-
vac, came temporarily to an end after the Japanese invasion 
in 1942. The Dutch colonial authorities, realising the strategic 
importance of the oilfields to the oil-starved Japanese, ap-
plied a scorched-earth policy to the installations, especially 
to those in eastern Borneo. Violent revenge was meted out 

his own coal enterprise. A coal-mining license was granted 
to him in 1886, but already by 1888 Menten had sold 
his coal-rights to the Coal Co. of East Borneo (Steenkolen 
Maatschappij Oost Borneo, SMOB), which was owned by the 
Stoop clan. Adriaan Stoop Sr was on the Board, soon to be 
succeeded by his son. Menten knew of the occurrence of oil 
seepages in his coal concession and was helped by a former 
colleague and mining engineer, J.A. Hooze (who may well 
have broken some confidentiality clauses of his contract), 
who drew his attention to very significant seepages in 
the lower Mahakam delta region. Falling back on the old 
friendship, Menten asked and obtained an oil-exploitation 
concession from the sultan, covering the entire state of Kutei 
(1888). This initially caused uproar in the Bureau of Mines 
in Batavia, but by 1891 the government had approved it. 
Menten then needed money and approached Royal Dutch, 
which company declined the offer on the grounds that it 
was too risky. This certainly was one of the many classical 
mistakes that enrich the history of oil exploration. Finally 
Menten found Marcus Samuel of Shell Transport and Trading 
Ltd prepared to invest in the drilling of a well. Meanwhile 
SMOB had applied for -and obtained- the petroleum rights 
for the areas that Menten had had to relinquish contractu-
ally and organised an oil exploration campaign there.
So Menten and Stoop became competitors in a stretch of 
nearly inaccessible jungle.The contest started in December 
1896, when both parties spudded their first well. Menten 
was the lucky one. His first well found heavy oil at 45 m, 
which Samuel considered to be perfect fuel oil for a grow-
ing market. Visions of a Far East fuel supply centre led to 
the selection of the Bay of Balikpapan as the location for 
a bunkering station. Menten’s son, reconnoitering around 
the bay, stumbled over an oil seepage; a concession was 
applied for, and a powerful gusher was their reward (April 
1898). On 20 August 1898, the first tanker was loaded with 
Shell’s East Borneo crude, destination Singapore. Balikpa-
pan was there to stay (fig. 7-38).
The exploration efforts of SMOB were unsuccessful due to 
a mixture of technical problems and geological misfor-
tune. After quite a bit of acreage swapping between Shell, 
SMOB and Royal Dutch, the latter company took time for a 
thorough evaluation of the area, perhaps the first geological 
evaluation of an oil prospect, and drilled a well between 

Fig. 7-38. Balikpapan ca 1900.

Fig. 7-39. Sanga Sanga area, Borneo.
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coccoliths are of organic origin and belong to the algae 
(Weber–Van Bosse, 2000). She received a honorary doctor-
ate from Utrecht University in 1910, another first in history 
for a Dutch woman. 
The Snellius expeditions (1929-1930, fig. 7-41) focused on 
the physical and chemical oceanography of the deep basins 
of the East Indies and the geology of its coral reefs. Again 
the government provided the ship, this time built as a 
scientific vessel, named it after one of the greatest Dutch 
scientists Snel(lius) Van Royen (see ch 2) and paid for the 
expedition expenses. The expedition leader was P.M. Van 
Riel, a retired naval officer, head of oceanography and 
maritime meteorology at the Royal Meteorological Institute 
of The Netherlands (Koninklijk Nederlands Meteorologisch 

by the occupying forces and many oil-field workers were 
killed. After the establishment of Indonesian independ-
ence in 1949 Royal Dutch/Shell was allowed to continue its 
operations but eventually sold all its assets to the Republic 
of Indonesia (1966). Although persistent efforts were made 
later to re-establish a position in the country, all explora-
tion efforts failed and the fascinating story of Royal Dutch 
in Indonesia came to an end, leaving the participants 
and their families with memories, some nostalgic, some 
romantic, some also horrific.

7.1.4.  Special Topics

Sea expeditions
(For this section good use has been made of a 2005 publi-
cation by Van Aken)

During the colonial years there was little support from the 
government for non-applied scientific work. The colonies 
had to pay for themselves and had to be profitable for 
The Netherlands; science was not considered to be a good 
investment.  Nevertheless, a number of important oceano-
graphical expeditions took place, the Siboga and Snellius 
expeditions. Both were named after the ships that carried 
the scientists and both were paid for by the government. 
The objective was to prove that the Dutch Indies were not 
only the best governed, but also the scientifically most 
developed tropical colony. Moreover there was the Dutch 
need to consolidate colonial rule by showing the flag over 
the whole archipelago. Germans, British, Americans and 
Japanese were encroaching on the Far East (New Guinea, 
Philippines, Malaysia and Taiwan) and in some ways the 
expeditions can be considered as ‘gunboat science’. Even 
so, a vast amount of prime oceanographical, hydrographi-
cal, biological and geological data were collected with 
state-of-the-art equipment. 
The Siboga expedition (1899–1900, fig. 7-40) was executed 
with an adapted gunboat made available by and paid for 
by the colonial government. It was very much biologi-
cally oriented, but useful oceanographical data were also 
collected. Some 238 depth soundings were added to the 
50 already measured, but few purely geological data were 
collected. Of interest is the fact that a female scientist, Mrs 
Weber-Van Bosse, specialist in algae, participated in the 
entire trip; she was probably the first woman in the history 
of oceanography to serve in such a role. She also was the 
wife of the leader of the expedition, the biologist Max 
Weber, but she fully earned her keep and published three 
monographs on the algae collected during the expedition. 
Amongst other things she proved, beyond doubt, that 

Fig. 7-40. Siboga expeditions 1, 2 and 3.

Fig. 7-41. Snellius expedition 1929 – 1930 (1st trip).

Fig. 7-42. Hr Ms Snellius at sea.
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‘a year without summer’, crop failures and famine even as 
far away as Europe. The, for those days rather remote, loca-
tion of this volcano and its eruption shortly after the British 
interregnum contributed to a lack of scientific attention. The 
eruption was documented only much later by earth scientists 
such as F. Junghuhn and R.D.M. Verbeek. More recently, a 
full account of the effects of the eruption on the landforms, 
environment and population of Sumbawa and adjacent 
islands, based on government reports and other historical 
data, has been given by De Jong Boers (1995). It is evident 
from this publication that the number of casualties in the re-
gion was much higher than the original estimate of 62,000. 
Excessive rainfall was recorded in many parts of the world in 
1816 and it is commonly assumed that the aerosols ejected 
by the Tambora the year before were a major contributor to 
these anomalies. The famines that followed resulted in a 
death toll of an estimated 200,000 persons in Europe alone 
and in an acceleration of emigration to America.  

Krakatoa 
 As if to compensate for the late description of the Tambora, 
the also ill-famed Krakatoa eruption of 1883 (fig. 7-45)   
– with its 36,417 casualties mainly caused by the resultant 
tsunami – resulted in immediate scientific observations and 
volcanological research. The recent availability of the tel-
egraph helped to spread the news of the catastrophe rapidly 
all across the world. A hydrographical survey of the sur-
roundings of the volcano commenced already ten days after 
the tsunami and the outcome was of great use to R.D.M. 
Verbeek who deserves credit for having laid the foundation 
for systematic scientific volcanological research in the Dutch 
Indies. The eruption provoked great scientific interest all over 
the world. The Royal Natural Science Society of the Neth-
erlands Indies (Koninklijke Natuurkundige Vereniging van 
Nederlandsch Indië) even installed a Krakatoa Committee 
and published a special volume of almost 500 pages about 
the eruption in 1888.
Krakatoa has remained a focus for the scientific commu-
nity up to the present day. The main reason has been the 
renewed activity of the volcano in the form of an ash cone, 
the Anak Krakatau (Child of Krakatoa), which emerged on 26 
January 1928. By chance the 4th Pacific Science Congress was 
held in Bandung in 1929 and the excursion to the volcano 
organised on that occasion was attended by numerous vol-
canologists and other (earth)scientists, not only those then 

Instituut, KNMI). On board was also Philip Kuenen, who 
was to become an internationally renowned sedimentolo-
gist and marine geologist at Groningen University. A total of 
374 station soundings were recorded and over 500 bottom 
samples were collected during three trips. Regular shore 
parties were organised to visit the coral islands and to study 
their geology. The echo sounder was in nearly constant use, 
resulting in 33,000 measurements and this alone immensely 
improved our knowledge of these deep-sea tracts. 
Study of the vast amount of data collected by the expedition 
was greatly delayed, especially as far as the purely oceano-
graphic data were concerned, but also the geological and 
biological data proved too much to be dealt with quickly. 
As late as 1978 an article was published on the foraminif-
ers from the Snellius expedition, as a final addition to the 
already published 23 volumes of Snellius reports.

Volcanology
herman verstaPPen

The first reports of volcanic activity are found in Javanese 
chronicles, which record 15 eruptions on Java between 
1000 and 1481. With the arrival of Europeans the numerous 
volcanoes of the country –many of them active and situ-
ated in densely populated areas– attracted the attention of 
early travellers and naturalists such as F. Valentijn and G.E. 
Rumphius (see also ch 3). Even some VOC officials showed 
interest in volcanoes, including the Governor of Ternate, A. 
Galvano, who climbed to the peak of theTernate in 1628. 
Scientific volcanology is, however, of more recent date.

The start of volcanological research
The Dutch Indies are dominated by its convolute volcanic 
arc of several 1000s km, crowned by more than 130 active 
volcanoes. Eruptions are therefore frequent, but two major 
ones with global impact drew early scientific attention. They 
are described below.  

Tambora
The catastrophic Plinian eruption of the Tambora volcano on 
Soembawa (fig. 7-43 and -44), which occurred in the period 
5-15 April 1815, remains the largest volcanic eruption in 
recorded history. It discharged about 100 km3 of ejecta, low-
ering the then highest volcano of the country (4300 m) to 
its present height of 2851 m and causing in 1816 worldwide 

Fig. 7-43. Major Volcanoes of Indonesia (with eruptions since 1900 AD). Fig. 7-44. Tambora.

Ph. H. Kuenen (1902 – 1976)

kelut

krakatOu

tambOra

254 / Dutch Earth SciEncES



In 1920 the government formed a bureau for volcanic 
monitoring, the Volcanological Survey (Vulkaanbewakings-
dienst) within the Bureau of Mines. Its initial task was to 
minimize volcanic disasters, but its mandate was widened 
in December 1922 to more general volcanological research. 
The Royal Natural Science Society of the Netherlands Indies 
played an important part in this development. Already in 
1918 it founded a Commission for Volcanology, headed by 
G.L.L. Kemmerling and, after the Kloet eruption of 1919; it 
urgently and successfully advised the government to estab-
lish an independent Volcanological Survey. B.G. Escher, who 
visited Java from 1918 to 1919, was an important supporter 
of this idea. He also proposed a plan to drain the Kloet 
crater, which led to engineering geological studies aimed at 
the construction of tunnels. The aim of these tunnels was 
to empty the main body of the crater-lake so as to prevent 
catastrophic volcanic mudflows (lahars) if there was an 
eruption. They were designed to allow for the controlled 
evacuation of the acid water down slope so that there were 
no adverse effects on the irrigation of the paddy fields. At 

working in the Netherlands Indies but from the entire Pacific 
realm. A book, Krakatau, published by Van Dorp (Batavia) 
in 1929 was put at the disposal of the participants. It was 
authored by Ch. E. Stehn (geology and volcanology), W.N.M. 
Docters van Leeuwen (new flora) and K.W. Dammerman 
(new fauna). The Anak Krakatau was repeatedly washed 
away by waves before re-emerging several times. Eventually 
eruptions produced a permanent island in 1952.

Founding of the Volcanological Survey 
The government, however, did not immediately respond to 
the Krakatoa eruption by organising systematic research on 
active volcanoes and the related volcanic hazards. This had 
to wait until the, in comparison much smaller, eruption of 
the Kloet (Kelud) volcano on  eastern Java in 1919. On this 
occasion, the crater lake of this volcano, measuring 43,000 
m3, was blown out and the resultant hot mudflows caused 
5,110 casualties along the densely populated volcanic slopes 
situated to the southwest. A full account of the Kloet erup-
tion of 1919 was given by G.L.L. Kemmerling (1921).

Fig. 7-45. Krakatoa, death and destruction.

Fig. 7-47. Tangkuban Perahu.

Fig. 7-46. Merapi.
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ity measurements from a submarine (1929-1930), but his 
observation (1955) –that a strong negative gravity anomaly 
followed the ocean side of the island arcs (figs. 7-48 and 
-49) - initially raised more questions than it  answered. 
His own interpretation was that severe downward bulging 
of the lighter outer lithosphere was taking place, but proof 
thereof he could not present. 
(4) Van Bemmelen did not believe in Wegener’s theory and 
with great perseverance pushed his own “Undation theory” 
(fig. 7-50). 
(5) Umbgrove (1949) summed it all up brilliantly, but allowed 
that many questions remained.
The East Indies proved a frustrating place to prove or disprove 
anything, owing to the large number of variables in the 
geology, geophysics, geography and oceanography of this 
most complex of regions. The huge unknowns opened the 
door for countless theories which could neither be conclu-
sively verified nor falsified. ‘Insight’ on a scale larger than 
the Indonesian archipelago, rather than the contradictory 
explanations of an exceptional area was needed. The Indies 
became the scene of the proverbial ‘bald men fighting for 
a comb’ whereas they needed a wig. This wig was eventu-
ally provided by the all embracing plate tectonics model, 
developed long after the Dutch geologists had left.

7.1.5. Some influential personalities 

F.A. Vening Meinesz - ‘the “minus”-zone’
theo van henGel (see also ch. 4.3)

Vening Meinesz (1887-1966) was born in Amsterdam, where 
he received his secondary education. He went to Delft in 
1904 to study civil engineering, a study which included sur-
veying. For his doctorate’s degree Vening Meinesz designed 
a reliable device to measure gravity on sea in a submerged 
submarine. From 1923 onward he took the device to sea. 
Over a period of some 15 years, and an equal number of 
expeditions, Vening Meinesz covered more than 100,000 
miles at sea, of which a considerable portion covered waters 
around the Indian archipelago. 
Vening Meinesz himself considered the expeditions carried 
out by the submarine K XIII in 1926-1927 and in 1929-1930 to 
be the most important.The results of these expeditions made 
it possible to map a narrow, downbuckled zone, with large 
gravity deficits, surrounding the Indonesian archipelago all 
the way from the foothills of the Himalayas to the depths 

the time it was a daring engineering project and it received 
international attention. It first proved its usefulness during 
the Kloet eruption of 1951: the death toll on that occasion 
amounted to some 1900 persons only. 

Volcanological research
G.L.L. Kemmerling became the first head of the new 
organisation (1920-1922 and 1925-1926). He was succeeded 
after his first term by N.J.M.Taverne (1922-1925) and after 
his second term by Ch. E. Stehn (1926-1940). In 1922 it was 
named the Institute for Volcanological Research (Dienst 
voor Vulkanologisch Onderzoek). Staff numbers fluctuated 
between fifteen and thirty employees among whom one 
to three academic staff and one to five scientific assistants. 
M.E. Akkersdijk and R.W. Van Bemmelen held the post of 
Head of the Institute for Volcanological Research for some 
time during World War II, whereas W.A. Petroeschevsky 
was the last head under Dutch rule thereafter. The task 
of monitoring and assessing the volcanic hazards of the 
Indies was taken up in his work on gravity sliding of several 
stratovolcanoes on Java.

Looking for general models - some Dutch  
contributions
The  geology of the simplest sedimentary basins, as well as 
that of mountain chains like the Andes, the Rocky Moun-
tains, or the Alps have all given rise to heated debates. 
In the meantime the routine work of mapping went on 
without being hindered by the controversies concerning the 
deeper implications behind the observable geology.
The Indonesian archipelago, especially the eastern half, 
is highly complex and, as yet, has defied an explanation 
of how it formed. It is a puzzle containing strangely bent 
island arcs (with or without young volcanoes), frequent 
earthquakes, oceanic troughs, ridges, accompanied by 
strong negative gravity anomalies, deep oceanic basins and 
extensive shallow seas. In between one finds smaller and 
larger islands made up of pre-Tertiary rock, seemingly float-
ing around randomly, like children who lost their mother in 
a shopping mall. All this needs a coherent model to make 
sense. 
Wegener’s theory of continental drift dates from 1915, when 
geological mapping of the Indies was in full swing and the 
academic community became involved in debates about 
the major features of the archipelago. Wegener’s theory 
(1915–1922, see also ch 4) proved in itself insufficient to 
explain the complexities, especially those of the eastern part 
of the archipelago, and the absence of a plausible mecha-
nism limited its impact.
Several top-class scientists proposed often mutually contra-
dictory theories. Among them were:
(1) Brouwer (1925) was the first geologist to grapple with 
megatectonic questions, but at first was constrained to 
thinking in terms of geosynclines and geanticlines. Wegener 
was mentioned by him only in passing. Later, in 1929, he 
surrendered to continental drift in general as a necessity, 
but without mentioning Wegener.
(2) Smit Sibinga (1927) demonstrated that horizontal move-
ments together with a clear distinction between sima 
and sial are helpful in explaining the Banda Arc and its 
surroundings, but he also says, wisely: “this does not mean 
that one can let these islands float ad libitum through the 
ocean until they have landed in those places were you want 
them to be”.
(3) Vening Meinesz became famous through his grav-

H.A. Brouwer (1886 – 1973)

Fig. 7-48. Comparison between isostatic anomalies and subma-
rine relief.

J.H.F Umbgrove (1899 – 1954)

Felix Vening Meinesz (1887 – 
1966), “The diving Dutchman”    

H.P. Berlage (1896 – 1968) 
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of the Philippine Trough. A chain of volcanoes and a line of 
earthquake epicentra ran parallel to, and at some distance 
from this zone. This “minus-zone” –a pun on the name of 
the discoverer– was at that time considered by some to be 
the greatest discovery in geology since the beginning of the 
20th century. Its correlation with the Himalayas was a great 
boost for geologists who considered the archipelago to be a 
mountain range in the making.
The large scale of this structural configuration gave Vening 
Meinesz reason to postulate that thermal processes in the 
substrate caused heat transfer by convection. A composite 
segment of the crust (“plate”) would thus be subject to 
one-sided horizontal stresses, forcing it to buckle, fold and/
or thrust, while periodic vertical, balancing forces might give 
rise to mountain building. Through mathematical analyses 
of global morphology, Vening Meinesz later proved this 
postulate by way of deductive reasoning and considered it to 
be valid worldwide. In the post-World War II period Vening 
Meinesz would modify this postulate and extend its validity 
to include the oceans, but he would never completely dis-
tance himself from it in the light of subsequent, incompat-
ible evidence which materialized in the 1950s and 1960s and 
led to the proposition of plate tectonics.

H. Berlage - Wadati-Benioff zone or Wadati-Berlage 
zone? On the threshold of plate tectonics
Willem steenken

In 1954 Hugo Benioff published his classic paper on the 
geographical and depth distribution of earthquake epicen-
tres along  fault zones dipping beneath continents. These 
he named ‘marginal faults’. Since then these faultzones, 
defined by earthquake epicentres, have come to be known 
as (Wadati-) Benioff zones, and they are now interpreted as 
subduction zones where one plate dives below the other. 
Work on the location of earthquake foci started in earnest 
early in the 20th century. In 1928 K. Wadati was one of the 
first seismologists to devise methods to estimate the focal 
depths of earthquakes, particularly in Japan. Beno Guten-
berg and Carl Richter further developed Wadati’s method of 
pinpointing the depth of earthquake foci. 
In 1925 a young scientist, Hendrik Petrus Berlage, travelled 
to the Indies to take up a job as a scientist at the Royal 
Magnetic and Meteorological Observatory in Batavia. The son 
of the prominent architect of the same name, he studied 
engineering at the E.T.H. in Zürich and mathematics and 
theoretical physics in Leiden. In 1924 Berlage obtained a PhD 
in technical sciences in Zürich with a thesis: Untersuchung 
des De Quervain – Piccard’schen Seismographen und einiger 
allgemeinen seismometrischen Probleme.  
Once in Batavia, Berlage was assigned the task of evaluating 
the possibilities of seasonal weather prediction in the Indies. 
For the rest of his career in Batavia he studied the influence 
of the Southern Oscillation on the southeast Asian climate, 
but this work did not prevent him becoming involved in 
studying the geophysics of the earth crust.
In 1937 Berlage published a catalogue of deep-focus earth-
quakes in the Dutch East Indies from 1918 till 1936. With this 
catalogue he published a map showing the location of these 
epicentra. He also constructed lines of equal focal depth and 
came to the conclusion that these foci lie on a plane that 
dips away below the Asian continent at an angle of about 
55° (fig. 7-51).
Arguably the findings of Benioff, published in 1954, had in 
essence already been formulated by Wadati and Berlage 
before World War II. Limited access to literature published 

Fig. 7-49. Negative gravity anomalies in the Indonesian Archipelago (Vening Meinesz. 1934). 

Fig. 7-51. Deep focus earthquakes in Indonesia. Berlage, Benioff avant la lettre.

in mainly German and Japanese journals appears to have 
relegated the Wadati–Berlage work to the background. 
Benioff revived the concept that earthquake foci localise 
tectonic zones diving below continents. The advent of pal-
aeomagnetics and the definition of the mid-ocean spread-
ing zones in the following years provided the mechanical 
explanation for plate tectonics and gave the Benioff zones 
their place in geodynamics.
Meanwhile Berlage was repatriated to The Netherlands 
after surviving years in Japanese captivity and pursued a 
career in long-term weather forecasting at the Royal Dutch 
Meteorological Institute and at the University of Utrecht. His 
role at the threshold of plate tectonics is all but forgotten 
and the term Benioff zone has never carried his name.
 
E. Dubois - discoverer of the upright-walking ape-man
bert theunissen

Eugène Dubois became world famous for his discovery of 
Pithecanthropus erectus, ‘the upright walking ape-man of 
Java’ (now: Homo erectus) in the 1890s. According to Dubois 
Pithecanthropus was the ‘missing link’ between apes and 
humans. His find was the first ever to be accepted as palae-
ontological evidence for human evolution.
Marie Eugène François Thomas Dubois was born on 28 Jan-
uary 1858 to a catholic family in Eijsden (Limburg), where 
his father was pharmacist and mayor. He studied medicine 
at Amsterdam University from 1877 to 1884. Amongst his 
teachers were Hugo De Vries, the later rediscoverer of Men-
del’s laws, and the German morphologist Max Fürbringer. 
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of humans. This was his most important accomplishment. 
Moreover, thanks to Dubois’ work Neanderthal remains 
came to be looked upon with different, evolutionary eyes 
in the 1890s.
Dubois was very sensitive to criticism and withdrew from 
the debate about his discovery after 1900. In 1899 he had 
become professor of crystallography, mineralogy, geology 
and palaeontology in Amsterdam, and he redirected his 
research to subjects such as the fossils of the Tegelen Clay 
Formation and the origin of the Dutch coastal sand dunes. 
He also started an investigation into the relation between 
brain weight and body weight in vertebrates, from which 
he hoped to derive additional evidence for the intermediate 
position of Pithecanthropus between apes and humans.
The quantitative relationship between an animal’s brain 
weight and body weight was dubbed its (degree of) 
cephalisation by Dubois, and he considered this number 
to provide an indication of the animal’s position on the 
evolutionary ladder. The cephalisation of Pithecanthropus 
turned out to be precisely half that of humans and twice 
as big as that of the great apes (fig. 7-54). Thus it provided 
a stunning confirmation of the ape-man’s intermediate 
position. To arrive at this result, a rather high body weight 
of 100 kilograms had to be estimated for the ape-man, but 
this did not seem unlikely to Dubois as he assumed that 
Pithecanthropus still had a rather ape-like body.
In the 1930s new fossils were found on Java by the German 
palaeontologist Ralph von Koenigswald and in China by 
the Canadian anatomist Davidson Black. According to these 
scientists these finds proved that Pithecanthropus was in-
deed an evolutionary precursor of Homo sapiens. They also 
argued, however, that Pithecanthropus was closer to mod-
ern humans than had been assumed by Dubois. For this 
reason the name Homo erectus would later be preferred. 
Dubois disagreed, and he spent his last years fighting the 
new interpretation. He insisted that Pithecanthropus was 
a veritable missing link, the exact intermediary between 
apes and humans. Through his stubborn resistance he lost 
much credit, and in his old age Dubois became a somewhat 
tragic figure. It should not be forgotten, however, that his 
tenacity had also been at the basis of his pioneering work 
in palaeoanthropology.
Dubois died on 16 December 1940 in Haelen (Limburg). 
Today the remains of Pithecanthropus are on public display 
in Naturalis, Leiden.
 
R.W. Van Bemmelen - volcanologist, geologist,  
compiler and geotectonist
Reinout Willem Van Bemmelen, born in Batavia (Jakarta), 
son of the director of the Magnetic and Meteorological 
Observatory, was a true katjang, the friendly Indonesian 
nickname for the Dutch boys and girls who came from the 
Indies to The Netherlands to finish their high school and 

In 1886 Dubois was appointed lecturer in anatomy in 
Amsterdam, and a promising academic career lay ahead. 
In 1887, however, he changed his plans and enlisted as 
medical officer in the KNIL (the Dutch colonial army) with 
the aim of mounting a search for the evolutionary forebears 
of modern humans.
Dubois believed that only fossils would prove human 
descent from more apelike ancestors, in opposition to 
the opinion of most contemporary morphologists, who 
believed that evidence from embryology and comparative 
anatomy would suffice. Dubois had been familiar with 
fossil hunting since his youth –the type locality of the 
Maastrichtian was near his home– and he wanted to find 
tangible proof for human evolution which, in the 1880s, 
was not yet available. Remains of Neanderthals were 
known at the time, but it was generally believed that these 
represented a rather primitive race of modern humans.
Dubois’ decision to start his search in Asia rather than Africa 
was inspired by the discovery, in the Siwalik Hills of Java 
in 1878, of a fossil primate that was believed to have re-
sembled humans more closely than any of the living great 
apes. Also Dubois believed that humans were related to the 
gibbons of southeast Asia, since these primates are able to 
walk upright to a certain extent.
The Dutch East Indies government supported Dubois’ plans 
and put fifty forced labourers and two sergeants of the 
military engineering corps at his disposal. Dubois started 
his search in the numerous caves of Sumatra, but the 
faunal remains that he uncovered proved to be too young 
to include a forerunner of modern humans. In 1890 he 
continued his search on Java and now decided to carry 
out excavations in open territory. This decision turned 
out to be the key to his success. In 1891 Dubois discovered 
an enormous quantity of fossil vertebrate remains on the 
borders of the Solo River near the village of Trinil in central 
Java. He believed these fossils to be of Pliocene or Pleis-
tocene age. Most spectacular were the finds of a molar and 
a small skull cap of a primate (fig. 7-52). Initially Dubois 
described these as belonging to a new species of chimpan-
zee, Anthropopithecus, noting however that it looked more 
human-like than the modern species of great apes.
One year later a well-preserved thighbone (fig. 7-53) was 
excavated, twelve metres away from the skull. This fossil 
looked so human-like that Dubois had no doubt that its 
owner must have walked upright. He further reasoned 
that molar, skull and thighbone had belonged to the same 
individual and revised his original interpretation: the bones 
had not belonged to a man-ape, Anthropopithecus, but to 
an ape-man, Pithecanthropus (The German biologist Ernst 
Haeckel had coined the name Pithecanthropus in 1868 
for the hypothetical missing link). As he assumed that the 
creature had walked upright, Dubois added erectus as its 
species name. In later publications he would describe ad-
ditional finds of Pithecanthropus, including a jaw fragment 
and a second molar.
After his return to Europe Dubois tried to convince the 
scientific world of his interpretation of the fossils, but opin-
ions among his colleagues varied. Some did not believe 
that the skullcap and the thighbone belonged together. 
Others attributed the remains to an ape and still others to 
a primitive human. There was also, however, support for 
Dubois’ view that Pithecanthropus was an intermediate 
form. During the following years, while differences of opin-
ion remained, he succeeded in convincing his colleagues 
that he had found proof for the evolutionary development 

Fig. 7-52. Skull cap of  Pithecanthropus erectus.  

E. Dubois (1858 – 1940),  
photograph  taken in 1902
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it to make a flying start with further work on the geology of 
their country.
A meticulous compiler on the one hand, he was also a 
creative, arm-waving geologist. He packaged his highly 
original but speculative ideas on the origin of mountains 
into a theory that he named the Undation theory (fig. 7-50). 
It postulates that magma differentiation in the mantle 
leads to highs and lows at the surface and that all tectonic 
features, folding, faulting, compression and relaxation could 
be explained by gravity-induced gliding from high to low 
places. This somewhat mysterious theory was too interesting 
to be ignored or neglected, but far too speculative to be ac-
cepted as a serious proposition by the vast majority of earth 
scientists. After the wide acceptance of the theory of plate 
tectonics, Van Bemmelen tried with great tenacity to rescue 
his theory and to integrate it into the new and very much 

university education. He graduated from Delft as a mining 
engineer and returned to the Indies, where he worked for 
the Bureau of Mines and did extensive mapping on Java 
and Sumatra. In 1941 he became head of the Volcanological 
Service of the Netherlands East Indies. During the Japanese 
occupation (1942–1945) he was allowed to work on what 
would become his magnum opus, a compilation of the re-
ports of the vast amount of geological field work carried out 
during the previous 75 years, into The geology of Indonesia, 
a book that summarizes the work of generations of geolo-
gists in the Indies. In view of the rather limited accessibility 
of the old publications, often in Dutch only, Van Bemme-
len’s work is indispensable to every student of the geology 
of Indonesia. This book was published in The Hague in 1949 
and has proved to render an exceptional service to new 
generations of Indonesian geologists, who could build on 

1816-1850 Natuurkundige Com-
missie 
(Committee for the Natural 
Sciences) H. Kuhl († 1823) and 
J.C. Van Hasselt († 1821), two 
biologists employed by this 
committee, died soon after 
their arrival in Batavia. In 1842 
C.A.L.M Schwaner was made a 
member of the committee and 
was tasked to investigate Borneo 
(Kalimantan), where he worked 
from 1843 till 1847. Towards the 
end there was a gradual decline 
in the committee’s activities. 
The last three members were 
Salomon Müller, Schwaner and 
Junghuhn.

1850 Koninklijke Natuurkun-
dige Vereniging van Neder-
landsch Indië 
(Scientific Society of the Dutch 
Indies) 
Successor of the Batavian Soci-
ety. Founders: P. Bleeker, physi-
cian, P.J. Maier, C. De Groot and 
C. Schwaner, who was the last 
geologist in the committee.

1846 Stichting Dienst van het 
Mijnwezen in Nederlands 
Indië.
(Mining Foundation Dutch In-
dies, or “Bureau of Mines”)
By far the most important 
geological organisation. It’s 
publications form the backbone 
of our knowledge of the geology 
of Indonesia.

1873 Koninklijk Nederlands 
Aardrijkskundig Genootschap
(Royal Dutch Geographical 
Society)
Motto: Trade follows Science. 
First president P.J. Veth 
(1814–1895)
Quote: “Geographers in the 
broadest sense of the word were 
the essential midwives of Euro-
pean imperialism”.

1890 Maatschappij ter Bevor-
dering van het Natuurkundig 
Onderzoek der Nederlandsche 
Koloniën.
(Company for the Advancement 
of Scientific Research in the 
Dutch Colonies)
Founded in Amsterdam by Mel-
chior Treub, botanist, and also 

known as ‘the association with 
the long name’ or Treub Maat-
schappij. Supported several 
expeditions.

1922 Opsporingsdienst 
(Exploration Department of  
the Bureau of Mines). 
The name of this institute 
indicates that government 
would only supply money if 
benefits could be expected from 
the systematic exploration for 
minerals.

societies With Geoscientific interests

Fig. 7-53. Thigh bone and molar of Pithecanthropus erectus. Fig. 7-54. Skull comparison: P. Pithecanthropus, H. Homo sapiens, 
A. Chimpanzee.
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world, were short lived and were separated by long periods 
of quiescence. It is a jewel of clarity, in which he unapolo-
getically unscrews the accepted wisdom of one of the greater 
and more authoritative geologists of his time. 

 

7.2  Netherlands New Guinea  
(1950–1962) - An interlude and  
a farewell  
Jan verhofstad and bob van rossum

The transfer of sovereignty over the Dutch East Indies to 
Indonesia on 27 December 1949 did not include the western 
half of New Guinea, which remained a separate administra-
tive unit under Dutch administration for a period of twelve 
more years. Sovereignty eventually reverted to the Republic 
of Indonesia in 1962. 
During Dutch colonial rule few visits were made to the far-
away island of New Guinea. In the 20th century, however, a 
number of reconnaissance expeditions were organised (see 
7.1). 
In addition, in 1935 a start was made with exploration for 
oil. An early success was the discovery of the shallow but 
modest Klamono field in the Vogelkop (Bird’s head) penin-
sula. This venture was operated by the Netherlands New 
Guinea Petroleum Company (Nederlandsche Nieuw Guinee 
Petroleum Maatschappij, NNGPM; Shell and Stanvac each 
40% and Far Pacific Investments 20%).  
Independently of these efforts an NNGPM petroleum geolo-
gist, Jean-Jacques Dozy, in a private alpine expedition 
organised by Anton Hendrik Colijn, reached the Carstensz 
mountain in the Central Range in 1936 and discovered a 
massive body of gold-bearing copper ore. The report of this 
find was published in 1939, but World War II prevented any 
follow-up of this potentially important discovery. 
From the early 1950s onwards, the new Netherlands New 
Guinea administration embarked on an inventory of the 
geology and mineral deposits (fig. 7-55). An important player 
in this activity was the Bureau of Mines (Kantoor voor het 
Mijnwezen) with its main office in Hollandia (now Jayapura).

7.2.1  Accelerated inventory

From here half a dozen geologists and mining engineers 
made extensive surveys of the interior. The results of these 
efforts were compiled in a final report by W. Valk (1960) and 
in an article by G.Van Der Wegen (1966). 
From 1959 to 1962, and parallel to the activities of the 
Hollandia organisation, the Foundation for Geological 
Investigation in New Guinea, (Stichting Geologisch Onder-
zoek Nieuw Guinea, SGONG), based in Manokwari, carried 
out investigations in the northeast part of the Vogelkop 
peninsula. Helicopters were made available and ample use 
could be made of aerial photography. A radiometric survey 
was carried out between 1959 and 1961. Their working area 
covered low to medium grade metamorphic sedimentary 
formations of Silurian to Tertiary age, as well as numerous 
pegmatite and granite bodies, most of which are confined to 
the higher-metamorphic zones. They found no evidence for 
the existence of economic mineral deposits.
A number of expeditions by the Polytechnic College in Delft 
(now the Technical University of Delft) in the 1950s estab-
lished the existence of extensive lateritic deposits, with 

more demonstrable observations gathered during the sixties 
and seventies of the last century. Sadly, however, one has 
to admit that his efforts have led to nothing other than a 
historically interesting curiosity.
The final mystery of his life surrounded its ending. He 
reneged on a well publicised and even televised suicide 
pact with his wife. After her death he departed to Austria 
where he died after remarriage to an old family friend. How 
could a man, reputedly of high morals, conclude his rich 
and full life in such a clumsy way? Perhaps the answer lies 
in a quote from Van Bemmelen himself who suspected that 
“field geologists, owing to their long and lonely stays in 
man-unfriendly environments, could easily develop deviant 
behaviour”.

L.M.R. Rutten - geological centipede 
Louis Rutten (1884–1946) was born in the southern Dutch 
town of Maastricht. After the death of his father his family 
moved to Utrecht where he attended school and thereaf-
ter University. He studied geology under Prof. Wichmann, 
and both his Degree and his Doctorate were awarded cum 
laude. In 1910 he joined a small oil company owned by the 
entrepreneur Koster, who sent him to the Indies, and then 
to South America and Mexico. In 1917 he was the leader of 
the first Ceram expedition organised by the ”Company for 
the advancement of scientific research in the Dutch colo-
nies” and the Geographical Society. In 1921 he succeeded 
Wichmann as professor of geology, mineralogy, petrography, 
crystallography and palaeontology in Utrecht. In 1927 his 
book Lectures on the geology of the Dutch East Indies was 
published. It is a complete summary (with over 800 pages) 
of the geological knowledge at that time. He died shortly 
after World War II.
Rutten’s (posthumous) article (1949) Frequency and 
periodicity of orogenetic movements challenged seriously 
and effectively the theory of H. Stille, who had stated that 
mountain building phases were synchronous all over the 

L.M.R. Rutten (1884 – 1946)

Reinout W. van Bemmelen 
(1904 – 1983)

Fig. 7-50. Undation theory of Van Bemmelen.
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nickel, cobalt and chromium ores, in areas around the 
Cyclops Mountains. They also identified similar low-grade 
deposits in the ultrabasic rocks of northern Waigeo and 
neighbouring islands. Industrial interest was raised but 
soon died down, in part because of the political uncertainty 
due to the dispute over the sovereignty of the territory.
In 1959 a multidisciplinary expedition was organised to the 
Star Mountains (Sterrengebergte) by the Royal Netherlands 
Geographical Society (KNAG) and the Company for the 
Advancement of Scientific Research in the Dutch Colonies 
(Treub Maatschappij). The extreme eastern part of the 
Central Range near the boundary with Australian New 
Guinea was investigated, an area lying between latitudes 
4o30’ and 6o S. A base camp was established in the Sibil 
valley near the Digoel River. The geologists of the team, C. 
Bär, H.J. Cortel and A.E. Escher, mapped a metamorphic 
complex in the north, intensely folded and, as is typical 
for this region, deeply eroded. The Central Range in this 
area has undergone recent uplift accompanied by andesitic 
volcanism. Block faulting, rather than folding, appeared 
to be predominant in this phase and no evidence for large 
scale overthrusting was found. Towards the south, a large 
flexure and a fault zone form the boundary of the Range. 
H.Th. Verstappen, the geomorphologist attached to the 
expedition, concerned himself with the formerly glaciated 
areas around Mount Juliana (in 1959 still ice-capped), the 
river terraces in the southeast and the karst development in 
the Lower Tertiary New Guinea limestone. 

7.2.2  NNGMP again

Parallel to these, largely state-sponsored activities explora-
tion for oil accelerated after World War II when the NNGPM 
expanded development of the Klamono field (fig. 7-56) 
and renewed its efforts to establish additional commercial 
hydrocarbon production. They took up extensive tracts of 

Fig. 7-55. Netherlands New Guinea, 1950 - 1962. Areas of exploration activity. 

Fig. 7-56. Shallow drilling, N. Klamono.
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After the hand-over of Dutch New Guinea to Indonesia, 
NNGPM abandoned its venture in New Guinea, and never 
tested the Klamono trend. Over the period from 1935 to 1961 
some 600 million Dutch guilders (approximately 250 million 
US dollars) had been spent. Only about one third of this 
investment was recovered through production, largely from 
the Klamono field. The results of the NNGPM exploration 
campaigns were compiled in Visser & Hermes (1962).
Independent American companies followed up on the 
Klamono trend and indeed discovered a number of fields of 
relatively modest size by drilling on steep hills that lay above 
buried Miocene pinnacle reefs. These had not been covered 
by the NNGPM seismic surveys!

7.2.3  Following up Dozy’s fnd

Finally, in 1959 the East Borneo Company (Oost Borneo 
Maatschappij) obtained mining rights over Dozy’s discovery 
of copper/gold deposits of the Carstensz Mountain. In a joint 
venture with Freeport Sulphur Co. of the US a survey was 
made in 1960, generally confirming Dozy’s findings. In 1961 
the South Pacific Copper Company (Zuid-Pacific Koper Maat-
schappij) was founded in The Hague in order to exploit these 
reserves. However, due to the changing political situation 
this venture never came to life. It was left to Freeport, who 
in the early 1970s obtained a mining permit from the Indo-
nesian authorities to establish in central New Guinea one of 
the world’s major copper and gold mines. Dozy could not 
have guessed in 1936 what would become of his discovery!
On 1 October 1962 Netherlands New Guinea was transferred 
to a United Nations administration as an interim measure 
before reverting to Indonesia. With this, 367 years after 
Houtman’s journey to the Indies, Dutch influence in this part 
of Asia effectively ceased and with it the direct involvement 

acreage on both sides of the Central Range: 85.000 km2 in 
1951 and a further 170.000 km2 in 1956.
From 1956 to 1959 an extensive exploration campaign 
was carried out involving five geological field parties, two 
seismic and one gravity party, followed by drilling crews. 
The total absence of infrastructure necessitated the deploy-
ment of diverse means of transportation at sea, along the 
rivers and by air: A variety of ships and small boats, three 
amphibious planes, helicopters and government hydro-
planes were used. Sadly, in spite of extensive geophysical 
exploration, excellent air photo interpretation at a scale 
of 1:100,000 and some 30 exploratory wells attractive oil 
prospects were not identified. 
The north coast is structurally characterised by steep, nar-
row and faulted anticlines, separated by broad synclines. 
Potential reservoirs are generally graywackes with poor 
reservoir properties and a number of wells drilled on geo-
physical features proved to be dry. In the southern coastal 
area a number of anticlines occur in the foothills of the 
Central Range but their limited size did not warrant further 
investigation.
Attention was therefore focused again on the Vogelkop, this 
time on the Salawati Basin. A review of geological data in-
dicated that almost all previous wells had been drilled into 
the deeper part of the basin, where favourable reservoir 
conditions were absent. A zone was identified in the south-
ernmost part of the basin, running from Klamono westward 
to the Strait of Sele, where highly porous Klamono-type 
Miocene reefs might be expected along the rim of a carbon-
ate platform. Differential compaction of marls overlying a 
reef had led to an anticlinal surface expression like the one 
on which the discovery well of Klamono had been drilled. 
All the anticlines in this east-west zone were recommended 
to be tested, certainly where they were supported by a 
residual gravity low. 

Debris plain with feeding channels from 
the left.

American air photos from World 
War II showed two clearings, 
free of jungle cover, in the 
upper reaches of the Eilanden 
rivier. Two barren areas in a 
damp tropical jungle where 
normally germinal force and 
growing-power surpass every 
imagination. This incredible ab-
sence of vegetation decided our 
expedition goal in this totally 
unknown and unmapped part of 
the mountains.
The steep limestone ridges, sep-
arating the Central Mountain 
Range from the southern plains, 
took our poorly equipped party 
days to cross. It turned out that 
the clearings were bare plains 
fed from all sides by numerous 
debris streams. The most north-
erly clearing extended over 3½ 
km. We estimated the thickness 
of the debris fill to be about 150 
m in the middle of the valley. A 

limestone barrier downstream 
prevented further transport 
of the debris. Upstream, the 
most active side valleys had 
produced avalanches, ending in 
debris tongues on the surface 
of the main stream. Claystone 
blocks in the debris had been 

crushed to pieces, testifying to 
the strong hydrostatic pres-
sure when the tongue stopped 
moving, while the slurry still 
pressed on. Blocks of more 
than 10 m3 on the surface of the 
stream illustrated the strong 
carrying power. 

After a few days rain I just 
happened to look in the right 
direction to see an enormous 
boulder quietly come loose from 
the valley wall. Once it had 
landed, it took several seconds 
to bounce again before jumping 
to the valley bottom. Was the 
delay a result of the elasticity of 
the rocks?
At the head of the valley a wall 
of bare rock showed a vertical 
fault the strike of which coin-
cides with the Saoe faultzone 
(Visser & Hermes, 1962). Just 
to the side of this bare wall a 
slurry of rock waste was still 
moving from the North like a 
slow river between two steep 
walls. It appeared too dangerous 
to climb!

tectonics in action
(translated from a fieldbook of Jan verhofstad, bureau of mines)
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Dorado:
“It is founded vpon a lake of salt water of 200 leagues long 
like vnto mare caspium.” 
Of course Raleigh hadn’t seen anything of this, but was 
just recounting hearsay from Spanish conquistadores who 
probably referred more to Andean than Amazonian sites. 
Thanks to his boasting, however, the lake figures on many 
old maps of the unknown Suriname interior, such as that of 
Hessel Gerritsz of 1624 (fig. 7-57) and even, though in much 
smaller form, on the 1796 map accompanying Lieutenant 
John Gabriel Stedman’s famous book Narrative of a five 
years expedition against the Revolted Negroes of Surinam, 
in Guiana, on the Wild Coast of South America. 
Unfortunately for the early explorers, the indigenous tribes 
in Suriname proved to have no gold. Later explorations 
showed that gold deposits did occur in their habitats, but 
they either had overlooked them or didn’t possess the same 
skills or traditions as their contemporaries in Central America 
and the Andes. Their most valuable riches were in the form 
of frog-shaped green nephrite jade and nephrite-look-alike 
pendants, which turned up in later archaeological excava-
tions, and which probably were traded throughout the 
Amazonian area. Nevertheless they were very conscious of 
specific rock properties, as can be deduced from their choice 
of materials for stone axes, grinders, arrowshaft polishers 
and other stone implements. 
Gold myths were not the only stories that had to be de-
bunked by later geologists. Robert Schomburgk, a traveller 
along the Corantijn in 1836, thought he had seen chalk 
deposits and coal measures at an outcrop along the lower 
course of the river. But neither could be substantiated by 
later expeditions. The well-known Leiden professor of 
geology, K. Martin, found coralline limestone boulders near 
Carolina upstream the Suriname River in 1885, which in 1926 
were recognised by Robert IJzerman as having been brought 
there as ballast material in ships returning from Holland 
following sugar and coffee shipments! Diamonds were 
thought to occur near the Precambrian Roraima sandstone 
Tafelberg outlier in the far interior of the country, by analogy 
with similar sandstone plateaus in (then British) Guiana. In 
the first exploration pit dug by the team of J.H. Bisschops in 
1858 two diamonds were found, but the next two years of 

of Dutch scientists with the fascinating geology of the 
Indonesian archipelago. 

7.3  Suriname - From eldorado  
to mining
salomon kroonenberG

 
Suriname is the middle of the three Guianas that lie along 
the northeastern coast of South America, all three of which 
changed hands in colonial times between the Dutch, 
British and French almost as frequently as the banks of 
Amazon mud drift westwards along their coasts. The “Wild 
Coast”, it was called by the early settlers, an appropri-
ate name. Eventually, in 1652, the Dutch swapped New 
Amsterdam (now New York) for Suriname with the British 
and after that things became more settled. Four main 
river mouths promised access inland; the Corantijn, Cop-
pename, Suriname and Marowijne rivers, but the Dutch 
colonists stayed close to the sea shore, only rarely ventur-
ing upriver, where dangerous animals lurked in the dense 
rainforest, and where elusive indigenous tribes lived, that 
refused to work on the sugar, coffee and cocoa planta-
tions. Slaves imported from all along the western coast 
of Africa did the work, later complemented by Hindus-
tani contract labourers from British India and, still later, 
Javanese imported from the Dutch East Indies. Chinese, 
Lebanese, Portuguese Jews, and a few tough red-haired 
Dutch farmers settled here as well. Today a walk through 
the capital Paramaribo is to make an acquaintance with 
a miniature experiment in globalisation. The country has 
been an independent republic since 1975.

7.3.1  Early explorers (1600–1750)

Tropical crops were not the only drivers of colonial inter-
ests. Rumour had it since the time of Sir Walter Raleigh 
that the golden town of El Dorado, as reported earlier 
by the Spanish conquistadores, was to be found in the 
Guianas:
 “Those Guianians and also the borderers, and all oth-
ers in that tract which I have seen are marueylons great 
drunkardes, in which vice I think no nation can compare 
with them and at the times of their solemne feasts when 
the Emperor carowseth with his Captayns, tributories, & 
gouvernours, the manner is thus. All those that pledge 
him are first stripped naked, & their bodies annoynted 
al over with a kinde of white Balsamum: by them called 
curcai, of which there is great plenty and yet very deare 
amongst them, and it is of all other the most pretious, 
whereof we haue had good experience: when they are 
anointed all over, certaine servants of the Emperor hauing 
prepared gold made into fine powder blow it thorow 
hollow canes vpon their naked bodies, vntill they be al 
shining from the foote to the head, & in this sort they sit 
drinking by twenties and hundreds & continue in drunk-
enness somtimes sixe or seven daies togither; the same is 
also confirmed by a letter written into Spaine which was 
intercepted, which master Robert Dudley told me he had 
seen. Vpon this sight, and for the abundance of gold he 
saw in the citie, the Images of gold in their Temples, the 
plates armors, and shields of gold which they vse in the 
wars, he called it El Dorado.“
 Elsewhere he writes about this town of Manoa or El 

Fig. 7-57. Lake Parima on the map of Hessel Gerritsz (1624).
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Fig. 7-58. Blauwe Berg, Berg en Dal in 1880.

collected samples of rocks, gravel, sands and earth in bags, 
all of which unfortunately were lost in a boat accident. 
He was followed in 1767 by the geographer Mentelle, and 
in 1787 by the naturalist Leblond, who noted that granites 
are widespread in the area but that limestone and coal are 
absent: he clearly had better eyes than Schomburgk! He also 
hinted, already in 1814, at the possible occurrence of gold in 
the (metabasic) schist areas. The well-known geographers 
J. Crevaux and H. Coudreau travelled up the Marowijne in 
1876 and in 1887, respectively, but by then we are already 
approaching another era.
 While exploration of the Coppename River had to wait until 
the 20th century, the Suriname River became the focus of 
Dutch expeditions in the 19th century. In 1853-1855 a German 
commission consisting of the geologist Dr Franz Voltz, a Mr. 
Tyndall and a Mr. H. Schunk travelled up the Suriname River, 
(as well as the Nickerie River further west, which reaches the 
sea through the wide Corantijn mouth) in order to look for 
suitable settlements for colonists from the recently unified 
German Federation. Voltz seems to have made accurate 
observations, but he died from tropical fever shortly after his 
return to Paramaribo. His diaries and maps were given for 
publication to H. Schunk, but the Leiden geology professor 
K. Martin searched in vain for them in the 1880s, only to 
discover that Schunk had died long before ‘in der Moldau’. 
In his 1888 book Martin makes a passionate call for more 
information about these documents, a call nobody since 
then apparently either could or has cared to respond to. In 
his 1931 thesis Robert IJzerman describes some of the Voltz 
samples, but many of them are of unknown provenance. 
Martin’s own short geological expedition along the Suriname 
River in 1884 yielded a wealth of data, in which he included 
Voltz’ observations from the letters he wrote to the Dutch 
geologist W.C.H. Staring. These were published by the latter 
in the Algemeene Konst- en Letterbode of 1854 – all that 
is left of Voltz’s written legacy. From his travel account, we 
see Professor Martin standing on top of the 85-metre high 
Blauwe Berg (fig. 7-58), Sanders’s gold mine, the only place 
in the interior where he could oversee the landscape, ac-
curately measuring azimuths to the surrounding mountain 
tops, but apparently frustrated because he could not connect 
his geological observations with those of Barrington Brown 
and Crevaux along the other rivers.  
 The next person we see standing on the Blauwe Berg is the 
mining engineer G.C. Du Bois in the late 1890s – a mining 
engineer, yes, because in the meantime we have entered the 
time that the elusive dream of El Dorado seemed unexpect-
edly to come true. He travelled up both the Suriname and 
Marowijne Rivers, and his 1901 geological map of NE Suri-
name was the first one that attempted to fill in some of the 
empty spaces between the red- and green-coloured strips 
along the rivers. 

7.3.3  The gold rush (1874-1912)

The fact that mineable quantities of gold were eventually 
found originated after all from geological observations. Rob-
ert Schomburgk noted in 1845 that “the geological features in 
some districts render it most probable that gold is present”. 
Along the Sipariwini Creek, a tributary of the Marowijne 
River, Voltz found similar rocks to those in the rich goldfields 
in Maranham in Brazil. The geologists D.R. De Vletter and 
A.L. Hakstege, authors of a comprehensive review of the gold 
exploration in Suriname in the major work The history of 

exploration proved fruitless. The British Guianese fore-
man MacNack had worked in the diamond fields of British 
Guiana before, and it has been suggested that these two 
diamonds, perhaps accidentally dropped, yielded him at 
least a two-year job.
But the opposite -the truth not being recognised when it 
presented itself- also occurred. In 1720 Salomon Herman 
Sanders travelled upstream on the Corantijn, on behalf of 
Governor Contier, to verify rumours by traders that gold 
had been found in the headwaters of that river – possibly 
also referring to the Parima legend. Sanders knew what 
gold was: he had been director of the first gold mines in 
Suriname at Parnassus Berg (Blauwe Berg), a prominent 
laterite-capped dolerite hill near a sharp bend in the 
Suriname River. He travelled for three years along the river, 
produced a magnificent map with the aid of his compass, 
and gave accurate descriptions of the rocks along his trip. 
When he returned in Paramaribo, however,  Governor 
Contier had just died, and his successor thought Sanders 
was an impostor, and said his map and travel account were 
pure fantasy – possibly because after all he hadn’t brought 
any gold or silver from upstream. Right up to the present 
day, however, nobody has found any gold in that drainage 
basin. Sanders was put in jail for three years, and his name 
was only rehabilitated after more than two centuries, too 
late for comfort. Perhaps he should have applied MacNack’s 
trick. 

7.3.2  Explorers and dawning scientific interest 
(1750–1850)

Each of the four rivers has had its own travellers. After 
Sanders, Robert Schomburgk travelled along the Corantijn, 
the border river with (British) Guiana, in 1836 and 1843, and 
Charles Barrington Brown did so in 1871. Both were commis-
sioned by the British government, both had an open eye for 
geology and both collected numerous rock samples. 
The Marowijne River, bordering French Guiana, was 
explored several times in the 18th and 19th centuries by the 
French. In 1731 a certain sargeant La Haye was sent to the 
interior by the French government to locate Lake Parima. 
After crossing important watersheds he returned via the 
Marowijne River, disillusioned that he hadn’t found the 
lake. In 1766 the botanist Patris made a similar trip, and 
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continues up to the present day. De Vletter and Hakstege 
(1998), both of whom worked extensively on gold deposits 
in Suriname, give an excellent summary of the prevailing 
theories, from which much of the detail in this chapter has 
been taken. 

7.3.4  The mapping rush (1876-1926)

Partly overlapping in time with the gold rush in the eastern 
part of the country, eight scientific expeditions to the 
unexplored interior of the country were organised under the 
auspices of the KNAG (Royal Netherlands Geographic Society) 
along the rivers Upper Nickerie (1897), Coppename (1901), 
Saramacca (1902), Gonini (1903), Tapanahony (1904), to the 
Toemoek Hoemak Mountains at the border with Brazil (1907) 
and to the Suriname (1908) and Corantijn (1910) rivers. The 
expeditions greatly increased knowledge of the topography, 
flora, fauna, and indigenous ethnic groups in the interior, 
as can be read in the reviews by Aleva and Krook (1998) and 
Wentholt (2003). It is surprising that, in spite of the success 
of gold exploration in eastern Suriname, no geologists took 
part in these expeditions. Fortunately, rock samples were 
indeed collected, and after the return of the travellers some 
of them were passed to Dutch geologists who, without any 
knowledge of the outcrop conditions, made petrographic 
descriptions.
 After many years of inactivity, a new expedition was 
organised to the inaccessible Wilhelmina Mountains in 1926, 
at 1280 m elevation the highest massif in the country, and 
the source area for all major rivers between the Corantijn 
and Marowijne. The President of the KNAG, J.W. Ijzerman, 
arranged for his son, the mining engineer Robert IJzerman, 
to participate in this trip. In the resulting 1931 PhD thesis 
Outline of the geology and petrology of Surinam (Dutch 
Guiana), Robert IJzerman not only put his own field obser-
vations and petrographic descriptions in a broader geological 
framework, but he also painstakingly studied all samples 
collected during over twenty previous expeditions, including 
several thousands of thin sections.
It was the first comprehensive geological description that 
correlated rock units between the major rivers, and re-
mained the standard reference on the geology of Suriname 
for over forty years. Many of his concepts, such as the fact 
that all granites in the interior belong to a single province, 
survive until the present day, although, as the Delft geology 
professor J.A. Grutterink writes in a review in 1933: “the 
author wisely refrained from giving theoretical speculations 
about the geological history”. IJzerman moreover provided 
the first description of the geology of the remote Tafelberg, 
discovered during their 1926 expedition. On this impressive 
plateau Precambrian Roraima sandstones with intercalations 
of volcanic ash are exposed. He deliberately did not pay 
attention to the potential for gold, as previous authors had 
not agreed on the subject and he had no new field data 
from that area. Still two separate worlds! The final words of 
his thesis stressed the value of the rock specimens from the 
older expeditions, even though they had been collected by 
non-geologists, and he urged further geological reconnais-
sance during the border expeditions with Brazil planned 
for the years thereafter. The 1935-1938 border expeditions 
headed by C.C. Käyser and A.J.H. Van Lynden did not follow 
his advice, however. In a paper published in 1939, IJzerman 
advocated the use of aerial photographs in support of the 
study of the interior. In 1971, two years before his death, he 

earth sciences in Suriname (Wong et al., 1998) revisited the 
site in the 1980’s and confirmed Voltz’s observations. In the 
late 1850’s the Englishman I. Rozenberg was struck by the 
resemblance of the Upper Suriname rocks, including those 
at Berg en Dal (Blauwe Berg), to those in Australian gold 
fields with which he was familiar – all areas which indeed 
later were to become major gold provinces in Suriname (fig. 
7-59).
In spite of the above, the real gold rush only started in 
1874 after the discovery of gold in neighbouring French 
Guiana. Large discoveries were made in the Sara Creek area 
(Suriname River), Mindrineti area (Saramacca) and in the 
Lawa area (Upper Marowijne basin). Initially only gold 
placers were mined using modest techniques, but from 1896 
onwards mechanised exploitation started, usually with 
more ambition than was justified by the results. A railroad 
was built to the major gold fields in 1901, but this only 
operated until 1912, as gold production started to collapse 
dramatically after 1908. The Dutch mining engineer C.J. Van 
Loon reviewed many concessions in 1903, only to conclude 
that there was insufficient detailed geological knowledge 
to justify large investments. At several mines he asked for 
maps or sketches of the mining areas, but the gold miners 
said that they had no need for them. Their overambi-
tious dredges and mills are now interesting monuments of 
industrial archaeology, reclaimed by the rainforest. At the 
same time several geologists, including Dubois (1901), Van 
Loon himself (1904) and Middelberg (1908) became aware 
of the complexity of the relationships between primary gold 
in greenstone belt metavolcanics and granitoid intrusions, 
and gold concentrations in quartz veins, lateritic weathering 
and alluvial deposits.The miners themselves apparently paid 
little attention to these developments in geological think-
ing and this uneasy marriage between greed and science 

Fig. 7-59. An old adit at Blauwe Berg, Berg en Dal (1975), still 
visited occasionally by porknockers. (Surinamese slang for gold-
prospector).
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Fig. 7-61. Geological map of Suriname, simplified from the 1977 1:500,000 scale version. It shows 
the greenstone belt (greenish shades) in the northeast, high-grade belts in the southwest and 
northwest (turquoise and dark blue), and a large granitoid volcanic complex (yellowish) cut by 
dolerite dykes (green). The coastal plain shows Pliocene (orange), Pleistocene (bright yellow) and 
Holocene deposits (pale yellow). 

Fig. 7-60. The Afobaka storage lake.

was an opponent at the PhD promotion of Jan Verhofstad, 
who defended his thesis on the geology of the Wilhelmina 
Mountains, the same that IJzerman had also studied several 
decades earlier. 

7.3.5  Bauxite in the coastal lowlands

The mining engineer G.C. du Bois, an excellent observer, is 
not only known for his description of the gold fields, but 
also as the discoverer of bauxite in Suriname, the country’s 
main mineral asset for many years. In 1898 and 1899 he 
collected lateritic road material from a hill at Rac à Rac, had 
it analysed chemically and recognised it as bauxite. Laterite-
capped hills had already been noted earlier on the coastal 
plain, even by Stedman in 1774, and later by Martin, but Du 
Bois was the first to discover the true aluminous nature of 
this deposit. Until then, the coastal plain, consisting of Late 
Tertiary, Pleistocene and Holocene fluvial and coastal sedi-
ments, was largely of agricultural interest to the colonizing 
powers, and few geologists paid attention to it. 
The American aluminium company Alcoa soon realised the 
importance of the bauxite find and  started a subsidiary, 
Surinaamse Bauxiet Maatschappij (SBM) in 1916. It opened 
up mines in Accaribo in 1917 and on the large Moengo 
deposit in 1925, which proved to be their main profit centre 
until its exhaustion in 2010. In 1939 the tin and bauxite 
company Billiton discovered new bauxite deposits near On-
verdacht of a similar type to those at Moengo and Rac à Rac, 
but covered towards the north with an increasingly thick 
layer of overburden. During the Second World War, Suri-
name was one of the most important bauxite producers in 
the world. In 1958 Suralco, the successor company of SBM, 
agreed with the Surinam government to build an aluminum 
smelter at Paranam and a dam across the Suriname River 
near Afobaka to produce the necessary hydroelectric power. 
The dam was finished in 1965, and the storage lake (fig. 
7-60) drowned a surface area of 10,000 km2, including part 
of the gold fields exploited at the early part of the century, 
a clear illustration of the changed priorities in the economy 
of the country. By 2010 the reserves of coastal plain bauxite 
in Suriname had been exhausted, and the country started 
to import bauxite from Brazil to feed its alumina plant at 
Paranam. The history of bauxite exploration and produc-
tion is described in great detail by Aleva and Wong (1998), 
the former a lifelong bauxite specialist at Billiton, the latter 
having worked nearly five years as a mining geologist with 
Suralco.  

7.3.6  The Geological and Mining Service 
(1943-present)

The need for a systematic survey of the interior had been felt 
since the early days, and eventually led to the establish-
ment of the Mining Section in 1943, later transformed into 
the Geological and Mining Service (Geologisch Mijnbouw-
kundige Dienst, GMD) in 1949, under the leadership of the 
mining engineer H. Schols. Now for the first time mapping 
and exploration, science and greed were united under 
a single roof. A good first-hand history of the institute is 
given by Rob De Vletter (1998), not only one of its foremost 
geologists, who worked at GMD both in the 1950s and in the 
1980s, but also Schols’ son-in-law.
From the beginning GMD grew rapidly both in budget and 
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In 1977 a synthesis geological map of 1:500,000 was pub-
lished in two sheets by GMD, based on all data collected 
by the Survey since 1943, under the leadership of Wim 
Bosma and Henk Dahlberg (fig. 7-61). This remains the 
official geological map of Suriname. It is based on the study 
of 160,000 rock samples collected in the interior, i.e. one 
sample per km2, an unprecedented density in the Amazo-
nian rainforest. A comprehensive description of all units 
and a synthesis of the geology remained unpublished, 
however, until 1984, when it appeared in a special volume 
of the main GMD publication vehicle, Mededelingen van de 
Geologisch Mijnbouwkundige Dienst van Suriname, edited 
again by Rob De Vletter. 
On the other hand, in hindsight, too little attention was 
still given to aerial photographs and satellite imagery 
available at that time, in drawing the boundaries between 
the 47 rock units on the map. Also, as structural informa-
tion was sparse, it was essentially a petrologists’ and 
geochronologists’ map. A geotectonic reconstruction of 
the geological history was never made, apart from in an 
unpublished manuscript by Klaas Maas. 
The increased exploration of the interior led to the discov-
ery of numerous mineral deposits, the most important of 
which were the bauxite deposits in the Bakhuis Mountains, 
as yet unmined, in spite of the fact that a railroad was 
constructed from the deposit to the Corantijn in the 1970’s 
(fig. 7-62). Furthermore numerous smaller deposits of 
pegmatite minerals, copper, iron, manganese, nickel and 
chromium were found, which, apart from an early Billiton 
amblygonite mine, were never taken into production. Next 
to gold and oil, the Bakhuis bauxite is still the most impor-
tant mineral asset for the future of Suriname. Negotiations 
in 2009 with BHPBilliton, the worldwide Anglo-Australian 
operator, which ‘inherited’ the Billiton company, to start 
mining now that coastal bauxite is exhausted, have nev-
ertheless stranded. After the publication of the geological 
map and explanatory notes, activities at GMD became 
largely restricted to local exploration and mine inspection.

7.3.7  Recent developments: oil and – gold 
again

Oil had been struck for the first time in 1965, during the 
drilling of a water borehole by GMD on the coastal plain 
at Calcutta. Earlier exploration both onshore and offshore 
had been unsuccessful. After 1965 several concessions 
were granted, seismic surveys were carried out, mostly 

in personnel. At its zenith in the 1970s it employed over 500 
people and had a budget of over 4 million Surinam guilders 
(at that time over 2.2 million US dollars). This growth was 
facilitated by successive special programmes designed to 
open up the interior of the country and to make a detailed 
geological map and a thorough inventory of mineral 
resources. The most famous of these plans was ‘Operation 
Grasshopper’, started in 1958, and designed by a fortuitous 
combination of an active deputy director of the GMD, Guus 
Doeve, and a visionary Minister of Natural Resources, Frank 
Essed. Many laterite airstrips were constructed in all corners 
of the interior, to serve as starting points for geological 
reconnaissance along rivers and minor creeks, as well as 
along compass lines cut through the rainforest away from 
the river camps. 
In the meantime, IJzerman’s dream had come true, aerial 
photographs were available for almost the whole of the 
interior, aeromagnetic and electromagnetic surveys had 
been flown, and a wealth of cartographic and geophysical 
information had become available - indispensable back-
ground information for mapping and exploration. From 
the late 1960’s onwards, radiometric age data obtained by 
Harry Priem and his staff at the ZWO Laboratory for Isotope 
Geology in Amsterdam (see 4.2.5 and 4.2.6) started to form 
the framework for the chronostratigraphy of the country.
The earliest geological map sheets on scale 1:100,000 from 
the more accessible northeastern part of the country had 
already appeared between 1954 and 1958, but as a result 
of Operation Grasshopper new maps started to appear, 
compiled by a greatly enlarged staff of geologists and geo-
physicists. The culmination of this was the first 1:1,000,000 
synthesis geological map of the country, based partly on 
fieldwork and partly on aerial photograph interpretation; it 
was published in 1966.
A lamentable row between field geologists, photogeolo-
gists and petrologists in the staff, each boasting of their 
own superiority, temporarily led to a split in the GMD in 
1963. The petrologists went their own way under the name 
Petrologisch Mineralogisch Ertskundig Instituut (PEMI), and 
as a result field geologists were not allowed to study their 
thin sections, while petrologists had no idea of the field 
relations of the rocks they saw under the microscope. Here 
we see a repeat of the lack of integration that characterised 
the expeditions at the turn of the century. This detracted to 
some extent from the quality of the maps and reports that 
were published during the time but, fortunately, the GMD 
was reunited again in a later stage, though the dichotomies 
were still visible in the focus of later research. 

Fig. 7-62. Construction of the Bakhuis railroad through weath-
ered and fresh granulites, 1977.

Fig. 7-63. Drilling for oil by Staatsolie in the coastal swamps near 
Weg naar Zee.

7 / Dutch Earth SciEntiStS ovErSEaS 267



7.4  The Netherlands Antilles -  
Volcanoes and coral reefs

The Dutch established themselves in the Caribbean in the 
1630’s. Their presence on the islands was consolidated by the 
Chartered West India Company (Geoctroyeerde Westindische 
Compagny, GWC), but geoscientific activity in the Nether-
lands Antilles has been modest compared with that in the 
Dutch East Indies and even Suriname. Firstly there are only 
six islands of limited size and secondly, natural resources, a 
main engine for exploration in the East, were found to be of 
less economic importance in the West.
Each of the six islands has a distinctive geological setting, 
and at present, distinct political relationship with the Dutch 
motherland (fig. 7-64). For instance, Saba, one of the three 
Leeward Islands, forms a perfect dormant volcanic cone 
and is these days also a Dutch municipality. This gives it 
the distinction of being the only municipal volcano of the 
otherwise flat Low Countries! 

7.4.1  Aruba, Bonaire and Curaçao, the  
Windward Islands
Gerard klaver

Interest in the geology of the Netherlands Antilles was 
awakened in 1824 after the discovery of gold on Aruba. To 
follow up this find, the Dutch government commissioned in 
1827 Oberbergrath C.B.R. Stifft from Nassau to investigate the 
geology and mineralogy of the three Windward Islands. In 
the same year, Stifft laid down his findings in three reports. 

offshore, and a number of wells were drilled by Shell, 
ELF and others, without success. In 1980 the visionary 
GMD geologist Eddy Jharap started exploration for oil 
in the coastal plain and founded the Staatsolie Maat-
schappij Suriname (State Oil Company Suriname), wholly 
owned by the government, but initially supported by 
Gulf for technical and financial assistance. Economic 
quantities of oil were found at a depth of around 300 m 
near Tambaredjo (fig. 7-63). This formed the start of a 
very successful wholly Surinamese-run industry, which 
now employs over 600 people, has its own refinery, 
supplies oil to the bauxite industry and exports through 
the whole Caribbean area. The oil has accumulated in 
Palaeocene fluvial and shallow-marine sands. Recently, 
exploration concessions have been awarded to various 
foreign companies (amongst others Repsol and Maersk), 
but so far no discoveries have been made. A survey of 
the history of hydrocarbon exploration and production is 
given by Wong (1998).
After a long period of inactivity gold has also become 
commercially interesting again. GMD had increased its 
exploration activities from the 1970’s onward and several 
foreign consultants and companies have explored both 
the Lawa area in the southeastern part of the greenstone 
belt and the Gros-Rosebel area immediately north of 
the Afobaka reservoir lake, in the same area west of the 
Blauwe Berg already studied by Van Loon in 1903. In the 
latter area a large open-pit mine was opened by the 
Canadian companies Golden Star and Cambior, who later 
merged into the Iamgold Company. In 2009 it produced 
some 11,500 kg  of gold.

ing activities, influencing the 
local socio-economic environ-
ment.

A goldrush on Aruba
In 1824 alluvial gold was dis-
covered on Aruba and caused a 
gold rush by the local people. By 
1839 this alluvial gold had been 
depleted and attention shifted 
to the primary ore in the quartz 
veins of the northern moun-
tain range. From 1831 onwards 
uncontrolled gold harvesting 
was replaced by various conces-
sionary systems implemented 
by the government, which 
included personal month or 
year permits, tributor systems 
and exclusive concessions, some-
times in combination. Mining 
methods varied considerably: 
from simple hand-picking in 
the early days to sub-surface 
tunnelling, steam engine driven 
crushers and sophisticated re-
fining plants as at Bushiribana 
and Balashi. At its peak, mining 
provided work for hundreds of 
labourers. The recorded maxi-
mum was 625 workmen in 1901, 
representing about 6% of the 

total island population at the 
time. Economic results were, 
however, erratic and profits 
often fell behind expectations. 
Ultimately World War I brought 
a permanent cessation of gold 
mining on Aruba. 
According to official sources the 
total amount of precious metal 
exported was about 1.600 kg of 
gold and 215 kg of silver, for a 
total value at the time equalling 
about 2.6 million guilders (now 
about 1.3 million euros, not 

taking into account inflation). 
Because of probable smuggling 
and lack of (reliable) data dur-
ing certain episodes, the true 
figures must have been higher.

Phosphate mining, once a 
booming industry on Curaçao
In 1873 phosphate deposits were 
discovered by Cornelis Gorsira 
on the southern slope of the Ta-
ble Mountain at Santa Barbara 
plantation in the southeast of 
the island. A year later Gorsira 

history of Gold and PhosPhate mininG on the southern netherlands antilles (1824 - the Present day)
Pieter stienstra

Ruins of the Bushiribana goldmill, Aruba.Cornelis Gorsira

During the second half of the 
19th and all of the 20th century 
phosphate, and to a lesser ex-
tent gold, contributed signifi-
cantly to the economies of the 
southern Netherlands Antilles. 
Mining royalties and duties on 
mineral exports supplied most 
of the government income. Im-
migration and, later, emigra-
tion of significant numbers of 
labourers followed the onset 
and abandonment, respectively, 
of the often discontinuous min-
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Although these were never printed, the contents have been 
incorporated in several publications, and are sometimes 
misquoted. 
A following phase of geological investigation began in 1884 
with the Nederlandsche West-Indische Wetenschappelijke 
Expeditie 1884-1885, led by two professors from Leiden, the 
botanist Willem Suringar and the German-born geologist 
Karl Martin. In spite of the limited time available (32 days), 
Martin delivered an excellent overview of the geology of the 
three Windward Islands.
A further contribution to the geological knowledge came 

from Gustaaf Molengraaff, director of the bureau of mines 
and of public works on Curaçao (1921–1927), who completed 
his work with a doctoral thesis: Geologie en hydrogeologie 
van het eiland Curaçao.
The 1930s saw a considerable increase in knowledge, thanks 
to the initiative of the Utrecht professor Louis Rutten who, 
with a number of his students, undertook the detailed 
mapping of the three islands.The Molengraaff map of Cura-
çao was revised and improved, and much palaeontological 
material was collected at the localities of Seroe dei Cueba 
and Seroe Teintje. In addition, Aruba and Bonaire were 

established a mining venture 
with an English engineer and 
prospector, John Godden. After 
obtaining the necessary mining 
rights and permits, Godden 
established a mining village 
and private port with wooden 
jetty at Fuik Bay. Ramps and 
railway tracks to a total length 
of about 2 km were laid from 
the port to the excavations on 
the 100 m high terrace. Soon 
operations were booming. 
Each day up to 300 labourers 

were hired to work the open 
pits where large quantities of 
good-grade ore could be mined. 
This ore was a mixture of rub-
ble phosphorite and oolitic 
phosarenite deposited on the 
strongly karstified terrace 
of partly dolomitised and/or 
phosphatised limestone. Several 
long periods of suspension of 
operations occurred due to legal 
disputes on taxation, ownership 
and royalties to be paid to busi-
ness partners but mining of this 

type of phosphate ore continued 
until the late 1950s, when the 
reserves became exhausted. By 
that time exploration drilling 
on northern higher parts of 
Table Mountain had indicated 
that reserves of phosphatised 
limestone lay embedded within 
clean limestone more or less 
at the same elevation as the 
depleted terrace deposits. These 
were subsequently mined until 
1979. Between 1969 and 1979 the 
government supported these 
unprofitable mining operations 
in order to prevent sudden clo-
sure and the loss of jobs crucial 
to the local economy. After 
1979 mining of phosphate ore 
was, however, limited to small 
scale exploitation of some of 
the richest ore-pockets exposed 
in the remaining quarry faces. 
Nowadays the mining company, 
as a subsidiary of a local build-
ing company, is mainly involved 
in selling crushed limestone.
 The amount of Curaçao phos-
phate rock exported between 
1875 and 1985 totals about 5.5 
million tonnes at an estimated 
market value of about 280 mil-

lion guilders (now about 127 
million euros, not taking into 
account inflation).
Phosphate was also mined on 
Klein Curaçao and on Aruba. 
On Klein Curaçao John Godden 
had already in 1874 discovered 
sub-recent guano deposits, 
which were exploited by several 
concession holders up until 1913. 
On Aruba phosphate deposits 
were mentioned as early as 1859, 
but it was not until 1874 that 
they were (re)discovered by 
J.H. Waters Gravenhorst in the 
area around Ceru Colorado and 
Ceru Culebra at the southeast-
ernmost tip of the island. With 
ups and downs phosphate was 
mined here above and below 
surface until the outbreak of 
World War I.
The quantities produced on 
these two islands remained only 
a fraction of the total produc-
tion from Curaçao.

Fig. 7-65. Three uplifted terraces near San Pedro, NE Curacao.Fig. 7-64. The six islands of the Netherlands Antilles. 

Mining operations, Tafelberg Curaçao, 1978: rubble, phosphate being mined on 
the terrace of dolomitic limestone pinnacles.
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mant, morphologically pristine volcanoes and older volcanic 
edifices with their deposits (fig. 7-66). St Martin belongs 
to the ‘Limestone Caribbees’, the eroded and reef covered 
remnants of an extinct early to mid Tertiary volcanic arc.
In the 19th century and first half of the 20th century geoscien-
tific interest in the Leeward Islands was limited, other areas 
of the Dutch overseas territories receiving  greater research 
focus. A study of the geology of the islands was carried out 
by, and under leadership of, Dutch earth science pioneer 
Gustaaf Molengraaff (1886, 1931), but in this period most 
geological studies on the islands were carried out by scien-
tists from other countries – most notably France, Germany, 
and the United States of America.
Following World War II geological research in the Leeward 
Islands increased, stimulated by the establishment of the 
Foundation for Scientific Research in Surinam and the Neth-
erlands Antilles (Natuurwetenschappelijke Studiekring voor 
Suriname en de Nederlandse Antillen) and the Scientific 
Workgroup for the Netherlands Antilles (Natuurwetenschap-
pelijke Werkgroep Nederlandse Antillen). Important among 
the studies funded by these and other entities were those 
by Jan Hugo Westermann (1949, 1957, 1961), which describe 
the geology of the islands and provided an evaluation of 
their natural resource potential.
Since 1950, government has funded research in the Leeward 
Islands, through the Dutch Science Foundation (Nederlandse 
Organisatie voor Wetenschappelijk Onderzoek, NWO), but 
also through the Dutch Geological Survey (Nederlandse 
Geologische Dienst), which in the 1990s commissioned two 
foreign experts (John Roobol and Alan Smith) to report on 
the volcanic hazards of Statia and Saba (1997). Following 
their report, the Geological Survey recommended continu-
ous monitoring of the volcanoes on both islands. Their final 
report was published in 2004.

7.5  After World War II - Looking  
for greener pastures

As mentioned in the introduction of this chapter, hundreds 
of Dutch earth scientists found their way to employment 
world-wide. This was especially so after World War II when 
the Dutch colonial empire started to crumble. Geologists 
and mining engineers went to work for geological surveys 
and mining operations in Canada, central and South Africa, 
Latin America or Australia or took teaching jobs at some 
of the world’s universities. For a variety of reasons some 
areas gained particular popularity among job seekers. Two 
of those ‘hubs’ of Dutch involvement are briefly described 
below.

   
7.5.1  Estaño - Delft mining engineers in  
the Bolivian Andes 
Willem matthieu

Already in the 1920s and the 1930s a number of graduates 
of the Delft school of mining engineering were working 
in tin and copper mining operations in the Andes. One of 
them was Hendrik Grondijs, who after World War II became 
a charismatic professor in ore geology at the Delft Technical 
University. Hans De Wijs worked from 1935 to 1941 for the 
Companía de Oruro and after Word War II played a leading 
role in the design of statistical models of ore distribution. 
During World War II teaching virtually ceased at the Delft 

investigated and mapped, resulting in a large number of 
publications by Hendrik Mac Gillavry, Petrus Pijpers, Martin 
Rutten, Louis Vermunt and Jan Westermann. The latter 
published in 1949 a detailed overview of the available geo-
logical knowledge of the three islands. With the knowledge 
of the time, and in particular the lack of dating of the volca-
nic cores of the islands and the Caribbean seafloor, it was 
not yet possible, however, to place the islands in a wider 
palaeogeographical context.
From 1960 onwards students of the University of Amsterdam 
under the leadership of Mac Gillavry gathered additional 
data, including a first step towards a better insight into the 
absolute ages of the volcanic cores of the islands, which was 
given in the thesis of Dirk J. Beets (1972).
In 1977 the University of Amsterdam organised the 8th 
Caribbean Geological Congress to mark the 70th birthday of 
Professor Mac Gillavry. During preparation of the geological 
excursions for this meeting Beets identified picritic basalts 
on Curaçao. His plate-tectonic reconstruction of the south-
ern Caribbean presented in 1984 included new geochemical 
data and additional age determinations from the volcanic 
cores and stimulated a number of related articles, particu-
larly from the University of Leicester. Current plate-tectonic 
reconstructions of the Caribbean rely to some extent on 
geological and petrological observations from the volcanic 
cores of the Dutch Windward Islands.
Another important contribution was the detailed map-
ping of the Neogene and Pleistocene limestones by Paul 
H. De Buisonjé (1974): Neogene and Quaternary geology 
of Aruba, Curaçao and Bonaire (Netherlands Antilles). His 
mapping and dating of the limestone terraces (fig. 7-65) 
was followed by a series of publications, in which study of  
the sedimentation history and geochemistry of these reef 
limestones was emphasised.

 
7.4.2  Saba, St. Eustatius, and St. Maarten,  
the Leeward Islands 
matthiJs van soest

The three Leeward Islands (Bovenwindse Eilanden) of 
the Netherlands Antilles, Saba, Statia (St. Eustatius), and 
St. Martin (St. Maarten) are located in the northeastern 
Caribbean and form the northern termination of the Lesser 
Antilles subduction zone. Saba and Statia form part of the 
active volcanic arc and are dominated by active, but dor-

Fig. 7-66. The island of Saba, Netherlands Antilles. Presently a municipality of The Netherlands, 
and as such the only municipal volcano of the Low Countries.
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At this stage many of the young Delft engineers had to 
look for other jobs and they migrated to Chile, Peru and 
Canada. A number continued for a few more years in the 
smaller, still private mines, like Chojlla, before moving on 
to jobs back in the homeland or elsewhere, some in the 
oil industry. By 1955 the curtain effectively fell on several 
decades of Delft involvement in the Bolivian mining in-
dustry, although a few diehards stayed behind, the most 
prominent being Goosen Broersma, who became general 
manager of Comibol, a position he held from 1956 to 1962. 
This Delft mining engineer, of Frisian stock, arrived in 1936 
in Bolivia. Upon leaving Comibol in 1962, he founded his 
own private mining company, Grupo Minero Cerro Grande, 
and with his Bolivian wife and family he remained in 
Bolivia until his death.

7.5.2  Zambia - the warm heart of Africa
JaaP deelder

The British South Africa Company
In 1888, in exchange for 1000 Martini-Henri rifles with 
ammunition, the king of the Ndebele, Lobengula, gave 
Cecil B. Rhodes the right to exploit minerals in Masho-
naland, the northern part of what is now Zimbabwe. In 
1890 Rhodes reached a similar deal with Lewanika, king 
of the Barotse (Lozi) for most of what is now Zambia, with 
the exception of a ‘reserved area’ within the kingdom of 
the Lozi itself, where no white prospectors were allowed. 
On the strength of these ‘concessions’ and some vague 
agreements with lesser local chiefs, Queen Victoria issued 
a Royal Charter, giving Rhodes’ British South Africa Com-
pany (BSAC) the ‘exclusive, absolute and perpetual’ rights 
over much of central and southern Africa. The ‘Chartered 
Company’ had to govern this British Central Africa Protec-
torate administratively.
In 1924 the British Colonial Office took over the administra-
tion of the protectorate, then divided in Southern Rho-
desia (now Zimbabwe), Northern Rhodesia (Zambia) and 
Nyasaland (Malawi), but the BSAC retained the mining 
rights and continued to receive royalties over all minerals 
produced. At independence in 1964 Zambia took over the 
mining rights for its own territory and paid the BSAC four 
million pounds sterling in compensation.

institute, but by the second half of 1945 most mining 
students returned to Delft, eager to make up for the lost 
time and to start working. Together with representatives of 
Dutch industry Grondijs developed a condensed graduate 
mining engineering curriculum that enabled the wartime 
students to graduate without delay. Grondijs also renewed 
his acquaintance with a Delft mining engineer, Pieter 
Hendrik Zijderveld, who had been General Manager of the 
Bolivian International Mining Company in Oruro, the centre 
of the Bolivian mining industry. In those post-war years 
he filled a Dutch diplomatic post in La Paz and maintained 
numerous contacts with the local mining industry.
Many of the newly graduated mining engineers were 
keen to escape the dreariness and austerity of war-torn 
Europe. So when Grondijs and Zijderveld were able to offer 
adventurous jobs in the New World there was no shortage 
of willing recruits. Thus, between 1949 and 1951 about a 
dozen keen young Delft engineers, often accompanied by 
their wives, set out to start their careers in Bolivia.
They were assigned to a variety of operations, generally 
producing tin and mostly located at mines situated well 
above 4000 m (fig. 7-67), with the highest, La Fabulosa, 
at 4800 m and only reachable via a glacier! One of the 
smaller mines, Chojlla, located at ‘only’ 2200 m on the 
eastern slopes of the Andes was a major producer of tung-
sten, a strategic material during the Korean War. 
Life for these Dutch families was restricted and at times 
tough. Supplies had to be brought in along mountain 
tracks, which were often cut by landslides. Telecommuni-
cations were limited to a telephone at the mine compound 
and radio contact with the main offices, usually in La Paz. 
Communications with the outside world were restricted 
to mail, which arrived only after long delays and very 
irregularly. Medical facilities were virtually non-existent at 
most mines and access to better facilities depended on the 
state of the roads.
Politically, Bolivia was an extremely unstable country, 
where governments were  replaced in quick succession. 
Ownership of the mining industry in the early 1950s was in 
private hands: wealthy Bolivians like Patiño and Aramayo 
and US multinationals controlled the operations. After a 
regime change in 1952 the major mines were expropriated 
and nationalized. These assets then came in the hands of 
the communist syndicate dominated Comibol (Companía 
Minera Boliviana, fig. 7-68).

Fig. 7-67. Siglo XX mining installations, above 4400 m. Fig. 7-68. “Revolutionary geology”.
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Zambia independent
In 1964 Zambia became independent with the charismatic 
Kenneth David Kaunda as president and with a constitu-
tion and a parliamentary democracy on the British model. 
Although 73 different local languages are spoken in the 
country, English was adopted as the official language.
The state acquired in 1970 51% of the shares in the mining 
industry. Management continued to be carried out by AAC 
and RST, with two working companies, Nchanga Consoli-
dated Copper Mines Ltd (NCCM) and Roan Consolidated Mines 
Ltd (RCM). In 1972 the parliamentary democracy was replaced 
by a ‘one-party participatory democracy’. In 1981 NCCM and 
RCM merged into Zambia Consolidated Copper Mines Ltd 
(ZCCM), 60.3 % state-owned.
In 1964 7800 whites and 41,000 black Africans were em-
ployed in the mining industry. Many of the black Africans 
were not Zambian, but ‘aliens’ from neighbouring coun-
tries. After 1969 these ‘aliens’ were no longer eligible for 
promotion. This ruling upset the training programmes in the 
industry and relations at work. 
 White settlers in Southern Rhodesia had unilaterally de-
clared themselves independent, which led to years of tragic 
civil war and a closure of the border between ‘Rhodesia’ 
and Zambia, until Rhodesia became independent Zimbabwe 
(1980). The border closure caused much economic hardship 
to Zambia.

Dutch geologists and mining engineers on the 
Copperbelt
In the 1960s and 1970s life on the Copperbelt was ideal for 
Europeans. The climate was wonderful. They were allocated 
spacious, comfortable houses with large gardens and had 
devoted household personnel. There was an active social 
life: clubs, sports and amateur theatre. Health services were 
excellent and there were good primary schools. At the Kitana 
Mine Trust School, that proudly called itself ‘the school of 
many colours’, there were some Asian and a few black Zam-
bian children, but the white children were far in the majority 
and completely set the tone. But in the morning, before 
classes, they all smartly stood to attention when the flag was 
hoisted and sang the national anthem together 
In the neighbouring countries (Mozambique, Zimbabwe, An-
gola, Congo) terrible wars raged, but Zambia has always been 
peaceful and there have never been real racial tensions.

The Zambian Copperbelt
In Katanga, north of the watershed between what is now 
Zambia and Congo, high-grade copper ores occur close to 
the surface and are easy to mine and to treat (fig. 7-69). 
The development of the froth flotation process and of mod-
ern underground mining methods in the early 20th century 
enabled also the large-scale exploitation of the enormous 
quantities of deep-lying, much lower grade sulfidic copper 
ore on the Zambian side, south of the watershed.
In the 1920s many mining enterprises were started. In 
1928 they became part of two large groups: the Rhodesian 
Selection Trust (RST) and Rhodesian Anglo-American Ltd 
(part of Ernest Oppenheimer’s Anglo-American Corporation 
of South Africa, AAC), and workers from all parts of Central 
Africa were drawn to the Copperbelt where eight mining 
towns arose. After the recession in the 1930s, Northern 
Rhodesia (Zambia) rapidly became one of the largest copper 
producers in the world. The ore was not only mined and 
concentrated, but also further reduced and refined locally 
to form very high-grade copper wire bars for export. Soon 
cobalt became an important and very lucrative by-product. 
Some gold and silver were recovered from the anode slimes 
also.
At independence in 1964 there were nine concentrators (fig. 
7-70), three smelters, three leach plants and three refineries 
on the Copperbelt, where high-level research and develop-
ment was also carried out.

Fig. 7-70. Grinding section of Rokana ore concentrator, Kitwe. 

Fig. 7-69. Central Africa, Zambia and the Copperbelt.
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them this was their first encounter with Zambia, others had 
already worked on the Copperbelt or with Geological Survey 
department of the Zambian government. Some of the teaching 
assistants returned to UNZA as a lecturer after graduation in 
Holland.
Several Zambian graduates continued for their PhDs in Holland 
under the NUFFIC programme.
The NUFFIC programme was highly valued by UNZA and greatly 
appreciated by the Dutch involved in it. Life in Lusaka and the 
university environment gave them a much closer contact with 
Zambian life and culture than was normal on the Copperbelt 
in the 1970s and 1980s.

The ‘Third Republic’
In 1990, as a joke, some army officers, after a night’s heavy 
drinking, entered the radio station in Lusaka and broadcast 
the message that the president and government had been 
deposed and that they as junta had taken over power. This 
brought thousands of cheering people on the streets, which 
turned out to be a wake-up call for President Kaunda. The 
one-party democracy was abolished and free elections were 
held in 1991, these resulted in a new government and another 
president.
The euphoria was short-lived. The IMF imposed a rigid Struc-
tural Adjustment Programme, with a free-market economy. All 
subsidies were scrapped, even those on essential foodstuffs. 
All parastatal enterprises were privatised. Enterprising Zam-
bians acquired many of the smaller ones, but many people 
who had held some kind of job in a parastatal organisation 
and from their earnings often had supported an extended 
family, lost their jobs without payment of a ‘terminal benefit’. 
Many senior employees, on the other hand, gave themselves 
substantial benefits. A world of difference arose between rich 
and poor Zambians.

Privatisation of the mining industry
Privatisation of the mines was a very long drawn-out process, 
which was finally concluded in December 1999. Life seemed 
to return to the Copperbelt, houses and roads were repaired, 
shops re-opened. Much badly needed new equipment was 
brought in and new mines and plants started.
Since then, many mines have changed hands, some several 
times. New investors have come in particular from Asia and 
often bring in their own staff, even for lower-level jobs. In 
spite of the current high copper price, it is sometimes said  that 
although Zambia now does receive some royalties, it otherwise 
profits little from its mines.

The waters of Africa
Over fifty Dutch geologists and mining engineers have lived 
and worked in Zambia for longer or shorter time. Many of 
them returned to Zambia after having worked there before. 
Many hundreds of other Dutch nationals lived and worked 
in Zambia, as teachers, doctors, farmers, in industry or in 
business. Some of them, men and women, have married 
Zambians. Most of them keep in contact with each other and 
with their beloved Zambia through the Werkgroep Zambia, 
with a Zambian newsletter and at occasional reunions.
David Livingstone’s heart is buried at Chitambo, but most peo-
ple that have been to Zambia have left their heart there also. 
As the old African wisdom knows, those ‘who have tasted the 
waters of Africa will live to return’.

Dutch staff were most welcome and made rapid promo-
tion. They worked as mine geologists and at R&D, as min-
ing engineers underground and in the open pits, and as 
metallurgists, many of them on the concentrators. At one 
of the semi-annual meetings for concentrator superin-
tendents and assistant-superintendents it was jokingly 
suggested to speak Dutch: the majority present were from 
Delft. They were also much involved in research and in 
development, notably of the leach/solvent extraction 
process for the recovery of copper from tailings. In the later 
1970s, with low world copper prices, low-cost copper from 
the Chingola tailings leach plant became a lifebuoy for the 
mining industry, and thus for Zambia.
Salaries were paid in the new, local currency, the kwacha 
(fig. 7-71), divided in 100 ngwee. Under the exchange 
control regulations expatriates were allowed to externalise 
30% of their earnings and their entire end-of-contract 
gratuity.

Expatriate exodus
At the end of the 1970s many whites left Zambia. Some 
of Rhodesian origin left to join Ian Smith in the civil war, 
some of South African origin left because they did no longer 
feel at home in a black-ruled country. Many others did not 
renew their contract because of increasing crime, shortage 
of commodities due to the closed border with civil war-
torn Rhodesia and the depreciating kwacha, but most left 
because of the rapidly deteriorating condition of the mines.
Some of the Dutch staff that left the Copperbelt stayed on 
in Zambia to work for state-owned Mindeco Small Mines or 
for the University of Zambia.
In 1979 there were still 3500 expatriates and 83,000 Zam-
bians working at the mines, but most of these expatriates 
came from Asia. 

The University of Zambia
The University of Zambia (UNZA) in the capital Lusaka was 
opened in July 1966. Through the efforts of some Dutch 
lecturers that worked there, cooperative links were made 
between faculties at UNZA and at Dutch universities. 
Between 1977 and 1981 these were combined in one long-
term cooperation programme, the Samenwerkingsverband 
(cooperative link) UNZA (SV-UNZA), under the programme 
for university development cooperation of the Netherlands 
Universities Foundation For International Cooperation 
(NUFFIC). Over 150 Dutch university staff members, mainly 
lecturers and technicians, have worked at UNZA under this 
programme, which was finally stopped in 1999.
One of the projects in this programme was the link 
between the UNZA School of Mines and the Delft faculty 
of Mining Engineering, which over the years has brought 
a dozen Dutch geologists and miners to UNZA, as lectur-
ers, teaching assistants or external examiners. For some of 

Fig. 7-71. Two-kwacha note with shaft headgear.
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Looking into the future



The foregoing chapters have taken 
the reader through the history 
and development of Dutch earth 
science. 

From its humble beginnings in 
the 16th  century reformatory 
Republic, natural science was 
mainly driven by mercantile 
enterprise and by the hobbyism of 
gentlemen-collectors of artifacts. 
When the exploitation of resourc-
es of the newly acquired colonies 
required the expertise of prospec-
tors and mining engineers, the 
Polytechnic School of Delft was 
founded, and was followed by the 
establishment of geology schools 
at the universities of Groningen, 
Leiden, Utrecht and Amsterdam. 
The geological treasure trove the 
Dutch East Indies proved to be led 
to a rapid expansion of practical 
geoscientific expertise and the 
re-cycling of experienced and 
highly qualified teaching staff 
into the Dutch universities. We 
hope to have shown that this led 
in the decennia around Word 
War II to Dutch geoscience being 
counted amongst the foremost in 
the world. Following the demise 
of the colonial empire and the 
establishment of the Indonesian 
Republic, however, the university 
geology and mining engineer-
ing institutions had to adapt to 
radically changed circumstances, 
a task that was often painful but 
which was in general completed 
successfully.

So, where does Dutch geoscience 
stand today? There are three 
major university earth-science 
faculties in Utrecht, Amsterdam 

and Delft which in several fields 
have earned a word-wide reputa-
tion for cutting edge research and 
teaching. In addition there are a 
number of government financed 
technical research facilities like 
TNO-Geological Survey of The 
Netherlands, NIOZ and Deltares, 
where important issues of practi-
cal and social importance are 
investigated for both The Neth-
erlands and the international 
community. Also the Dutch pri-
vate industry has adapted to the 
changing circumstances. As far as 
the oil industry is concerned this 
was largely owing to the discovery 
of the giant Groningen gas field 
and the subsequent onshore and 
offshore exploration and produc-
tion boom. 

What have been the most signifi-
cant trends in Dutch geoscience in 
recent decennia? First of all there 
has been an increase in the scale 
of research projects. The days 
when the geologist needed only a 
pair of good boots, a hammer and 
a compass to carry out research 
are long over. Today research is 
mainly executed by relatively 
large, multidisciplinary teams, 
frequently in cooperation with 
other organisations both at home 
and abroad, utilising sophisti-
cated and expensive equipment. 
Major exponents of this trend are 
research schools like the Vening 
Meinesz Research School of Geo-
dynamics and the Darwin Center 
for Biogeoscience in Utrecht, the 
Netherlands Research School of 
Sedimentary Geology in Amster-
dam and the Centre for Techni-
cal Geosciences in Delft.  The 

Netherlands Research Centre for 
Integrated Solid Earth Sciences 
(ISES), integrates research from 
most of the institutions above. 

Secondly geoscience is, more than 
in the past, required to demon-
strate its relevance to society in 
general. Care of and concern for 
‘System Earth’, with the multiple 
pressures being placed on it by 
human activities, are becoming 
increasingly a focus of research 
into resource management and 
the assessment of our impact on 
the environment. 
Finally, the times when the State 
provided institutes with fixed 
incomes for teaching and research 
tasks are past. Today proposals for 
research projects have to compete 
for financial support from nation-
al, State endowed, organisations 
like NWO and, increasingly, for 
sponsoring by industry. The latter 
tendency is a cause for concern, 
because projects of interest to in-
dustry frequently address issues of 
short-term concern, rather than 
the kind of ‘blue-sky’ research 
that might open up new perspec-
tives for the longer-term future. 
Nevertheless, as society’s demands 
become more urgent and specific, 
the involvement of industry in 
traditional academic research can 
be expected to increase. 

How will these trends affect fu-
ture Dutch geoscience education? 
As at present, much future work 
will be of a multidisciplinary na-
ture, so there will be a continued 
need for a broad based curriculum 
that addresses the development 
of both technical and social skills, 

epilogue 



and is combined with exten-
sive specialisation. Further, 
the need for scientists to work 
together in cross-discipline 
teams will continue to increase. 
Results of recent studies carried 
out by ISES have demonstrated 
that, with this approach, the 
expectations that society has of 
our science can be met.

Will fieldwork still be a rel-
evant part of the education? 
The answer seems to be ‘yes’, 
since  the organisation and self-
management of field surveys 
and the development of field-
based observation skills are 
fundamental to the training 
that earth-science researchers 
of the future will need.

And, finally, what does the fu-
ture hold for the young Dutch 
geoscientist?

1. It will be crucial to maintain 
the level of excellence of Dutch 
university affiliated research  
schools, such as those concen-
trating on crustal dynamics and 
research into the origin and ev-
olution of sedimentary basins. 
Ensuring adequate funding for 
these centres of excellence will 
be a major challenge.

2. The concept of ‘System 
Earth’, with its interacting and 
mutually dependent compo-
nents, will be a growing area of 
focus. With its excellent work 
on the nature and speed of past 
climate changes Dutch geosci-
entists should be in a good posi-
tion to play a significant role in 
the debate on climate change 
and on the responsible use of 
Earth’s resources.

3. The Dutch government 
should be encouraged to 
recognise the importance of 
a thorough knowledge of the 
subsurface and the near-sur-
face, as well as of the risks and 
uncertainties associated with 
activities related to it. Increas-
ing use of this realm, for e.g. 
gas- or CO2  storage, but also for 
the development of subsurface 
infrastructure like tunnels can 
be foreseen.

4. The exploration and exploita-
tion of natural resources by pri-

vate enterprises will continue 
to change in character. As easy-
to-find-and-produce resources 
become increasingly exhausted  
the focus will turn more and 
more to low-yield prospects, 
like shale gas and low con-
centration ores. These often 
contain potentially very large 
reserves in place, but their 
exploitation requires unusually 
large investments and may in-
volve very long lead-times and 
lifetimes. In this respect they 
resemble more utilities than 
traditional operations. Working 
them will require different ap-
proaches and skills than those 
of the past.
At the other end of the spec-
trum there is growing activity 
in opening up long abandoned 
oilfields and ore mines (and 
mine tailings). The idea is to 
employ modern technology to 
wring very profitably remain-
ing resources from these ‘dead’ 
assets.
All of these activities may well 
offer a number of challenging 
jobs to future generations of 
Dutch geoscientist.

In conclusion, interesting and 
challenging jobs will be on of-
fer in a number of fields and a 
study in geoscience will remain 
an attractive choice. It is up to 
the universities to equip the 
youngsters with the appropri-
ate skills and knowledge.

The generation that wrote this 
book will gradually fade away, 
having contributed to the good 
reputation of Dutch earth-
science. We assume that in 
due course, for instance on the 
occasion of KNGMG’s 150th ju-
bilee, younger generations will 
take up the pen and will then 
report on their achievements, 
which will have been built on 
this inheritance.

The ediTors
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