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BETWEEN HEAVEN AND EARTH
THE DEVIL AND THE DEEP BLUE SEA

Willem J. M. van der Linden 

“... all things are one thing and one thing is all things -
plankton, a shimmering phosp horescence on the sea
and the sp inning planets and an expanding universe,

all bound together by the elast ic st ring of time”.
 John Steinbeck. 958



Frontisp iece. Th e Arabian Sea and neighbouring landmasses. Th is panoramic view 
of the northwest ern Indian Ocean is part of “Th e World Ocean Floor”, a painting by 
Heinrich C. Berann, commissioned and published in 977 by the United States Navy as 
a memorial to Bruce C. Heezen. Th e interpretation of the morphology of the sea bed 
is almost  exclusively based on the pioneering work of Heezen and his colleague Marie 
Th arp between 974 and 977. Outst anding physiographic features are the Carlsberg 
and Sheba Ridges, the expressions of the west ern reaches of the Indian Ocean sp read-
ing centre, the Owen Ridge and the Chagos Laccadive Ridge, resp ect ively the expres-
sions of a transform fault zone and an aseismic ridge, which parallel the movement 
of the Indian subcontinent toward Eurasia, and the gently cambering expanse of the 
Indus Fan, the world’s second largest  submarine fan syst em.



PREFACE

“Th e frog does not drink up
the pool in which he lives”.

Indian proverb
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Hardly a day goes by that we are not confronted in newsp apers, by radio and television 
about the consequences of Man’s infl uence on the environment. If it isn’t the impact  of 
unrest rained emission of green-house gases, climate change, global warming and ris-
ing sea-level, it is the eff ect s of pollution of air, soil and water, accumulation of wast e, 
deforest ation, exhaust ive use of energy, food supplies and non-renewable resources we 
are warned against . Th e expect ed population growth (from 6 billion in 2000 to 8 or 9 
billion in 2025) and Man’s as yet insatiable urge to better himself add up to a grim real-
ity: it is going to get worse, we are sitting on a ticking time bomb, our survival is at st ake. 
Today’s confl ict s over dist ribution and ownership of dwindling resources may only be 
precursors to what is about to happen. World Wars I and II probably are weak refl ect ions 
thereof. Although we, in the West ern world and our governments are aware of this, sur-
prisingly enough, the prosp ect  of Armageddon has barely led to remedial act ions.
Since the days of Jeremiah and Jonah we know that Man does not heed gloomy warn-
ings of disast ers that are too big to comprehend. Nobody in his right mind believes 
that humanity is st upid enough to let a catast rophe happen if we have half a chance to 
prevent it. Th is might be reason or excuse for the individual soul to raise his hands in 
desp air and do nothing or, at best , to look at the government for guidance. Governments 
and their const ituent politicians, however, are generally reluct ant to call for badly need-
ed draconic measures and to subsequently enforce them; it would mean losing votes at 
the next elect ion. For the time being, they seem to rely on the vague expect ation that 
science and technology will soon come up with some clever and cheap solution that 
pleads them free or, on the even vaguer predict ion that nature will prove all forecast s 
wrong and that intrinsic earthly feedback mechanisms will miraculously rest ore order 
and harmony. For the time being, governments prefer to appease their fl ock and keep 
them happy by preaching economic growth as the road to progress, wealth and happi-
ness. Unfortunately that opens a false persp ect ive; economic growth is the cause of the 
problem, not the solution.

Time is running out. We must  wake up and realize that to survive a fundamental 
change in attitude is required. Harsh measures imposed by resp onsible government 
might become acceptable if people were educated and able to make their own cost /
benefi t analyses. Inst ead of focusing on imminent disast ers and catast rophes, too big 
and horrendous to face, we should concentrate on the things we love and cherish, pre-
cious acquisitions and conditions we wish to preserve and for which we are prepared 
to put up a fi ght.

“It is not so diffi  cult to love Earth, if gift ed with knowledge about her. Th e capacity, 
even the inclination to do so, may well be one of Man’s inst inct s. Th is phenomenon, 
which we may call Gaiaphilia, defi nes the innate tendency to focus upon the beauty, 
the form, st ruct ure and evolution of our planet, and in some inst ances to affi  liate with 
her emotionally”. Since life is earthbound and all life forms depend on each other and 
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on planet Earth, I feel just ifi ed to thus paraphrase Edward Wilson’s st atement about 
Man’s aff ect ion for (nonhuman) life (Wilson, 2002). Th is test imony very well expresses 
my feelings about Earth. Th is is my convict ion, a convict ion that st ands on the obser-
vations and arguments given in this book.
Loving Earth presupposes that you underst and Earth. If you do not know the object  of 
your affi  liation, you can’t love it. So, let me tell you about Earth. For the sake of my chil-
dren and grandchildren let me try and convince you that Earth, the foundation of my 
being, is also yours and that of your youngst ers. I therefore invite you to join us aboard 
ship and sail the deep blue sea. Position yourself up forward at the bow. Put your hands 
on the railing, take a fi rm grip. Let the swell weigh you gently and let her lift  you into 
sp ace. Open your eyes, your ears and your mind. Look at the sky, the sun, the moon 
and the st ars. Look with us into the sea and probe and discover the Earth beneath. And 
list en, list en to the wind. He will tell you who you are.

Huis ter Heide, 
June 2006
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PROLOGUE
September 03 – September 08, 1992

“Geologist s... inhabit scenes that no one ever saw,
scenes of global sweep, gone and gone again,

including seas, mountains, rivers, forest s
and archipelagoes of aching beauty”.

John McPhee
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Thursday, September 3, 1992
5 h 30. Transavia Flight HV 607 takes off  from Schiphol Airport, engines roaring. Th e 
aircraft  climbs st eeply, soon banking over the tip of its st arboard wing to head west , out 
to sea. Th e Earth wheels, tumbles and falls below and behind, carrying off  my last  wor-
ries, larger and smaller problems that bothered me during the long preparation for this 
day and for the work that lies ahead in the next ten weeks. What worries I had, I can do 
nothing about them any more; I am on my way, there is no turning back.
In less than an hour we land at Gatwick Airport, London, and later, in the early evening, 
we continue our voyage in a southeast erly direct ion, now aboard British Airways Flight 
BA 65. Our dest ination is Vict oria, the capital of Mahé, the main island of the Seychelles 
in the west ern Indian Ocean. Th ere, in a few days time, we will board TYRO, the re-
search vessel of the Netherlands Marine Research Foundation.
We are seven altogether; professor Kees van der Weijden, two of his st udents and I, 
from the Inst itute of Earthsciences of Utrecht University (IVAU), and three technicians 
from the Netherlands Inst itute for Research at Sea (NIOZ) in Texel. We are an advance 
party, and before the other members of the expedition embark, we will take over ship 
and equipment from a combined group of marine geologist s and biologist s from Am-
st erdam’s Free University (VU) and the NIOZ. In the past  few weeks they invest igated 
monsoon-driven upwelling off  Somalia, Yemen and Oman. Within the framework of 
the Netherlands Indian Ocean Expedition it will be Utrecht’s turn in the next ten weeks 
to use ship and facilities, this time to st udy the geology of the Arabian Sea.
Kees van der Weijden carries fi rst  resp onsibility for the geochemical asp ect s of “Changes 
in product ivity in the Arabian Sea during late Quaternary times” (during the last  couple 
of hundred thousand years). To keep his hands free and to play an act ive role in the 
operations Kees has asked me to lead the fi rst  two legs of our expedition. My job is to 
coordinate the interest s and act ivities of the various disciplinary groups that take part 
in the programme and smoothen daily proceedings aboard ship. I will do so, of course, 
in consultation with Kees (Cornelis on Sundays), the other project  leaders, chief techni-
cian Harrie de Porto and, not to forget, TYRO’s skipper, Captain Jan de Jong.

Nothing unusual happens during our passages to Gatwick and to Vict oria: we leave a 
bit late from Gatwick, almost  make up for lost  time by short-cutting the st op-over in 
Dubai; we eat and drink a bit too much, there is little room to st retch our legs and we 
don’t sleep very well. In short we suff er the minor inconveniences of modern air travel. 
However, if you are in a hurry to get from A to B, this is the way to go and you have to 
accept such discomforts. During our fl ight we cover a good 4000 miles, moving south 
about 560 and about as many degrees east , thus shortening the night by almost  four 
hours. Leaning back in my seat, half awake, half asleep, thoughts about sense and pur-
pose of the coming expedition whirl through my mind.
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Expeditions, voyages of discovery are not what they used to be. Th ey are no longer 
exploits by sometimes heroic, sometimes unusual, somewhat peculiar persons who, 
against  all odds, entered remote, unknown, uncivilized wilderness, desert, jun-
gle, mountains and polar regions. Th ey are not explorations by navigators plying the 
oceans in ramshackle vessels to discover new land or hidden passages, nor life and 
limb risking enterprises by prosp ect ors and conquist adores in search of buried treas-
ure, wealth and fame. In the olden days blood thirst ing beast s and monst ers, exhaust -
ing heat, freezing cold, drought, hurricanes and tornadoes, ruthless pirates and canni-
bals, scurvy and bubonic plague had to be overcome to reach the fi nal goal and claim 
vict ory. Th e survivor, who achieved success and returned home safely, would receive 
a hero’s welcome in the arms of his beloved, be covered with honour and fame by his 
sovereign or, in case of the scientifi c researcher, would climb the st eps of his Alma 
Mater to accept his laurels.
Libraries are fi lled with expedition reports and voyages of exploration and discovery are 
grateful subject s of youngst ers’ books until today. When you come to think of it these 
reports and books contributed in no small way to the sailing of our expedition. Th e 
challenge of the unknown, the call of remote, wild and far away places, the urge to liter-
ally shift  the horizon, all of that accompanied by some discomfort and inconvenience to 
emphasize the heroics of the eff ort, were they not aft er all the motives that st arted our 
careers in geology rather than in banking, baking or candlest ick-making? Are those not 
the very reasons why in a few days time we will board ship to invest igate and unravel the 
secrets of the Arabian Sea, the same sea according to Sheherazade that Sindbad sailed 
on his way to new adventures? Or do I now project  a false, exaggerated or euphoric 
image and is scientifi c research, although an interest ing occupation in itself, no more 
exciting than any other profession or occupation?

Let me try and be modest  about what we are going to do and keep my feet on the 
ground. For our moneylenders or sp onsors the motivation to “honour” our project  pro-
posals and fi nance our coming research act ivities is mainly a matter of relevance; what 
may we expect  to receive in return? How much useful knowledge is there to be gained? 
How does society benefi t? Such utility asp ect s are not new and not diff erent from the 
reasons that enabled Christ opher Columbus and Willem Barentsz, each in another di-
rect ion, to set sail and search for a passage to the Indies. To realize our dreams it is 
therefore essential that in our research proposals we st ress the “value” of our research 
programme and est ablish clearly the benefi ts of our fi ndings to society. If you can not 
convince your sp onsors in that resp ect  you can forget the whole exercise, however 
much joy and excitement it might bring •  •. In general that should not be too diffi  cult; 
most  researchers are capable in bringing up valid, honourable arguments and reasons 
why his or her sp ecifi c hobby should be supported.
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In our case we did not have to look far; our fi rst  and main object ive fi ts admirably 
within the much-resp ect ed “International Geosp here – Biosp here Programme” and 
contributes direct ly to “A st udy of Global Change”, a programme that is insp ired by 
the growing concern over the eff ect s of human behaviour on the environment, on the 
climate in particular. If you want to est ablish whether an upsurge in the emission of 
greenhouse gases as a result of indust rial act ivities and subst antial increases in auto 
mobility, life-st ock breeding, agricultural act ivities and deforest ation will lead to global 
warming and to a rise of sea level you will at least  have to recognize the “natural” vari-
ations, that is variations not infl uenced by human act ivity, and fi nd out how these are 
controlled. Otherwise st ated, knowledge about how climate changed in the past  will 
help predict  future change. For the short time, for the recent past  and for our own re-
gion, we have a fair idea about that; climatic change and variations in temperature in 
hist oric times, long before the indust rial revolution, are reasonably well documented. 
We know, for inst ance, that the colonization of Greenland (Cronusland), Iceland, Lab-
rador (Helluland and Markland) and Newfoundland (Vinland) by the Vikings was 
largely possible thanks to the mild climatic conditions that prevailed between 800 and 
00 AD. In those days Greenland was green, Helluland and Markland were forest ed 
and the name Vinland appears to be connect ed to the pract ice of viniculture. Later, be-
tween 650 and 850 AD, during the so-called “Little Ice Age”, average annual tempera-
tures were evidently much lower, which accounts for a large number of winter scenes 
that were painted at that time by Dutch mast ers.
For information on climatic change in the remote, geologic past  one needs to consult 
other records than documented hist ory and this requires other expertise than that of 
hist orians. Exact ly such expertise we bring together on board TYRO and we are well 
prepared to est ablish changes in climate in the Arabian Sea during the last  couple of 
hundred thousand years. We will do that by analyzing the petrological, geochemical 
and microfossil records that are locked up in sediment cores that we will take from the 
bottom of the sea.
Similar analyses have been made on long ice cores recovered from Vost ok st ation in 
the Antarct ic, and from the Greenland and Agassiz (northern Canada) ice caps. Th ose 
provided information on variations in CO2 content and thus on temperature changes 
at high latitudes during the last  more than 60 000 years. Our contribution to the in-
ternational eff ort sp ecifi cally aims to est ablish the changes in act ivity of the monsoon, 
the prevailing climatic syst em of southern Asia, during the transitions from glacial to 
interglacial periods and vice versa.

We have a second object ive and that is to unravel the internal st ruct ure of the deeper 
part of the Indus Fan. Th e Indus Fan, a pile of sediments that overlies the basement 
rocks of the Arabian Sea, has an average thickness of several hundred metres and cov-
ers an area of .25 million km2. It is the world’s second largest  underwater delta, cov-
ering an area 30 times the surface of Th e Netherlands. Th is gigantic heap of rubble 
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consist s of Indus-transp orted Himalayan debris that was brought to the Arabian deep 
sea fl oor and dist ributed there largely by so-called turbidity currents, thick and heavy 
susp ension fl ows. In its deeper, dist al reaches large, rather coarse-grained sand bodies 
that are enclosed within tight, impervious clays charact erize the internal st ruct ure of 
the fan. Th e porous sandst ones are potentially interest ing reservoirs for the accumula-
tion of oil and gas. A better insight in the st ruct ure, reservoir charact erist ics and evolu-
tion of these syst ems is of great interest  to the oil and gas indust ry in their search for 
and exploitation of fossil fuels.
Relevant, profi table for society and entrepreneur; our research-object ives are worth in-
vest igating and, yes, they warrant subsidy and support, hurrah! Th e relevance of what 
we are about to begin just ifi es our work, will give us an excuse to st art this exciting 
endeavour and good feelings when we are at it. But deep down, do we really care about 
such an excuse? At the risk of being considered naive, we could not care less; we are 
seekers, in search of adventure and truth; we are selfi sh invest igators, driven by curios-
ity, by the urge to gather knowledge; our dest iny is to discover the unknown, today our 
quest  begins. If that urge no longer lies at the base of scientifi c research then the end 
of it is in sight. According to Albert Einst ein that urge, that irresist ible attract ion to the 
myst erious is the fundamental emotion that st ands at the cradle of true art and true sci-
ence. And – not to be humble and yes, with both feet off  the ground – with Einst ein we 
are in good company

Friday, September 4
At 0 h 55 we land at Vict oria airport. Cok van Bergen Henegouw and our local ship’s 
agent meet us in the hall. Cok, from the Netherlands Marine Research Foundation 
(SOZ) in Th e Hague, arrived in Vict oria a few days ago. He is our liaison offi  cer, the 
link between ship and shore, the ship’s owners at home and here, cust oms and port-au-
thority. He arranged our accommodation in V ict oria and will be useful in many ways 
in the days ahead.
Th e SOZ, owner of the well-equipped ocean-going RV TYRO (fi g. ), administ ers and 
coordinates the Dutch marine research programmes and is resp onsible for logist ic sup-
port of the various project s that are carried out under her fl ag. Apart from container-
ized, mobile laboratories, the SOZ supplies the NIOZ crew that gives onboard technical 
assist ance and operates, maintains and repairs the sampling equipment.

Normally the ship sets sail for a single project  that is carried out by one research inst i-
tution within a given, relatively short period of time, usually no more than a few weeks 
to a month, making round trips that begin and end in home port Den Helder. Th is 
time fi ve major project s were brought together in the “Netherlands Indian Ocean Pro-
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gramme” (NIOP) and this expedition will keep TYRO away from home for months, 
between May 4, 992 and April 2, 993. Th is eff ort demanded careful preparation and 
coordination, making sure for inst ance that, long in advance travel and accommoda-
tion are organized in order to smoothen the exchange of scientifi c, technical and ship’s 
crews, to avoid cost ly delays in port. During this expedition a total of 3 diff erent sci-
entifi c and technical crews have to be exchanged successively in fi ve harbours far away 
from home that are being visited a number of times, Port Said, Mombassa, Djibouti, 
Vict oria and Karachi. Several weeks before sailing from Den Helder all equipment, 
sampling- surveying- and laboratory inst ruments needed for the whole expedition, 
had to be brought and st ored aboard ship, including workshops and tools to maintain, 
repair or replace those facilities when required. All this called for careful planning and 
preparation by the various participating inst itutions and project  leaders. It could not 
have been carried out, however, without the professional assist ance of the SOZ and a 
very able and experienced NIOZ.
A number of project s will be carried out within the Exclusive Economic Zones (EEZ’s), 
200 nautical miles wide, off  Kenya, Pakist an, Oman and the Seychelles. As laid down in 
the UN “Law of the Sea” treaty, any research carried out within a particular EEZ requires 
permission from the coast al- or island st ate involved. Th ree separate “Partnerships in 
Science” have been agreed upon within the framework of the Netherlands Indian Ocean 
Programme between the Netherlands, the Seychelles, Kenya and Pakist an. Th e terms of 

Fig. 1. The R.V. TYRO of the Netherlands Marine Research Foundation (SOZ) Photo, Fred Hoogervorst.
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the partnership in which we are involved, “Pakist ani – Dutch Cooperation in Marine 
Research”, were laid down in a “Memorandum of Underst anding” between the SOZ 
and Pakist an’s National Inst itute of Oceanography (NIO), that was signed in Karachi 
in December 99. Th is meant that quite some time before we put to sea a number of 
our Pakist ani counterparts already visited us in Utrecht to familiarize themselves hands 
on with our techniques and methods, to better prepare them for taking an act ive part 
in the work aboard ship. In turn SOZ direct or Dr Jan Stel, Kees and I visited Pakist an’s 
National Inst itute of Oceanography (NIO) in Karachi last  year to fi nd out about NIO’s 
sp ecifi c interest  in the expedition and how to better accommodate Pakist an’s wishes 
within our programme.

Back to Vict oria Airport. Cok van Bergen Henegouw has a surprise: TYRO will arrive 
in port already this aft ernoon, two days ahead of schedule. Ship and the Amst erdam 
(Free University, VU) – Texel, (NIOZ) complement have been hammered so much by 
st ormy weather in the last  week, that it became impossible, at times even outright dan-
gerous to work on deck. Th ere are also serious problems with one of the ship’s main 
engines, which considerably reduced TYRO’s motive power. Aft er days searching in 
vain for better weather and calmer seas it was decided that it would be best  to head 
for Vict oria, giving the engineers more time to try and overcome the ship’s propul-
sion problem. Th is means an early end of Cruise C, the fi rst  leg of the combined VU 
– NIOZ program.
No matter how well you plan, there is always a chance that things go wrong at sea. 
Changing conditions at unexpect ed, usually inconvenient moments force you to adapt 
the programme. Today, as much as in the past , research at sea is a game of chance be-
tween the elements, weather and sea, and a bunch of clever, witty people who, armed 
with an advanced box of tricks, try and embezzle the sea her secrets. Th e moods and 
whims of the sea remain largely unpredict able and modern, advanced inst ruments and 
technology are complex and therefore oft en vulnerable.
Tough luck for our colleagues of Cruise C. In fi ve months time, during their second 
cruise, C2, they may try again. In a few days it is our turn and our chance. As yet it is far 
from clear whether and how C’s problems will aff ect  our programme.

Th e ship’s agent brings Kees and me, to the “Bell Air” guest  house, our lodgings for the 
next couple of days. On our way he tells us a sombre tale about local politics; his expec-
tations about the outcome of the pending elect ions are low; vict ory for left ist  national-
ist s appears unavoidable. Th at means that the ties with Great Britain, from which the 
Seychelles gained independence in 976, will be further loosened and that is bad news 
for the economic development of this island paradise. 
And that is exact ly what it looks and feels like, a paradise. Beautiful seascapes, rocky 
shores, white beaches against  a background of lush and green palm-covered hills and 
mountains, all freshly washed by this morning’s rain showers, glitter in bright colours 
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under a sunny, deep blue sky. I am impressed and I fail to see why anybody here worries 
about economic development. But of course, such has been Man’s predicament from the 
very beginning; nothing could have st opped Eve from picking the apple.

Aft er a refreshing shower and a short siëst a we head back to port to welcome TYRO. 
On dockside Cok raises the ship on his walkie-talkie and soon we hear the familiar 
cheerful voice of her mast er, Captain Leendert Blok, who tells us that they are nearby. 
Minutes later the ship appears from behind a small island, not far from shore. As far 
as we can see, there is nothing wrong with the old ship; freshly painted in our national 
colours, blue hull, white superst ruct ure and an orange trimming to top off  the bridge, 
and she is moving at a fast  clip.
At about four o’clock TYRO is moored alongside the new trawler quay, within walking 
dist ance from the centre of town. Greetings and newsy messages are exchanged from 
ship to shore and, aft er the ship is released by cust oms and health-authorities, we climb 
aboard. We are anxious to fi nd out about our colleagues’ experiences, about ship’s and 
equipment’s performances and esp ecially what to expect  in the coming weeks. Unfortu-
nately, not all news is good news.
Later, Kees and I explore downtown Vict oria in search for a decent meal not too far from 
our quarters. In the local yacht club we fi nd what we are looking for. Cok, who appar-
ently has an appointment with the club’s commodore shortly follows us. Mahé indeed is 
an island and Vict oria a small town; aft er less than half a day you cannot avoid running 
into somebody you know.
In Bell Air, just  before we turn in for the night, Cok surprises us with a concept message 
to be faxed to SOZ tomorrow. Th e message is the outcome of a meeting held aboard 
TYRO this evening that has serious consequences for our programme. Th e ship’s engi-
neers want even more extra time than already available for a more thorough overhaul of 
the main engines, a job that would delay our departure several days. Not a message that 
prepares you for a good night’s sleep. It seems st range that Kees and I were not invited 
to attend that meeting where the condition of ship and equipment were evaluated and 
that, without consulting us, conclusions were drawn that very much aff ect  our cruise. I 
make sure that Cok knows that I am not happy with that.

Saturday, September 5
We st art the day rephrasing the message to be sent to SOZ, making sure that it will be 
underst ood in Th e Hague that we expect  that the days before our intended departure 
should be fully exploited to try and solve the problems. Th e early arrival of TYRO, af-
ter all, gives the engineers two extra days, ample time, we hope, to come up with an 
alternative for a time-consuming overhaul.
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Today another nine shipmates arrive at the airport. Two of them are our Pakist an coun-
terparts, Muhamat Tahir and Asif Inam, geophysicist  and sedimentologist  resp ect ively, 
from the National Inst itute of Oceanography in Karachi. Together with a number of 
consp icuous vacationers that have been sighted already on the island, they complete the 
scientifi c and technical st aff  for Cruise D, 26 hands altogether.

Sunday, September 6
In the early hours of the morning Dr Simon Troelst ra of the Amst erdam Free Univer-
sity, expedition leader of Cruise C, has fi nished his task. During the last  few days and 
nights he and his project  leaders have been writing and editing the “Shipboard Report” 
of Cruise C. He can be proud of the end product , a pile of copies of a neatly st apled, 
thick record of data collect ed, results of on-board sample analyses and preliminary in-
terpretations of results. It is also a report of the daily act ivities on board, as well as of 
what went wrong or did not work out as originally planned. Mission completed; with a 
sigh of relief and, no doubt, some regret Simon packs his bags and leaves the ship.
By noon the ship has to be free for the cleaners who will prepare TYRO for the embar-

Fig. 2. Exchanging container laboratories, from the ship’s deck to the shore, from the hold to the deck and from the 
shore to the hold. Photo, Fred Hoogervorst.
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kation of the D crew tomorrow morn-
ing. Both the NIOZ C and D technical 
crews st ay aboard and busy themselves, 
reorganizing the ship. With TYRO’s gi-
ant yellow crane some C’s container-
laboratories have to be lift ed from deck 
and replaced by D containers that are 
brought up from the hold (fi g. 2). With all 
these act ivities aboard it is better to make 
ourselves scarce. A good opportunity to 
discover Mahé. Kees and I have rented 
a car and soon aft er breakfast  we follow 
the coast al route in a southerly direct ion, 
beginning the circumnavigation of the 
island.

Mahé is a surprise in many resp ect s. It is 
an exotic place where the imprint of the 
French colonial past , although of short-
er duration, seems to have been much 
st ronger than that of the Brits. British 
rule followed the French in 84 and they 
ruled until 976, when the Seychelles 
became an independent republic. Th e 
French infl uence is clear from the Cre-
ole, the language that is nimbly sp oken 
by the originally mixed African – Euro-
pean inhabitants. It is also apparent from 

Vict oria’s Roman Catholic cathedral as much as from the small group of today’s wor-
shippers that, just  like in France, is mainly made up by nuns, old women and children. 
Vict oria, or Port Royal as it was named during French rule, however, also has a replica 
of a typical British clock tower and there is no problem communicating with the locals 
in English. Th ere are signs of other, more exotic, non-European infl uences as test ifi ed, 
for inst ance, by the colourful sculpted front of a Hindu temple. Th is confi rms the “In-
dian Connect ion”, a very long time aft er “sea-fl oor-sp reading” separated the Mascarene 
Plateau, with the Seychelles Bank and Mahé on top, from the Indian subcontinent.
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65 65

251
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million
years

146

200

251

299

318

359

416

444

488

542

2.5

4.6 billion years

Table 1. The geological time scale. Ages in million years, 
adapted after Gradstein et al, 2004.
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Seen from shore the hills rise surprisingly high and st eep. Mahé consist s predominant-
ly of Precambrian2 hornblende granite, an easily erodable rock, and one might expect  
therefore that aft er such a long time – 545 million years since the Precambrian• 2 • – the 
island would show a much older, smooth, soft ly-rolling relief. Considering that and 
the tropical conditions that prevail it is remarkable in itself that Mahé and the other 
islands and islets of the Seychelles archipelago emerge above sea level at all and that 
Mahé ‘s highest  mountain, for inst ance, peaks to a height of 92 metres.

Th e Mahé granites have the same age and composition as the bedrock that under-
lies South Africa, Madagascar and India. Th at confi rms that originally South Amer-
ica, Africa, Madagascar, India, Antarct ica and Aust ralia were all part of one and the 

Fig. 3. Mahé, Seychelles: coastal scene. Photo, Fred Hoogervorst.
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same landmass, the southern supercontinent Gondwana. In the last  couple of years a 
number of interpretations has been published about break-up and drift -apart of Gond-
wana and the formation of new ocean fl oor between separating continental fragments. 
Th e magnetic anomaly patterns measured in the oceanic domain mark a number of 
isochrones (time boundaries) that identify the pattern and sp eed of sea-fl oor sp reading 
between continental fragments and permit the reconst ruct ion of the outline and the 
direct ion and sp eed of movement of those fragments (for more about this phenom-
enon see pp 44 – 45 in the next chapter). In places, however, the magnetic anomalies 
are vague and therefore diffi  cult to correlate from profi le to profi le. Th is is esp ecially 
true for the anomalies generated during the so-called Jurassic and Cretaceous Magnet-
ic Quiet periods (when the polarity of the geomagnetic fi eld was predominantly nor-
mal) resp ect ively between 62- and 48 – and between 2 – and 85 – million years ago. 
In other places the anomaly pattern is dist urbed by later tect onic or volcanic act ivity. 
As yet there is no reconst ruct ion of continental movements that satisfi es everybody, 
let alone one that can be agreed upon in every detail. In what follows I accept Colin 
Reeves’ reconst ruct ion of 200. An adaptation of that reconst ruct ion, disp laying the 
position of individual continental fragments in four time frames, is shown in fi g. 4.
Th e break-up of Gondwana began probably in early Jurassic time, roughly 200 million 
years ago, when West  Gondwana (South America and Africa) and East  Gondwana (the 
combined landmass of greater Madagascar, India, Antarct ica and Aust ralia) were torn
apart. During the fi rst  25 million years not much new ocean fl oor was formed in be-
tween, since West  and East  Gondwana largely shift ed along each other in a right lateral 
transform sense. Separation of the two entities and formation of ocean fl oor in between 
(sea fl oor sp reading) began in earnest  about 75 million years ago.
Subsequently, during the early Cretaceous, the combined landmass of Madagascar, In-
dia, Antarct ica and Aust ralia st arted to separate from Africa. About 8 million years 
ago, in Mid – Cretaceous time, Antarct ica, Aust ralia and India broke apart, with In-
dia beginning to rotate clockwise, loosening itself from Madagascar. Later, around 89 
million years ago, India and the attached Seychelles-Mascarene Plateau separated from 
Madagascar, leaving the island behind where it had arrived 29 million years before, st uck 
in its present position relative to Africa. At the end of the Cretaceous, 65 million years 
ago, sp reading centred on the extinct  mid-ocean ridge between Madagascar and India 
jumped to a new, presently st ill act ive sp reading ridge, the incipient Carlsberg Ridge, 
between India and the Seychelles-Mascarene Plateau.

Fig. 4. Palaeogeographic reconstruction of the W. Indian Ocean region in four time frames: a) middle- 
Jurassic (175 Ma), b) early Cretaceous (140 Ma), c) at the transition Cretaceous – Tertiary (65 Ma), and d) 

the Present confi guration. In fi g 4c  the extent of the Deccan Trap plateau basalts in western India is shown. 
These volcanic rocks were extruded at about that time and most likely also cover a substantial 

part of the Indian continental margin, the Saya de Malha and Seychelles Banks and possibly also 
the Murray Ridge Complex (cf. White & Mackenzie, 1989). Figure modifi ed after C.Reeves, 2001.
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Th is latter event was possibly triggered by so-called mantle plume- or hot sp ot act ivity, 
that was accompanied by the ascent and massive outpouring of magmas from a source 
deep in the mantle. Th e well known Deccan Traps, plateau basalts that cover an area of 
250 000 km2 in west ern India are part of that and possibly also the basalts of the Saya 
de Malha Bank (just  like the Seychelles Bank, part of the Mascarene Plateau) and the 
basalt dykes that intruded the Mahé granites. According to this scenario the Mascarene 
Plateau might be largely basaltic and belong to the original Deccan province. An alter-
native, however, considers the Mascarene Plateau to be a granitic, continental fragment 
of Gondwana that, just  like Mahé – possibly even more so – was later “vulcanized” by 
basalt intrusions. Recently basalts of Oligocene age, i.e. about half the age of the Deccan 
Traps, have been found in a drill hole on the Plateau. It is possible that these volcanic 
rocks result from the continuing act ivity of the same hot sp ot, that uplift ed the region, 
keeping it high until fairly recently. Th at interpretation would resolve the discrepancy 
between the age of the Mahé granites and the youngish, st eep relief of the island.
Th e exact  st ory of the evolution of Mahé and of the west ern Indian Ocean remains an 
interest ing problem. A solution might come from heat fl ow measurements, from a de-
tailed survey of the Earth’s magnetic fi eld in the immediate vicinity of the Mascarene 
Plateau or from accurately dating a great number and variety of in- and extrusive rocks 
from the islands in the region. However much the knowledge about the origin of con-
tinents and oceans has increased in the last  century, we are st ill unable to recognize the 
original shape of every bit and piece of the crust  of the Earth and, in reconst ruct ion, fi t 
it in its proper place in the jigsaw puzzle.
In the next few weeks we will not address the problem of the evolution of the west ern 
Indian Ocean; we will, however, contribute our little bit to a solution. Where and when 
possible we will tow a magnetometer behind the ship between sampling st ations and 
measure the variations in the magnetic intensity that is imprinted in the rocks deep 
below. As mentioned the magnetic anomaly patterns charted enable the tracing of past  
movements of crust al fragments. Th e technique to do so is based on a clever analysis 
of a number of magnetic anomaly profi les that was recorded thirty years ago over the 
Carlsberg Ridge, not all that far away from here (cf. fi g. a, p.44).

We pass the day in appropriate laziness; a little bit of touring, a little bit of swimming 
and snorkelling. Wading to deeper water it is diffi  cult to keep upright and not cut my 
feet on the sharp coral rock. Although it says on the back of my watch that the case is 
waterproof down to a depth of 50 metres, I succeed rather well in fl ooding it in water 
less than two metres deep. Kees is sensible and does not join the fun; back and shoul-
ders are easily burned when snorkelling and that all the more so for somebody with 
freckled skin and reddish hair.
On the terrace of a small rest aurant with a shaded view over a beautiful bay we are 
served a scrumptious lunch; “fruits de mer”, accompanied by a nice bottle of wine from 
the department Loir-et-Cher, just  to underline our mood in this part of what was once 
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France Outre Mer. “La propriétaire” of obvious British descent introduces a slightly false 
note when she echoes the feelings of the ship’s agent who brought us to Bell Air the other 
day. Th e expect ed outcome of the coming elect ions seems to have killed her ambitions; 
she has enough of the Seychelles and soon will be on her way, back to good old England. 
Alas, even this little paradise seems to have its drawbacks. It is not diffi  cult for us, how-
ever, to ban all negative thoughts, gently wash them off  in the cool, light, golden wine, 
or let them fl oat away on the aft ernoon breeze. You could almost  forget that Napoleon 
never set foot on this island, that aft er the French the Brits were in charge and that all 
traffi  c moves on the left  hand side of the road.

Th is night will be our last  ashore for the time being. Tomorrow we will board ship and, 
if everything works out all right, we will sail Tuesday morning. Chief engineer Ton 
Ruijgrok and captain Jan de Jong (who took over command from Leendert Blok) are 
confi dent that the ship’s engines will be in good shape to safely st art the fi rst  leg of 
our expedition, from Vict oria to Karachi. Th ey think that the problems during C may 
have been largely weather-induced; the rough seas and st rong winds frequently made 
it necessary to move slowly or keep the ship “sur place”, head on in the waves. During 
such manoeuvres the engines run at low sp eeds only and if that sp eed is maintained 
too long it causes lubrication problems and overheating.

Monday, September 7
By word of mouth the message has been passed to the various lodgings that all expe-
dition members are expect ed to assemble aboard ship early this morning. Apparently 
not everybody is impressed by the necessity to be early and not everybody realizes that 
an oceanographic expedition is more than fun and games. A number of st aff  and st u-
dents never set foot aboard TYRO before, some even never aboard a tall ship. Today, 
however, all hands, including the landlubbers, are needed, to help organize ship and 
laboratories and put everything in place for the work ahead in the coming weeks. In-
st ruments and tools, crates and boxes full of chemicals, thousands of pots, bottles and 
fl asks, offi  ce st ationary, reels of tape, reams of paper and recording forms have to be 
lift ed from st orage in the ship’s hold, to be unpacked and st ashed in their proper places 
in workshops and laboratories, fi xed, fast ened and secured in such a way that the con-
tents of cupboards and drawers is not thrown and sp illed on deck by the least  bit of 
movement of a sailing ship. More than six months ago all these carefully list ed goods 
were brought aboard ship in Texel and although all crates that contain our expedition’s 
material are clearly marked with big numbers on bright green labels, it is st ill a puzzle 
to locate and fi nd them back again. Finding your way in this maze by itself is no mean 
feat, certainly for the newcomers. Below the main deck, from bow to st ern, there are 
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four st ories (decks) and there are four more decks aft  where crew’s quarters, accom-
modation, the galley, pantries, saloons and bars are found, all of that topped off  by the 
wheelhouse and the monkey bridge. Between decks there are small and st eep ladders, 
passages are narrow and doors heavy and low. Where, oh where for heavens sake, in 
which one of 20 containers did I leave that packing list ?
Somehow we manage. It is indeed amazing how, every time a new crew comes aboard, 
they are successful in putting together this fl oating laboratory and make it work. Amaz-
ing, all the more so, when you realize the number of st rangers aboard who are perform-
ing all sorts of last  minute tasks, that everybody aboard must  be fed a meal at lunchtime, 
and that all the left -handed newcomers, apart from not knowing where to look for it, 
very oft en do not know what IT is. Today’s situation aboard TYRO can best  be com-
pared with what happens when an ant heap is dist urbed. To begin with panic and chaos 
everywhere, everybody running every which way. Usually this does not last  very long 
and before you know the damage is repaired. It looks as if something or someone takes 
control and coordinates the operation with a fi rm lead. Soon enough peace and quiet 
is rest ored.
In the evening, on the terrace of the local yacht club, the fi rst  signs of allegiance and 
team sp irit st art popping up, bonding a group of individuals, many who did not know 
each other all that well before but were willingly forced to cast  their lot together. Cok 
van Bergen Henegouw arranged an “honorary” club membership for each and as such 
we enjoy the club’s facilities. An evening fi lled with fond memories and st rong tales 
about former adventures on the high seas.

Tuesday, September 8
Th e fi rst  night aboard. Th e movement of that boat, gently tugging on her hawsers, and 
the humming of the generators somewhere deep down below are not unpleasant and 
make you feel drowsy. Even in multiple berth quarters you can hardly hear your neigh-
bour snore in the bunk below, above or next to you. Although we are in the middle of 
the tropics, air conditioners keep us cool and a blanket for cover is no luxury. All is 
well aboard.
Aft er for many a short night and a hearty breakfast , yest erday’s work is resumed with 
new zeal and vigour. Th us, in relatively short time, the ship is changed into Fantasia, a 
complex entity under nervous st rain, fi lled with clever gimmicks and devices that are 
controlled by a bunch of bright, most ly young people, who together with the depart-
ments of propulsion, navigation, catering and housekeeping form a powerful organ-
ism.
And that brings me to the other inhabitants of this fl oating enterprise, the real sailors 
who make it possible that this, our “fools’ paradise”, works at all. First  there is the Mast er, 
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captain Jan de Jong, the general manager. Starting in Vict oria he is in command of the 
ship for the next ten weeks during the three consecutive Utrecht cruises D, D2 and D3. 
We know each other from similar but shorter escapades in the past , two weeks during 
the Snellius II expedition in Moluccan waters in 985 and another two weeks in the seas 
around Crete in 987. He knows the ship inside out and with Jan de Jong we are in good 
hands. Th ree offi  cers assist  him, fi rst , second and third mate and the four of them are 
resp onsible for navigation and safety. Besides that they also manage a fl oating hotel, 
together with a small st aff  of effi  cient people largely of Philippine origin.
Down below in the belly of the ship there is a huge powerhouse run by a bunch of ma-
chinist s, technicians, oilers and cleaners under command of Chief Engineer Ton Ruij-
grok. Mighty engines deliver the energy for the propulsion and st eering of the vessel (es-
sential if you want to get anywhere and home eventually), to keep up the water pressure 
(handy if you want to scrub the deck or take a shower) and to generate elect ricity for 
cooling and air-conditioning, making life in the tropics much more pleasant. Th at also 
makes it possible to switch on that little bright light, high up in the mast , so that the Big 
Boss in the sky can see us at night, when we are alone, somewhere on His endless sea.
And then there are the others in the galley, under Chef and chief st eward, John Pina. 
Chef I write with a capital, for his cooking is so fantast ic that we have to be careful that 
at the end of the cruise we will st ill be recognized by our loved ones, when we st and in 
front of them, fat, round, and shining. Finally, there are in John’s department also three 
st ewards, Th omasito, Francis and Randy who, with the services they provide, make life 
aboard that much more pleasant.
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LEG # D1; VICTORIA – KARACHI
September 08 – September 25

“By a high st ar our course is set...
our end is life

Put out to sea.”
Louis MacNeice
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Fig. 5. Ship’s track and the position of Leg D1 sampling stations. Depth contours: General Bathymetric Chart of the 
Oceans (GEBCO), 1997 edition. Natural Environment Research Council.
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Tuesday, September 8 (continued)
It is time. At fi ve o’clock this aft ernoon we slip our moorings. Aft er choosing passage 
between off shore islets and shallow reefs the pilot is taken off , we pick up sp eed and 
head for open sea. From here to Karachi, three weeks away, we are on our own, we, a 
handful of people in a small boat, alone on an infi nitely large and empty sea.

“An oceanographic expedition is the cryst allization of an idea; it begins and ends in the 
mind with a little sailing around in between”. Th us begins H.W. Menard’s book “Anat-
omy of an expedition”, the narrative of the 967 Scripps Inst itution of Oceanography’s 
NOVA expedition in the Southwest  Pacifi c, a major expedition in which I took part 
for a couple of weeks, then as a member of the New Zealand Oceanographic Inst itute. 
Now, 25 years later, Menard’s st atement st ill rings true; our ten weeks at sea are “no 
more than a little bit of sailing around in between”. For us “the beginning in the mind” 
lies back some ten years ago, “the end” will not be reached until several years hence, 
when the last  about this expedition is said and done, presented at symposia and writ-
ten down in PhD theses and scientifi c journals.
Th e imbalance between lead- and follow up time and time at sea is primarily a matter of 
economics. Research at sea is expensive; our ten weeks at sea cost  more than one million 
dollars. Spending that much taxpayer’s money is only permissible if time at sea is used 
effi  ciently. Ensuring success requires careful planning and preparation. We did that by 
collect ing up-to-date information pertinent to our goals, to be able to defi ne at an early 
st age where best  to sample and which tracks to survey and by securing participation of 
experts from abroad in our programmes. We have prepared ourselves against  inst ru-
ment- and equipment failure by carrying an ample supply of sp are parts, replacements 
and back-up syst ems. We are well aware that, if we do not succeed, there will be little 
chance to repeat the enterprise and sail this expedition ever again. If we want to play our 
part in the international fi eld, this is our chance; our only chance, competition is fi erce 
and will not hesitate to take the opportunity away from us.
We cannot aff ord to take things easy in the next few weeks. How much we would like it 
otherwise, while at sea the time to evaluate and diagnose our fi ndings will be sp arse. To 
achieve our various goals the main task is the collect ion of large numbers of meaningful, 
high quality data, samples taken from carefully select ed sites and measurements made 
along well-chosen tracks. Apart from that, we have to avoid contamination and pre-
serve the original chemical composition of samples as much as possible. It is therefore 
essential that the sediment- and water-samples brought up from great depths be st ored 
airtight, cooled, or dry-frozen as quickly as possible. So, measure, sample, preserve, cat-
alogue and st ore, that’s what we must , 24 hours per day, 7 days per week.
No worries about that today, our fi rst  st ation  40 lies st ill a fair dist ance ahead. We 
will not arrive there until tomorrow aft ernoon. Aft er yet another scrumptious meal, 
the inst allation of test ing- and measuring equipment and the build-up of laboratories 
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continue and keep us going most  of this evening. A good opportunity for the newcom-
ers to get used to a moving ship. Th e sea is almost  a mirror, there is only a gentle swell, 
but even that slight movement means nausea for some and, yes, notwithst anding anti-
seasickness-plast ers st uck behind their ears a few of us feel outright miserable. Th e best  
therapy is not to give in to those feelings and to keep body and mind occupied. Th e 
promise that they will soon get over it encourages even the “greenest ” to survive.
From behind my desk in my cabin, two decks up above main deck, I have a grandst and 
view over the st arboard side forward from where, st arting tomorrow, the sampling op-
erations will be direct ed. It is a st rategic position, very handy to observe what is going 
on without st anding in the way and hinder the work. Th e direct ion in which the winch 
turns tells me whether wire is paid out or wound in, whether an inst rument is lowered 
into or raised from the sea, and a reduct ion in turning sp eed warns me that sampling 
equipment is about to be retrieved and brought on board. Besides, everybody can hear 
immediately when the whine of the winch changes to a lower pitch.
However, that tune will not be played before tomorrow, for the time being all eff ort is 
put in readying ship and equipment, and that keeps most  people busy someplace for a 
few more hours. Th e main deck is only dimly lit, enough to allow the work to continue. 
Normally, when under way at night, there are no lights on the foredeck. It would be dif-
fi cult otherwise for the lookout on the bridge to see what is going on out at sea, direct ly 
ahead. For the same reason curtains are drawn in the accommodation to cover windows 
looking forward. So nothing much can dist ract  me from my work, writing the weekly 
newsletter. To compose my message I make use of a laptop, which would indeed be a 
handy tool if I were a little bit more familiar with its language, WordPerfect  5.. Fortu-
nately the ship is fi lled with whiz kids, some who may never have seen a fountain pen, 
but are quite willing to st raighten me out in the art of perfect ing words on a machine. 
No doubt they soon will quest ion my capacity to learn and do that properly when, aft er 
consulting them for the umpteenth time, I succeed once more in scrambling my mes-
sage or losing it somewhere in the machine. Th e newsletter is meant for the SOZ in Th e 
Hague, who wants to know about expedition-related aff airs, technical asp ect s, successes 
and failures, but also for family and friends who are more interest ed in fi nding out how 
husband, wife, daughter, son or friend are faring on the high seas. Every Sunday a news-
letter is faxed to Th e Hague and on Monday, at SOZ headquarters, it is then xeroxed 
and mailed to the people at home. I have read the product s composed by the expedition 
leaders of cruises A, B and C, and, since the newsletters are also dist ributed here on 
board, I know I will be challenged to measure up to my predecessors’ st andards and to 
report in a st yle as entertaining and witty as they did. Whatever information and amuse-
ment the newsletters may bring to others, they force me to keep a record of what is going 
on day by day and that record will come in handy when at the end of the cruise I have 
to write the cruise report.
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Wednesday, September 9
Some of our st udents greet each other at the breakfast  table rather exuberantly, to put it 
mildly. It seems a bit st range considering they have seen each other only a few hours, in 
st ead of days or weeks ago. Spending a night away from home in unusual circumst anc-
es apparently creates a bond, arming them against  whatever uncertainties that may 
come their way. To help set their minds at ease everybody is gathered in the saloon 
at coff ee time this morning. Staff , st udents, ship’s and expedition’s managers are intro-
duced to each other by name, by mention of their resp ect ive tasks and resp onsibilities 
and by telling the place in the ship where they can be found when needed at odd times 
during the day or the night. Th e rules of the “house” are given and explained, rules that 
should enable this community to funct ion properly and smoothly. Attention is drawn 
to sp ecifi c problems that may arise when using some of the facilities. Energy and fresh 
water are modest ly available only and life aboard might become uncomfortable if ex-
cessive use of these commodities would lead to rationing of water or to st opping the 
air-conditioning in living- and sleeping quarters.
At eleven o’clock exact ly fi re bells and eight blast s on the ships’ horn bring us together 
again, now at must er st ations on the boat deck. Th e lifeboat commanders, fi rst  and sec-
ond mate, check that everybody is present at his or her lifeboat st ation or, if sick or on 
duty, is otherwise accounted for, that each and everyone wears a hard-hat and protec-
tive clothing against  sunst roke and that everybody knows how to properly put on a life 
jacket. Inst ruct ions are given on how to safely abandon ship, board a lifeboat or infl ated 
raft  and on how to survive an emergency. Lifeboat drill must  be taken seriously and is 
therefore exercised at the beginning of each leg. “Safety fi rst ” is rule number one.
Shortly aft er lunch we arrive at st ation  40, the fi rst  st op of Cruise D, the fourth leg of 
the Netherlands Indian Ocean Expedition. Since this is our fi rst  water st ation newcom-
ers are shown how the water column is sampled and how its temperature, salinity and 
oxygen charact erist ics are recorded. Th is is done with the so-called rosette sampler, a 
six-sided st ainless st eel rack on which 24 polypropylene NOEX bottles, a CTD (Conduc-
tivity, Temperature and Depth) probe, an oxygen probe and a servomotor are mounted 
(fi g.6). During the downcast , while lowering the inst rument in the water, all bottles st ay 
open to the sea and CTD and oxygen probe continuously monitor and record depth, sa-
linity, temperature and oxygen content. For our programme the oxygen probe is an im-
portant sensor. It enables us to accurately defi ne the thickness and. extent of the Oxygen 
Minimum Zone (OMZ), which normally occurs between about 200 and 00 metres 
deep in the world ocean. Th e depth interval where the OMZ touches bottom is where 
we want to take our samples. Organic matter is best  preserved within the OMZ and 
from the organic content of our samples we derive the environmental conditions that 
prevailed at the time of deposition
During the upcast , water samples are taken by triggering the servomotor, which closes 
bottles, one aft er the other, at desired depths. Sampling and recording is a coordinated, 



| 34 |

Fig. 6. Rosette sampler cum CTD- and oxygen probes. Photo, Fred Hoogervorst.
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two-man operation. In the oceanography container Martin Laan guides the procedure 
from behind a monitor that graphically disp lays C, T and O2 against  D values (fi g. 7). Via 
headphones he communicates direct ly with Cerillo Willems on the winch. Martin tells 
Cerillo down to what depth the sampler should be lowered and, during the upcast , at 
what depths the sampler must  be st opped and held so that he, Martin, can act ivate the 
servomotor and close a bottle.

With st ation  40 Cruise D operations have begun in earnest . Water samples and 
CTD give us the physical and chemical charact erist ics of the water column at this place 
at this moment. A large number of such measurements and samples sp read in time 
and place over a large enough region are a means to defi ne and dist inguish the charac-
terist ics of seasonally diff erent water masses and how these interact  in the region.
We contribute to this knowledge in a modest  way; we are in the region for ten weeks 
only, during the periodic transition from Southwest  to Northeast  Monsoon, and have 
no time to occupy a suffi  cient large number of water st ations. However, considering 
the measurements and samples made and taken during the other cruises of the Neth-
erlands Indian Ocean Program, not to forget those of Indian, British, French, German 
and American expeditions that were and will be visiting the region in the last  and com-
ing years, our contribution is important. Th e collect ion and interpretation of the entire 
international data set will lead to a better underst anding of the processes that govern the 
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interact ion between ocean and atmosp here, an interact ion that to a large extent controls 
the st ability of climate. Th at knowledge will ultimately help us to achieve our main ob-
ject ive, that is to determine the changes in climate that took place during the last  couple 
of 00 000 years, changes that have to be compared with the interact ion of the present 
ocean and atmosp here.
Once the rosette sampler is put on deck each NOEX bottle is subsampled in larger and 
smaller airtight st opper fl asks. Some of these are then quickly put in cold st orage for 
analysis later in Utrecht, Texel or Delaware (U.S.A.). Other fl asks are brought to one of 
three chemist ry labs on board where a variety of chemical parameters is determined 
such as pH, salinity, alkalinity, O2- and nutrient content, concentrations of greenhouse 
gases and of other dissolved elements and compounds. 
Station  40 is completed with a test  of the Large Volume Sampler (LVS), a newly de-
signed and const ruct ed sampler, which can take  m3 of water per haul. Apparently the 
closing mechanism works well, there are no leaks and Th ony van der Gon Netscher, 
who built the inst rument, is pleased with the sampler’s performance. He can now 
sp end the rest  of the aft ernoon separating minute susp ended particles from what looks 
like the purest  possible water. He does this by passing the 000 litre sample through an 
000-rpm ultracentrifuge, whereby particles are caught on tefl on st rips.
While Th ony is busy TYRO abandons st ation  40 and heads north towards deeper 
water in the Somalia Basin. Once underway we switch on our 3.5 kHz echo sounder 
which continuously sounds the water depth and the st ruct ure of the sea bed. Every 
two seconds a hull-mounted tranceiver transmits a st rong 3.5 kHz sound pulse to the 
bottom. Th e transceiver picks up the echoes that are cast  off  the bottom and off  discon-
tinuities in the sea bed. Aft er amplifying and fi ltering those signals they are disp layed 
on a graphic recorder in the geophysics container (cf. fi g. 8). Const ant supervision is re-
quired to ensure that the syst em funct ions properly and that the information is recorded 
accurately. Beginning on st ation  40 one of six watch keepers monitors the recording 
day and night. In turn, each during a four hour watch, they keep an eye on the syst ems’ 
performance, adjust  depth intervals, amplifi er- and fi lter settings to make sure that the 
best  possible record is obtained.

At ten past  nine, this evening, we cross the equator.

Thursday, September 10
A new day, a beautiful morning. Sea and weather are perfect  and we are moving fast , 2 
knots, about 22 kilometres per hour. Although this sp eed creates some towing noise, it 
does not interfere with an excellent 3.5 kHz recording of the sea bed. Th e indust rious 
eff ort of the ship’s engineers seems to have paid off ; at least  we do not suff er any of the 
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problems that harassed the previous leg. Admittedly, so far weather and sea conditions 
are much better, but certainly part of the credit for the improvement is due to the engi-
neering department. I must  not forget to compliment Chief Tom Ruijgrok when I see 
him at lunchtime.

Holding on to the railing up forward, I ride the bow wave that TYRO plows in the 
sea. Below my feet I feel the heartbeat of the ocean, the smooth, long swell that gently 
lift s and lowers me, up and down, up and down, forever up and down. Th e sun sur-
rounds my head’s shadow on the water with a sp arkling halo. Wherever I look, the sea, 
the clouds, the ship, everything turns and moves, nothing changes. Borne by time- and 
borderless sp ace I am carried towards a yielding horizon. To my left , forward and then 
to my right glist ening fi sh skim the waves, metaphors of life itself; one moment they are 
there, their fi ns sp read like birds in fl ight, the next inst ant they are gone. Are they being 
hunted or are they playing a game, sp ellbound as much as I am by the game I play?
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Fig. 8. Example of a 3.5 kHz acoustic record. This record was shot along track D – E (see fi g. 21a) during cruise MD 
143/ODP 549 of IPEV’s RV MARION DUFRESNE in October 2004. In this particular record the vertical resolution is a few 
metres, while the penetration is about 50 metres. Note the expanded vertical scale (188 x) which makes a slightly 
elevated outcrop of hard, probably volcanic rock deviously look like a steep sided sea mount. For comparison see the 
bottom depth profi le (←) underneath, which is shrunk down to normal proportions of depth and distance.
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We have chosen st ation  402 in the deeper part of the Somalia Basin. Th e 3.5 kHz echo 
shows an undulating, somewhat bumpy sea bed, about fi ve kilometres below the keel 
of the ship. Th e bumps are the rounded, sediment-covered foothills of the Carlsberg 
Ridge the mid ocean mountain range that rises in the northeast . Below the sea bed 
there is a succession of bottom-parallel alternating “transp arent” and “refl ect ing” layers, 
most  likely a repetitive sequence of deep sea clays and dark, relatively coarse sediments 
that were brought here by high density- or so-called turbidity-currents.
Station  402 is the fi rst  site where we will sample the sea bed by using in succession 
both the box corer (fi g. 9) and the pist on corer (fi g.0). Th ese inst ruments permit the 

Fig. 9. Box corer. a. The open box, forced down by a stack of weights, has just penetrated the sea bed.
 b. With the box now fully closed, the corer is being hauled to the surface.

Fig. 10. Operation of the piston corer. To ensure maximum penetration of the corer into the sea bed the 
corer hangs from the short arm of a mechanical couple while a trigger weight that reaches several metres 

below the base of the piston corer is suspended from the long arm. When the trigger weight touches bottom 
the arm swings up and releases the corer. After a free fall of several metres, depending on the length 

of loosely wound loops in the wire, the corer hits the sea fl oor under full impact. Inside the core barrel 
a freely moving piston is held at the sediment-water interface during penetration, thereby creating suction, which 

holds the sediment column together within the PVC core liner.



| 39 |



| 40 |

recovery of sediment cores that are relatively undist urbed by the coring operation. Ba-
sically the corers are open-ended st eel cylinders, buckets or tubes, weighted at the top, 
that penetrate the sea fl oor and take a sample, essentially in a manner similar to the way 
a hand-held device cores an apple or a cheese. Th e box corer we use cuts short, large-
diameter samples, a few tens of centimetres long and, depending on the size corer in 
use, 40 or 60 cm in diameter. Th e pist on corer enables the recovery of long- and small-
diameter samples, up to a few tens of metres long, resp ect ively nine cm in diameter. Th e 
length of the core recovered by one or the other device depends on the hardness, grain 
size and st iff ness of the sediment and of course on the sp eed of impact  as the corer 
penetrates the sea bed. Depth of penetration can be improved by loading the corer with 
extra lead weights. While pulling and freeing the box corer and its contents from the sea 
bed the top and bottom of the box are being closed, the top to also recover and protect  
the sediment-water interface and in situ bottom fauna as the box is hauled to the sur-
face, the bottom to prevent losing the sample altogether. At its business end the pist on 
corer is fi t with a core cutter and a core catcher, the fi rst  to ease and improve penetration, 
the latter to prevent dropping the core upon retrieval. A loosely fi tting pist on inside the 
PVC-liner within the st eel core barrel prevents compact ion of the sediment while the 
corer penetrates the bottom. It also prevents waterlogged sediment being sucked into 
the barrel while the corer is pulled free.
Shortly aft er lunch box coring begins. Since  402 is our fi rst  coring st ation the act ion 
draws a lot of attention, esp ecially from the newcomers. From the number of cameras 
they carry it looks like we are well prepared to preserve the act ions for post erity.
Coring is a tedious job and takes time; for this particular depth, about fi ve km, lowering 
the corer to the bottom and bringing it back to the surface takes a good three hours. 
To break the monotony of the job winch driver Pierre Persoon puts a tape in his ghetto 
blast er. Th e repertoire of his musical collect ion has a fair number of tearjerkers, songs 
full of sentiment and feeling, crying out for love, mother, sweetheart and apple pie. Th e 
moment André Hazes’ voice comes on half the audience clears the deck and scatters in 
fl ight. Others, moved to the bone, lift  their heads in song, join in and wail away the re-
frain; “In de Willumst raat, bin ik gebó-ó-ó-ren”. I have a good excuse to remove myself 
from the scene. I have work to do and, as I pointed out before, in my cabin, from behind 
my desk, I can keep an eye on what happens on deck.
When the length of wire paid out almost  equals the water depth the winch is slowed 
down. Shortly thereaft er, at the moment that the box corer touches bottom, the winch 
block kicks up sharply and the wire goes slack. Pierre hits the brake to make sure that 
the corer is not snagged in lengths of wire that otherwise would drop on top of it. Im-
mediately thereaft er the wire is wound in to bring the corer up. About 90 minutes later, 
with the corer slightly below the surface, the winch is slowed down again to gently lift  
the contraption from the sea and bring it on deck.
Lowering the winch sp eed lowers the pitch of its whining sound and almost  immedi-
ately brings out a crowd on the main deck to watch the show; this is what they have been 
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waiting for. Indeed, some persuasion is needed to keep ‘the mob’ at a safe dist ance, to 
allow the technicians to do their work.
First  insp ect ion is important to help decide whether it is a good core, whether the box 
is properly closed, whether the core is dist urbed and, if so, how badly? Was penetration 
suffi  ciently deep or, exact ly the opposite, perhaps too deep? Properties of the sediment 
recovered, hardness, sloppiness, water-content and grain size will help decide what 
length of core we might recover with the pist on corer from this site and thus how many 
core barrels we should use. Once we know it is a good core the pist on corer will be as-
sembled and be prepared for launching. If not, another, better box core may be needed, 
and that probably requires adjust ing the weight of the box corer by adding or removing 
weights to increase or diminish penetration.
At half past  four box core TY 92 402 B, i.e. box core B from st ation  402, recovered 
during the 992 TYRO cruise, st ands on deck. Unfortunately our fi rst  bottom sample 
is not exact ly what we hoped for; the box is only partly fi lled, apparently because it 
penetrated the sea bed at an angle. Th ere is no need, however, to cut another box core 
here and on the basis of the mechanical properties of the sample we decide to attempt to 
recover a pist on core, two barrels long.
Th e sedimentologist s carefully subsample the box core. First  the covering bottom water 
is siphoned off  and collect ed in a sample fl ask. Bottom dwellers, shellfi sh, worms and 
other crawlers and burrowers, are picked from the top and are preserved in alcohol or 
formaline. A bit of the sloppy top sediment (the bottom – water interface) is collect ed 
and preserved for later analysis of its benthonic foraminifera content. Subsequently a 
number of subsamples are taken from the core by gently pushing short 6 cm diameter 
PVC pipes in the box down to the bottom and closing and sealing these with tightly 
fi tting PVC caps and tape. Top and bottom are marked and all subsamples are identi-
fi ed with their proper st ation number, TY 92  402. All samples are st ored below decks 
where they are kept in refrigerator or freezer. Finally, deck and sampling equipment are 
scrubbed and cleaned and made ready for the next operation.
In the mean time Harrie and his mates assemble the pist on corer in a cradle that is 
positioned outside and alongside the railing. Two 6-m long, 9 cm diameter st eel pipes 
are coupled under the corer head, a heavy, lead weighted, torpedo-shaped contraption 
with four st abilizing fi ns. Next the liner, 2 m of tightly fi tting PVC pipe, are inserted in 
the st eel barrel, the pist on and its appropriate length of pist on wire are lowered within 
that pipe and fi nally core catcher and core cutter are put in place. All this takes time, 
and both current and wind pushed the ship an appreciable dist ance off  st ation. TYRO 
is therefore manoeuvred to a position upst ream and upwind of the original  402 site to 
compensate for further drift  while the corer is lowered to the bottom. Once TYRO ar-
rives on site, this time about two miles northwest  “above” st ation, the corer in its cradle 
is turned upright. Next the winch cable takes the weight, the corer is lift ed from the cra-
dle and hung in launching position. Aft er removal of a safety pen (which prevents pre-
mature triggering) the A-frame is slowly swung outside and the corer is gently lowered 
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into the sea. When completely submerged, the tachograph is set to zero, the winch picks 
up sp eed and the corer disappears from sight on its way down to the bottom. About an 
hour and a half later a trip weight hits bottom (cf. Fig. 0), it triggers the corer to freely 
fall the last  few metres and penetrate the bottom with full impact .
As with the box corer, the jolt of the release gives a sharp kick to block and wire. At that 
moment Pierre applies the brake and immediately thereaft er he pulls the corer from the 
bottom. Th e tension on the wire increases (to pull the corer out of the sea bed) and so 
do expect ations that it will be a good core, that the barrel penetrated deeply and is well 
fi lled. Th e moment the tension on the wire drops again the corer is free and can be lift ed 
to the surface at maximum sp eed. On the bridge the fi rst  mate marks the time, the water 
depth and the position of the ship at the moment the corer hit bottom, 0 h 56 GMT, 
4965 m and 020 58.5’ N – 530 58.7’ E, resp ect ively. He also marks the time and position 
of the ship the moment the corer disappeared below the water and he will do the same 
when the corer reappears at the surface. Th at way we will have a reasonable est imate 
about the course and sp eed the ship logged while it drift ed over the coring site during 
the whole operation. Once more a long wait begins before the top of the corer is in sight 
below the surface.
Th e result is a bit disappointing; the mud smear on the barrel, which marks the depth 
of penetration, is not much more than four metres long. Once the corer lies in its cra-
dle alongside the st arboard railing, core cutter and core catcher are removed and the 
adherent sediment is put in a jar. Th e core liner (and the core within) is pulled from the 
barrel and is cut in one metre long sect ions, which aft er having been capped, sealed and 
marked, are brought to the geology laboratory where the sect ions are cut lengthwise 
into two halves. Th us the sedimentary st ruct ure of the sea bed is revealed and lies on the 
bench like an opened book, ready to be insp ect ed, described and photographed. Th at 
job keeps the sedimentologist s happy this evening and part of the night. Th ey do not 
st op until the last  sect ion is st ored in a refrigerator below decks.
Although this fi rst  “geology” st ation did not bring the best  possible results we have 
learned a lot. We are confi dent that a second attempt with a heavier corer and a longer 
“trigger” cable (to increase the length of “free fall”) will take a longer core and we will 
therefore st ay in the vicinity of site  402 for the night and try again tomorrow. Mean-
while, for the fi rst  time this cruise, the bar on boat deck has opened. Desp ite the late 
hour there are quite a few youngst ers in the bar and they cheerfully commemorate the 
happenings of the day until the wee hours of the night. I have another reason to cel-
ebrate. I help myself to a glass of wine and drink a toast  to Marieke. Today is our number 
two’s birthday, an event she probably celebrates somewhere in Utrecht. Where exact ly 
I don’t know; I could not reach her by phone in her home. I hope she doesn’t miss me 
as much as I miss her on a day like this. Unfortunately, such is life for the sailor and for 
the sailor’s daughter.
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Friday, September 11
Even though I left  the scene shortly aft er midnight, I am well aware of what goes on 
and also until what time; I happen to live and sleep on the same deck and the bar ac-
tivities produce a lot of noise. Every time the heavy st eel bar-door is opened and closed 
it reverberates through the bulkhead and my bunk, shakes me up with a jolt, violently 
dist urbing my well deserved rest .  

Early, all too early, the work on st ation  402 resumes, this time with a CTD cast  down 
to 3900 metres. When, later this morning, aft er st oring the water samples we are hav-
ing coff ee on the foredeck, TYRO is accost ed by a rowdy bunch of weird charact ers, 
one of them a well proportioned trident-wielding, hairy guy in a white sheet. Neptune, 
ruler of the deep, and his henchmen have boarded our ship to exact  tithe for cross-
ing the line and intruding his domain. Last  Wednesday, when we entered the northern 
hemisp here, he must  have been preoccupied with more important business, aff airs of 
st ate, or such like, who is to say? Perhaps his bookkeeping is simply not what it used 
to be, he must  be getting on in years aft er all. Proof for that supposition is that several 
old hands who crossed the line before were subject  to the same rough treatment that 
all newcomers and of course all girls must  endure; be covered in fi lth and grime, be 
soaped in suds and be dunked in the swimming pool. Let it be known henceforth that 
I crossed that line at least  5 times before, expedition leader or not.
Aft er this intermezzo work proceeds, leading to the recovery this aft ernoon of an excel-
lent second pist on core, TY 92 402 P2, eight metres long, an improvement of almost  00 
% over core P. Bringing up three 000-litre water samples from depths 300, 600 and 
200 m, resp ect ively, completes st ation  402. 
Shortly before midnight the last  sample is on deck and aft er altogether 35 hours we leave 
st ation and proceed on a northeast erly course to our next CTD st ation. In the geophys-
ics container the 3.5 kHz sounder monitors shape and st ruct ure of the sea bed. Slowly 
the sea bottom rises towards the Carlsberg Ridge and gradually the topography becomes 
more irregular and st eep.

Saturday, September 12
Until the middle of this century about 70% of our planet’s surface was largely “Terra 
incognita”. Geological information about the earth below the sea was rest rict ed most -
ly to rock exposures on islands and to the odd sediment sample that st uck to a lead 
weight when sounding mainly shallow waters. Th is changed rapidly when acoust ical 
methods and techniques, originally developed for submarine warfare during WW II, 
led to a dramatic increase in knowledge about form and st ruct ure of the sea bed and 
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of the rock st rata and their sedimentary cover underneath. Driven by curiosity and the 
prosp ect  of economic gain marine geological and geophysical research intensifi ed and 
expanded over the globe, supported by a growing number of scientist s from numerous 
nations and st ates. Initially, however, there was no great incentive for the oil and gas 
indust ry to follow. Why sp end good money in a host ile environment to fi nd more of a 
commodity that is abundantly available on land?
In the late fi ft ies and early sixties, once large areas of the ocean fl oor had been sounded 
and mapped, the signifi cance of the submarine domain became quickly apparent. Th e 
mapping of a roughly 75 000 km long, globe-encircling basaltic mountain range that ris-
es up from the monotonously fl at, deeper parts of the abyssal plains of the world ocean 
and the recognition that the crest  of this so-called Mid Ocean Ridge syst em coincides 
with a zone of earthquake act ivity are no doubt the most  sp ect acular and important 
fi ndings of that time.
During that same period the intensity and polarity of deviations of the earth magnetic 
fi eld (magnetic anomalies) that are “frozen” in the ocean’s volcanic crust  were widely 
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Fig. 11a. Generation of magnetic anomaly patterns, due to repetitive reversals of the polarity of the Earth’s magnetic 
fi eld and to spreading of the ocean fl oor. New basaltic crust formed at a spreading centre, i.e. the centre of a Mid 
Ocean Ridge, is magnetized in the direction of the prevailing Earth’s magnetic fi eld. When the fi eld changes polarity, 
newly formed crust will subsequently be magnetized with reversed polarity. This results in the formation of a striped 
pattern of alternating positive = normal (red and brown) and negative = reversed (beige) anomalies. The blue wavy 
line represents a typical record of the total magnetic intensity measured along track. Note the symmetry in magnetic 
signature to either side of the pronounced central positive anomaly.
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recorded and mapped by simply towing a (proton precession) magnetometer behind 
a survey vessel. It appeared that these magnetic anomalies assembled in a remarkable 
symmetric, linear pattern of alternating positive and negative anomalies with the axis of 
symmetry, a pronounced positive anomaly, coincident with the crest  of the mid-ocean 
ridges and, in the Atlantic and Indian oceans coincident also with a median valley.
One of the areas, where a group from Cambridge University aboard HMS OWEN 
mapped such anomalies in 962, is the crest  of the Carlsberg Ridge, centred on 50 25’ N 
– 60 45’ W. Th e analysis and interpretation of the Cambridge data set by Fred Vine and 
Drum Matthews, as published in Nature in 963, was the linchpin that locked various 
ideas about the origin of continents and oceans that were in vogue at the time, such as 
continental drift , mantle convect ion and sea-fl oor sp reading, into a brilliant, all-encom-
passing paradigmatic concept, the theory of plate tect onics.
Th e observed anomaly pattern, Vine and Matthews explained, is caused by the com-
bined eff ect s of sea fl oor sp reading and of earlier est ablished polarity changes of the 
planet’s magnetic fi eld (geomagnetic or paleomagnetic reversals, see fi g. a). Within the 
central zone of mid ocean ridges magmas rise from the ast henosp here below, intruding 
the ocean crust . When cooling through the Curie point the ensuing basalt is magnetized 

Equator

Fig. 12. Present day global distribution of tectonic plates. Individual plates are bounded by spreading ridges (blue 
lines, largely in the oceanic domains), subduction zones (barbed red lines, mostly following deep trenches along 
island arcs and mountain ranges) and major transform fracture zones (yellow lines).
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and acquires the polarity of the earth fi eld that prevails at the time (fi g. b), positive if 
the fi eld is normal, i.e. polarized as today (the compass needle points North), negative if 
the polarity is reversed (the compass needle points South). For inst ance, basalts formed 
within the sp reading zone during the Brunhes epoch, the last  690 000 years, are pre-
dominantly normally polarized, whereas basalts formed in the preceding .74 million 
years, the Matuyama epoch, are predominantly negatively magnetized.
Plate tect onics, or “New Global Tect onics”, profoundly changed Man’s underst anding of 
his planet. Since the early sixties the Earth is underst ood to behave like a dynamically 
evolving, continuously self-rejuvenating entity, fed by its own, internal energy. Already, 
4.6 billion years old, the evolution of the Earth goes on, usually imperceptibly slow and 
gentle, sometimes suddenly and with brutal force. From a human persp ect ive, there is 
no sign that this old planet will not endure forever or, in the words of James Hutton 
(726 – 797), there really is “no vest ige of a beginning, no prosp ect  for an end”.

Plate tect onic theory explains how the shape and st ruct ures of the Earth’s crust  has 
been formed by the interact ion of a number of rigid lithosp heric plates, about 00 
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Fig. 13. Movement of tectonic plates. At a divergent margin (Mid Ocean – or spreading ridge), magmas are intruded 
from the asthenosphere below. After cooling, the newly formed basaltic plate breaks apart and is carried to either 
side by convection currents in the underlying mantle. At a convergent margin an old basaltic, oceanic plate (B) and 
a granitic, continental plate (C) collide, whereby the heavy oceanic plate is subducted under the relatively light 
continental plate.
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kilometres thick, that move with resp ect  to each other, carried passively over the un-
derlying, convect ing visco-elast ic ast henosp here or upper mantle (fi gs. 2 & 3). Where 
plates move apart, within rift  zones in the centre of the Mid Ocean Ridges, basaltic 
magmas rise up from the ast henosp here, thus fi lling the sp ace between diverging plates 
with newly formed oceanic crust  (sea fl oor sp reading). Where plates collide, one side 
(usually the heavy, basaltic oceanic side) slides beneath the other (usually the lighter, 
granitic continental side), diving into the ast henosp here. Volcanic island arcs arise or 
mountain ranges are pushed up, that in places are bounded by narrow trenches, several 
kilometres deep. In other places, along so-called transform fract ure zones, plates slide 
along each other. Th e plates move with resp ect  to each other at sp eeds of a few to more 
than 0 centimetres per year. Earthquakes and volcanic act ivity mark the plate bounda-
ries, the zones where plates move apart, collide or slide along each other.
Plate tect onic processes are primarily resp onsible for the gross morphology of the Earth’s 
surface i.e. for the relief, the height, depth and slope of land- and sea bed-forms, and for 
the form and dist ribution of continents and oceans. Without plate tect onic act ivity, ero-
sion and sedimentation would level the surface of the planet in a (geologically sp eaking) 
relatively short time into a monotonously fl at landscape that would be covered entirely 
by the sea.
Th e signifi cance of the Plate Tect onic theory for the earth sciences can hardly be exag-
gerated and is on a par with that of the evolution theory for the life sciences. Remarkably 
soon aft er its conception in the sixties, Plate Tect onics developed into an all-inclusive 
theory, comprehending most  asp ect s of the physics and chemist ry of the Earth, asp ect s 
that run the gamut from sedimentation to erosion, from diagenesis, metamorphosis to 
plutonic, volcanic and tect onic act ivity, from rock formation to deformation, folding, 
faulting and fragmentation. In the years following, the theory quickly became a para-
digm, to the extent that whatever we know about the behaviour of the Earth and of earth 
materials must  fi t or be fi tted into Plate Tect onic theory. 
Th e years when the outline of the theory took shape was an insp iring, exciting time of 
discovery, challenging an international band of most ly young scientist s to put to sea in 
smaller and larger ships, to search and unravel the secrets of the Earth, as much in their 
own shallow backwaters, beneath territorial seas, as below the abyssal depths of the 
world ocean. Although some of the excitement of the early years is gone, the search goes 
on, to refi ne the theory into ever smaller detail, and more so today to broaden it into an 
all encompassing view about syst em Earth, a syst em including not just  rocky, solid Earth 
but also her hydrosp here, atmosp here and biosp here. Th at is why we are here today.
Our challenge during this expedition, sp ecifi cally, is to better underst and climatic 
change, in the past  and (therefore) in the present, and to unravel the st ruct ure and evo-
lution of submarine fans. Furthermore, in a modest  way, we will contribute to the work 
that was begun in 962 by Cambridge University aboard HMS Owen and expand the re-
gional coverage of magnetic and seismic surveys, to gain a better, more detailed insight 
in the origin and evolution of the west ern Indian Ocean.
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Shortly before eleven o’clock our magnetometer is st reamed aft  and from now on, 
while underway between st ations, we will tow this inst rument at a safe dist ance behind 
the vessel, measuring the intensity of the Earth’s magnetic fi eld. Safe dist ance, in this 
case, meaning outside the dist urbance generated by the TYRO’s own magnetic fi eld. 
Because the automatic data logger is on the blink, it is impossible, for the time being, 
to digitally record the magnetic information, together with ship’s position and water 
depth. Th is sp ells extra work for the watch keeper in the geophysics container. Apart 
from monitoring the 3.5 kHz regist ration, he or she must  now also carefully check the 
analogue tracing of the magnetic fi eld intensity, when necessary change the scale, mov-
ing it up or down as required, and mark the record, every thirty minutes. Of course, 
for the true researcher this way the job is less boring and the chance of falling asleep 
on watch is smaller. And so, slowly but alert, we leave the Somalia abyssal plain, pro-
ceeding towards the gentle, deeper slopes of the Carlsberg Ridge.

Today I must  fi nish my fi rst  weekly report, in time to have it faxed to the SOZ in 
Th e Hague. I think that I now am suffi  ciently familiar with the intrinsic peculiarities 
of Word Perfect  5. to sail along smoothly without continuous whiz kid supervision. 
Learning to process words wasn’t easy; notwithst anding the assist ance provided, I was 
successful in burying the fi rst  fi ve days of the report into the PC. Unfortunately, tena-
cious, even st ubborn attempts by Maarten and Marjolein failed to resurrect  my prosaic 
ebullitions. Although they delved deeply into the syst em, my words disappeared com-
pletely and I had to st art all over again.
At 6 h 00, aft er fi rst  bringing in the magnetometer, we occupy CTD st ation  403, the 
last  abyssal st ation south of the Carlsberg Ridge. Th e fi rst  attempt to close the bottles fails 
and it takes more than four hours to analyse and sample the water column, altogether 
almost  fi ve kilometres of water. At 20 h 30 we leave st ation and resume a northwest erly 
course, sailing into a st arlit night, recovering magnetic and 3.5 kHz seismic information 
as we go. All is well aboard ship.

Sunday, September 13
Almost  four months ago, on a Sunday morning, while passing through the Red Sea, 
during the fi rst  leg of the Netherlands Indian Ocean Programme, st aff  and st udents 
came together for an hour to list en to a tape recording of classical music. A tradition 
was born. Because of high Red Sea temperatures that fi rst  Sunday morning concert 
took place in the air-conditioned comfort of the saloon. Th anks to smooth seas and 
balmy, mild and pleasant weather, today’s performance is an open-air concert on the 
fore deck, where a select  audience seated in deckchairs list ens to Beethoven’s sixth 
symphony. It does not take long for the expedition to fl oat through grassy meadows 
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and rolling countryside, carried on the idyllic sounds of the past oral symphony. When 
in the third movement thunder and lightning dist urb “das lust ige Zusammensein der 
Landleute”, it doesn’t st artle us at all, even though it st rikes out of a clear blue sky; we 
are so far gone already that the st orm comes only naturally. Perhaps the brandy that is 
served with the coff ee diminishes our senses.
Aft er an exceptionally copious dinner (it is Sunday aft er all), ship’s sp eed is reduced to 
6 knots to test  our air gun acoust ic syst em (fi g. 4). Next to the 3.5 kHz high frequency 
seismic syst em that we have deployed thus far, we now also sound the sea bed with more 
powerful, low-frequency signals (a few to a few hundred Hz), utilizing an air gun as a
sound source. Air gun and a st ring of hydrophones (microphones) are towed behind 
theship; the air gun explodes highly compressed air bubbles and the echoes from these 
signals refl ect ed from the sea bottom and from acoust ic discontinuities within the sea 
bed are picked up by the hydrophones. Aft er amplifi cation the echoes are transmitted 
to the seismic container. Here their signal/noise ratio is improved by various digital fi l-

Ocean floor

Sound source Hydrophone
array

Seismic
reflection

Sub-bottom sediment layers

Fig. 14. Schematic presentation of the air gun seismic refl ection technique. Sound pulses, generated by exploding 
compressed air into the water, penetrate the sea fl oor to be refl ected off  acoustic discontinuities such as the sea fl oor 
itself, sediment layers beneath and, with suffi  cient penetration, oceanic basement. Echoes received by an array of 
hydrophones, after amplifi cation and signal processing, are recorded on magnetic tape and displayed on a graphic 
recorder in the geophysics laboratory. Examples of seismic records are shown in fi g. 21.
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tering- and st acking techniques before they are ultimately recorded and disp layed side 
by side with the 3.5 kHz echoes.
Air gun and 3.5 kHz records are complementary; the fi rst  gives a relatively coarse, cross-
sect ional image of the usually st ratifi ed upper few hundred metres of the sea bed, the 
second defi nes that image in more detail, albeit only for the upper few tens of metres. 
For our program the combined information of the sedimentary charact erist ics of the 
coring sites surpasses that of the single 3.5 kHz record in that it places the site in a broad-
er persp ect ive, giving us fair warning for st ruct ural dist urbances immediately around or 
under the site or for other anomalies that makes the site unique, atypical or not exact ly 
representative for the region.
Deploying the air gun pays off  almost  immediately. Very quickly we locate a small 
isolated sedimentary basin, enclosed by a high rim, a so-called “ponded basin” in the 
southern foothills of the Carlsberg Ridge. We are rather pleased with this target; the 
rim guarantees a more or less clean pelagic sequence, hardly or not contaminated by an 
infl ux of terrigenous sediments. George Post ma aptly names the site “Lucky Basin” and 
at the end of another beautiful day the CTD is lowered over the side, down to a depth 
of 460 metres.
Th e Carlsberg Ridge prevents the exchange and intermixing of deep waters to either 
side. We want to know how eff ect ive those water masses are separated and we are esp e-
cially interest ed in the diff erences between the oxygen profi les immediately north and 
south of the crest  of the Ridge. For that reason we will occupy three consecutive CTD 
st ations  404, 405 and 406 in the next few days and sample the entire water column 
from top to bottom.
Aft er completion of st ation  404 the magnetometer is st reamed aft  again and under 
an almost  full moon in the southern sky, we sail into the night, following a course that 
crosses Lucky Basin several times in diff erent direct ions, sounding its shape and sedi-
mentary st ruct ure.

Monday, September 14
With yest erday’s and last  night’s surveys we have defi ned Lucky Basin’s vital st atist ics 
rather well. It is a fl at-bottomed, sediment fi lled basin, about 30 km long and 3 km 
wide, lying at a depth of 475 m on the southwest ern fl ank of the Carlsberg Ridge, par-
allel to its main direct ion. Shortly aft er 8 o’clock, back on st ation  404, we lower the 
large so-called Scripp’s box corer over the side and, around noon, we heave the bucket 
inboard, fi lled to the rim with st iff , grainy globigerina ooze (deep sea ooze, largely con-
sist ing of the test s of globigerina, a particular planktonic foraminifer sp ecies). It is a 
very pure deposit, not in the least  contaminated by terrigenous (land-derived) mate-
rial, exact ly the type of sediment that should have accumulated in this “ponded basin”.
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Encouraged by this recovery, a three-barrel, 8 m long core pipe is put together for pis-
ton coring. Although a routine operation for our technicians, assembling and handling 
such a long corer must  be done carefully and cannot be hurried. Th e recovery of a box 
core and a pist on core from a depth of 475 m keeps us on st ation altogether more than 
0 hours. Th e interest  for the operations on deck, the monotonous lowering and haul-
ing of equipment, has diminished drast ically, a week aft er departure from Vict oria. We 
have watched that show a few times by now and most  of us have better things to do 
than keep an eye on the winch driver. Th at changes, however, when he slows down the 
winch to cautiously raise the equipment the last  few metres, before lift ing it from the 
sea. As soon as the winch is “tuned down” more people appear on deck, fi rst  of course 
the hands that are needed to recover and dismantle the corer. Th eir act ivities bring out 
a group of byst anders, their numbers, curiosity and excitement growing as the moment 
of truth draws near; what secrets does the abyss reveal this time? Th e success or failure 
of our endeavours is measured aft er all to a large extent by the value, the quantity, qual-
ity and singularity of the samples brought up from below and many have a st ake in that.
It looks good this time; you can tell by the mud smear on the corer that it penetrated the 
bottom, barrel, weights, fi ns and all. Th is does not yet mean that we recovered an 8 m 
long core; only opening the liner will tell. With an auxiliary crane the corer is lift ed in its 
cradle and, aft er loosening the winch cable, cradle and corer are turned into a horizontal 
position outside and alongside the st arboard railing. Th anks to perfect  weather and sea 
conditions further dismantling of the corer can proceed while sailing and we leave st a-
tion before seven, on course for st ation  405. Shortly thereaft er the magnetometer is 
st reamed aft  and, soon again, we monitor the seismic and magnetic charact erist ics of the 
Earth below. Muhamat Tahir is fi rmly in control in the geophysics lab.
On deck the core, an excellent .5 metres, is being cut down to size, i.e. in one metre 
long sect ions. It takes George, Adrian and Maarten all evening and a good part of the 
night before the last  segment is cut, capped, halved, described, photographed, sealed, 
packed, and st ored. Meanwhile, with an average sp eed of seven knots, we climb the hills 
and valleys of the Carlsberg Ridge.

Tuesday, September 15
Th e 3.5 kHz profi ler draws a nice cross sect ion through the crest  of the ridge, about 
three kilometres below the keel. Appropriately for a slowly sp reading ridge there is a 
well-developed central rift  valley and the magnetometer marks a pronounced positive 
central magnetic anomaly.
We st art CTD st ation  405, in the middle of the rift , at eight o’clock this morning. Low-
ering and retrieving a CTD cast  is a routine operation by now and since this is a rela-
tively shallow st ation we fi nish and abandon the site already half an hour before lunch 
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time, setting and sailing a nor’ west erly course towards our fi rst  st ation in the Arabian 
Sea, st ation  406.
In the “press”-container the geochemist s are ready today to st art squeezing pore-water 
samples from some of the box cores and pist on cores we collect ed so far. Subsequent 
analyses of the pore-water chemist ry will determine the diagenetic changes that took 
place in the bottom sediment since deposition. Diagenesis, the beginning of lithogenesis 
or rock formation, turns loosely packed grainy sediment into fi rm rock, a process like 
the one that turns clay into shale, shell-grit into limest one and plant remains into peat, 
lignite and coal successively.
In the Arabian Sea, thanks to its high product ivity in the surface waters and low oxygen 
content at water depths between 00 and 00 metres, a st eady rain of dead organic mat-
ter reaches the bottom. Th ere it is buried and preserved under a gradually increasing 
load of sediment. Within the bottom that organic subst ance provides the nutrients, the 
energy, that feeds the metabolism of microorganisms. Th e rate of consumption or decay 
of organic matter, can be traced by measuring the changes in chemical composition of 
bottom sediment and of its pore water, from the sea bed, down into the bottom. To ac-
curately analyse and record those changes it is essential that the cores be kept as much 
as possible in their original, their “in situ” st ate, that is at a temperature of 4o C and in a 
sealed, anoxic environment. Even a slight rise in temperature and the smallest  amount 
of oxygen present would change their chemical composition almost  inst antaneously. 
To prevent this the core sect ions are opened and sampled within a kind of incubator, a 
glove box made of transp arent persp ex, which is placed in a laboratory container that is 
kept refrigerated at a cool 4oC.
To avoid oxygen contamination, the box is fi lled with slightly overpressured nitrogen 
gas and a sealed core sect ion will be only unpacked aft er fi rst  bringing it into the glove 
box via a nitrogen-fi lled sluice. Th e rest  of the operation, subsampling the core sect ion, 
fi lling the press vessels, squeezing the samples for pore water, and putting that in marked 
st opper fl asks is thus performed within the closed box. Because of the low temperature 
in the laboratory the operators are clad in heavy, insulating overalls that considerably 
rest rict  their free movement. Without those garments they wouldn’t last  very long; the 
temperature diff erence between the container and “fresh” air outside is at least  25o. For 
Kees conditions are a bit easier than for his st udents; he is more familiar with the tech-
nique and an extra layer of subcutaneous fat keeps him better protect ed. His st udents 
may have a diff erent appreciation for how “cool” cruising in tropical seas can be.
We, the geologist s (including myself), think that the geochemist s show little resp ect  for 
the sediment cores that were brought up from the abyss with so much eff ort, prudence 
and care. To have enough pore water for all subsequent analyses they need a lot of sam-
ple material, esp ecially from the deeper parts of a core, since porosity and thus water 
content per volume rapidly decrease with depth. Aft er subsampling a core-half for pore 
water that core sect ion is virtually demolished; an originally beautiful st ratifi ed sequence 
is heavily dist urbed, showing big holes and gaps where lumps of sediment have been re-
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moved by the sp oonful. For their st udies sedimentologist s and micropalaeontologist s 
usually require much smaller quantities and they are therefore far less dest ruct ive.

Chemist ry is a topic that I do not fancy particularly and I have tried to avoid it as 
much as possible but, surely, unknown is unloved. I should add that most  of my at-
tempts to dodge the subject  have been in vain. In secondary school and during my 
undergraduate st udies I was exposed to chemist ry in various forms and appearances, 
organic-, inorganic, physical-, and colloid- chemist ry. Th is is not the fi rst  time that I 
sail with geochemist s; I have been at sea with them three times before. Th ose encoun-
ters with chemical oceanography and marine geochemist ry did not completely change 
my attitude towards the discipline. Th ey made it clear, however, that if you want to 
underst and Syst em Earth, how it is put together and how it works, then you better 
acquire some appreciation for geochemical processes and cycles, chemical equilibria, 
mass balances, chemical fl uxes and the like. In other words, if you want to be involved 
in climate research you can’t st ay away from geochemist ry; the subject  should be un-
derst ood at least  at a level that enables you to talk with geochemist s.
My resp ect  for the discipline has grown in the weeks and months before the present 
programme, while preparing and writing proposals for our research in the Arabian 
Sea, when I was confronted with the object ives of oceanographers and geochemist s and 
their sp ecifi c problems. But since I will never turn into a dedicated chemist , I am glad 
that Kees, his st udents and his colleagues from the University of Delaware are aboard 
and have joined forces with the geological party. We, geologist s, wouldn’t know how to 
tackle palaeoclimatological research without them. Th is, however, certainly does not 
apply to Jan Willem Zachariasse, nor to Gert-Jan Reichart. Th ey were involved in defi n-
ing our main object ive from the very beginning and will join our expedition later, in 
Karachi. Th eir fi rst  interest s being st ratigraphy and micropalaeontology, they are very 
much aware that the presence, the abundance, or absence of sp ecies and the balance of 
associations of living organisms is controlled by the prevailing environmental condi-
tions, conditions that in turn are basically determined by chemical and physical criteria. 
To be better micropalaeontologist s and st ratigraphers Jan Willem and, more so, Gert-
Jan delved into the principles of physical and chemical oceanography.
Gert-Jan’s PhD thesis covers our expedition’s fi rst  object ive; to est ablish the variations of 
the monsoon in the region during the Late Quaternary. His st udy will be based on the 
analyses of proxies that reveal past  temperature, pressure (water depth), salinity, oxygen 
content, and also on the analyses of skeletal remains of foraminifera and the chemical 
elements and compounds that are buried and preserved in sediments. Th ose quantities 
and qualities of subst ances disclose, most ly indirect ly, past  climatological, and ocea-
nographic conditions. Gert-Jan’s endeavours are supported and supervised by both a 
geochemist  and a st ratigrapher, Kees and Jan Willem, resp ect ively. Knowing Gert-Jan a 
bit, I am sure that his promotores st and to learn a great deal from him.
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Stratigraphy and palaeontology, physics and chemist ry in some form or other are ba-
sic subject s that belong traditionally to undergraduate curricula in geology. Forty years 
ago, when I began my st udies at the Geological and Mineralogical Inst itute in Utrecht, 
st ratigraphy and palaeontology were only minor subject s for me. To become a physi-
cal geologist , I st rict ly needed only a very elementary underst anding of those subject s’ 
principles, enough to est imate the relative age of rocks from their fossil content; are 
these rocks older or younger than the ones above or below? Besides, I learned a bit 
about the evolution of plants and animals; an interest ing subject  no doubt, esp ecially 
for biologist s and for my colleagues, the palaeontologist s, not necessarily of great rele-
vance, however, for a future st ruct ural geologist  and geophysicist . Chemist ry fell in the 
same ballpark. At that time its most  important contribution to my education was that a 
drop of hydrochloric acid (HCl) helped me dist inguish calcite (CaCO3) from dolomite 
{CaMg(CO3)2}, but that knowledge required no more than secondary school educa-
tion. Times have changed.
It is st ill possible to carry out interest ing and useful earthscientifi c research, in seclusion 
behind the walls of one’s own narrow fi eld of interest  or discipline, armed only with 
minimal knowledge of the other (sub)fi elds of geology and of the natural sciences. Such 
singular knowledge within a particular narrow discipline, however, deals only with a 
facet of a far more encompassing and more complex, dynamic syst em. If one wants to 
underst and that syst em as a whole than it is not enough to simply add together knowl-
edge gained from individual disciplines.
For the earthsciences this became eminently clear in the nineteen sixties with the for-
mulation of the theory of Plate Tect onics, the beginning of comprehending Planet Earth 
as a whole. Th e theory is a break-through and the impact  of Plate Tect onics on the earth 
sciences may be rated to be on a par with that of the Evolution theory on the life sci-
ences, more than a hundred years ago.
Aft er a long period of (sub)disciplinary divergence in the nineteenth and twentieth cen-
tury, Plate Tect onics welded the geological disciplines fi rmly together in an all-encom-
passing synthesis. Notably the multidisciplinary asp ect s of the theory have st imulated 
our research eff orts ever since. Plate Tect onics lies at the basis of the notion that our 
planet is a dynamic selfregulating syst em, a super “organism”, that incorporates a mul-
titude of mutually dependant elements. Th is interact ive, dynamically evolving entity is 
kept alive by a well-balanced complex of larger and smaller cyclical processes that are 
controlled by autonomous positive and negative feedback mechanisms.
Research in the variability of climate, one asp ect  of syst em Earth, is research in the evo-
lution and interact ion of a series of subst ances and recurring events. It deals with sea-
sonally varying dist ributions of cool and warm air- and water- masses, with the dist ri-
bution of land and water, with the geologically and biologically controlled form, shape 
and refl ect ivity of the land, and with the largely biochemical product ion, release and 
absorption of greenhouse gases, notably water vapour, methane and carbon dioxide.
To underst and the complexity of the monsoon, the regional climate of south Asia and 
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east  Africa, we thus have to be knowledgeable in asp ect s of many fi elds of the natu-
ral sciences, climatology, geology, physical and chemical oceanography, biology, even 
ast ronomy. We brought such expertise together aboard TYRO. Although essentially 
geologist s and chemist s, collect ively we can talk with and underst and climatologist s, 
physical oceanographers and biologist s, notably in fi elds of palaeoclimatology, palae-
oceanography and palaeobiology (= palaeontology). Th at is why I am at sea with Kees 
and George, with their colleagues and st udents, later also with Jan Willem Zachariasse 
and his pupils and, not to forget, with a group of able “tool pushers” who keep this whole 
circus going.
Back to the reality of today. Since we left  st ation  405, the 3.5 kHz record shows more 
and acoust ically harder refl ect ors compared to the records obtained over the southern 
fl ank of the Carlsberg Ridge. Apparently turbidity currents brought terrigenous, more 
sandy material from the north, carrying it all the way and hundreds of metres up the 
fl ank of the ridge; we have reached the Indus Fan. A small ponded basin that we pass 
between 2 and 3 o’clock this aft ernoon looks a promising coring target and because of 
the expect ed slow sedimentation rate even a short core should give us a subst antial 
time sect ion. To est ablish its charact erist ics we sail a couple of control lines crisscross-
ing over the basin and this survey keeps us going until shortly aft er midnight.

Wednesday, September 16
Bright beams of light bleach the st ars and chase the night from a circle on the st ar-
board deck and over the side. At 00 h 45 the CTD is lowered into the sea and so begins 
st ation  406, a st ation we think that will keep us busy for most  of the day. Th ose who 
are not st rict ly needed on deck have found their cabins and bunks and possibly thanks 
to the absence of nosy byst anders the operations run like clock work this morning. 
Apart from fl uct uations in the upper 000 metres the salinity- temperature- and oxy-
gen- profi les diff er hardly from those on st ations  404 and  405. Aft er bringing in 
the rosette sampler, its bottles fi lled with the purest  of Indian Ocean waters, we recover 
a nice box core and a good, 2 metres long pist on core. We are ready with all of that 
shortly before lunch. Kees wants also three Large Volume Samples from here but since 
cleaning the deck washed large quantities of sediment into the sea we decide to st eam 
away from the site during lunchtime to avoid contamination of samples. Th is manoeu-
vre subst antially shortens the time on st ation  406, time we sp end on  407, about 0 
miles dist ant, where three 000 litre water samples are taken, resp ect ively from 300, 
800 and 500 metres deep. Th is gives Th ony a chance to show that cleaning and re-
pairing the centrifuges in the last  few days, was not in vain. Spinning the centrifuges 
separates susp ended material from the water samples and however laboriously they 
perform, that is what they do the rest  of the day.
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In the mean time, at half past  six, we leave st ation  407, setting a course for the next 
CTD cast  at st ation  408 where we expect  to arrive rather early tomorrow morning. 
We are well ahead of schedule, doing much better than originally planned, although it 
looks like we will now have to be awake and work three nights in succession, inst ead of 
st eaming and surveying. When I realize this I consult Kees and we agree that rather than 
upsetting a relatively easy routine• 3 • we should move st ation  408 25 miles farther north 
to arrive on site a few hours later, about half past  eight. Unfortunately that decision is 
made a bit late; several people have already turned in, trying to catch a good night’s sleep 
before getting up early. I don’t think I can wake those guys now to tell them that they 
can go back to sleep. It is remarkably quiet in the bar this evening and I am the last  to 
be sorry about that.

Thursday, September 17
Th e fi rst  one I meet this morning is Martin Laan and it is not a pleasant encounter. 
Livid with rage, he shouts and abuses me for upsetting his night’s rest . When he got to 
the CTD container shortly before three o’clock to monitor the expect ed CTD cast  he 
noticed very soon that there was nobody at the grey winch, nobody on deck, let alone 
that there was anyone prepared to begin work, any work whatsoever. For all pract ical 
purposes he was the only person up and about. When he asked the bridge how long 
it would be to arrive on st ation, he was told that plans had been changed and that we 
would not be there before seven. At that moment something must  have snapped in 
Martin’s head and in hindsight I was lucky not to be around at the time. Luckily for 
me also that he must  have been so upset and confused that he forgot to head st raight 
for my cabin, to abuse and assault me. I don’t know exact ly what he went through but 
seeing and hearing him rave at me this morning I am fortunate to be alive and in one 
piece. Telling him that the change in plan was made with the noblest  intentions and 
that I couldn’t get it over my heart to wake him up so he could go back to sleep is no 
excuse. Whatever apology I make, nothing appeases him, it is to no avail. He is fi rmly 
convinced that I fully intended to rob him from sleep and, perhaps even worse, from a 
pleasant evening in the bar. Surely, the path to hell is paved with good intentions.
Desp ite its rude beginning, it is a beautiful morning on st ation  408 and all is going 
well. Th e charact erist ic Arabian Sea Oxygen Minimum Zone (OMZ) is beginning to 
show up in the oxygen profi le, reaching a minimum value of less than 0.2 mg/l at a depth 
of 200 metres. When at h 45 the last  water sample is bottled we abandon st ation, to 
follow a northerly course towards water- and core st ation  409, more than 00 miles 
away from here. Th e 3.5 kHz sounder draws sp ect acular cross sect ions through sandy 
fan lobes at the end of abandoned sinuous st ream gullies.
Shortly aft er seven we are on site. Harrie has sp lit his deck crew in two so they can keep 
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working, two or three men at a time, without keeping everybody awake all the time. At 
0.00 PM, aft er recovery of CTD cast  and water samples, the box corer goes over the 
side and reaches bottom, 4333 metres deep, exact ly at midnight. Th e four of us, Kees, 
George, Adrian and I are leaning over the st arboard side, st aring at the glist ening silvery, 
dripping wire where it disappears into the deep. Notwithst anding the st rong lights on 
deck the west ern sky disp lays a majest ic, st ar-fi lled night. Behind us, in the East , the ris-
ing moon bleaches the heavens.

Friday, September 18
Work on st ation  409 proceeds satisfact orily and early in the day we recover a nicely 
fi lled box corer with a little sea st ar topping it off . An attempt to fi ll an 8 m core barrel 
is rewarded with a 3.5 m long core. Aft er breakfast  the rosette sampler is heaved over 
the side once more to provide Anna Farrenkopf with a batch of OMZ waters for dis-
solved iodine analyses. Th e cast  st ands on deck at 9 o’clock and at 0h 5 we abandon 
st ation to get on our way to coring st ation  40.
We arrive sooner than we thought, but  40 is not going to be a coring st ation and its 
position diff ers from where we had it planned to begin with. Analyses of the  409 water 
samples made it clear that the bottles were not closed at the required depths and that 
another set of samples is therefore needed from nearby. Station  40 now lies only 9 
miles north of  409 and all in all we did not lose much time. Total time on the com-
bined st ations  409 and  40 is six hours less than the 24 hours originally reserved for 
all operations.
It is amazing how well we have done this far. We didn’t encounter technical problems 
we could not cope with easily and, unlike cruise C, we were blessed with perfect  weath-
er and sea conditions. Contrary to the predict ions of two weeks ago, we have had no 
problems with the engines and the thought that technical failures could happen seems 
remote. Whatever they did below decks, chief engineer Ton Ruijgrok and his crew may 
be proud of their work; you have to delve deeply in TYRO’s logbooks to fi nd a record of 
making 0 knots for hours on end, running on one engine only as we did today. Ton may 
expect  me to express my appreciation for that performance, later at suppertime.
Th e newcomers must  be under the impression that it is perfect ly normal that all op-
erations aboard TYRO run like clockwork and that everything funct ions smoothly by 
itself. Like clockwork? Yes. By itself? No, defi nitely not. As mentioned, weather- and sea 
conditions have been on our side so far, but surely the continuous eff ort and care of an 
effi  cient team of technicians, their diligence and vigilance for even the smallest  detail 
ultimately make the diff erence between success and failure.
As an example of proper technical service and maintenance part of the aft ernoon is 
sp ent unwinding and rewinding the kevlar cable off  and on the drum of the yellow 
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winch. Harrie had noticed that some of the deeper windings of the cable were not prop-
erly laid on the drum, were crossing each other, and thus pinching the cable in places. 
And so, for a couple of hours, we are sailing large circles in the middle of nowhere, at a 
certain moment dragging almost  6000 metres of cable behind and below the ship.
At 7 h 00 that job is done and the cable is again neatly wound on the drum, each wind-
ing lying tightly in its proper “groove”. Aft er adjust ment of the cable-guiding syst em we 
resume a northerly course towards st ation  4, 80 miles to go from here. Later this 
evening, with the ship heading into the night, tape deck and tost i machine are fi red up 
in the bar. Several loaves of bread, secret ingredients and kilos of cheese disappear into 
always hungry youngst ers’ mouths, washed down smoothly with gallons of beer. Even 
John Pina, Chef de Cuisine, connoisseur par excellence, rates Martin’s culinary skills 
highly. Martin himself appears to have forgotten yest erday’s misery and has an excellent 
time.

Saturday, September 19
Although the geochemist s have not exact ly become redundant, during the coming 
week our interest  will be mainly focused on object ive number 2, unraveling the sedi-
mentary st ruct ure and evolution of the Indus Fan, a task almost  exclusively for sed-
imentologist s George, Asif, Adrian and Maarten. Th ey are well prepared and that is 
particularly true for Adrian and Asif. Five years ago, in 987, they were also here in the 
Arabian Sea, then aboard the British RSS CHARLES DARWIN, using GLORIA to map 
shape and form of the fan. With GLORIA (Geological LOng Range Inclined Asdic), 
a powerful side scan sonar, beams of sound within the 30 – 00 kHz frequency range 
are transmitted that “illuminate” and scan the sea bed along a kilometres wide swath 
to either side. Adrian brought a mosaic with him of GLORIA’s sonographs over the 
central part of the Arabian Sea as well as a set of DARWIN’s 3.5 kHz profi les across 
the fan. Th e mosaic looks like a photonegative of the ocean bed taken from sp ace. For 
somebody familiar with aerial- and sp ace photography light and shadow clearly exhibit 
the third dimension. Th e mosaic is a sp ect acular image of the gigantic submarine delta, 
a branching syst em of meandering st ream gullies that can be followed south from the 
mouth of the Indus Canyon over a total dist ance of more than 500 kilometres. Fig-
ure 5, a bathymetric interpretation of the GLORIA survey, clearly disp lays the sinuous 
courses of the various st ream channels.
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Generally the delta has a fl at, slightly convex relief that appears incised by a fan-shaped 
set of st ream channels. Channels and gullies, however, hardly cut into the delta, they 
most ly lie on top, const rained within their own levees. Relatively fi ne-grained over-
bank deposits cover the sp ace in between the various larger and smaller channel-levee 
branches.
Th e 3.5 kHz DARWIN profi les show that individual st ream gullies are oft en several hun-
dreds of metres wide and that the total width of its associated sediment assemblage, 
including levees and overbank deposits, can be several kilometres. Younger channel-
levee syst ems overlie older ones and together they form in cross sect ion a broad pile of 
ellipsoidal sediment lobes. On a more modest  scale some of those st ruct ures were also 
visible in some of the 3.5 kHz profi les we obtained in the last  few days from more dist al 
parts of the fan, closer to the Carlsberg Ridge.
While the overall st ruct ure and form of the Indus Fan is now admirably clear from the 
GLORIA mosaic, detailed information about the internal sedimentary st ruct ure of in-
dividual channel-levee syst ems is st ill lacking. Unfortunately, they were not successful 
aboard HMS DARWIN in 987 in recovering a good set of diagnost ic sediment cores 
from crucial sites. Our expedition provides a new opportunity to do that. TYRO’s coring 
abilities are very suitable and we are able to identify and sample relatively small cor-
ing targets. Last  year, in close cooperation with Dr Neil Kenyon of the British Inst itute 
of Oceanographic Sciences (IOS), chief scientist  of the 987 DARWIN survey, George 
and Adrian have identifi ed a number of promising sampling sites. If we are successful 
Maarten Prins will use the samples to unravel the Late Quaternary sedimentary evolu-
tion of the Indus Fan.
As I said the coming days are of particular interest  for the sedimentologist s aboard. Th at 
is not to say that the geochemist s are byst anders only. A few more CTD and water st a-
tions should keep them occupied and reasonably happy. I am pretty sure, however, that
whenever a good core is recovered from the fan that Kees wants one for himself from 
the same sp ot. Not that he is greedy, but the sight of a long juicy core will make it dif-
fi cult for him to suppress his urge to fondle, squeeze and press it for its pore waters. 
Th e only way to prevent him from violating the “sedimentology” core is to put him in a 
st raightjacket or to let him have his way and get him his own “chemist ry” core.
We st art the Fan program this morning and at 08 h 00 we occupy st ation  4, also 
known as IPOD site  720. Th is site is a sp ecial one, because here, fi ve years ago, the 
International Program of Ocean Drilling (IPOD) drilled and cored a 44 metres deep 
hole which enabled the reconst ruct ion of the regional geological evolution of the last  
.8 million years. By recovering here a good size core we can tie our Fan program via a 
long seismic line to IPOD site  720. With our experience and under present conditions, 

Fig. 15. Bathymetry of the middle Indus Fan showing branches of channel levee system A 
and channel levee system B (simplifi ed after Kenyon et al. 1995). 

The boxed-in rectangle shows the area covered by a detailed 3.5 kHz survey across channel A1.
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sunny blue sky and mirror-like sea, this should be a quick job, which we should bring 
off  without a hitch.

Quick? Yes, certainly so. Without a hitch? No, not this time. To begin with, everything 
is fi ne and in record time a CTD cast , three Large Volume Samples and a perfect  box 
core are brought on deck. Everything indicates that this is going to be the fast est  “24” 
hour st ation so far; in half the time, between 08h 00 and 20h 00, a fantast ic fi nish to a 
fantast ic week. And then,...... without warning, things go wrong, badly wrong. As if the 
devil is playing with us.
Just  before the pist on corer is in sight we are hit a disast rous blow. As if st ruck by light-
ning the coupling of the winch disintegrates with a loud bang. At the same moment the 
brake fails and with nothing holding it back the one and a half ton weighing corer falls 
back into the sea and disappears into the deep, accelerating as it goes. Th e cable fl ails 
wildly around the drum in large whipping loops. When fi nally caught in its own coils 
the full force of the free falling corer hits the cable, pulling and st retching it beyond 
breaking st rength. Th e ship vibrates from the shock when the cable breaks with an ear 
shattering sharp report.
Stunned and confused we st are at the shambles on deck and at lengths of cable that are 
lashing crazily and dangerously around the runaway drum. Gradually we come to our 
senses, and unfortunately that is worse than waking up from a bad dream; what we see 
is awful reality. More by hit than by wit nobody is hurt but slowly the truth penetrates 
our skulls. Before we properly st arted the Fan programme it looks that it has ended, here 
and now. Dismay and const ernation all around, esp ecially the sedimentologist s are very 
disappointed. Unlike the geochemist s who already realised the greater part of their D 
programme, they probably will go home empty handed; months of preparation down 
the drain? All that work, for what?
In a kind of council of war we decide to fi nish st ation  4, topping it off  with a second 
CTD cast , down to a depth of 250 metres, an operation that as always is performed with 
the grey winch. We will then sail the seismic tie line to connect  this site to the fi rst  Fan 
st ation, about 200 miles east  from here. Th at should give us time to assess the exact  
damage, to pick up the pieces and decide what to do next.
Shortly before nine the CTD is back on deck and soon thereaft er we sadly leave IPOD 
site  720. At about midnight the air gun st arts fi ring salutes over the grave of our pist on 
corer and of several hundred metres of cable, somewhere deep down in Davy Jones’s 
locker.
I have diffi  culty falling asleep and toss around in my bunk, trying to fi gure out what 
went wrong. Did we do something we shouldn’t have or, exact ly the opposite, were we 
negligent and did we forget to do something we should have done? Were we possibly 
overconfi dent and, on the basis of our successes, did we put our awareness to rest ? Cer-
tainly I should know that esp ecially at sea mishaps and errors hide in small corners. 
What if the winch driver wasn’t alert when the corer was about to surface, did he slow 
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the winch down in time or was he dist ract ed by something or other at that moment? I 
don’t know and probably will never know. I am sure, however, that it does not help trying 
to fi nd fault or put the blame on anyone in particular. Perhaps it is best  to believe that 
it was a freak accident that could have st ruck us any time. Better st ill to st art planning 
what we should do now.

Sunday, September 20
While Harrie and his mates are busy taking the demolished coupling apart and cutting 
inextricably tangled loops of cable from the drum we st eadily proceed on an east erly 
course, all the time carefully monitoring the sedimentary st ruct ure of the sea bed with 
3.5 kHz profi ler and air gun. Somewhere in the back of my mind there is some hope 
left  that the damage can be repaired and that we will be able to rescue at least  part of 
our programme.
Unfortunately, at 0 o’clock this morning that hope is proven idle; one coupling half is 
shattered to smithereens, there is no replacement aboard, and neither do we have the 
ability to turn a sp are on the lathe. Nevertheless, we are not giving up that easily. If a 
sp are coupling could be fl own in from home we have a small chance to save at least  part 
of our Fan programme. I make a quick calculation; if everything works out all right we 
should be able to pick up a sp are in Karachi next Wednesday or on Th ursday at the lat-
est . Th at would leave us three days on the Fan. Admittedly, not much time but enough 
to recover a few cores from crucial sites, enough to bag a small prize aft er all. We should 
not hesitate. Via satellite Harrie calls Th eo Buisman, his colleague from the NIOZ in far 
away Texel. Th eo promises to do everything possible to help us realize our emergency 
plan and gives us a glimmer of hope.
At  o’clock a small group gathers at the fo’c’s’le for the Sunday morning concert, today 
more than ever to help raise our sp irits. We list en to Rachmaninov’s 2nd symphony 
in E minor, played by the Amst erdam Royal Concertgebouw Orchest ra under the ba-
ton of guest  conduct or Vladimir Ashkenazy. Th at performance, the sipping of brandy 
and the following copious dinner brings everybody gradually in the mood for tonight’s 
programme, a cost umed cocktail party. Everybody, yes, even the sedimentologist s – or 
should I say esp ecially the sedimentologist s – are looking forward to that event. Of 
course signs that some party or celebration was being prepared for tonight in the bar 
have been apparent already for days. Notably Vivian seems deeply involved in the event 
and is busily preparing ship and all hands as if Heythuyzen’s carnival is about to begin.
Early this evening the boys assemble eagerly outside the bar, waiting for the door to 
open while the girls inside do their best  to keep them out, at least  for a while. Once 
inside it doesn’t take long for the party to get going and it quickly becomes a swinging 
aff air. Although not exact ly a masquerade, many people have disguised their normal 
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appearance wearing some colourful garment or funny hat. My price for the best  dressed 
goes to Marcel; bowtie under and topi above a slightly reddish, wide smiling face make 
him look just  like his own good self, but more so than ever before. Compliments to 
the girls, their cocktails “Gory detail”, “Slimy Core bust er”, “Karachi’s Gossip”, “Velvet 
Vivian’s Sunset”, “Ragna’s Revenge”, Sjura’s Shadow” and “Heads over Heels Heddy” were 
delicious and dangerous. Break dancing TYRO shakes into Monday morning.

Monday, September 21
In the mean time.... work on the ship continues. At almost  six knots, about 0 kilo-
metres per hour, the sea bed passes by, smoothly gliding under the ship. Th is is truth-
fully monitored in two profi les on the Precision Depth Recorder in the geophysics con-
tainer, one profi le generated by the air gun, the other by the 3.5 kHz penetrating echo 
sounder. Th e magnetic signal is very fl at; we sail more or less at right angles to the sea 
fl oor sp reading direct ion, halfway between and parallel to magnetic anomalies 24 and 
25 (cf. fi gs. b and 23). Th is means that, under its sedimentary cover, the oceanic base-
ment is about 55 million years old.
On the bridge we are anxiously waiting for news about the chance of getting a sp are 
coupling fl own in to Karachi. Messages between Harrie and Th eo and between Cok van 
Bergen Henegouw and me cheer us up a bit: It is going to happen, we’ll bring it off . Even 
if we get the coupling aboard on Th ursday we will have enough time to recover four, fi ve, 
who knows even six cores.
But let’s not get carried away too soon; there is another complication. Harrie discov-
ered that apart from the broken-down yellow winch we are also plagued by hydraulic 
problems thanks to a leaking pump in the compressor. It cannot be repaired and we 
don’t have a sp are. Luckily we have more than one st ring to our bow and by using the 
compressor that powers the grey winch and inst alling a three-way cock in the plumbing 
we should be able to operate both winches, alternatively the yellow or the green one, 
without hampering CTD- or coring programmes.
We fi nish sailing the seismic tie line at 2 o’clock and change to a NNE course, 030o T. 
Aft er lunch the air gun is shut down and with our sp eed cranked up to 0 knots we 
st art a detailed survey of st ream channel A  of the fan syst em (fi g. 5). Th e plan is to 
cross that channel a number of times to record changes in its sedimentary st ruct ure 
downst ream. Th at should enable us to pinpoint the best  sites for coring the channel, the 
levees and the overbank deposits. Later, when we get back to this channel, we’ll hardly 
lose time surveying, time better sp ent on the act ual coring operation. And so we care-
fully proceed, zigzagging our way in the general direct ion of Karachi. Th e moment we 
know that a plane leaves the Netherlands with our precious load aboard, we will end the 
search and st art the race North.
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And then the curtain falls on the last  act  of Cruise D, although we do not realize it im-
mediately. At about 7 o’clock this evening the bridge asks me for sp ecifi cations, courses 
and waypoints (turning points) for tonight’s survey. Since I need a bit of time to deter-
mine those tracks, the ship slows down before the last  known waypoint. Subsequently, 
when making a now slow turn to port through that waypoint, the helmsman gives a bit 
too much rudder, thereby tightly turning the ship through a narrow curve. He should 
have known better..... For the second time within two days Fate st rikes out. We are hit as 
if by a sledgehammer, knocked out, and this time past  saving; End of cruise D.
Th e fi rst  to react  is Tahir in the geophysics lab. Monitoring our survey, he notices that 
something is wrong with the magnetometer and he asks for assist ance. Rather chaotic 
signals suggest  a short circuit in the cable, somewhere on deck or behind the ship. I 
make a dash for the st ern and look over the railing. One glance is enough; the magne-
tometer has disappeared, cable and all. Th e frayed cable end leaves only one conclusion; 
the slow, tight turn to port side pulled the magnetometer cable into the screw, tearing it 
apart, shredding it to bits. We may even have damaged the propeller-shaft .
We have to wait for daylight to check how bad it really is. For the time being, we slowly 
proceed with our 3.5 kHz survey. Given the new situation there is not much else we can 
do. Demoralized, tail between our legs, we slink off  into the night.

Tuesday, September 22
A sp lendid morning, a sp ect acular sunrise and a smooth, velvet sea. It does not cheer 
me up. On the contrary, it only rubs in how beautiful everything could have been. In 
sp ite of the most  ideal conditions we were unable to perform a simple task or execute 
an easy, st raightforward manoeuvre. Precisely those perfect  conditions must  have led 
us ast ray, played a false trick on us, put us to sleep, making us think that nothing could 
go wrong. Perhaps we should have taken a bit more time for maintenance of heavily 
burdened equipment. Yes, perhaps, that might have contributed somewhat to Satur-
day’s disast er. But no, it did not cause last  night’s catast rophe. Th at slow, tight turn was 
nothing but an awfully wrong manoeuvre caused by one silly moment of inattention. 
Crazy, dumb, enough to drive you mad.
No good blaming the bridge, that doesn’t help. Let’s call it rotten luck, devilry if you 
want. Better to fi gure out how to prevent it happening ever again. Inst alling a safety de-
vice or an alarm might be useful; something that would scream before turning corners 
while an inst rument is towed aft . Too late now, we should have thought of that before.
Aft er breakfast  the ship is st opped and a rubber boat is lowered over the side. Armed 
with an underwater viewer, a conical shaped, glass-bottomed device, we try and est ab-
lish the damage. Second engineer Wim Witjes dives over the side to get under the st ern 
to insp ect  the situation from nearby. He can only confi rm what is clear from above; the 
magnetometer cable is wound tightly around the propeller-shaft , hanging down like 
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sp aghetti, in big loops and coils. Attempts to unravel and loosen the mess by hand are 
futile if not ridiculous; this is a job for professional divers armed with wire cutters and 
blowtorches. Even if we had such people aboard it would be too risky a job to do it here, 
there are sharks around the ship. Aft er the captain personally has convinced himself that 
the situation below the water line is hopeless we inform both the SOZ and the ship own-
ers back home about the situation, asking for direct ions on how to proceed from here.
At half past  nine we lower the CTD on the site thereby promoting this sp ot to water st a-
tion  42. Th e oxygen content between 200 and 900 metres is virtually zero and so we 
have reached the anaerobic core of the OMZ, so typical of the Arabian Sea (fi g.6).
Around lunch time the decision is made to slowly manoeuvre the ship towards Karachi, 
about 500 miles to go. Air gun and hydrophones are st reamed, the air gun fi tted this time 
with a compression chamber of 9 inch3 (50 ml) only. A smaller chamber increases the 
signal frequency, showing us more detail although at the cost  of depth of penetration. 
And so with the combined sediment profi ler – air gun syst em we slowly survey the last  
seismic track of Leg D.

In the various laboratories analyses of samples collect ed continues and, as off  now, 
hardly without interruptions. Th anks to the mishaps we suff ered we can also begin 
writing D’s cruise report today; it is an ill wind that blows nobody any good. Reports 
from all disciplines and act ivities are assembled and put together in the “shipboard re-
port” Th is record of act ivities, of all material collect ed, of measurements and analyses 
made, of inst rument- and equipment performance as well as a cruise narrative should 
be ready, printed and copied before the change-over to the next cruise. Th e changeover 
itself will be easy and fast  this time. Most  deck- and laboratory work during Leg D2 
will be the same as that of the last  few weeks, using exact ly the same equipment and in-
st ruments, and there is thus no need to exchange and shift  containers from upper deck 
to the hold and vice versa. We need therefore relatively little time to prepare ship and 
laboratories for the next leg.
Even with all the extra time available, writing the “Shipboard Report of NIOP Cruise D” 
is a demanding task and it keeps us busy for the next few days. Apart from producing 
an inventory of results, tables and graphs with measurements, list s of carefully marked 
core sect ions, of hundreds of jars and bottles with water samples, there are the reports 
of the various act ivities and the evaluations of equipment performance. To avoid that 
the next crew, besides making their own faults and errors, repeats ours, sp ecial attention 
should be given in our report to what did not work properly or broke down and failed. 
Altogether we are writing a precious document, a cost ly book in which the preliminary 
results of NIOP Cruise D, its successes and failures, are laid down for post erity.
A cost ly book, yes, certainly, but defi nitely not a “best  seller”. At this st age we have no 
plans to inform the world of our results. Only a few privileged persons, organisations 
and authorities will receive a copy of the report and even they have access to the infor-
mation under rest rict ions. Th e fi rst  couple of years aft er the expedition others cannot 
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make use of our fi ndings without explicit permission. To protect  our own research pro-
grammes the results are exclusively available to persons and inst itutions participating in 
the expedition. We would hate to see competitors make off  with our fi ndings.
While most  everyone is writing his or her report, TYRO proceeds slowly and carefully 
in the direct ion Karachi: course 08o T, sp eed 5.6 knots. At 8h44 GMT, 22h44 board 
time, with the sun in zenith somewhere over the equator, the Earth tumbles through the 
autumnal equinox, bringing this year’s northern summer to an end

Wednesday, September 23
Adrian has removed himself from the scene and is lying in his bunk. He is under the 
weather, runs a temperature, suff ers st omach and intest ine problems and feels miser-
able. Perhaps he ate or drank something wrong. It is more likely, however, that he can 
no longer st omach the setbacks we suff ered. Lured away from his research programme 
back at good old Cardiff  College, three weeks aboard TYRO, busily involved in sam-
pling, describing, packing and st oring other peoples’ material, all the time anticipating 
some exciting results from the Indus Fan and in the end..... empty handed on the way 
home. Nothing to show for it but an upset st omach and having to run for the head, 
time and again. First  mate Arne Miedema, resp onsible for health care aboard ship, has 
dug up some pills from his drug st ore to quieten his tummy and urges him to sip sugar 
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and salt solutions. Poor Adrian, I am sorry for him and I am sorry for us; we shall miss 
his cheerful company, in the core container as much as in the bar.
Everywhere in the ship work continues, most  people writing parts of the cruise report 
or st oring samples. Harrie and his mates have fi nally found time for badly needed main-
tenance of equipment and are busy changing oil, lubricating, adjust ing, repairing or 
replacing parts. George, Maarten, Tahir, Asif and I take turns monitoring the 3.5 kHz 
regist ration. Every six hours, at 00h00, 06h00, 2h00 and 8h00, Vivian comes on deck 
to measure the amount of water that passed through the plankton net and to harvest  
the sample it st rained from the surface waters. She has been doing this since we left  
Vict oria.
Vivian did not join the expedition solely to take charge of social aff airs aboard, making 
sure that the bar is well st ocked, replenishing st ores on time and organizing “sp ontane-
ous” parties and fest ivities to keep us happy. First  and foremost  she is resp onsible for 
the collect ion of surface water samples to determine their nutrient content and oxy-
gen-isotope composition and for the collect ion of plankton from the euphotic zone. 
We are interest ed in the plankton that is fl oating in the surface waters and esp ecially in 
the changing composition of its foraminifera- and dinofl agellate populations. Over the 
total length of the Vict oria – Karachi traject ory, about 4000 km, we have continuously 
pumped water from a depth of fi ve metres below the surface, passing it through a plank-
ton net that hangs in a 000 litres tank to collect  the so-called net-plankton, the fl oating 
particles larger than 75 microns. Th e “Aquafl ow” syst em, which is direct ly coupled to 
the plankton pump, continuously measures and records the salinity, temperature and 
chlorophyl content of the upper layers of the water column. Four times a day Vivian col-
lect s and preserves the net-plankton and carefully notes the amount of water that passed 
through the net during the last  six hours, on average about 5 m3 per hour.
Both, Aquafl ow measurements and sampling plankton, are part of an invest igation that 
is carried out on all legs B, C and D in the Arabian Sea during NIOP 992 – 993, that is 
during fi ve months sp read over summer, fall and winter, to help est ablish variations in 
product ivity in the region. Th ose variations are largely controlled by seasonal changes in 
circulation that aff ect  the upwelling of nutrients. So, until the very last  day of cruise D, 
Vivian contributes her bit to the international programme on climate research.

Th e importance of plankton and esp ecially of phytoplankton, the vegetal part of the 
susp ended biomass cannot easily be exaggerated. Phytoplankton is the collect ive name 
for a diversity of microscopically small plants, like diatoms, blue-green algae, dinofl ag-
ellates and coccoliths, a myriad of small chemical fact ories that convert water (H2O) 
and carbon dioxide (CO2) into food (glucose, C6H2O6) and oxygen (O2), using sunlight 
as energy source (photosynthesis). At night, during resp iration, that process is reversed 
and by burning glucose phytoplankton produces the energy that fuels its own metabo-
lism (growth and reproduct ion). Th e phytoplankton of the world’s oceans is the “pri-
mary producer”, the basis of the marine food chain or food web. Phytoplankton feeds 
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herbivorous zooplankton, the animal part of the fl oating biomass. “Higher” inverte-
brates, such as sp onges, jellyfi sh, arthropods, molluscs and shellfi sh consume phyto-
plankton and zooplankton, while the latter in turn are food for vertebrates, fi sh, birds 
and mammals. In the marine food chain, as much as in the world’s food chain, the 
chemical energy that is produced and st ored in plants is thus carried over via herbiv-
ores to carnivores. Primary product ion, eating and being eaten are as many links of the 
carbon chain, the dominant cycle of life on our planet, in which carbon dioxide and 
oxygen are st arting points and end members. Without phytoplankton there would be 
no ‘higher’ life in the ocean.
Part of the organic matter, dead organisms and metabolic wast e (excrement), is removed 
from the cycle and, if not eaten by scavengers or broken down by bact eria, falls to the sea 
bed and is taken up in the bottom sediment. Photosynthesis and resp iration are there-
fore not in equilibrium; every C atom removed from the cycle releases one molecule of 
free O2. Via ocean-atmosp here exchange this contributes subst antially to keeping the 
oxygen content of the atmosp here up to the mark.
Th e total amount of biomass represented by the world oceans’ plankton (phytoplankton 
and zooplankton together) is overwhelmingly large, a fact  that can simply be deduced 
from the amount of plankton that Vivian collect s with her plankton net. Every six hours 
during the last  few days, she easily fi lled a 450 cc glass jar with a thick, wriggling, pink-
ish, fi shy-smelling soup that is st rained from roughly 30 metric tons of water, i.e. 5 g/m3. 
And, as we proceed north, we harvest  more and more plankton. Th is means that from 
the photic zone (the upper 50 – 00 m) of the highly product ive northern Arabian Sea 
(an area of more than 200 000 km2, i.e. only 0.06% of the surface of the world ocean) a 
total of 333 billion marmalade jars of very nutritious bouillabaisse could be harvest ed, 
50 million tonnes or 55 bowls for every man, woman and child alive today • 4 •. Who says 
there is a world food problem?
So much plankton and such an abundance of life that depends on it for food. How 
much can be roughly est imated by rule of thumb, in this case the rule of 0. Th is rule or 
guideline indicates that in the food chain 0% of the available energy is transferred from 
one level to the next one:  kilogram of phytoplankton is needed to produce 00 grams 
of zooplankton and that in turn is enough food to help a fi sh grow 0 grams. 50 Million 
tonnes of phytoplankton is enough to produce .5 million tonnes of fi sh, 250 grams for 
every living man, woman and child and that, I repeat, only from the Arabian Sea. Who 
says there is a world food problem?
Unfortunately, man does not live by fi sh alone, or by fi sh and plankton for that matter, 
even though the latter contributes precious oxygen. Of course such a corker weakens 
every argument, but – for sure – refl ect ions about phytoplankton and product ivity pro-
vide at least  food for thought. What better place to ponder over those subject s than my 
favourite sp ot at the bow, armed with a Japanese pocket calculator, a pencil and the 
back of an envelope, popular tools that enable people to develop, revise or refute world-
shocking ideas and theories. Talking about Japanese goods, where did I read that 0 % of 
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all fi sh caught from the world’s ocean disappears in Japanese st omachs? So much for the 
rule of 0. Th at reminds me to ask Th omasito if he cannot fi nd me a nice piece of cod in 
the galley for lunch, similar to what my Muslim friends will have on their plates, inst ead 
of serving me the regular Th ursday pork chop.
Six metres below my feet TYRO furrows the deep blue sea. Seen from above the sea 
looks predominantly clear, blue and empty, the abundance of life is not all that apparent. 
Here and there something smallish fl oats, wriggles, pulsates or swims, some of it trans-
parent, some opaque, a shrimp, a jellyfi sh, a salpa, a tunicate or a fl agellate perhaps, too 
far away for me to identify. And then, suddenly, dead ahead the sea vibrates and quivers 
with life as hundreds of fi sh swarm over the surface, tumbling and swerving around and 
over each other like a fl ock of st arlings. Did TYRO st artle them or are they being chased 
by bigger fi sh that fi nd the waters ready for lunch?
Bang on time, 2 o’clock, Vivian appears on deck and begins her work, reading the Aqua-
fl ow meter, collect ing the biomass from the cod end of the plankton net, bottling and 
preserving the “catch”.
Our course is set for Karachi, 08o T, and we proceed at a st eady sp eed of 5.6 knots, 35 
miles or 250 kilometres per day. Report writing is on schedule.

Thursday, September 24
Clocks have been advanced one hour tonight and we are now on Karachi time, i.e. 
GMT + 5 hours. Th e lost  hour has been divided proportionally over the night so that 
each watch period was shortened by 20 minutes. Aft er breakfast  yest erday’s chores 
continue. Extra PC’s have been set up in saloon and dining room for writing and ed-
iting reports but there is st ill a queue. While waiting, people make themselves use-
ful performing various smaller tasks that have to be fi nished before everybody st eps 
ashore in two days time. Samples and sub-samples from the diff erent laboratories have 
to be packed and securely st ored below-decks in boxes and crates, each with its own 
completed packing list . Laboratories and workshops must  be cleaned and readied for 
Leg D2, the next st age of our venture. Demands on the use of a washing machine are 
rising.
Anticipating an unusual supper tonight, we have a cold lunch at noon. Later, the fore 
deck is turned into an open-air rest aurant in preparation for the barbecue, the tradi-
tional celebration of the end of a cruise. Everybody is invited to join in.
At 6 o’clock everything is ready and it looks once more the galley has succeeded in sur-
passing itself. On two large tables a choice of meats, fi sh and past ries is laid out, ready 
to be cooked, fried, broiled or burned (?) over two huge charcoal-fi red barbecues. Pro-
fessor Kees van der Weijden, the highest  representative aboard of the Utrecht Faculty 
of Earthsciences, opens the fest ivities with a sp eech commemorating the happenings, 
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successes and last  few week’s failures. He gives ample praise to each and everyone for 
contributing his or her bit and more to the enterprise and he impresses me as being 
particularly satisfi ed with the geochemical results obtained.
Under the canopy of a st arlit heaven Antillean music summons the raptures of a tropical 
night. Sjura is beaming, her eyes are sp arkling. George surprises us and recites a poem, 
“the st ationmast er”, that he, Maarten, Ragna and Tony composed for the occasion. In it 
they try to get even with me for the sometimes tendentious st ories in the weekly news-
letter that I have sent to Th e Hague every Sunday for dist ribution to friends and families 
of the people aboard. Of course that newsletter was also passed round the ship, it gave 
me a chance to make fun of the daily course of things or pull my shipmates’ legs. I must  
have challenged George and his friends and their poem deserves to be the last  word in 
this week’s edition of the newsletter.
Th ere is no problem extending the fest ivities into the wee hours of the night, everybody 
is having a good time and even Adrian, having made a remarkable recovery, seems to be 
enjoying himself thoroughly. In the mean time we carefully climb the continental slope 
of the Indian subcontinent. Course 08o T, sp eed 5.6 knots.

Friday, September 25
Th e “Shipboard Report” is ready, written, edited and correct ed. Th e saloon has been 
converted into a publishing house and three young people are busy copying and bun-
dling text and diagrams into 2 copies of the “Shipboard Report of NIOP Cruise D ”. 
Th at brings the fi rst  leg of our programme to an end. Th e end of a successful expedi-
tion? No, not entirely; the breakdown of the yellow winch and the accident with the 
magnetometer cable prevented us from sampling the Indus Fan and, certainly for the 
sedimentologist s aboard, our expedition failed in that resp ect .
I am, however, not planning to take that lying down as yet. It would mean a lot if we 
could recover at least  some of those samples and I will try and rearrange the planning 
for Cruise D3 to bring the ship back on the Fan. In the next few days I must  discuss this 
matter with Jan Stel, who will be over from SOZ for the offi  cial st art of the “First  Pak 
– Netherlands Research Cruise of R.V. TYRO in the Arabian Sea”

At about six o’clock, accompanied by a magnifi cent sunset over portside, we cross the 
tropic of Cancer. Course 08o T, sp eed 5.6 knots. One more night to go. Karachi here 
we come.
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KARACHI INTERMEZZO # 1
September 26 – October 04

“.... underst anding the physical, chemical, biological and 
geological phenomena of the ocean coupled with man’s 
ingenuity in harnessing this medium to his own use is 

probably the most  scientifi cally important eff ort to 
enjoy a long and effl  uent exist ence on this planet, 

the earth”.
Donald Hood, 974
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Saturday, September 26
Early in the morning, shortly before 06h00, we bring in the air gun and the hydro-
phone array and later, at 09h30, we anchor in the roads off  Karachi. Since Leg D ends 
fi ve days earlier than originally planned, TYRO will be in Karachi altogether eight 
days. Kees van der Weijden boards the fi rst  boat that shuttles between ship and shore, 
to fl y to Amst erdam later today. Serious family circumst ances require his presence at 
home. While a professional team of divers frees the magnetometer cable from the pro-
peller shaft  members of the D scientifi c and technical st aff  try and fi nd out whether it 
is possible to catch an earlier fl ight home or to use the extra time to see a bit more of 
Pakist an besides Karachi.
Th e Lonely Planet travel survival kit “Pakist an” says: “Karachi is of little tourist ic inter-
est ...,...is racked by political and ethnic st rife which frequently erupts into violence.... 
Most  people see it as a not very engaging city, little more than a transit st op”; but also: 
“All the same, Karachi is of interest  and deserves a day or two”. Last  year in January I 
sp ent a week in Karachi during the Pakist an – U.S. workshop “Problems and promises of 
the North Arabian Sea”. For the greater part of that week I st ayed within the enclosures 
of the charact erist ically West ern Sheraton hotel and I saw only a modest  part of the city 
and its environs. With so much time available this week and the recommendations of the 
travel guide in the back of my mind it seems worthwhile to explore opportunities farther 
afi eld. Perhaps there is enough time to visit parts of Pakist an’s northern provinces, to see 
a bit of the mind-boggling Hindu Kush or of the Karakorum ranges. What better things 
to do for a geologist  than withdraw for a few days into the famous Hunza Valley, high in 
the west ern sp urs of the Himalayas? Somewhere up there, surrounded by glaciers and 
six- to eight-thousand metre peaks, must  be the lost  kingdom of Shangri-La where, ac-
cording to James Hilton (Lost  Horizon, 933), nobody grows old. What better place to be 
than there, to experience the majest y of the high mountains and to quench my thirst  at 
the sp rings of eternal youth. Th ere are several fl ights per day from Karachi to Islamabad 
and there is a daily fl ight from Islamabad to Gilgit. I could be in Gilgit within two days 
and from there via the famous KKH, the Karakorum Highway, I could easily enter the 
Hunza Valley by bus or jeep. Th ere is a risk, however, that I might get st uck in the valley 
or in Gilgit for an indefi nite period of time. Weather conditions for the high mountains 
are unpredict able. It may be impossible to fl y back in time to Islamabad, preventing me 
to be back in Karachi, at least  two days before sailing on Oct ober 4. Before taking off  for 
Gilgit I must  fi nd out how to avoid getting st uck in paradise. What an awful predica-
ment: I cannot go to heaven unless I am sure that I can leave the place again.

Early this aft ernoon, sooner than expect ed, the divers have removed the last  bit of ca-
ble from the propeller shaft . Fortunately, cable and magnetometer fi sh caused no dam-
age. Once the pilot is aboard, we weigh anchor and are then carefully led through Baba 
Channel, en route towards the port of Karachi. Seen from boat deck the panorama 
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of southern Karachi, the Naval shipyard and cargo vessels from far away places glide 
past  below our feet. Asif and Tahir point out prominent buildings, the dome of the 
world’s largest  mosque, the towers of modern hotels and also the new headquarters of 
the National Inst itute of Oceanography (NIO) which are st ill under const ruct ion. At 
about 3 o’clock we fast en our moorings at the west ern quay in Keamari, Karachi’s main 
harbour, within walking dist ance from the city centre. At the quayside Dr Athar Ali 
Khan, Gul Memon and Tom van Spanje welcome us. Athar and his colleague Gul are 
from NIO and will be shipmates during Leg D2. Athar sp ent some time in Utrecht last  
year in preparation for the expedition. Tom from the SOZ in Th e Hague is our coor-
dinator in Karachi, the liaison between ship and shore. He arrived in town a few days 
ago to smoothen whatever problems we might encounter and to help make our st ay in 
Karachi as pleasant as possible. Today he is of sp ecial importance because he carries 
the mail from home, mail that everybody aboard is looking forward to. Of course, it 
is possible these days to contact  home at any time via satellite. Th ere is, however, no 
communication like a letter, even if it is weeks old by the time it is received. A letter 
is that much more personal and the messages it contains have usually been composed 
with better care than the fl imsy generalities that are exchanged during telephone con-
versations, notably in public domains such as the bridge of the TYRO. No mail for me 
this time, alas. Better, to set my sights on the new D2 crew who will arrive by the mid-
dle of next week.
I am st ill thinking of leaving Karachi for a trip to Shangri-La. A telephone conversation 
with Pakist an International Airways, however, puts an end to my dream. Yes, I can fl y to 
Islamabad tomorrow and there is even a connect ing fl ight to Gilgit, provided of course 
that fl ying is possible. Unfortunately, even aft er departure from Islamabad there is no 
guarantee that the fl ight will reach Gilgit; it may be forced to return because of inclem-
ent weather. For the same reason there is no guarantee that I can fl y back from Gilgit to 
Islamabad next Wednesday. So close to the sp rings of eternal youth and yet so unreach-
ably far. Th is leaves me no alternative but simply swallow my disappointment and grow 
old. Inshallah!
And then I read “Th e News”, the local daily English paper. Th e front-page article, il-
lust rated with gruesome photographs, makes it adamantly clear that I should have no 
illusions about the weather in the high country. Weeks of persist ent and unusually 
heavy rains have terrorised northern Pakist an and led to catast rophic inundations. In 
the mountains villages have been buried under st one- and mud avalanches while down-
st ream the Indus and its tributaries fl ooded thousands of towns and villages. Millions 
of people are homeless and thousands have drowned or have succumbed to subsequent 
outbreaks of cholera and malaria. In the lowlands the cotton- and rice harvest s have 
been dest royed, playing havoc with the country’s economy. Notably the photographs 
of the bodies of humans and cattle fl oating to sea on the swollen waters of the Indus, 
no more than a hundred kilometres away from here, are putting my desire for an idyl-
lic holiday in the mountains in a harrowing persp ect ive; sampling the waters of eternal 
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youth in the shadow of majest ic mountains against  the appalling background of dest ruc-
tion of thousands of lives and the total upheaval of millions of others.

Forced to st ay in or near Karachi gives me ample time to do other things. Armed with 
Harrie’s tape recorder and a recording of “Charlie Brown’s birthday party” which I bor-
rowed from Heddy de Wijs I put together a sp oken letter for the home front. Th is way 
I can at least  be verbally present next month when my son Willem Jan celebrates the 
day he fi nishes his st udies at Utrecht University to become a veterinarian. And so, this 
fi rst  evening in Karachi, in sp ite of the physical dist ance, I am a bit closer to my loved 
ones in the privacy of my cabin aboard TYRO.
To st arboard I see a number of open boats approaching that soon are fi shing close to 
our st ern. Th eir crews direct  powerful beams of light on the water to cast  their nets in 
puddles of brightness. Each haul brings in a subst antial load of sp arkling fi sh. Strange, 
that these waters which are really the sewer of a city of more than ten million people are 
teeming with life. Strange, or perhaps rather not? I love seafood but I am not so sure that 
the thought of fi nding any of the Karachi catch on my plate is all that appetizing. But 
then, of course, aren’t some delicacies, such as eel, lobst er and crab, typical scavengers 
that feed on carrion and putrefying wast e?

Sunday, September 27
In Karachi, like in every port, from the very fi rst  day we are here the ship doesn’t seem 
to belong to us any longer. Beginning today, the captain receives a large and varied 
group of people, the harbour mast er, shipping agents, cust om- and police offi  cers and a 
host  of traders, suppliers, wheeler-dealers and craft smen. Notwithst anding the fact  that 
Pakist an is ruled by Islamic Law which prohibits the consumption of alcoholic bever-
ages – more likely, however, exact ly because of that – many transact ions are lubricated 
with one or more bottles of ambrosia. It is possible of course that in Karachi the rules 
are a bit more fl exible than elsewhere in Pakist an. In any case, for whatever reason, the 
law does not seem to prevent sp irits scoring high on the list  of favoured baksheesh.
Apart from the captain’s cabin other places in the ship also attract  visitors. Notably in 
the galley and in the saloon one can meet friendly-looking Pakist ani. In the most  unex-
pect ed sp ots you may encounter even more friendly smiling guest s, who are obviously 
(?) resolutely on their way to somewhere where they are needed to do, bring or collect  
something. Th ey seem to know where they are heading; nobody asks for direct ions.
Today the ship takes in fuel. A row of trucks and lorries loaded with small tanks or bar-
rels is lined up alongside on the quayside. Slowly, one aft er the other, each container 
is emptied via a long hose that is connect ed to our fuel tanks to pump the oil aboard. 
Whether it is the hose or the couplings that are leaking or the sloppiness of the opera-



| 77 |

tion I don’t know, but the air is saturated with the st ench of Bunker C. Th anks to a thick 
layer of sawdust  on deck and on the gangway it is possible to get on or off  the slippery 
ship without breaking your neck.
Some of our D st udents and our North American colleagues Karen Perry and Anna 
Farrenkopf make full use of TYRO’s early arrival and take the opportunity to add a 
few extra days to their planned holiday by leaving for Lahore today. Others, no doubt 
dedicated teachers and devoted husbands and fathers, are successful in securing seats on 
earlier fl ights home. Th eir departure certainly will make life aboard TYRO more quiet 
in the coming days; might make it even boring at times, esp ecially during the evenings.
I take a taxi to the National Inst itute of Oceanography. Th e driver appears to be quite 
pleased with his assignment – probably because of the scandalously high fare we agreed 
upon – and tries to impress me. With squealing tires and a honking horn he charges 
into the frenzy of Karachi traffi  c (fi g. 7), a thrilling experience to put it mildly. In vain I 
try to convince him that my priorities are ordered somewhat diff erently from his; I defi -
nitely would like to arrive at NIO on time for my appointment, but fi rst  and foremost  I 
would like to arrive and, if possible, all of me in one piece. He smiles underst andingly 
and st eps on the gas a bit more fi rmly.
I don’t see much of Karachi. What impresses me most  are the heavily loaded, exuber-
antly decorated, smoke-belching trucks that surround us on all sides and that frequently 
approach us alarmingly close. Every so oft en, when the circus comes briefl y to a halt, 

Fig. 17. Karachi traffi  c. Photo, Fred Hoogervorst
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I hear the elect ronically amplifi ed wailing of the muezzin calling the faithful to prayer, 
“Allah Akbar, God is great”.
Allah is merciful and although somewhat bewildered and tense I arrive undamaged in 
the PECHS community, the “Pakist an Employees Cooperative Housing Society” dis-
trict , a peaceful neighbourhood where Pakist an’s public servants reside, and fi nally at 
NIO headquarters. Mr. Niaz Rizvi, NIO’s Direct or General since last  year, is a kind and 
gentle man. I bring him a copy of our Shipboard Report and we briefl y discuss the 
results of our endeavours in the last  couple of weeks, our successes and our failures. I 
ask him about his sp ecifi c interest  in our work and about the inst itute’s various research 
project s. Niaz Rizvi is a marine biologist  and I underst and that his appointment to the 
direct or’s position was infl uenced by the required change in the inst itute’s assignments. 
Urged by the government in Islamabad these days NIO’s invest igations are focused on 
the living resources of the sea inst ead of the non-living resources, as was the case under 
NIO’s previous direct ors, a chemical oceanographer and a geophysicist , successively.

Th e population growth of Pakist an is one of the highest  in the world. Pakist an’s bur-
geoning population must  be fed – hence a growing interest  in living resources – and its 
demands for energy and mineral resources need to be met to boost  indust rial develop-
ment. Research in support of a commercial fi shing indust ry and of aquaculture is bad-
ly needed and the infl uence of large-scale infrast ruct ural developments in vulnerable 
coast al regions has to be carefully monitored. Th is requires the support of marine biol-
ogist s, experts in fi shing technology and in mariculture, but also of chemical, physical 
and geological oceanographers. Physicist s and chemist s contribute by est ablishing the 
parameters that control the habitat, the viability and health of the marine environment. 
Geologist s defi ne the sedimentary charact erist ics of the sea bed, which to a large extent 
determine the kind of bottom dwelling organisms that prevail.
Last  year January Jan Stel, Kees van der Weijden and I discussed with Abul Farah, then 
NIO’s direct or, the inst itute’s capacity and requirements to support Pakist an’s plans for 
big infrast ruct ural project s along Baluchist an’s south shore. Th ere, on the edge of the 
Makran coast al ranges, a number of deep-sea harbours are to be const ruct ed with prop-
er, modern facilities to boost  a commercial fi shing indust ry. Th ere are also plans to build 
a number of elect rical power st ations on the Makran coast . Th ese plants will be fueled 
by cheap, sulfurous coal and that is the main reason to put them on the coast  of the 
inhosp itable, thinly populated Makran desert. Such developments will almost  certainly 
upset the precarious ecological balance within and without the coast al zone and they 
will also seriously aff ect  the way of life of the proud and independent people of Balu-
chist an. Monitoring the changes will require the sp ecifi c skills and interest s of (marine) 
biologist s but also of other “environmentalist s” such as (marine) chemist s, physicist s 
and geologist s.
Although expect ations to fi nd economically interest ing quantities of hydrocarbons or 
other mineral resources in the off shore are not high, they certainly cannot be excluded. 
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On a modest  scale indust rial exploration for oil and gas has st arted recently on the 
continental shelf of Sind. No shows of economic interest  as yet, but it is not a bad idea 
to keep a professional eye on developments, in terms of exploration and exploitation of 
off shore resources and of the environmental impact  of such act ivities.
For reasons presented there is a need to have earth scientist s, geologist s, geophysicist s 
and geochemist s “on the sp ot”, on st aff  in Karachi at NIO rather than at the headquarters 
of Pakist an’s Geological Survey in remote Quetta. But there is more. NIO’s earth scien-
tist s also play a signifi cant role in Pakist an’s Antarct ic research program. At fi rst  glance 
it may seem a bit st range that Pakist an shows scientifi c interest  in Antarct ica. Why the 
interest ? What is to be gained from sp ending cost ly research money in that remote part 
of the world rather than within the territorial boundaries of Pakist an itself? Th e only 
reason that I can think of is that India carries out research in Antarct ica. Everything 
archrival India does is susp ect  and should be carefully scrutinized. If, by carrying out 
research in Antarct ica, India can lay a claim on having a say at the forthcoming inter-
national deliberations about future developments in Antarct ica and possibly eventual 
exploitation of its resources, then Pakist an better make sure that it is also involved. And 
so, just  like last  year, a group of NIO scientist s, including geologist s, geophysicist s and 
geochemist s, will shortly board a chartered Polish vessel and set sail for the Antarct ic, 
to erect  a base camp on Enderby Land and carry out research, no matter what kind of 
research.

Back to the present. Niaz Rizvi is clearly interest ed in “technology transfer” both by 
participation of NIO st aff  in the work aboard TYRO and by further training and edu-
cating his people in Th e Netherlands at Utrecht University (UU) and in Texel at the 
Netherlands Inst itute for Research at Sea (NIOZ). Details about that transfer have been 
sorted out between NIO the SOZ in line with the terms agreed upon in a Pakist ani 
– Dutch “Partnership in Science”. Th ose terms are laid down in a “Memorandum of 
Underst anding” between the Netherlands Marine Research Foundation (SOZ) and Pa-
kist an’s National Inst itute of Oceanography (NIO) that was formalized in Karachi on 
December 9 of last  year.

Th e memorandum foresees cooperation between Pakist an and Th e Netherlands in two 
consecutive phases. Th e fi rst  phase begins offi  cially next Sunday with the launching of 
TYRO’s research act ivities in Pakist an’s Exclusive Economic Zone (EEZ), i.e. Leg D2 of 
Th e Netherlands Indian Ocean Programme. Th e second phase – for which funds have 
as yet not been allocated – should cover a period of fi ve years, from 993 to 998. In that 
period Th e Netherlands will “help st rengthen Pakist an’s marine geological research ca-
pability” (to put our assist ance in modern international development jargon).
For that second phase we have drawn up a sp ecifi c project  proposal, “Mud volcanoes 
and gas seeps in the west ern Pakist an coast al region”, that is taken up in the preamble 
to the Memorandum of Underst anding as an example of how we might contribute. Th is 
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project  should assess the resource value of on- and off shore gas seeps in the Makran in 
terms of thermal energy and the occurrence of dry- (fermentation) and perhaps even 
wet- (petroleum) gases such as methane (CH4), resp ect ively ethane (C2H6), and propane 
(C3H8).
It may look as if the benefi ts of the partnership will be solely on Pakist an’s side but that 
is not so. Years ago the rules by which a foreign nation should abide to obtain permis-
sion and carry out research in a country’s “Exclusive Economic Zone” were laid down 
in the United Nation’s “Law of the Sea” treaty, a treaty that was adopted in 982. Since 
then it is not just  a matter of politeness to be generous to a country for the permission 
to work in her territorial waters. Th e “Law of the Sea” treaty has ample safeguards to 
guarantee free passage through coast al waters. Th e rules to explore a country’s backyard, 
let alone exploit its natural resources on the other hand are much more rest rict ive. Hugo 
de Groot’s “Mare Liberum”, the guidelines for an ocean free to all nations that he wrote 
down almost  four centuries ago no longer prevail. Later this week, aft er Jan Stel arrives 
on the scene, we will have ample opportunity to further discuss the implications of the 
Pakist an- Dutch Partnership in Marine Science.
Aft er my courtesy call to Niaz Rizvi a NIO service car brings me carefully and safely 
to the Sarwar Shahid Road in downtown Karachi. In an exclusive (?) boutique I buy a 
couple of “Yves Saint Laurent” shirts and have my measure taken for two pairs of tailor-
made lightweight trousers. Does Yves know how easy it is to have his cost ly monogram 
embroidered on a shirt?

Monday, September 28
I join a group of left -behind st udents (left  behind, not departed, waiting for the arriv-
al of wife, husband or friend for a post  expedition vacation somewhere on the Indian 
subcontinent) for a daytrip to the famous Shah Jehan Mosque in Th atta, a good hun-
dred kilometres east  of Karachi. At the Pakist an Tourism Development Corporation 
offi  ce we disguise ourselves as tourist s by putting on baseball caps and white T-shirts 
with a PTDC overprint in bold letters. Accompanied by six PTDC employees we board 
two minibuses and st art the trip east . On our way we will also visit two other tourist  at-
tract ions, Chaukundi and Banbhore.
A guardhouse and a barrier across the National Highway mark the Karachi municipal 
boundary. Beyond this border we enter the “Interior” of the province of Sind, which, 
because of the risk of violence between ethnic groups, is not a safe place for travel. 
So from here an armed, uniformed bodyguard who is supposed to protect  us against  
dacoits, bandits, marauders and highwaymen accompanies us. Th e man’s must ache is 
more impressive than his musket, a Lee Enfi eld rifl e of World War I vintage, and, since 
our defender looks to be of about the same age, I wonder who is to protect  whom in case 



| 81 |

of an emergency. Our escort inst alls himself comfortably in his seat and quickly falls 
asleep; all is well aboard.
Chaukundi is an extensive Islamic cemetery, dating back to the 3th to 6th century. Th e 
central part of the burial grounds lies a short dist ance north off  the highway and con-
tains a large number of impressive sandst one monuments and gravest ones. Th e relief of 
the ornamentation is st ill remarkably fresh. It is indeed surprising that these sandst one 
sculptures have withst ood centuries of sandblast ing by st rong desert winds; the largely 
fl oral designs are st ill sharp-edged, hardly smoothened or rounded off . Th e tombs and 
ornamentation, diff erent for men and women, give information about the deceased’s 
profession and st atus in the community. Th e necropolis has a number of large mauso-
leums, which by their size, st ruct ure, form and decorations indicate that they contain 
the remains of somebody who was very important in his or her time; a king, a queen, a 
warlord, or a highly placed public servant.
We continue our voyage east  to Banbhore or ancient Daibul, a former important sea 
port at the mouth of the Indus. Th anks to the growth of the delta and a shift  of the main 
current channel Banbhore now lies tens of kilometres inland and about the same dis-
tance away from the river. What is left  is a gigantic heap of ruins and rubble, the remains 
of three successive civilizations, Scythian- Parthian, Hindu-Buddhist  and Islamic. Th e 
general appearance is that of a so-called ziggurat, a terraced, truncated pyramid-shaped 
temple or fortress, such as the Djoser pyramid in Saqqara, Egypt and others built else-
where in the Middle East  by Assyrians and Babylonians. Th ere is a small museum that 
explains the signifi cance of Banbhore, an overview of the hist ory of the site, and there is 
an exhibit of pottery and of portrayals of inscriptions found and excavated on the site.
It is possible that Alexander the Great may have rest ed at Banbhore about 325 BC, when 
at the end of his last  campaign he followed the Indus valley downst ream and reached 
the coast . Banbhore is also of great hist oric signifi cance for the Islam and thus for the Is-
lamic Republic of Pakist an. In the eighth century AD a punitive expedition from Arabia 
arrived in the region under the command of a young Arab conqueror, Mohammed bin 
Qasim, to st raighten out Sind pirates that were raiding Arab shipping. From Banbhore 
they marched north following the Indus valley all the way to Multan in the Punjab and 
est ablished Islamic rule in this part of the world. A well-preserved tile mosaic that has 
been exposed from under the Banbhore ruins dates from that time and is considered to 
mark the site of the oldest  mosque of the subcontinent.
In the southeast ern part of the dig we fi nd some bleached fragments of human bones 
in the dust  and we sp eculate whether they are the remains of Assyrians, of soldiers of 
Alexander’s army or of early followers of the Prophet? Although Banbhore is largely a 
huge heap of st ones and rubble, the site as a whole exudes vague images of ages gone by 
when people saw hist ory pass through their midst . Th e excavations of the complex are 
far from completed and since there are no signs of recent act ivities in that sense it looks 
that further research is waiting for better times, more money and less uncertainty and 
upheaval in the region.
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At half past  one we leave Banbhore to be driven to a kind of rest aurant in a shady, well 
treed rural setting where PTDC serves us a light lunch of chapattis fi lled with a variety 
of tast y and sp icy vegetables, meats and fi sh that we wash down with a choice of awfully 
sweet, fi zzy, bottled lemonades or mineral water. A desert of cakes, fruits and ice cream 
for daredevils completes our meal.
We end our voyage of discovery to the fountains of Islamic civilisation in Th atta. Like 
Banbhore, Th atta is an old seaport and another candidate for the honour of having been 
the rest ing place for the legions of Alexander the Great, before they st arted their long 
march west , through the desolate Makran on their way home to Babylon. Although 
closer to the Indus than Banbhore, Th atta has also been abandoned by the river, when at 
the beginning of the eighteenth century it once more chose a more east erly course. Th is 
quickly led to Th atta’s decline.
Th e original wealth and signifi cance of Sind’s former capital, however, are st ill very 
much apparent from its sp lendid mosque (fi g. 8). Th e mosque is one of the best  exam-
ples of Moghul architect ure and that is small wonder if you know that the builder of this 
monument was no other than Shah Jehan, a.k.a. the King Architect , who built the Taj 
Mahal in Agra. Th e impressive st ruct ure has a facade of red bricks, richly decorated with 
Koran texts in blue and white tile work. Th e acoust ics of the central courtyard are ex-
ceptional and emphasize knowledge and skill of designer and builders. I am particularly 
impressed by the st ruct ure of this Islamic house of prayer, by the st ruct ure as a whole, by 
the surprising details of vaults, domes, pillars, buttresses, arches and porches, as much 
as by the artist ic, geometric patterns and reliefs of the masonry. Th e manner in which 
beams of light of the low aft ernoon sun permeate the building is hard to forget. Th e visit 

Fig. 18. The great mosque of Thatta, built between 1644 and 1647 by the Mogul Emperor Shah Jehan.
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to the great mosque of Th atta is defi nitely the highlight of today’s excursion. We surely 
have become aware that during the Middle Ages monumental temples were not only 
built in Europe and not exclusively by Christ ians. It is a pity that the ornate waterworks 
of the mosque are not funct ioning; all basins, ponds and fountains are dry. Apparently 
the water supply has been cut off  for some time already.
Apart from a short delay for the passage of a huge herd of dromedaries that are driven 
across the road in front of us there is only one more st op during the return trip to Ka-
rachi. At the city boundary we say goodbye to our bodyguard and send him off  with 
enough baksheesh to keep him happy for a few days. He did an excellent job and kept all 
bandits at bay; we all got off  scot-free.

Tuesday, September 29
Early in the morning Air France delivers Dr Jan Stel, the direct or of SOZ, and Jack 
Schilling and his NIOZ crew for Leg D2 at Karachi Airport. Fred Hoogervorst  and 
Bernard Guillen, two cameramen who have been hired by the SOZ to record various 
asp ect s of the expedition for post erity, accompany them. Fred, freelance nature pho-
tographer, will bring his battery of st ill cameras aboard and join us in the coming 
weeks during Leg D2, while Bernard and his video camera will accompany us during 
Leg D3. Next Saturday they will both record the cast ing-off  ceremony, the beginning of 
the Pakist an- Netherlands Partnership in Science.
Most  of the new arrivals st ay in their hotel today to recuperate from their fl ight. Not 
so, however, Jan Stel nor Tom van Spanje. Th ey climb aboard early this aft ernoon to 
discuss and arrange a number of happenings that will take place later this week. I make 
an appointment to have dinner with Jan tomorrow night at the Japanese rest aurant of 
his hotel.

Wednesday, September 30
D and D2 technical crews join forces to repair and rest ore the yellow winch, to over-
haul the hydraulic syst em aboard and to carefully insp ect  the whole arsenal of mechan-
ical and elect ronic equipment. Since we will use more or less the same equipment and 
facilities as during Leg D there is no need to shift  containers and laboratories from 
the ship’s hold to the main deck and vice versa. Th at and the extra days in port give us 
time for thorough maintenance and, if necessary, repair of equipment and inst ruments, 
much more time than normally available between successive legs. Th e operations are 
in able hands and, since I can’t be of much use, it is best  to make myself scarce. Th is 
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is my last  day off , all for myself; tomorrow there is work to do. A good opportunity to 
write letters to family and friends. People who fl y home tomorrow can mail them at 
Schiphol Airport for sp eedy delivery.
In the evening Jan Stel, Marjolijn van Deelen and I meet for dinner in the Fuyiyama res-
taurant of the Avari Towers, our local expedition hotel. Yest erday I suggest ed to Jan that 
I ask Marjolijn to join us for the occasion. In the last  few weeks Marjolijn looked aft er 
our Data Acquisition, Storage and Retrieval Syst em (DARIS) and she did that quite well, 
taking out some of the teething troubles that st ill aff ect ed the syst em. Apart from that 
she wrote a sp ecial program so that now the output of TYRO’s Global Positioning Sys-
tem (GPS), geographical position, ship’s course and sp eed as monitored on the bridge 
and in the DARIS container is also disp layed on a monitor in the geophysics container, 
showing a plot of the ship’s track as we go. We can now direct ly compare incoming 3.5 
kHz and air gun profi les with the available bathymetric information. Th at gives us a bet-
ter and almost  immediate appreciation of the form and internal st ruct ure of the sea bed 
down below. More importantly, Marjolijn developed the soft ware to st eer the FUNURU 
navigation syst em on the bridge, direct ly from the GPS output. Th is makes it much eas-
ier to select  the best  position of the ship, upcurrent and upwind of even very small and 
very deep sites, prior to sampling and prior to lowering the corer the last  few metres. It 
is now possible to hit and sample those targets with greater precision. Marjolijn fi nished 
her st udies only a couple of months ago and is looking for a job. I thought it worthwhile 
to fi nd out if, with her talents, a position at the SOZ could not be profi table both for her 
and for the SOZ; an interest ing job for Marjolijn and a very able and energetic syst ems 
manager for the SOZ, at headquarters in Th e Hague and during expeditions at sea.
Th e Fujiyama rest aurant serves an excellent Japanese meal and a well-known Dutch 
brewery enables us to wash the various delicacies down with alcohol-free drinks that 
tast e almost  like the real McCoy. Jan talks about his eff orts to secure continuation of 
the present research act ivities within the “Netherlands Indian Ocean Programme” for a 
number of years by bringing them under the ausp ices of three “Partnerships in Science”. 
Th ese partnerships between Th e Netherlands and Kenya, Pakist an and the Seychelles, 
promise to be benefi cial for all partners; Kenya, Pakist an and the Seychelles will receive 
professional and material support to st rengthen their own marine research capabilities; 
Th e Netherlands will gain access to a number of fascinating research topics, both in 
terms of their geographical and their disciplinary signifi cance. Th e proposals qualify 
eminently for sp onsoring under the terms that are valid for international development 
project s and so Jan will try and raise funds from the Dutch Minist ry of Internation-
al Development Aid. Since it is no secret that Jan Pronk, the present minist er of that 
department, has a soft  sp ot for Africa, the Kenya – Dutch partnership st ands a good 
chance to be funded that way.
I ask Jan about the possibility of reorganising the schedules of Legs D2 and D3. Provided 
of course that we reach the object ives of Leg D2, could we shorten D2 by a day or two 
and st art Leg D3 that much earlier? Th at would give us a chance to recover a number 
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of cores from the Indus Fan and make up for the loss we suff ered that awful day when 
the yellow winch broke down. Obviously the proposed change must  be agreed upon by 
a number of parties, notably Kees van der Weijden and Jan Willem Zachariasse, since 
those changes would aff ect  the time available during Leg D2. At this st age it is important 
fi rst  and foremost  to fi nd out whether the SOZ and our shipping offi  ce will be able to re-
arrange the whole rigmarole of a harbour visit within a week or so. Such a change aff ect s 
the st ream of supplies and equipment to the ship, requires the rescheduling of fl ights for 
both incoming and outgoing st aff , ship’s offi  cers, crewmembers, technicians, scientist s 
and st udents and, no doubt, of a great number of other procedures that I am not aware 
of. If this cannot be arranged all in time then the whole exercise is off . Jan agrees, how-
ever, that it is defi nitely worth a try and, although he cannot promise me anything at this 
st age, he will do his best  to make it happen.
Th e vague persp ect ive of a job for Marjolijn and the somewhat less vague outlook for a 
successful completion of our Fan project  make our exotic dinner a particularly memo-
rable one.

Thursday, October 1
Th is morning KLM brings us the Utrecht D2 crewmembers, st aff , st udents and analyst s, 
and Hein de Wilde from NIOZ. Hein will be busy in the next few weeks with the deter-
mination of greenhouse gas concentrations dissolved in the waters of the northeast ern 
Arabian Sea. Luft hansa returns Kees van der Weijden to Karachi and that completes the 
scientifi c and technical complement of Leg D2. All newcomers are lodged in the Avari 
Towers hotel to recover from their travels and to keep them away from the ship.
In the aft ernoon, we receive a party of Pakist an’s press, radio and television reporters 
aboard TYRO, and that is more or less the kick-off  of the celebrations and ceremonies of 
the next few days that will set Pakist an – Dutch cooperation in marine sciences in mo-
tion. Aft er a short word of welcome and a cup of tea in the saloon I give a brief overview 
of the object ives of cruise D2 and later, on deck, I explain the operation of our sam-
pling tools, CTD, LVS, box corer and pist on corer. In the various laboratories we show 
our guest s the arsenal of inst ruments for the analyses and measurements of physical 
and chemical parameters of samples retrieved and how our seismic equipment reveals 
the internal st ruct ure of the sea bed. Back in the saloon refreshments are being served 
while, in front of a television camera, Niaz Rizvi, direct or of Pakist an’s National Inst itute 
of Oceanography, and Jan Stel, direct or of the Netherlands Marine Research Foundation 
present the object ives of the Pakist an – Dutch Partnership in Science, Rizvi in Urdu, Jan 
in his best  English, both in their resp ect ive Friday and Sunday best .
Aft er lunch, I leave for the Avari Towers together with a few D technicians. I have to 
change my cabin for a room in the hotel for a couple of days while the domest ic st aff  
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cleans the accommodations on board. Everything must  be sp ick and sp an before the 
complete D2 crew embarks. Down at the gangway, while waiting for a few latecomers, 
I fi nd myself a seat in the back of a taxi and begin negotiations with the driver over the 
fare. Without blinking an eye he mentions an exorbitant price and, since he is not in the 
least  interest ed in my very reasonable counteroff er, I tell my fellow passengers to fi nd 
another cab. At that very moment a local laundry man comes down the plank carrying 
the ship’s dirty washing which he throws in the back of his van. With the prosp ect  of 
making a bit of extra money he eagerly accepts our proposal to drive us to the Avari 
Towers. I will not easily forget this trip.
Pract ically the moment we pass the harbour gate I realize that in the hast e to get out of 
the taxi I left  my camera in the seat. Th is is not going to be a cheap ride. Once in the 
midst  of Karachi traffi  c, taking into account local cust oms, Annette van Koutrik behaves 
a bit unusually, to say the least . She draws enthusiast ic attention from the truck driv-
ers who surround us on all sides and who have discovered this pretty white unveiled 
woman in the van. She counters by pointing her camera provocatively, st raight in their 
grinning faces. Th e provocation appears to work and I have the impression that together 
with the dirty laundry we will soon be mangled under the charging wheels of a fl eet of 
abundantly decorated, hooting trucks. Up front Martin Laan accompanies the contest  
by loudly singing raucous songs while banging his fi st s on the roof of the van, making 
both the driver and me very nervous. My eff orts to rest rain Annette and to calm down 
Martin are futile. What a way to go! Th e moment we st op at an intersect ion I dive for the 
door, open it and get out. Luckily I land safely. Luckily also Avari Towers is no more than 
a block away and a few minutes later I st umble inside. My number hasn’t come up yet.
I have been booked in a lavish suite and it doesn’t take long to settle in. Th ere is a choice 
of fresh tropical fruits on the table, mangoes and papayas, and in the fridge I fi nd a selec-
tion of cool bottled drinks. A nice shower, a change of clothing and a thick, fat enthusi-
ast ic letter from Barbara, my eldest  daughter, quickly put me right. In the hotel lobby I 
meet my new crew. Th ey, and the exchange of newsy items from the ship and from the 
home front, make me forget where I am. Inside, within the walls of this relaxed, clean, 
air-conditioned, West ern, luxurious complex, there is a reality that diff ers completely 
from the world outside, the hot, crowded, noisy and dirty st reets of a third world me-
tropolis. You could easily forget that we are the visitors here, and that personnel of the 
hotel are not. When, later in the rest aurant, the chief engineer hands me back my lost  
camera it looks as if my evening can no longer be ruined. Th e “expensive” taxi driver was 
a decent man aft er all who returned the camera back to the ship, delivering it personally 
to the captain. Such integrity is rare these days. Even though he accepted a small reward, 
there goes an honest  man whom, I must  admit, I misjudged completely.
Surprise, surprise, the group of st udents and our North American colleagues Karen 
Perry and Anna Farrenkopf who left  for Lahore last  Sunday, are back in town earlier 
than expect ed. Ast onishment very quickly turns into perplexity and outrage, however, 
when we hear the reason for their early return. While visiting some place or monu-
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ment, one of their Pakist ani escorts deviously separated Anna from the group, pulled 
her into a small room, forced himself upon her and accost ed her violently. Struggling 
and screaming she succeeded in drawing the attention of the others and luckily the man 
let her go and took off  in a hurry. Anna of course felt humiliated and hurt, the whole 
group was thoroughly dist ressed and angry. With nobody wanting to st ay in Lahore any 
longer they took the fi rst  possible fl ight back to Karachi. We are all badly upset over 
the aff air. Usually you read about such assaults only in the paper. Although it could 
have happened just  as well in Holland, the unfamiliar environment, the atmosp here of a 
st range, culturally diff erent civilization contribute to a sense of uneasiness, a feeling that 
is best  described as “unheimisch”. Once more I realize that in the Avari Towers we fi nd 
ourselves on a small West ern island.

Friday, October 2
For the Believers Friday is the seventh day, a free day, a day of rest  and prayer. Since 
Pakist an is an Islamic Republic it is a free day for all residents, infi del or believer. And 
so it happens that a select  group of infi dels, members of the Dutch community, having 
nothing better to do, gather informally aboard the RV TYRO. Th ey are Her Majest y’s 
ambassador plenipotentiary in Pakist an, Van der Goes van Naters, Esq., act ing Consul 
General, Baron Van Dorth, and the local CEO’s of the ABN-AMRO Bank, Nedloyd 
and KLM. Th e captain receives the delegation in his cabin and while our guest s enjoy 
a glass of one of our national brews or sp irits and a generous helping of rissoles we, Jan 
Stel, Kees van der Weijden and I, present an overview of the Netherlands Indian Ocean 
Programme and, more in particular, of our geological research in the Arabian Sea. Th is 
is followed by a tour of the TYRO showing the visitors the bridge, st eering, naviga-
tion and communication facilities, explaining them our sampling tools on deck and 
the laboratory inst ruments in the various containers. It is no great eff ort to make our 
fellow country men feel proud of the TYRO, a sample of Dutch ingenuity and endeav-
our, convincing them of the capabilities of ship and equipment and of the commitment 
and professional skill of the men and women who run this show.
In the mean time..... all over the ship and in the various containers people are busy 
inst alling, adapting, test ing and calibrating measuring- and analytical tools and inst ru-
ments. Most  of the st udents present will be at sea for the fi rst  time in their lives and this 
leads to familiar scenes of enthusiast ic young people who somewhat dazed and bewil-
dered try to fi nd their way in this st range maze of small corridors, passageways and 
ladders. I feel a bit like a teacher who on the fi rst  day of school aft er the holidays meets a 
new gang of pupils; st range faces st aring at me in expect ation, most  of them clearly out 
of their element, some with a certain kind of bravura. I also have the dist inct  impression 
that the new class is that much younger than the previous one.
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Unfortunately there is a dist urbing message. Eric Nieuwpoort, one of the newly arrived 
NIOZ technicians has serious intest inal problems, lies in his bunk, feeling weak and 
miserable. Jan van Ooijen is also not feeling well and shows similar symptoms. We have 
alerted the home front to prepare replacements for those boys, should it become neces-
sary to fl y them home.
I hitch a ride into town with Baron Van Dorth and this time I am delivered fast  and 
safely at the door of my hotel. Resp ect ing my Catholic heritage I treat myself this Friday 
to a well-prepared supper of exotic fi sh and it is no problem to interest  a few non-Catho-
lic table fellows to share my choice of delect ables.

Saturday, October 3
Alas, Eric Nieuwpoort’s situation did not improve and it is better that he leaves the 
ship and fl ies home today. Eduard Bos is already on his way to Karachi to replace Eric 
for the coming weeks. Jan van Ooijen is in slightly better shape than Eric and it seems 
just ifi ed to post pone the decision about his participation in the expedition until to-
morrow. Although diff erent in intensity Jan’s and Eric’s clinical conditions appear to be 
more or less the same, st omach and intest ine problems and diarrhoea. According to a 
toxicologist  from the local university it looks like it is probably a case of food poison-
ing.
Today is open day on the fest ively dressed TYRO for invited guest s, members of the lo-
cal scientifi c community, naval st aff  and offi  cials of the municipal government. Divided 
into four groups, a group of nicely clad ladies and gentlemen swarm over the ship and 
is shown around by our scientist s. Amazingly, even the white uniforms of naval offi  c-
ers st ay sp otlessly clean; although she has been thoroughly scrubbed and polished for 
the occasion, TYRO is a working ship and in some areas she is not the best  example of 
Dutch cleanliness and purity.
An even more select  group of dist inguished people has been invited to share the com-
pany of TYRO’s offi  cers and senior scientist s for “Captain’s Dinner”. John Pina, our 
chef, and his st aff  have surpassed themselves, preparing and serving us a choice of fi ne 
foods.
Outside preparations are in full swing for tomorrow’s inauguration ceremony to cel-
ebrate the beginning of the Pakist an- Netherlands Partnership in Science. On the quay, 
next to the ship a reception hall is being erect ed with a raised sp eakers platform at 
one end and plenty of seats for a large audience, all under the cover of a huge canvas 
canopy.
Today’s fest ivities are rounded off  this evening in the grounds of the Dutch consulate. 
Th ere is a reception by the Corps Diplomatique of the Netherlands for Pakist an’s gov-
ernment- and naval authorities, for representatives of Pakist an’s scientifi c community, 
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for local Dutch residents and for all hands of the TYRO. Guest  of honour is the federal 
Minist er of Science and Technology, the right honourable Illahi Buksh Soomro. Later, 
I am introduced to His Excellency and we talk briefl y about Pakist an’s scientifi c inter-
est s. I cannot resist  the temptation to inquire about the st akes Pakist an has in Antarct ic 
research. As mentioned, I think that the interest  of Pakist an in Antarct ica is largely 
insp ired by the presence of Indian scientist s on the white continent, a thought, by the 
way, that I wisely keep to myself. I do, however, express my regret that we will miss Dr 
Athar Ali Khan’s participation in Leg D3 since Athar, geochemist  and co-chief scientist  
aboard TYRO during Leg D2, will be in Antarct ica at that time. At Athar’s request  we 
have planned a geochemical st ation, slightly east  of the Owen Ridge, on the exact  site 
where in 986 HMS CHARLES DARWIN took an 8 m long pist on core. From bottom to 
top the chemical elements and compounds of that core are proxies for regional climatic 
change during the Late Pleist ocene, the subject  of Athar’ PhD thesis that he defended in 
990 at Durham University in the UK. To extend his research further back in time Athar 
would like a longer core from that same site. His presence aboard during Leg D3 would 
therefore be very welcome.
I should not have brought that up. Th e minist er is now adamant that Athar will be 
aboard and not in the Antarct ic and he, Illahi Bukhsh Soomro, will personally see to it 
that that is what is going to happen. And so he summons Athar’s boss, Niaz Rizvi, and 
direct s him to keep Athar aboard TYRO for both legs, D2 and D3.
Later, when I apologize to Athar for muddling up his aff airs – I can imagine that he 
would have liked visiting Antarct ica rather than st ay aboard – he remains his courte-
ous and friendly old self and doesn’t show the least  bit of disappointment (is Antarct ica 
perhaps a bit too cold for Athar aft er all?). He is convinced that next year he will have 
another chance to go south and tells me that I should not worry over it at all.
As far as garden parties go, this is a very pleasant one. It is a gathering of interest ing peo-
ple, and there is a choice of sp icy foods, such as qorma, qeema, seekh kebab and murgi 
tandoori. As a sp ecial treat there is “Hollandse Nieuwe” i.e. raw herring, a treat indeed, 
although probably more so for the Dutch than for the Pakist ani. Th e combination her-
ring and a cool glass of Heineken surpasses it all, the latter of course exclusively for the 
“infi dels” amongst  us.
Th e D2 crew members leave the party rather late and head for harbour, ship and bunk. I 
am not joining them as yet. Before I must  carry the burden of leading the next leg, I have 
been granted a last  privileged night ashore in my luxurious suite in the Avari Towers.

Sunday, October 4
Early in the day the last  participants in Leg D2 climb aboard ship, including our coun-
terparts Dr Athar Ali Kahn, Gul Memon and Ali Tabrez, excluding, however, Jan van 
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Ooijen who will fl y home to recover from what we now call the Karachi disease. Gijs 
Nobbe, senior analyst  in Kees van der Weijden’s group, will take over Jan’s task, the 
analysis of nutrients in the water column and in the pore waters of sediment cores. 
Even though part of his other duties will be shared with others, there won’t be many 
idle moments for Gijs in the next three weeks.
Outside a mixed group of people assembles and is seated under the canopy on the quay, 
awaiting the arrival of the Minist er of Science and Technology. When His Excellency 
arrives he comes aboard for a few moments to be briefed about the technical and ana-
lytical capabilities of ship and equipment.
At 09 h 30, the ceremony begins to celebrate, as it says on a huge banner overhead, “Th e 
Inauguration of First  Pak-Netherlands Research Cruise of R.V. TYRO in the Arabian 
Sea”. Th e ceremony is led by Gul Memon who introduces the sp eakers, Minist er Soom-
ro, NIO’s direct or Niaz Rizvi, the Dutch ambassador Van der Goes van Naters, and Jan 
Stel. Th ey all have impressive looking rosettes pinned on their breast , green and white 
ones with the letters NIO for the Pakist ani, red, white and blue ones with the letters SOZ 
for the Dutch. Kees and I, also adorned with an SOZ rosette, occupy seats of honour, in 
the middle of the front row.
A maulana or mullah recites from the Kuran for “Ahl-i-kitab”, i.e. for “all the people 
of Th e Book”, Muslim, Jew and Christ ian, fi rst  singing in Arabic and then repeating in 
English; “In the beginning God created the heavens and the earth.....”
Th e minist er, Niaz Rizvi and Jan Stel, as required for such an occasion, pay each and 
everyone compliments in polite phraseology and more or less reiterate what has been 
said a few times already in the last  couple of days. Van der Goes van Naters surprises me 
– and I think quite a few others amongst  the audience – when he audaciously balances 
the hoped-for benefi t for Pakist an of our collect ive endeavours against  the country’s 
frightfully high population growth, more than 3% per year, the highest  in the world.
Aft er the sp eeches refreshments are off ered, chai (tea), fresh limejuice and other fruit 
drinks and a mix of sweet and sp icy cakes, cookies and titbits. While the guest s enjoy 
those delicacies and each other’s company, we the expedition members say our farewells, 
remove ourselves from the scene and climb aboard ship.



LEG #D2; KARACHI – KARACHI
October 04 – October 24

“Lovelock off ers a myth to express our wonder 
and gratitude, and Gaia is the muse of many who 

care deeply about this planet.
 Is it mean-sp irited to quest ion such a social useful 

metaphor?
W. Ford Doolittle, 99
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Sunday, October 04 (continued).
Shortly before twelve, in a joint eff ort the minist er and the ambassador cast  us off  by 
lift ing the last  hawser from its bollard and let it slip into the water. Accompanied by 
powerful blast s on the ship’s horn and a lot of arm waving between quay and ship two 
tugboats pull and push us free and turn us around. Under our own st eam we fi nd our 
way to the open sea. Leg D2 of the Geological Study of the Arabian Sea has begun.
Within an hour we leave the lower Indus plain behind and set a southwest erly course 
for our fi rst  coring target, st ation  45, a good seventy miles away. We are moving fast  
and it does not take us long to abandon all thoughts about Karachi. Our world is now 
reduced to the good ship TYRO, 84 m long, 4 m wide and 29 m high from top light 
to keel. We are a fl oating workshop, a laboratory and an offi  ce, a conveyance as much 
as a hotel that provides facilities for 35 people to eat, drink, recreate and sleep. We have 
aboard an arsenal of advanced inst ruments and tools to perform complex tasks, meas-
uring, monitoring, probing, sampling and analyzing the ocean and the sea bed under-
neath. Turning a knob and pushing a few buttons connect  us to the civilized world at 
any moment of the day or night. At all times we know exact ly where we are and, in case 
of an emergency, wherever we are we can reach a safe harbour behind the horizon in a 
matter of days. In short our world is a large, well-equipped and reliable ship that is han-
dled by a dedicated and competent group of skilled and smart people. At the same time 
we are no more than a small satellite, an insignifi cant sp eck of dust , adrift  at the interface 
of the infi nite ocean and deep sp ace, a nutshell, susp ended between heaven and earth, 
the devil and the deep blue sea.

For this, the second leg of the Utrecht expedition, the attention is focused on our main 
object ive, to est ablish the change in product ivity within the surface waters of the Ara-
bian Sea and to invest igate the dynamics of its Oxygen Minimum Zone (OMZ) during 
the Late Quaternary.

Oxygen contents of the surface waters of the world ocean are high thanks to the uptake 
of O2 from the atmosp here and to primary, photosynthetic product ion of O2 by phyto-
plankton. Below the surface waters the oxygen concentration diminishes as a result of 
consumption by organisms and through oxidation of decaying organic material. Deep 
down the O2 concentration rises again thanks to the infl ow of cold, heavy, oxygen-rich 
waters from polar regions. Minimum O2 values are reached within the OMZ, in general 
at a depth interval between 50 and 000 metres. Th e lowest  O2 values of the world 
ocean, less than 0.05 ml O2 per litre of seawater, are encountered in the OMZ of the 
Arabian Sea, typically at a depth between 50 and 200 metres (cf. fi g. 6). Th ese low, 
pract ically anoxic values result from the local very high product ivity of organic mate-
rial, which in turn is induced by an exceptionally high input of nutrients and by poor 
ventilation across the thermocline. Th e supply of nutrients is controlled by climate, by 
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the oceanography (the climate of the ocean) and by the geology of the sea fl oor and of 
the nearby land.
During the northern summer, the southwest  monsoon forces upwelling of cold, nu-
tritious waters along the continental margins of Somalia and Arabia and brings large 
amounts of desert dust  to the Arabian Sea. Heavy rainfall in the Himalayas delivers 
a huge load of sediment to the headwaters of the Indus and this sediment is carried 
downst ream to the delta and submarine fan. During the northern winter, product ivity 
is generally low and the northeast  monsoon generates only a comparatively weak zone 
of upwelling along the northeast ern margin of the Arabian Sea.
Product ivity and oxygen content are inverse properties, an increase in one decreases the 
other, and both properties are governed by environmental conditions. Th at relationship 
is valid now as much as it was in the past . Both quantitative and sp ecies related analyses 
of organic remains in sediment cores thus provide information about environmental 
change over the time interval cored. Th e best  chance to fi nd remains of organisms that 
live (and lived) in the water column is at places where those remains are best  preserved, 
that is where the bottom depth coincides (or coincided) with the depth interval of the 
OMZ. Th e better the preservation of organic matter in the sediment, the more accu-
rate the reconst ruct ion of the environmental conditions that prevailed at the time of 
deposition. Taking Pleist ocene sea-level variations into account the best  coring sites to 
obtain past  (i.e. palaeo-) environmental information in the Arabian Sea are thus found 
in water depths between 20 and 300 metres. For Leg D2 this means that we will sp ecifi -
cally explore and core the continental slopes of Pakist an and the submarine ridges and 
seamounts of the Murray Ridge Complex that reach up into the OMZ.

For tea break we gather in the saloon today. To begin with, st aff , st udents and techni-
cians are introduced to each other by name and by funct ion, so that everybody knows 
who is who and who is resp onsible for what sp ecifi c task and assignment. Although we 
are sailing a mirror-like sea a few newcomers are consp icuously absent, others are a bit 
pale around the nose and are feeling a bit queasy. Even under the best  of conditions 
motion sickness takes its toll the fi rst  day at sea and dinner this evening is being served 
to a rather small group of people.
At seven this evening we approach the edge of the continental platform. Th is means that 
it is time to st art the 3.5 kHz profi ler to monitor the shape and st ruct ure of the sea bed. 
For the fi rst  st ation,  45, of this leg we are looking for a suitable site in water depths 
around 500 metres, halfway down the OMZ. We plan to sample altogether fi ve st ations 
on the continental slope, roughly equally sp aced between 500 and 2000 m water depth. 
Shortly before nine the box corer is lowered over the side and sent on its way to what 
looks like a reasonable sampling sp ot. Th e result that st ands on deck half an hour later 
is disappointing. Apparently the corer buried itself deeply into sloppy, greenish mud. 
Th e sample taken is heavily dist urbed and is most ly fl ushed out off  the box on its way up 
to the surface. By trial and error, by reducing the number of lead weights that load the 
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corer and by gently lowering the corer the last  few metres before bottom contact , Jack 
Schilling and his mates adjust  the penetration depth of the box. It takes four attempts 
before everybody is satisfi ed and a neat 50 cm long core st ands on deck.

Monday, October 5
Taking a pist on core from this site should complete st ation  45. At least , that is the 
intention. Twenty minutes past  midnight the corer hits bottom and when it is lift ed 
out of the sea, shortly thereaft er, the mud smear shows that the corer penetrated the 
bottom fully, buried down to over its st abilizing fi ns. Th at promises a full barrel, but 
upon recovery it appears that the upper 6 metres of the barrel are fi lled with water and 
the lower 6 metres with soupy, very dist urbed, vertically layered mud. Obviously while 
pulling out the corer, the pist on sucked the sediment into the barrel.
We decide to abandon st ation, to fi rst  sample the deeper reaches of the slope, where we 
expect  to fi nd a fi rmer, more consolidated sediment. Th at way most  people have a good 
night’s sleep prior to a full day’s programme today. At a sp eed of 0 knots we zigzag 
down slope and even at that sp eed we recover a nice 3.5kHz profi le.
At half past  nine we fi rst  lower the CTD over the side. As usual the incoming C, T and 
O2 profi les recovered during the downcast  decide the depths where water samples will 
be taken during the upcast  and, within limits, also the depths and thus the sites on the 
continental slope where we want to take bottom samples.
Shortly aft er recovery of the CTD, the ringing of ship’s bells and powerful blast s on the 
ship’s horn bring everybody to their life boat st ations on boat deck, including some 
slightly nervous newcomers. Th e life-boat commanders, fi rst  and second mates, check 
whether the complete ship’s crew (including even the suff erers of sea-sickness) is present 
or accounted for, that everybody is wearing protect ive clothing and a cap or hat against  
sun st roke and that everyone knows how to properly put on his or her life-jacket. In-
st ruct ions are given on how to act  in case of an emergency and how, if required, to safely 
abandon ship. Th e same drill as at the beginning of Leg D, a compulsory rehearsal for 
most  people aboard and a necessary initiation for all TYRO’s greenhorns and novices.
Th is aft ernoon on st ation  452, we bring a 3 m long pist on core up from two kilometres 
down. Th e operation goes like clockwork, although the upper part of the core is slightly 
dist urbed.
Around 5 o’clock we set course, backtracking in the general direct ion of Karachi, to 
arrive at st ation  453, a few hundred metres higher up slope, at half past  seven. Apart 
from the technicians, who are old hands at it, the geologist s also appear to have rapidly 
fallen in their routine, the routine of core recovery that is, sect ioning, marking and 
wrapping-up the core. Without a hitch we bag an excellent box core and a 4 m long 
pist on core from this site. All in all not a bad day for a fi rst  day at sea.
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When, just  before midnight the deck lights are switched off , the majest ic st arlit canopy 
of the heavens arches over the black expanse of the sea. Th e moon in her fi rst  quarter is 
almost  down and draws a broad silvery beam of light from the west ern horizon over the 
waves towards the ship. Armed with a st ellar map I climb to the monkey bridge to try 
and identify the const ellations. Th at is not easy to begin with. I am no longer used to see 
that many st ars together. Th e light we cast  up from our urbanized world bleaches the 
night, we usually can only see the brightest  of st ars, whereas here at sea, far from land, 
the night sky st ill appears in unsp oiled, sp arkling glory. Of course at this low latitude 
the sky looks diff erent from what I am used to and const ellations that normally are way 
up above me are set a good deal lower, others I remember only vaguely from the times, 
more than twenty years ago when I was regularly at sea in the southern hemisp here.
Slowly I am fi nding my way. From East  to West , the Milky Way arches obliquely over the 
bow of the ship. North in the Milky Way and relatively high over portside I recognize 
the bright W of Cassiopeia. Next, aft er some peering, I see Perseus with Algol bright as 
a diamond. Via Capella, the eye of Auriga the Wagoner, I arrive at Alderaban and the 
Pleiades in Taurus and then, somewhat lower, there is Orion, hunting over the east ern 
horizon. According to the map Andromeda must  be st raight up above me but with my 
rather st iff  neck it is diffi  cult to confi rm that. Now, with the moon completely down, 
Cygnus is clearly visible and not far from there, Vega in the Lyre.
Our top light in the mast  marks its own path in the universe, the path of a wayward 
satellite or of a very fast , st rangely weaving planet. Peering up into the sky, st anding high 
above a slowly moving sea, I experience a st range sensation; this must  be a bit like what 
an ast ronaut feels, cruising into the unknown, between Heaven and Earth, fl oating in 
infi nity.

Tuesday, October 6
Th ree decks down the door of the geology container is slammed shut and blast s my 
imagination to pieces. Jan Willem, Gert Jan, Athar and Ali call it a day. Time also for 
me to switch off  the st ars and fi nd my bunk; aft er all, tomorrow there is another day.
Tomorrow? No way, today already! When the alarm wakes me up at seven it feels as if I 
went to bed barely an hour ago. Immediately following breakfast  we take a box core and 
a pist on core, now from st ation  454. Th e mud smear on the barrel is almost  5 metres 
long and it looks like this is going to be a very good core. Unfortunately the liner of the 
upper two sect ions has imploded and another two sect ions direct ly below are also heav-
ily dist urbed. Apparently the pist on fi ts too tightly in the liner. When pulling the corer 
from the bottom the pist on sucks vacuum and the liner, not hindered by counter pres-
sure of a fi rm core, collapses. While Jan Blom and Mark Wijsman are busy loosening 
the tight fi t of the pist on within the liner, Eduard Bos makes himself popular by fi lling 
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the canvas swimming pool. Th e use of that bathtub is defi nitely one of the better fringe 
benefi ts of life aboard TYRO between the tropics.
Starting today, immediately aft er coff ee break, senior st aff  members briefl y come to-
gether in the bar to review progress so far and to fi rm up or adjust  plans for the next 
twenty-four hours. We are fi ve together, co-chief scientist  Athar, fi rst  resp onsible geo-
chemist  Kees, fi rst  resp onsible geologist  Jan Willem, senior technician Jack, and I, pro-
gramme coordinator, who in liaison with captain Jan de Jong must  make sure that the 
work is done in the most  expedient way. Because of the sloppiness of the sediments on 
the continental slope, our main concern is to overcome the coring problems. Working 
with a slightly leaking pist on should help and we have to give our deck crew more time 
to experiment and fi nd the right number of pist on rings within the liner.
And then there is that other problem; too many people are st ill bothered by st omach 
and intest ine troubles that can no longer be attributed to seasickness but, more likely, 
are the eff ect s of the so-called “Karachi disease”. Considering last  week’s experiences of 
Erik Nieuwpoort and Jan van Ooijen we better be careful. Th e fi rst  mate in his capacity 
of ship’s doct or is particularly concerned. He will try and bring the disease under control 
by administ ering fi rm doses of Norit and Imodium to his patients. Furthermore, since 
the ship’s water tanks were replenished with Karachi water, everybody is cautioned to 
only drink water from the fridge in the pantry, water that has been boiled before cooling 
and cold st orage.
At half past  three we st art st ation  455. It takes two attempts to produce at least  half a 
decent box core. Pist on core  455 P, which we bring up aft er supper, is less dist urbed 
than the one recovered on the previous st ation and encourages us to continue trying to 
get a better one. Jack and his gang must  get things right in the end. And so, taking also 

Fig. 20. In the Geology container laboratory. Gul Memon at the cutting bench and Jan Willem aligning core sections 
under the overhead camera. Photo Fred Hoogervorst.
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into account the threat of a “Karachi disease epidemic”, it is decided that we call it a day, 
that we all have a good night’s sleep while gently drift ing on st ation, and that we try 
once more tomorrow morning. Much to my satisfact ion, it remains consp icuously quiet 
in the bar tonight. Apparently the opportunity to sp end a long st retch in the sack was 
gladly accepted. It was either that or the fact  that not everybody was aware that the bar 
had opened for the fi rst  time since leaving Karachi. Perhaps Karin, the new bar keeper, 
runs a tight shop, possibly there are fewer party tigers aboard ship than during the hect ic 
days of Leg D?

Wednesday, October 7
Bravo, I knew they could do it. Th e right pist on adjust ment has been found and at a 
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quarter past  ten this morning we bring a 4 m long, completely undist urbed pist on 
core aboard. Th e catch is routinely cut into one metre sect ions that are then closed 
with plast ic caps, are marked with a core- and sect ion- number for proper identifi ca-
tion, and with an arrow to indicate top and bottom. In the Geology container the sec-
tions are subsequently cut lengthwise in two halves and the sedimentary sequence thus 
disp layed is photographed (Fig. 20) and described. Below decks Erica screens the core 
sect ions through the XRF (X-Ray Fluorescence) scanner to measure sp ecifi c radiation 
intensities that reveal the content of K, Ca, Ti, Mn, Fe, Sr, Y and Zr, against  depth (in 
the core). Finally the core sect ions are carefully wrapped in plast ic sleeves and st ored 
under refrigeration.
Since we fi nally recovered a good core from st ation  455 we decide to reoccupy st ations 
 45 and 452 to try our luck on those sites once more. On st ation  45 we are st ill not 
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successful; apparently the water- and gas-content of the upper part of the sedimentary 
column at this depth (500 m) is too high for our coring equipment, but deeper down, at 
2000 m, on st ation  452 we bag an undist urbed, 3 m long core. At a quarter past  ten to-
night we begin our second regional assignment, exploring the Murray Ridge Complex.

Th e SW – NE st riking Murray Ridge Complex consist s of a number of more or less 
parallel submarine ridges that separate the Oman Basin in the northwest  from the 
deeper part of the Arabian Sea in the southeast  (fi g. 2). Th e summits of its most  pro-
nounced st ruct ure, the Southern Murray Ridge, reach up into the OMZ and provide 
therefore interest ing sampling targets in view of our fi rst  research object ive. In contrast  
to the continental margin south of Karachi, which receives an ample supply of terrig-
enous material via the Indus, sedimentation rates on the Murray Ridge Complex are 
low since the complex is surrounded by deep water. Th e sedimentary cover is largely 
an accumulation of biogenic debris and of wind-blown desert dust . Because of the low 
sedimentation rate cores taken from the Murray Ridge enable us to look farther back 
in time than cores of similar lengths recovered from the continental margin.
I am personally interest ed in the Murray Ridge Complex because its composition and 
st ruct ure are st ill not very well known and because there is st ill considerable doubt 
about its plate tect onic position. Otherwise st ated, I am curious about its place within 
the evolution of the west ern Indian Ocean, an evolution that has not been explained 
satisfact orily thus far.

In the next few days we will sail a number of tracks across the Southern Murray Ridge, 
utilizing the 3.5 kHz profi ler to identify proper coring sites and the air gun to sound 
the overall st ruct ure of the sedimentary cover, down to basement underneath. Rou-
tinely we shall also tow the magnetometer to monitor to record the total intensity of 
the earth magnetic fi eld. Th is night, in the geophysics lab, Jan Willem, Gert-Jan, Ali Ta-
brez and Gul Memon supervise the survey. Th ey take turns, two hours on, six hours 
off , to keep an eye on the equipment, to make sure that it is working properly and, as 
required, to adjust  fi lter settings and amplifi ers. Th ose adjust ments, as well as changes 
in ship’s course or sp eed, must  be duly noted in a logbook. If there are problems they 
cannot resolve, qualifi ed st aff  must  be called for assist ance. At 0 o’clock we st art our 
survey and at a sp eed of six knots TYRO sails into the night, course 320 T.
Th ere is a message from Jan Stel in Th e Hague. Th e changeover from Leg D2 to Leg D3 
can be advanced by two days. Hurrah! SOZ will take care of the necessary rearrange-
ments for the change of crews. With a few minor adjust ments we now should have alto-
gether three days extra for Leg D3, enough time to reach our Indus Fan object ives aft er 
all. I fax a message to George Post ma in Utrecht too tell him the good news and to ask 
him for the coordinates of sample localities on the Fan in order of priority.
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Thursday, October 8
At 5 o’clock this morning we make a course change of 2430 to st arboard, thus crossing 
our own wake to st art our second track across the Southern Murray Ridge. Th is turn 
“over the wrong board” is made on purpose; it forces the magnetometer fi sh away from 
the ship, thus avoiding catching the inst rument and cable in the propeller a second 
time. From now on we also tow the air gun and a hydrophone st reamer to record the 
internal st ruct ure of the ridge down to a depth of several hundred metres below the 
sea bed. It takes a bit of time to tune fi lters and amplifi ers, to fi nd a balance that en-
sures deepest  penetration and highest  resolution. Proper control of the air gun (low 
frequency) regist ration asks for ”Fingersp itzengefühl” and a lot more attention than is 
needed for 3.5 kHz or 2 kHz echo sounding. Presently, since we have st eep and rough 
topography under the keel, this requires frequent changes of depth scales. With a new 
and inexperienced crew of seismic operators this means that, certainly on the fi rst  cou-
ple of tracks, we won’t produce the best  possible analogue recordings on the Precision 
Depth Recorder (PDR) and we therefore record the incoming unfi ltered data also on 
magnetic tape. Th at raw data set can later be replayed and processed, using diff erent 
fi lter settings to improve the signal/noise ratio and achieve optimal results.
At  o’clock we change to a northwest erly course again to begin the third track across 
the ridge. Although it is defi nitely a tough assignment for one person to properly moni-
tor our survey in the geophysics container, more than one man on the job would prob-
ably not help all that much. Most  likely they would be in each other’s way half the time 
and the presence of somebody else could easily diverge one’s attention. Being busy keeps 
the man on watch awake and alert. Moreover, people not on watch can make themselves 
useful elsewhere, geologist s in the core laboratory, geochemist s in the “press’ container 
or in one or the other analytical lab.

In the mean time......

On deck the NIOZ crew is busy maintaining, cleaning and lubricating sampling equip-
ment, bringing machinery and tools in top condition, all the while passionately wailing 
away in song, trying to keep their voices in tune with the raucous sounds emitted from 
a powerful ghetto blast er.

At number 44, in the DARIS-container, data-manager Ivar Slavenburg st ruggles with 
obst inate material, guided only by his own insight, experiments and st ubborn persever-
ance, not, as you might expect , by a clear set of rules and inst ruct ions in a handy manual 
or in a book of notes written down by his predecessors. At number 44 there is a lot of 
desp air and gnashing of teeth. We are confi dent, however; Ivar will prevail in the end.
Fred Hoogervorst  makes his rounds over the ship. Th ere is no one more aware of the 
various act ivities in the diff erent compartments of the TYRO. With one or the other of 
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his many cameras he records everything skilfully and artist ically on fi lm, preserving 
what is happening for post erity.
Luckily for us all, the eff ect s of Karachi disease plague nobody anymore. All is well 
aboard ship.

Th e third track across the Southern Murray Ridge ends in an isolated, deep and broad 
valley. Since the deeper parts of this valley are probably poorly ventilated, the oxygen 
content at depth may be low and that would fost er preservation of organic material, 
just  like in the OMZ. If so, the geochemist s are interest ed in recovering a long pist on 
core from this valley, to st udy the eff ect  of anoxic bact erial act ivity on the degradation 
of organic material. At the end of the line, shortly aft er six o’clock we recover magne-
tometer, air gun and hydrophone array to occupy st ation  456, the second water st a-
tion of Leg D2, in the middle of the valley. It takes us all evening before we fi nd that 
the bottom waters here, although somewhat lower in oxygen content (close to 4 mg/l) 
than the deep waters of the open southern Arabian Sea (nearer 6 mg/l), are defi nitely 
st ill oxic. Obviously the valley is better ventilated than we thought. Armed with that 
knowledge we abandon st ation well before midnight and begin our fourth track across 
the ridge. Course 800 T.

Friday, October 9
Eight hours later and fi ft y miles farther south we change course, once more to 3250 

T, to st art ridge track number fi ve, at right angles to the ridge axis. Along this track 
the ridge rises into the OMZ and we are therefore particularly keen to locate a good 
sampling sp ot in that interval. No such luck, however. Just  under 900 metres deep the 
top of the ridge is fl at. Unfortunately, both the 3.5 kHz and the air gun record disp lay 
very hard echoes and the chances of retrieving a good core are therefore small. On its 
northwest ern fl ank the ridge falls away st eeply, down to a broad terrace, just  over 2000 
metres deep.
We reach the end of that terrace shortly aft er lunch and, st ill on course 325o T, we now 
climb an isolated seamount that disp lays a pronounced bi-polar magnetic anomaly. 
British geophysicist s discovered this seamount 30 years ago during a reconnaissance 
magnetic and bathymetric survey aboard HMS Dalrymple. On the basis of an apparent 
magnetic susceptibility of 0-2 e.m.u/cm3 this so-called “Seamount H” was subsequently 
identifi ed as a singular volcano (Peter Barker, 966). Th is aft ernoon we sail three tracks 
across the seamount, to better defi ne its shape and form. On its southwest ern fl ank, 
about 50 metres under the summit, we fi nd a small sediment-fi lled depression, an inter-
est ing target for a box core, and that becomes st ation  457.
What we bring up is a disappointment at fi rst  sight. A pebble is locked between the lid 
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and the box and most  of the material we caught is fl ushed into the sea. What is left  is a 
bit of coarse sand and gravel and a few phosp horite-coated shell- and rock-fragments, 
the latter most ly well-worn basalt pebbles. To my surprise, however, there are also two 
rocks that are unusual for this site, an angular piece of quartz and a fl at, rounded schist  
pebble, about three centimetres in size. Both “allochtonous” fragments defi nitely do not 
belong in an oceanic environment. How did they get to this particular sp ot, on top of a 
solitary volcanic seamount, hundreds of kilometres from the nearest  land? Were they 
carried to this place, attached to the roots of fl oating kelp? Perhaps, going by the rule 
of “least  ast onishment”, they are simply the winnowed remains of a sediment loaded 
density or turbidity current that reached our sampling site? Another, admittedly more 
far-fetched possibility; could it be that the eruption of the volcano brought those rocks 
up from the surrounding “country rock”? Th e fi rst  two possibilities would mean that our 
catch was a lucky st rike, an extremely lucky st rike you might say, something like fi nd-
ing the proverbial needle in the hayst ack. Th e second, more exciting prosp ect , would 
require a total revision of exist ing ideas on the nature and origin of the Murray Ridge 
Complex. Who is to say?
Whatever happened, this seamount deserves a better name than the one originally giv-
en. As suggest ed by our Pakist ani counterparts, it should be known henceforth as Jinnah 
Seamount, in recognition of Mohammad Ali Jinnah, founder and great leader (Quaid-
i-Azam) of Pakist an. At 0 o’clock we abandon st ation. Armed with magnetometer and 
air gun, we sail track number six across the ridge, on the lookout for further discoveries 
and revelations.
Via satellite I raise Willem Jan, my son, on the phone. He has good news. Today he 
passed his last  exam with fl ying colours and he is now virtually a qualifi ed veterinary 
surgeon. In four weeks time he will receive his diploma to make it offi  cial. Th anks to this 
expedition I won’t be able to attend that ceremony, nor the dinner party aft erwards with 
family and friends. Sad to say I shall st ill be at sea. You can’t have it all; that is the price 
I have to pay to science.
But, what the heck, tonight is party time in the bar. We’ll be dancing on a real volcano. 
Th e drinks are on me. For a few hours at least  I am a bit of an excited discoverer; for 
quite some time I shall be a proud father.

Saturday, October 10
Early in the morning, shortly aft er three, following a st eep climb, we reach the shal-
lowest  part of the Southern Murray Ridge, no more than 350 metres deep. Th e crest  of 
the 0 kilometres wide ridge is hard and fl at again. As we sail south the water depth in-
creases 20 metres per kilometre, which means a slope of hardly more than 0. An hour 
later the platform ends at a st eep scarp and the sea bottom drops suddenly beneath 
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Fig, 22. a. Pebbles scraped and recovered by box corer from the fl ank of Jinnah Seamount, station # D 457.
b. Close-up of allochtonous schist and quartz pebble. Photos, Fred Hoogervorst.
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us, down to about 2000 metres, to then angle down more gently. At 8 o’clock we reach 
3000 metres, a good depth to make st ation before turning northwest  once more. Work 
on that st ation,  458, a CTD cast  followed by heaving both the box corer and a three 
barrel pist on corer over the side, two times each, takes 4 hours altogether. Twice the 
box corer, because the fi rst  attempt was a failure, and twice the pist on corer because the 
fi rst  attempt was so successful, a more than 6 long core, that a second core was needed 
to satisfy everybody’s hunger for samples of that beauty. Fourteen hours of labour; for 
a Saturday that certainly is “a good day’s work”.
Th e long time on st ation, lowering and hauling, gives me ample opportunity to fi nish 
and mail my weekly newsletter. Outside on deck, Fred aims his camera and fi lls a whole 
photo cartridge with shots of the rocks we collect ed yest erday from Jinnah Seamount. 
Keeping the rocks wet produces a nice set of colour slides, contrast ing the rocks against  
a greenish glist ening deck (fi g. 22).
Th ere is an enthusiast ic message from George Post ma. Pleased that we have a second 
chance to sample the Indus Fan he writes, “this proves you have not forgotten the sedi-
mentologist s”. He sends us a map of channel A, the channel we surveyed almost  three 
weeks ago, and the coordinates of some seven sites, in order of priority, sites from which 
he would like us to recover a box- or pist on core.
At 9 o’clock core  458 P2 is on board and shortly thereaft er we st art the next long track 
across the ridge, this time on our way to the Dalrymple Trough. We are infect ed by the 
successes of the last  few days and Saturday night fever st rikes the ship. No persuasion is 
needed to bring a crowd together in the bar, neither much encouragement to keep many 
there well into the night.

Sunday, October 11
If you crawl into your bunk at half past  one it is quite an eff ort to get up again, only an 
hour later, when a friendly colleague wakes you up; “Willem, we have a problem with 
the air gun”. Friendly colleague....? No, not really. A visit to the geophysics container 
confi rms that the gun has st opped fi ring and that from this side nothing encourages it 
to st art it fi ring again. On deck it appears that nothing is wrong with the compressor. 
So the problem must  be with the gun itself. Since we are in a position direct ly over the 
crest  of the ridge we are reluct ant to do without the air gun regist ration and we want to 
continue that without too much interruption. Repairing or replacing the gun requires 
assist ance and that means I have to call on Jack Schilling and Jan Blom for help. And 
so, a little bit later, the three of us are taking the culprit apart, to try and fi nd out what 
is wrong. Going by our combined experiences of many, many years we know exact ly 
what to do; this operation should not take much time, no more than ten minutes. Ten 
minutes, now what is ten minutes? No matter, even half an hour would really be no 
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more than a small interruption of a good night’s sleep that we all experience once in a 
while aft er a “night before”.
But what, if it takes more time? What, if aft er an hour there is no progress? What, if 
replacing the gun does not help? What to do if, aft er yet another half hour, having taken 
apart and reassembled the gun several times, having tried in vain to shoot this bloody 
gadget shut, we st ill have not a clue why the damn contraption does not seal? If that 
happens, and it does tonight, then eventually you are st umbling like a torpid zombie on 
deck, wondering why you could ever have been so st upid to choose a career at sea. Past  
images swerve through my head, gloomy images of days long since past , marine geology 
and geophysics in its infancy, when primitive inst ruments and equipment continuously 
broke down, had to be repaired or replaced, and consist ently required adjust ment, im-
ages of long sleepless nights on cold, windy and slippery decks, forever trying to put 
things together with baling wire, marlin and Sellotape. Yes those were heroic times, 
but until tonight I was very glad to know that those times belonged to the past , a very 
remote past .
Alas, we are unable to solve the problem; act ually we really don’t know what the problem 
is. It is probably hidden somewhere in the high-pressure lines, but for goodness sake, 
where somewhere?
Gradually it dawns on me that we are plagued more by our own incompetence, lack of 
sleep, lack of sp unk, than by faulty equipment. At 4 o’clock we slink off  to bed. We better 
catch a few hours sleep to try again with clearer heads tomorrow aft er breakfast . In the 
mean time the 3.5 kHz profi ler dutifully continues recording the st ruct ure of the upper 
few tens of metres of the sea bed deep below, giving us an excuse to cherish the oblivion 
of sleep without feeling too ashamed and remorseful.
And then, aft er the night’s deception, there is this beautiful morning, the beginning of 
a new day. Th e sea is like a mirror, the sky is blue and the galley exudes the smells of 
freshly brewed coff ee, fried bacon and eggs. We, all good Dutch orthodox Calvinist s are 
amazed that there are inst itutions who pay us a salary to suff er all these blessings and de-
lights and, better st ill, to compensate for the “hardships” at sea and for the lack of family 
life, top it up with a daily allowance. Lucky for us, we are all also good enough Socialist s 
and Catholics to accept those compensations without a blush.
Between 6 and 8 o’clock this morning we cross the more than 50 kilometres long, 4 
kilometres deep Dalrymple Trough, a V-shaped gash in the sea bed. Th is so-called fault 
angle depression is bounded at its southern side by a st eep fault, along which a northern 
block has slid down at least  000 metres relative to the Southern Murray Ridge. Aft er 
climbing the northern wall we turn around to lower CTD and rosette sampler into the 
middle of the trough on st ation  459.
Th e combined sounds of the whining winch and Eduard’s ghetto blast er cannot dampen 
the pleasure of a select  company of classical music addict s who have gathered on the fore 
deck to list en to today’s Sunday morning concert. Pianist  Pascal Rogé and the Montréal 
Symphony Orchest ra under the baton of Charles Dutoit st rike the right accords to raise 



| 107 |

the morning mood to high levels with two Ravel piano concerto’s, the concerto in G-
major and the concerto for the Left  Hand. Th e performance ends with the lyrical “Une 
barque sur l’ocean”, also by Ravel. When you close your eyes it feels just  as if you were 
aboard a big ship, being gently but irresist ibly rocked and swayed on the long swell of 
an endless ocean.

Just  like the valley we sampled three days ago on st ation  456, the even deeper and 
narrower Dalrymple Trough appears to be well ventilated; oxygen values at depth 
reach values that are fairly normal for open oceanic conditions. It took us two hours to 
fi nd that out, a result we didn’t expect , of course.
We leave st ation  459 at a quarter to one, now again in possession of all our faculties; as 
it behoves the air gun is happily booming away in the wake of the ship. Apparently we 
were plagued last  night by a leaking valve in the high-pressure conduit. Doing without 
that valve works just  as well and with that simple solution we prove that sometimes a 
good night’s rest  is a prerequisite for a clear and reliable mind. In the geophysics con-
tainer, monitoring the performance of the equipment has set into a routine. Th e inst ru-
ments funct ion fl awlessly and there are no problems that a motivated and in the mean 
time experienced crew cannot cope with. Th e job requires only one watchman at a time. 
Furthermore, yest erday Katalin (Kati) Baldi joined the team.
We will not reach our next st ation until late tomorrow morning. Th at gives us an oppor-
tunity to remember that we are an academic inst itution at work, an organisation of curi-
ous people who in the fi rst  place want to fi nd answers to their own particular quest ions 
but who would also like to know a bit more about the interest s of their shipmates. If time 
permits we will therefore get together some evenings in the lounge to explain to each 
other what we want to fi nd out, why that is so interest ing, how it fi ts within the overall 
object ives of this expedition and what is involved in getting meaningful results.
Tonight I will st art the ball rolling by telling something about the morphology and 
st ruct ure of the Murray Ridge, its signifi cance within the evolution of the region, and 
by playing devil’s advocate against  published ideas and opinions about that evolution. 
Interpretations of the available dataset are as yet not satisfact ory, are oft en ambiguous or 
ignore a number of fact s and observations. It is oft en diffi  cult to dist inguish fact s from 
fi ct ion in the various contributions.
On a number of overhead sheets I give an overview of what is known thus far about 
form, nature and st ruct ure of the Ridge and how well and how poorly that fi ts within 
the st ruct ural framework of the west ern Indian Ocean and surrounding landmass (fi g. 
23). Th e Murray Ridge Complex forms a link between the Owen Ridge in the south and 
the Ornach-Nal-Chaman zone of southern Pakist an in the north. Th e three together are 
the boundary between the Indian Plate on the one side and the Arabian and Eurasian 
plates on the other side. Th e Owen Ridge is the expression of a so-called transform fault 
or fract ure zone that disp laces the Carlsberg Ridge, the sp reading centre in the west ern 
Indian Ocean, by several hundred kilometres from the Sheba Ridge, the sp reading cen-
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tre in the Gulf of Aden. Th e Ornach-Nal-Chaman zone is the southwest ern part of the 
tect onic boundary between the Indian subcontinent and the Eurasian plate, a bound-
ary that disp lays ophiolitic, compression and transcurrent charact erist ics. Th e Murray 
Ridge has been interpreted to be an extension of the Owen Ridge, but whatever you 
might say about the Murray Ridge, morphologically it is very diff erent from the Owen 
Ridge; the Owen Ridge, is a consp icuously linear, narrow chain of elongated larger and 
smaller seamounts whereas the Murray Ridge is an at least  200 kilometres wide complex 
of subparallel ridges, valleys, troughs and seamounts which would be better recognized 
as such by renaming it the Murray Ridge Complex.
To identify the true nature of the Complex unambiguously it would help to know 
whether the Murray Ridge, like the Owen Ridge, is an oceanic feature or, alternatively, 
whether it is underlain by continental crust ; in other words, whether it is part of the 
Indian continental margin. My choice is the latter, but I am biased. In the last  twenty 
years of my career my research interest  was focused mainly on the nature, st ruct ure 
and evolution of passive continental margins and the transition zone between conti-

Arabian
Plate

Eurasian
Plate

Indian
Plate

African
Plate

Carlsberg Ridge

O
 F

 Z

Murray
Murray
Murr

Ridge

Deccan Traps

ChChC acoos Laaccccaaddiivevev
RRidggdgd e

40

30

20

8070605040

27
28

26

24

23

20

27

25

24

22

20

Fig. 23. Plate tectonic confi guration of the Arabian Sea region (modifi ed after Coumes & Kolla, 1984). The magnetic 
anomaly numbers 20 to 28 (after Miles & Roest, 1993) correspond with an age of the sea fl oor over that interval of 
between 44 and 63 Ma BP (cf. fi g. 11b). OFZ = Owen Fracture Zone.



| 109 |

nental India and the oceanic Arabian Sea is one of those. From my experience I know 
that passive continental margins are usually several hundred kilometres wide, 400 
kilometres is no exception. Measured at right angles from the top of the continental 
slope of west  India, the full length of the Murray Ridge Complex falls easily within 
that range. My opinion is st rengthened by the low apparent magnetic susceptibility of 
the main body of the southern Murray Ridge, the most  pronounced part of the Mur-
ray Ridge Complex (Barker, 966), and that is far too low for oceanic basalt. Since last  
Friday I am of course further encouraged in my convict ion by the quartz and schist  
pebbles we recovered from Jinnah Seamount. Th ose little st ones might prove to be im-
portant.
Kees and Jan Willem reward me for my st ory; they allow me some precious time in the 
next few days for a dredge st ation to try and bring up solid rock from a suitable outcrop 
on the southern Murray Ridge.

Monday, October 12
At the southern end of reconnaissance track  0 across the southern ridge we reach 
deep st ation  460 where we recover a box- and a pist on core. With the length of core 
 460 P we set a new record, 7 metres if you please. How’s that again? “Citius, Altius, 
Fortius”; as if we were competing in the Olympic Games.
During the work on deck, before and aft er lunch, Jan Willem and I unroll our 3.5 kHz 
and airgun records and sp read them out on the long table in the dining room to identify 
the best  possible sites for coring the sea bed in the next few days. We want sites within 
the OMZ that show an undist urbed sedimentary record. Only a few sites are suitable; 
two that look reasonable, defi nitely worthy of a coring attempt, three other sites are 
more dubious. Aft er all that work, three days sailing, covering more than 400 miles, that 
is a meagre result. To reach the major object ive of our expedition it is imperative that we 
get a good set of cores from the OMZ. We need to increase the number of coring targets 
and we therefore decide to run extra control lines through the dubious sites.
We fi nish st ation  460 with a CTD cast  and at 8 o’clock we resume our site survey, to 
begin with, two tracks across the deeper west -southwest ern end of the Southern Murray 
Ridge.
In the lounge Athar explains the coherence between successive Pleist ocene glacial and 
interglacial st adia and the changes in the chemical composition of the bottom sedi-
ments in the Arabian Sea. Th ose changes are caused by varying amounts of windblown 
elements derived from the deserts of Arabia, Mesopotamia, Iran and the Makran. Dur-
ing glacials the supply was high, due to a climate related, intensifi ed atmosp heric circu-
lation and to an increase of arid land, the Persian Gulf having fallen dry thanks to low 
sea level. Th e supply of desert dust  was low, on the other hand, during relatively humid 
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interglacials and post glacial Holocene. Athar’s st ory is based on his analysis of an 8 m 
long pist on core that was recovered a couple of years ago in the west ern Arabian Sea by 
the RSS CHARLES DARWIN.
What the Arabian Sea looked and looks like during the Holocene we can see every day. 
Beautiful weather all the time; during the day a sp arkling sun against  a deep blue sky; at 
night hundreds, no thousands of st ars against  the black expanse of the universe. In itself 
this does not confi rm Athar’s st ory. But of course I am referring to the weather, more 
precisely the weather during autumn, aft er the st ormy, rainy months of July and August , 
whereas Athar’s presentation concerned climate.
Th ere is no better sp ot to appreciate and enjoy the weather of this more than perfect  
“Indian” summer night than on the catwalk behind the bar, outside on the bench under 
the fl agpole, with a good glass of wine in my hand. Below my feet TYRO plows the sea 
into a wide furrow, a foaming white trail in the light of a full moon.

Tuesday, October 13
Today we have reached the halfway mark of Leg D2 and there is st ill a lot of work to 
do. As yet we haven’t got any cores from the OMZ and sampling the Makran margin, 
part of the programme that is of great interest  to our Pakist ani counterparts, also re-
quires at least  four days. Th e success of Ali Tabrez’s thesis work depends largely on the 
analysis of a good set of pist on cores from that region. Of course mishaps and inclem-
ent weather conditions are possibilities that must  always be reckoned with. So, in order 
to safeguard our highest  priorities we decide this morning to head as quickly as possi-
ble for the nearest  select ed sampling site on the Southern Murray Ridge.
At half past  ten we increase our sp eed to 2 knots. Since that generates too much towing 
noise on the hydrophones we st op the air gun regist ration. Aft er recovery of the gun and 
the seismic st reamer we now rely exclusively on our 3.5 kHz, high-resolution seismic 
syst em. It takes us six and a half hours to reach the vicinity of st ation  46, a relatively 
small target at a depth of 640 metres on the southern fl ank of the fl at upper platform of 
the ridge. It looks as if the sedimentary cover is not as hard as on top, and that promises 
a better chance for a good pist on core. We’ll have to fi nd out how good by fi rst  taking 
a box core. Th e contents of the box will decide the length of the barrel for our coring 
attempt. Since the target is small, hitting bull’s eye is going to be diffi  cult and it takes 
careful manoeuvring to bring the ship in the right position, upst ream and upwind of the 
site. Expect ations run high and because the corer is launched immediately aft er supper 
a crowd of byst anders has gathered to watch the show.
Shortly before seven a susp iciously clean box core is landed on deck, clean meaning that 
the box hardly penetrated bottom. Indeed, we did not catch much more than a few cen-
timetres of very well sorted, cleanly washed foraminifera sand. Jan Willem is thoroughly 
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disappointed and throws the contents of the box in disgust  over the side, back to where 
it came from. He is not mad enough, however, to forget that a small bag fi lled with fo-
rams from this site might come in handy in the end. So, st ation  46 is a quick one. It 
doesn’t make sense to bend a good st raight core barrel on that bottom down below. At 
a quarter past  eight we abandon st ation to fi nd a better site, following the length of the 
top of the ridge along two parallel lines.

It is Jan Willem’s turn to present tonight’s lect ure. To begin with he gives an update of 
today’s knowledge about the monsoon syst em. To say the least  that removes a thick 
pile of dust  from my secondary school knowledge about that topic. More importantly, 
it makes us all better aware of the intrinsic complexities of an apparently chaotic sys-
tem such as climate, thus providing better insight in the rationale of our main research 
object ive.
Th e regional situation (fi g. 24) is governed by the seasonally changing positions of 
high- and low pressure belts to either side of the equator that are st rongly infl uenced 
by the Himalayas and the Tibetan plateau. During the northern summer warm air rises 
over India and SE Asia. Th e Inter Tropical Convergence Zone (ITCZ) draws moist  air 
from a subtropical high that is centered over the southern Indian Ocean. East  Africa’s 
mountains force this st rong SE surface wind into a southwest ern air st ream (SW mon-
soon), which in turn enforces the coast -parallel Somali Current. In winter this pattern 
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Fig. 24. Surface winds and median position of the Inter Tropical Convergence Zone, ITCZ (dashed double line) over the 
northwest Indian Ocean region during the SW monsoon and the NE monsoon, during the summer (a) and the winter 
(b), respectively
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is reversed whereby a high-pressure cell replaces the summer low over the Himalayas 
and Tibetan Plateau. Th is pushes dry and cold air (NE monsoon) in the direct ion of a 
weakened ITCZ, which has moved to a position south of the equator. Because of the 
diff erence in heat capacity between land and sea the summer (SW) monsoon and as-
sociated clockwise current fl ow in the Arabian Sea last  much longer (8 to 0 months) 
than the winter (NE) monsoon and accompanying counterclockwise circulation (2 to 
4 months).

Southwest  monsoon and northeast  monsoon determine the positions of upwelling and 
related, intensifi ed organic product ivity in the Arabian Sea. Presently, in post glacial 
time, these positions are the continental margins of Somalia and Saudi Arabia in sum-
mer (amongst  the highest  product ivity in the world) and the comparatively weak ones 
of India and Pakist an in winter. During Pleist ocene glaciations the ITCZ occupied a 
more southern position (Sirocko et al., 99) and that must  have aff ect ed the dynamics 
of the summer monsoon, the precipitation over the southern Himalayas and thus the 
product ivity of the sea and the intensity of the OMZ in the region. How exact ly, will be 
deduced from the analysis of organic remains and chemical compounds that are st ored 
in the bottom sediments that we sample during this cruise.

Wednesday, October 14
Last  night’s survey shows two promising sampling sites, both on the southwest ern wall 
of a broad valley that breaches the crest  of the Southern Murray Ridge. From a depth of 
700 metres the slope of that wall rises irregularly and st eeply to the rim at 540 metres, 
an interval that looks an attract ive target for dredging. A bit lower on that slope we 
fi nd a good place for coring, a pile of undist urbed sediment collect ed behind a ledge at 
950 metres. Th e positions of both localities are carefully marked. Th e remainder of our 
planned survey does not produce better sites and so at noon we make a sharp turn and 
head st raight for st ation  462.
Dredging is done from the fantail, deploying a simple but effi  cient device, not much 
more than a long heavy st eel barrel, open at the business end and closed with a st eel 
trellis at the bottom. Two lengths of chain, one of which has a weak link, form a bridle 
that connect s the barrel to a swivel that is hooked on to a heavy st eel wire by which it 
can be dragged over the bottom. At the bottom end of the barrel another length of heavy 
chain is attached which helps keep the contraption down, in fi rm contact  with the sea 
bed. In case the barrel is snatched behind an obst ruct ion that doesn’t give, the weak link 
in the bridle is supposed to break, causing the barrel to topple over and free itself. Th e 
st eel wire is passed through a heavy block on the A-frame at the st ern of the ship and is 
wound on the drum of a winch.
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Shortly aft er 2 o’clock the dredge is lowered into the sea and, together with an extra 
length of slack wire, is put in position on the bottom at a depth of 800 metres. “Dead 
slow” the ship st arts moving ahead and the dredge is gently pulled upslope. Jack, via 
headphone in close contact  with the bridge, is our winch driver this time and with one 
eye on the tension meter and a heavily gloved hand on the wire he carefully controls the 
operation. Th ere is no lack of supporters and nosy byst anders; a crowd has gathered one 
deck higher on the catwalk behind the bar.
Nothing much is happening yet and the tension on the wire does not rise above one 
ton. Whatever obst acles there may be down below, the dredge doesn’t get a grip, simply 
scamps over them or sweeps them aside. Aft er some gentle pushing from my side Jack 
st arts hauling in the wire and the tension on the wire increases immediately, be it only 
slightly so. But then.... suddenly there is the devil to pay; a wildly jumping wire, the ten-
sion rising erratically to two, three, four, almost  fi ve tons; we have bites. Immediately the 
sp eed is taken out of the ship and the operation is now fully controlled from the winch, 
a matter of giving and taking. Slowly heaving when the tension drops, slacking off  when 
the tension rises too high, gently the dredge is being dragged upslope.
At a quarter to four we lose bottom contact  and a couple of minutes later, when the 
A-frame is swung inboard, the dredge hangs over our heads. Although the operation 
was a success, a bag full of reasonably unweathered rocks, some weighing kilos, I am 
disappointed. It appears that we only collect ed basalt, indicating that the Murray Ridge, 
almost  certainly, is oceanic. It probably means that I have to review my ideas about “lost  
continents, deep down there” drast ically, perhaps even must  reject  them completely.
Until...., aft er the best  pieces have been picked from the pile and everybody has fi lled his 
pockets with souvenirs, my eyes are caught by something white that glist ens between the 
black grit. Th ere it is, that sp ecial little st one that everyone has overlooked. It reminds 
me of the olden days, when during fi eld excursions by st aff  and st udents of the former 
Geological and Mineralogical Inst itute of Utrecht University the most  beautiful fossils 
and most  interest ing minerals were never found by the experts, the palaeontologist s 
and petrologist s. No, there was always somebody who could hardly recognize a gast ro-
pod from a brachiopod, calcite from dolomite, a geophysicist  or some such charact er 
who would bring up the most  remarkable curiosities. Th is time it is a white, angular 
limest one fragment, a grainst one, consist ing exclusively of cemented large foraminifera. 
Our expert, Jan Willem, thinks that it probably is Late Tertiary in age and that diff ers 
subst antially from the age that would be assigned on geophysical (magnetic anomaly) 
grounds, to the ocean fl oor at this site. Is this small piece of limest one the cornerst one 
on which to build the new Murray Ridge?
We head for st ation  463, only three and a half miles away. Th e fi rst  box core we recover 
is a disappointment. Obviously box and weights were buried in brownish coloured ooze. 
We are getting a bit desp erate. Aft er supper, while Jack and his mates are slaving away 
on deck, doing their utmost  to bring up a good core, st aff  and st udents withdraw to the 
lounge where Kees presents his st ory on the geochemist ry of anoxia. Kees is interest ed 
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in depth-related changes in the dist ribution of so-called redox-sensitive elements in the 
sedimentary column. Some of these elements, such as vanadium, chromium, uranium, 
arsenic and molybdenum, dissolve better under oxic- than under anoxic conditions, 
while for other elements like iron, manganese and cerium the opposite is true. If I un-
derst and him correct ly then it is possible on the basis of those changes to reconst ruct  
the oxygen conditions that prevailed at the sea bed at the time of precipitation of those 
elements.
We are back on deck in time to see our technicians bring up a reasonable box core, rea-
sonable enough to lower the pist on corer on the same target. Th is time we are lucky, just  
before 0 o’clock we land pist on core TY 92  463 P, 4.38 metres long. What’s more, in 
the core catcher, the deepest  part of our core, we fi nd Pink rubers • 5 •; hurrah, we have 
recovered post glacial Holocene, glacial Weichselian, most  and perhaps all of interglacial 
Eemian and possibly even part of glacial Saalian. Time to celebrate in the bar tonight. 
Aft er all, Saskia my youngest  daughter turns 2 today.
Until late, very late, there is a lot of act ivity in the geology lab, sawing and cutting, de-
scribing and photographing, wrapping and labeling precious material. In the mean time 
TYRO is underway, heading for st ation  464, our next target on the southern slope of 
the Southern Murray Ridge.

Thursday, October 15
Station  464. Th is morning between eight and eleven o’clock we recover a good box 
core and a 5-metre long pist on core from a depth of 500 metres. And yes, again we 
fi nd Pink- rubers in the core catcher. Yest erday’s successes have kept Kees out of his 
sleep. Aft er tossing around in his bunk all night, he is now fi rmly convinced that a 
second core from that same site is needed to accomplish his geochemical mission. So, 
to keep him happy we head back to st ation  463. At four o’clock the pist on corer goes 
down again and less than two hours later core 463 P2 is landed on deck. A good core, 
4.2 metres long this time, slightly less than 463 P, Kees should be satisfi ed. And that, 
for the time being, is the end of our OMZ programme on top of the Murray Ridge.
Shortly aft er nine this evening we reach st ation  465 and here on the northern fl ank of 
the Southern Murray Ridge, armed with CTD and rosette sampler, we sample the water 
column down to 900 metres. Hein de Wilde will be busy all night analyzing the samples 
for their N2O (nitrous oxide) and CH4 (methane) content. Th ese so-called greenhouse 
gases contribute subst antially to global warming while N2O also contributes to deple-
tion of st ratosp heric ozone. For reliable results it is necessary that the water samples are 
analysed as soon as possible aft er recovery and that means that Hein will not see his bed 
before four or fi ve o’clock tomorrow morning.
At a quarter past  ten we abandon st ation, setting course for the shallowest  part of the 
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Northern Murray Ridge and soon thereaft er TYRO is being followed by the sonorous 
sound of a booming gun. All is well aboard ship.

Friday, October 16
Early in the morning we pass in succession the east ern fl ank of Jinnah Seamount and 
the shallow ledge between the Dalrymple Trough and the more than 3 kilometres deep 
valley where we occupied CTD st ation  456, eight days ago. At 05h30 we st art our 
ascent towards the comparatively fl at top of the Northern Murray Ridge. Four hours 
later we occupy st ation  466 on top of the ridge where we recover a box core and an  
metres long pist on core.
Aft er lunch we st art the long haul to the foot of the Makran continental slope, which 
we want to survey, beginning tomorrow morning. We are running on the st arboard 
engine only, the least  noisy of the two, and that reduces our sp eed to 4 knots. Going 
slow serves a double purpose. It reduces towing noise on the hydrophones, giving us 
a chance to better sound and resolve a thick sedimentary sect ion, all the way down to 
Murray Ridge basement. It also means that we will not arrive at our next st ation before 
breakfast  tomorrow and that, for pract ical purposes, is much better than getting there 
in the middle of the night.
Jack has a problem. It appears that we have to pay a price for the success of our endeav-
ours. We are collect ing more and longer cores than anticipated and thus our supply 
of empty PVC coring pipe is dwindling fast . We are also rapidly fi lling our allocated 
cooling and freezing capacity. Considering what is left  to be done during this and the 
next leg of this expedition, taking into account the greedy look that appears in the blue 
eyes of Kees all too oft en, considering furthermore the obligation we have towards our 
Pakist ani counterparts to also collect  samples for NIO, makes it clear that a big problem 
might be in the making. I ask Jack to carefully take st ock once more and to give me fair 
warning before the situation runs completely out of hand. As a precaution I send a mes-
sage to Simon Troelst ra in Amst erdam, asking him whether we may dip into his sup-
plies. Because of the setbacks he suff ered during Leg C, because of inclement weather 
conditions and engine problems, he did not use half the amount of core pipe he needed. 
Th ere should therefore st ill be a lot of extra PVC pipe aboard, subst antially more than he 
needs for his coring programme during Leg C2 later in February. If not, there is enough 
time to rest ock those supplies before his next cruise. It all goes to show that even beauti-
ful weather, calm and fl at seas may work against  you.

Fig. 25. Motile cells of diff erent species of Protoperidinium, a heterotrophic dinofl agellate. 
Scale bars have lengths of 10 μm. Photomicrographs kindly made available by 

Dr Oliver Esper, Dept. of Earthsciences, Bremen University, Germany.
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Karin Zonneveld looks aft er the bar, just  like Vivian Ickenroth did during Leg D, rest or-
ing st ock from TYRO’s bonded st ores every so oft en, making sure that the place is kept 
neat and tidy. More importantly, she keeps book, making sure that at the end of this leg 
we all pay for what we enjoyed. For that reason alone the presence of these ladies aboard 
ship was and is already very much appreciated. However, that is not the main reason 
why they came along for the ride. Just  like Vivian, Karin is fi rst  of all resp onsible for the 
collect ion of surface water samples, the measurement of surface water charact erist ics, 
and for the collect ion of surface water plankton. Unlike Vivian, Karin has a direct  and 
personal interest  in the collect ion of those data. For her PhD st udy she is particularly in-
terest ed in fi nding out more about dinofl agellates (dino’s for short in her jargon), a group 
of unicellular photosynthesizing organisms that belong to the netplankton, i.e. plankton 
that is caught in a net with 64 micron mesh size (fi g. 25). Since they are “motile” (can 
move themselves from one place to another) and because some representatives of this 
group consume other organisms, dino’s are considered in some classifi cations to be part 
of the animal kingdom. “Motility’ is achieved by whipping their “fl agellae”, usually two 
whip-like appendages. Th is enables them to move towards places in the water column 
with the proper conditions to feed and to procreate, the right temperature and salinity, 
suffi  cient light for photosynthesis and an adequate supply of food. Nutrients and wast e 
product s diff use direct ly through the cell membrane and procreation is simply a matter 
of cell division. Th ey can protect  themselves from adverse, damaging environmental 
conditions by changing into cyst s, a survival form or mode they can maintain until con-
ditions have changed for the better. If you st art thinking about dino’s you can not escape 
realizing very quickly that those simple organisms are rather ast onishing small chemical 
fact ories and that in the never ending st ruggle for survival they must  be rated to belong 
to some of the best  equipped life forms that ever exist ed.

Karin has thought about dino’s a bit longer than we and tonight she enthusiast ically 
enlightens us about these fascinating creatures and how, by st udying the fossil remains 
of dino- and dinocyst -associations, one can reconst ruct  the temperature, salinity and 
product ivity of the palaeo-environment at the time the skeletons of those critters ac-
cumulated on the sea bed. Armed with that knowledge we st art preparations to cel-
ebrate the birthdays of Jack and of our ship’s mast er Jan, tomorrow and the day aft er, 
resp ect ively. Together their ages will add up to the nice round fi gure of one hundred, 
an achievement we cannot let slip by.

Saturday, October 17
At midnight eight bells st rike the signal to begin the fest ivities of this weekend: Jack 
and Jan a hundred years old. Jack receives at home, in the bar. He is a bit nervous and 
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that is small wonder, considering the size of the crowd in attendance this early in the 
day. It looks as if he and we are not going to forget this event in a hurry. We are a sen-
sible group of people, however, gathering knowledge is our profession and even on a 
day like this we realize that we have important work to do. We therefore refrain from 
lift ing our glasses too oft en. Aft er downing a single nightcap to wish him good health, 
a long life and happiness, we withdraw to our bunks.
Aft er breakfast  we st op on CTD st ation  467 in the Oman Basin, halfway the Murray 
Ridge Complex and the Pakist an continental margin. During the upcast  it appears that 
a servomotor on the rosette sampler resp onds erratically to the commands given from 
the lab. Aft er a bottle is fi lled and closed that motor should bring the next empty bottle 
in line with the closing mechanism, making it possible to take a total of 24 water sepa-
rate samples per cast . Ruud Groenewegen our elect ronics technician needs some time 
to st raighten out the problem. We use that time to have coff ee and to help Jack and Jan 
enjoy their birthday cake, a sp ecial treat from the John Pina bakeries. From his friendly 
colleagues Jack receives a rather vulgar present and from the scientifi c st aff  a bottle 
of whiskey. For the captain there is a paperweight, a chunk of basalt from the Murray 
Ridge, which should help him remember this expedition and this fest ive occasion for 
years to come.
Ruud has solved the problems with the servomotor and a few minutes before twelve the 
rosette sampler st ands on deck with all bottles fi lled at the appropriate depths. Aft er leav-
ing st ation  467 we follow a track, more or less at right angles to the Makran margin, a 
track that was already surveyed more than ten years ago on board RRS SHACKLETON 
by British colleagues from Cambridge University. Th eir and now also our seismic profi le 
show a beautiful cross-sect ion through the submarine part of the Makran mountains. 
Th is mountain range is a charact erist ic part, the so-called subduct ion complex, of an 
act ive continental margin (cf. fi g. 2c), which formed in consequence of the collision 
of the Arabian Plate and the Eurasian Plate. Locally the Eurasian margin is broken up 
in a number of blocks that are thrust  piggyback-fashion over the subduct ing, relatively 
heavy Tethys• 6 •. An important part of the erosion product s of the subaerial part of the 
Makran reaches the Gulf of Oman and is trapped in coast -parallel basins in between the 
wedges of the subduct ion complex. For his PhD research programme at the University 
of Southampton Ali Tabrez requires a set of good sediment cores from those basins. 
Kees is interest ed in the chemical composition of the pore waters in the overpressured 
sediments of the subduct ion complex and of the gases that are dissolved therein.
Aft er we have passed the “frontal fold” and the fi rst , that is the deepest  wedge of the 
subduct ion complex, we take time off  for something completely diff erent from our usual 
act ivities. To add lust re to the unique event we are celebrating these days, the ages of the 
captain and Jack Schilling adding up to a century, the traditional “end-of-the-cruise-
barbecue” is advanced by six days and will be held tonight. And so, for the fi rst  time in 
as long as I can remember, while out on the high seas during a smoothly running scien-
tifi c expedition, work st ops at fi ve o’clock this Saturday aft ernoon. Yes, even the ship is 
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st opped to make sure that, with the exception of the lookout and the offi  cer on watch, 
each and everyone aboard the good ship TYRO can join the party. Seats and tables are 
put in place on the foredeck and soon aft er the fi rst  party tigers arrive on the scene the 
fi res are lit.
Alas, however carefully certain happenings are prepared and organized, you can never 
anticipate the unforeseen. As fate will have it, Jack, one of the party’s guest s of honour, 
is consp icuously absent. When a search party locates him a little bit later, it appears that 
big Jack has been felled by a myst erious ailment that has reduced him to a small heap of 
misery. He lies in his bunk, fl at out on his back in a darkened cabin, completely with-
drawn within himself, apparently no longer part of this world. What the heck is wrong 
with him? Did he have too many sweets, tarts and past ries? Perhaps too much emotion? 
Too much missing his family and friends on a day like this? Couldn’t he resist  sampling 
too much of his birthday present?
Unfortunately, at this hour in the day, it is too late to change tonight’s proceedings; it 
is impossible for the galley to prepare and serve another meal. So, although our mood 
is dampened somewhat, it doesn’t take much to force ourselves and take this setback 
in our st rides, lift  our glasses to an absent friend and go over to the order of the day. 
Miraculously soon, no, indecently fast , encouraged by drink and the delicate smell of 
burned meat, our sp irits are lift ed to the occasion, we are having a damn good party. 
Sorry Jack, but these are the raw fact s of life. Th is is what happens out on the high seas, 
far, far away from home. Shame on us all.
On us all? No, defi nitely not. Th ere are a few who keep cool and act  resp onsibly. More 
important matters require their attention and allow others to continue the fest ivities 
without feeling negligent. And so, at 0 o’clock this evening, while the party is in full 
swing, the ship gets under way, once more following a northerly course, carefully search-
ing the sea bottom for the best  sites to sample the Makran continental slope.

Sunday, October 18
At about ten o’clock this morning we reach the end of the line. We are less than 6 miles 
from shore and we now have no more than a few hundred metres of water under the 
keel. Gwadar peninsula lies dead ahead of us. Because of its low coast line we cannot 
see it but it shows up clearly on the radar screen. We make a wide and full turn over 
st arboard, backtracking over our last  course, now heading st raight for st ation  468 at 
a depth of 320 metres, our fi rst  select ed coring target on the Makran slope.
Th is is the second time I am not going to see the Makran. Last  year January, during the 
Pakist an – U.S. workshop “Problems and promises of the Arabian Sea”, we tried to organ-
ize a geological excursion and visit the southern Makran, in particular to explore some 
of its mud volcanoes. Subduct ion of the Indian Ocean plate under Asia compresses the 
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overlying sedimentary rocks of the Makran subduct ion complex thereby exuding mud-
dy, gaseous porewaters that reach the surface along cracks and fract ures. Th at way, on 
land as well as on the sea bed, cone-shaped mud hills are formed, some of which reach 
heights of more than 00 metres. It would be of interest  to est ablish whether the gas- 
and warm water expulsions are of economic interest . A thorough invest igation would 
involve extensive mapping of the dist ribution of on- and off shore mud volcanoes, tak-
ing water- and gas samples and analysing their chemical composition. To st art the ball 
rolling we thought it would be a good idea that Kees and I together with Gul Memon, 
visit the coast al ranges of Baluchist an to try and sample one or more mud volcanoes of 
the Chandragup fi eld. Gul knows the region very well and is co-author of a proposal 
for a more extensive survey to evaluate the economic potential of “Mud volcanoes and 
gas seeps in the west ern Pakist an coast al region”, a proposal we submitted to the Neth-
erlands Research Council and that hopefully might be fi nanced by the Dutch Minis-
try of International Cooperation. Preparations for that excursion, however, demanded 
more time than we had available last  year. Th e region is controlled by a consp icuously 
large number of independent xenophobe, sometimes violent individuals and certainly 
for foreigners the loyalties and affi  liations of the various communities are inscrutable. 
It would be too risky to travel within the Makran without permission from local tribal 
chiefs and without the protect ion of a number of fearless bodyguards.
Since we did not have enough time to prepare for the exercise last  year, we did not go. 
However, we haven’t abandoned plans for it altogether. Th ey may be realised some time 
later, within the broader context of a Partnership in Science that was agreed upon be-
tween the Governments of Pakist an and Th e Netherlands, last  December in Karachi.
Development of the Makran region is defi nitely of interest  for Pakist an. Th is is true for 
the exploitation of non-living and living resources, of possible gas and thermal energy 
as much as of an enormous reservoir of seafood. Although it is really not our concern, 
one could quest ion the eff ect s of possible future exploitation of economic resources in 
the Makran. Any invest ment in the development of the Makran will probably be more 
benefi cial for a relatively small number of people, entrepreneurs, developers, politicians 
and a few privileged “public servants” in far-away Islamabad than for the local popu-
lation. Th e infrast ruct ure needed for indust rial development and the digging of large 
deep water ports for commercial fi sheries may seriously upset the precarious ecological 
balance of the desert environment. It could also mean the dest ruct ion of traditional 
tribal life and cust oms of the local small and simple fi shing communities in southern 
Baluchist an.
Not our concern? Should scientist s, notably “fundamental” scientist s, men and women 
whose concern it is to gather knowledge, usually fi rst  of all to satisfy their own particu-
lar curiosities, really worry about such dilemmas? Aft er all, it is normally other people 
who apply the consequences of our work, our reports and publications, to certain enter-
prises and developments that may or may not in every resp ect  contribute to resp onsible 
development. Are we accomplices? Should we be held accountable?
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Enough of that, over to the reality of today; Sunday morning aboard the Dutch research 
vessel TYRO, 5 miles off  the coast  of Makran, somewhere between heaven and earth, 
the devil and the deep blue sea. On this, the last  day of Jack and Jan’s combined birthday 
fest ivities, cake and past ry are served at coff ee time. It is my pleasant task to elevate Jan 
in the “Ordre International des Navigateurs” and to best ow the title of “ZOS” (Zeer 
Ouwe Sjaak i.e. Very Old Jack) on Jack. It is of course mere coincidence that the acro-
nyms “OIN” and “ZOS” are remarkably similar to those of Pakist an’s “National Inst itute 
of Oceanography” and the Dutch “Stichting voor Onderzoek der Zee”. For lovers of 
good music the ceremony is followed by the Sunday morning concert on the foredeck. 
Very appropriately the choice has fallen on Joaquin Rodrigo’s “Concierto para un fi est a” 
played by the Academy of St Martin-in-the-Fields under the baton of a real mariner, 
Neville Mariner that is, with Pepe Romero as the guitar soloist .

At 2 o’clock we st art st ation  468 by taking a box core. Th e 3.5 kHz profi le shows that 
the sedimentary sequence here, high up the slope, is somewhat dist urbed by creep. Be-
cause of the relatively st rong currents we expect  that the composition of the sediments 
on this st ation diff ers markedly from that of the deposits that are caught in relatively 
well protect ed, enclosed basins, behind the raised rims of tilted fault blocks, lower on 
the slope. Th e box corer does not penetrate deeply in the seabed and we only bring up 
a small sample of st iff , grey, putty-like clay. For pist on coring we therefore deploy a 
corer with only a 6 metre barrel. Th e result, a 5.5 metre core, consist s almost  entirely of 
st iff , st ruct ureless, hemipelagic clay. Th e one metre long lower end, however, is a much 
more sandy and smelly (H2S), graded sequence, a so-called turbidite, i.e. a deposit sup-
plied by fast -fl owing turbidity- or density currents, that commonly st art as slumps on 
the continental slope.
We complete st ation  468 with a CTD cast . Hein de Wilde is particularly keen in est ab-
lishing the nature of gases expelled from the subduct ion complex that are now dissolved 
into the water column. Tomorrow night he will lect ure us on what he hopes to fi nd out 
and about the analytical methods he uses to obtain his information. Shortly before 5 
o’clock the rosette sampler has been emptied into the various bottles and that is the end 
of today’s sampling operations. It is time to st art writing my weekly newsletter. Tomor-
row morning at SOZ headquarters in Th e Hague, our news will be edited, multiplied 
and prepared for dist ribution at the home front.

Monday, October 19
We have chosen st ation  469 in the highest  “ponded basin” that we passed the day 
before yest erday. Th e sediments in the basin are undist urbed and we sp end the greater 
part of the day recovering in succession a box core and two pist on cores, TY 92  469 
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P, 4 metres long and TY 92  469 P2, only 5.5 metres long. Hitting a hard, coarse 
sandy layer probably hampered penetration of the second corer. Aft er opening the long 
core we see that the upper three metres consist  of hemipelagic clay with a few interlay-
ered, centimetre thick turbidites. Th is presumably post glacial sequence covers a suc-
cession of sandy turbidites of probably Late Glacial age. Half of this fi rst  core is for Ali 
Tabrez, who will analyse it in Southampton; the other half is for the geochemist s.
Hein de Wilde conduct s the evening session in the lounge. Hein is very much interest ed 
in the concentrations of nitrous oxide or laughing gas (N2O) and methane (CH4) in 
the atmosp here, in the seawater and in the sediment. N2O and CH4 in the atmosp here 
belong to the so-called greenhouse gases and together with carbon dioxide (CO2), water 
vapour (H2O) and chlorofl uorocarbons (Freon gases) they contribute to global warm-
ing. To est ablish the N2O and CH4 balance of the atmosp here you have to know their 
sources and their sinks; where do they come from and how are they removed? Th e role 
of the ocean within this process is unclear as yet. Reports in the literature about unusual 
high concentrations of laughing gas and methane in the surface waters of the Arabian 
Sea are intriguing and Hein is therefore busy measuring concentrations and compar-
ing his results with other physical and chemical properties of the water column. In his 
laboratory, down in the hold of the ship, he has assembled a clever arsenal of automated 
analytical inst ruments. Every time water is drawn from the rosette sampler Hein dis-
appears with a crate full of bottles in his container where, for hours, all by himself, he 
st rives, st ruggles and st rains as a modern alchemist  against  the boundaries of scientifi c 
knowledge. Most  of his work must  be done immediately upon recovery of the samples 
and Hein’s working and waking hours are thus irregularly sp aced over the day.
Hein’s preliminary analyses confi rm that the Arabian Sea surface waters are supersatu-
rated with N2O and CH4 and that the region is an important source for these gases in 
the atmosp here. Another interest ing conclusion is that exact ly within the OMZ there 
is a negative correlation between the concentration of N2O and that of O2. Hein thinks 
that that is the eff ect  of microbiological act ivity; apparently certain microorganisms are 
capable of breaking down the bonding between nitrogen and oxygen within the N2O 
molecule, to use the oxygen for their metabolic processes.
Th anks to biological act ivity the surface waters off  the Makran also show very high con-
centrations of methane, reaching peak values at a depth of about 00 metres. Because 
the water column is st ill oxic at that depth and since the product ion of CH4 is an anaero-
bic process the gas is most  likely produced within the intest ines of zooplankton. Below 
00 metres the CH4 content decreases rapidly to very low values. Near the bottom, the 
CH4 concentrations increase again somewhat, thanks to the breakdown of organic re-
mains within the sediments.
Altogether Hein shows us some asp ect s of the greenhouse gas cycle and how that cycle 
is manipulated by (micro)biological act ivity, metabolic processes that in turn are gov-
erned by the physics and chemist ry of the ocean. If you consider the implications of the 
infl uence of life on atmosp here and climate, then you are confronted with the mutual 
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relationship that exist s between “living” and “dead” matter, with their complex interde-
pendence within Syst em Earth. In its grand totality that syst em behaves like a dynami-
cally balanced, self-regulating, evolving entity, a super organism for which James Love-
lock coined the name “Gaia”, the Greek name for Goddess Earth. If you think a bit more 
about that you will realize that also Man is part of that syst em; that we all are fi rmly 
bonded to that syst em, and that nothing, not even death, can dissociate us from it.

In his 979 book “Gaia, a new look at life on Earth” a British Jack of all trades, biolo-
gist , physician, chemist , cyberneticist , James Lovelock positioned Earth and Life in a 
fascinating new and dynamic concept. In his vision biological and geological processes 
in all their complexity and diversity, equally as much, are the expressions of the act ivity 
of Gaia, a complex but singular, self- regulating syst em of gigantic dimensions. Gaia 
encompasses the planet, solid Earth, inclusive of hydrosp here and atmosp here, as well 
as her habitants, the world of plants and animals. Gaia is the integration, the symbiosis 
of a multitude of dist inct  syst ems and separate cyclic processes within an interact ive, 
cohesive entity. Without Gaia there is no basis for the exist ence of her separate com-
ponents and of course no possibility for their interact ion; no more than heart, lung, 
skin or hair and their metabolisms can exist , separate from the integral monkey. Th e 
dynamics of Gaia are primarily fed by the internal heat of the planet itself and by the 
energy radiated by the sun, her nearby mother st ar.
Lovelock’s concept is fascinating news, both for the natural scientist  who takes some dis-
tance from his own narrow disciplinary fi eld as much as for the layman who quest ions 
the meaning of his exist ence. Th e introduct ion of the Gaia hypothesis is opportune, the 
time is right for it. Science and society both are ready for a fundamental change in pre-
vailing ideas about the natural order of things.
To st ick to my own trade, in the middle of this century, aft er a long period of disciplinary 
divergence, a new synthesis emerged within the earth sciences: the all-encompassing 
theory of Plate Tect onics, also known as the theory of New Global Tect onics. As men-
tioned before (cf. p. 43 - 48) the new concept anchored the earthsciences more fi rmly 
than ever before in the primary principles and methodology of physics and chemist ry.
Lovelock’s Gaia concept is a logical sequel to the new, plate-tect onic earth model, a fur-
ther integration of scientifi c knowledge within the model, this time sp ecifi cally knowl-
edge gathered within the fi elds of biology and biochemist ry. Because of that, st udents of 
dist inct  scientifi c disciplines, geologist s, physicist s, chemist s, biologist s and climatolo-
gist s have drawn together closer and although they may not exact ly sp eak each other’s 
language, they appear to underst and each other better than ever.
Th e introduct ion of the Gaia synthesis is also very opportune for west ern society. Rather 
than accepting the limitations and rest rict ions of his own exist ence, in particular the 
brutal fact  that there is an end to life, Man has always been looking for a way out. Tra-
ditionally he has found consolation in the promise of religious convict ions that there 
is compensation for the “Just ” in the form of eternal reward, Paradise or some such 
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place that guarantees happiness, good health, longevity, bliss, beatitude and fulfi llment 
for ever aft er. It seems, however, that these days the certainties provided by traditional 
religion are gradually falling away and that for many former believers “the old time reli-
gion” does no longer give satisfact ory, let alone defi nitive answers to pregnant quest ions 
about matters of life and death. And so the need arises to fi ll the gap with another phi-
losophy, another convict ion or myth. No doubt that explains the rapid rise and success 
of “New Age” movements in the last  few decades.
So, how about the Gaia synthesis? Although the designation “New” may not be exact ly 
appropriate in this case, one could ask whether the Gaia concept is in any way diff erent 
from a “New Age” philosophy? More than two centuries ago, in react ion to the overrated 
doct rine of rationalism, Jean Jacques Rousseau already called for a return to Nature. In 
his praise of Nature Rousseau pointed to the noble savage, a relatively “primitive” repre-
sentative of the human sp ecies, whose living habits were threatened by West ern expan-
sionism and colonial suppression. More recently, in 980, in Rotterdam, at the Fourth 
Russell Tribunal Hopi Chief Titus Poewas Quomayumtewa said much the same when 
he raised his voice on behalf of the Indian Nations, on behalf of those “..... who call the 
Earth their Mother, the Moon their Grandmother and the Winds their Grandfathers”, 
the only voice he said “against  the madness of nuclear energy and genetic manipulation, 
the voice that reminds people of the holiness of Life”. Apart from a fi ght for the preserva-
tion of Indian traditions his call implicitly is a fi ght for homeost asis, a healthy, balanced 
coexist ence of Man and Nature.
Th e notion that we are part of this world, that we are intimately depending on it, that we 
can only exist , living in harmony with our environment is not really a new idea. Within 
Indian and other “primitive” societies “New Age” convict ions prevailed already hun-
dreds, if not thousands of years ago. Th ose people possessed a profound insight in the 
aff airs of this world that we in the West  have lost , a wisdom or rationality that has been 
driven away by the (false) glitter of wealth and prosp erity, by economic growth and by 
sp eculative ideas on how to rest rain human greed.
It took me some time to fi nd out whether in Lovelock’s ideas Gaia is indeed the sum 
total of planet and life together or that the Earth is only Gaia’s house, a house that is re-
st rict ed to the biosp here, that is atmosp here, hydrosp here and soil. In his second book 
“the ages of Gaia” which was published in 988, Lovelock says “Life st arted at least  3.6 
eons ago.....” and a bit further “Gaia is as old as life..... she is a quarter as old as time 
itself ” (/4 of the time elapsed, since the Big Bang, i.e. /4 of 5 billion years). As such it 
seems that Lovelock considers the Earth as being Gaia’s house, a house that is about  
billion years older than earthly life and, implicitly, that Earth and Gaia are dist inct  en-
tities; the Earth aft er all exist ed already  billion years without life.
Th at interpretation, however, does not agree with a citation out of “Th e lives of a cell” by 
Lewis Th omas (974) that Lovelock quotes on the fl yleaf of his book. It says “If you had 
been looking (at Earth) a very long, geologic time, you could have seen the continents 
themselves in motion, drift ing apart on their crust al plates, held aloft  by the fi re beneath. 
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It has the organized, self-contained look of a life creature.....” And in the Introduct ion to 
his book Lovelock st ates “But suppose (and “suppose” makes his vision thesis) that the 
Earth is alive, then the evolution of the organisms and the evolution of the rocks need 
no longer be regarded as separate sciences to be st udied in separate buildings of the uni-
versity. Inst ead, a single evolutionary science describes the hist ory of the whole planet. 
Th e evolution of the sp ecies and the evolution of their environment are tightly coupled 
together as a single inseparable process”.
Moreover, in Chapter 2, where he sp ecifi es the essence of Gaia, Lovelock says “the name 
of the living planet, Gaia is not a synonym of the biosp here” and “st ill less is Gaia the 
same as the biota, which is simply the collect ion of all individual organisms. Th e biota 
and the biosp here together form part, but not all of Gaia. Just  as the shell is part of the 
snail, so the rocks, the air and the oceans are part of Gaia”. Although Lovelock may have 
put us on a wrong footing with his st atement about the age of Gaia, the above quotations 
from his book leave no doubt about his convict ion.
For those who have reservations about the correct ness of Lovelock’s Gaia thesis, who 
think that it is impossible to falsify his ideas, it is worthwhile to note that in a more 
recent book (Lovelock, 2000) he says: “Gaia theory is now under test . Th e evidence 
gathered from the Earth itself will decide whether or not it should be taken as scientifi c 
fact . Even if in the end Gaia should turn out to be no more than a metaphor, it would 
st ill have been worth thinking of the Earth as a living syst em. Such a model is fruitful; 
it has already led to many discoveries about the Earth that could not have come from 
conventional wisdom”.
From a geologist ’s persp ect ive there are no sound arguments to make a dist inct ion 
between biological and geological processes, at the most  they move along at diff erent 
sp eeds. Th e lifesp an of a bact eria, plant or animal, from germination to wilting, from 
conception to death, falls within a period of minutes to not much more than a few thou-
sand years while geological (physico-chemical) processes take seconds to hundreds of 
million years. Th ere is no reason to keep erosion and sedimentation, rock- and moun-
tain formation, volcanism, formation of ocean basins and continental drift  out of the 
Gaia concept. Geological processes as much as life processes are cyclic in nature and 
each of those processes creates new conditions, is a prerequisite, for other cyclic proc-
esses. Within natural hist ory curricula we have traditionally been conditioned to dist in-
guish between living and dead matter but that separation is really artifi cial, it hampers a 
clear underst anding of the coherence and interact ivity of parts within the whole entity.
Life as we know it on this planet depends on a number of fortuitous circumst ances, such 
as the position of the planet at the right dist ance to our long-last ing st ar, the sun (near 
enough, so we do not freeze; suffi  ciently dist ant, so we do not burn), and the presence 
of our nearby sist er-planet (the moon) whose attract ion keeps us st eadily sp inning at 
the right sp eed, while st abilizing the tilt of the axis of rotation relative to the plane of 
the ecliptic.
As yet we do not know how life began on Earth, how “living”, self-replicating matter 
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could have emerged out of “dead” matter. According to one possible scenario (Oparin, 
924), in a reducing environment complex “organic” molecules could have formed and 
condensed into a primeval soup or ooze via a chain of chemical react ions that combined 
singular components such as hydrogen (H2), nitrogen (N2), carbon dioxide (CO2), meth-
ane (CH4), ammonia (NH3) and water (H2O), components that probably were abun-
dantly present in the Earth’s primitive atmosp here. In laboratory experiments Stanley 
Miller and Harold Urey (959) mimicked such processes by sending elect ric sp arks (ar-
tifi cial lightning) through a mix of such components and in that way they synthesized 
amino acids, the building blocks of proteins. In similar fashion it became possible more 
recently to generate purines and pyrimidines, the building blocks of DNA. Th e next 
st ep, however, how proteins and DNA could evolve out of those building blocks is st ill 
a myst ery. According to Richard Dawkins (976) local concentration and interact ion of 
organic compounds, such as amino acids within the primeval ooze could have led to the 
formation of even larger and more complex molecules, of which at least  one, a so-called 
replicator, accidentally or rather by infi nitesimal, lucky chance• 7 • happened to be able to 
copy itself. Subsequently interact ion of this replicator and abundantly available protein- 
and DNA building blocks must  have been suffi  cient to set living processes in motion. 
Errors, mist akes, “mutations”, while copying the replicator-building block combinations, 
gave rise to the diversity in the ensuing life forms and lead progressively to Darwinian 
evolution, a development thus, whereby random processes (mutations) are rewarded 
with failure (extinct ion) or success (survival), depending on the prevailing wrong or the 
right environmental conditions, resp ect ively (natural select ion).
Th ere is some doubt about the st rong reducing capacity of Earth’s original primitive 
atmosp here and during the last  couple of years other scenario’s have been suggest ed 
to explain the origin of life on Earth. To enable the fi rst  scenario to work one of those 
schemes simply transfers the problem into Space, to another planet, which would have 
had the appropriate reducing environment. Organic material would have been seeded 
in our habitat, riding piggyback on comets and ast eroids that bombarded Earth, pro-
vided of course that life st ood up to interst ellar travel.
Another scenario places the origin of earthly life in the ocean, in the immediate vicin-
ity of submarine volcanoes, the so-called “black smokers”, such as are presently act ive 
within mid-ocean sp reading centres. Th ere, at the boundary of cold and hot metallifer-
ous and sulfurous water, organic compounds could be generated sp ontaneously. Experi-
mentally it has been shown that within bioreact ors, in which the extreme conditions 
around “black smokers” have been simulated, indeed shorter and longer protein chains 
could form.
Life may be less unique than we thought. Only within our Milky Way, one of a myriad 
of galaxies, there are more than 00 billion st ars, a great number of which are circled 
by one or more planets. Taking into account that those infi nitely numerous planets are 
continuously being st ruck by cosmic debris; the chances are unrealist ically small that 
Earth would be the only life supporting planet in the universe.
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Whatever the case may be, the notion of the mutual coherence and interdependence 
of (dead) matter and (biological) life, as very much emphasized in the Gaia thesis, is a 
breakthrough in the way we think about our world and ourselves. Th at dependence is 
evident in life in all its diversity, from simple, “primitive” unicellular forms to the most  
“advanced”, complex organisms such as fi sh, birds and mammals, including human be-
ings. To st ay alive every organism relies on energy or nourishment that it draws from 
another plant, animal and from physical and chemical subst ances of the environment. 
But the interact ion also works the other way around; the presence of life and its ac-
tivity conditions and determines a number of important physical and chemical char-
act erist ics of the environment: life is a geological force (West broek, 992). Life is an 
important agent (force) in some rock forming processes, for inst ance in the synthesis 
and precipitation of CaCO3 (limest one) and the formation of solid, fl uid and gaseous 
hydrocarbons, coal, oil and gas. Life can also be very dest ruct ive, playing an act ive role 
in the breakdown, weathering or erosion of rocks thereby at the same time recondi-
tioning the environment for new growth and development (formation of sedimentary 
rocks and soils).
It is interest ing in this resp ect  to remember that Lovelock’s insight in the act ivity of Gaia 
grew out of the realisation that the composition of our planet’s atmosp here is in complete 
chemical disequilibrium, compared to the atmosp heres of our sist er planets Mars and 
Venus. On Earth the concentrations of O2 are exceptionally high, while CO2 values are 
too low by far. Th is imbalance, he realised is maintained exclusively by photosynthesis 
and resp iration, both unique expressions of biological act ivity. Without photosynthesis 
our atmosp here would consist  for 96% out of CO2 and would only contain traces of O2.
For human survival it is essential that the exceptional composition of our atmosp here 
be maintained within reasonable limits. Th e number of planets off ering similar condi-
tions for us to live comfortably is scarce in our immediate vicinity. For the time being it 
appears simpler and cheaper to keep our own house in order rather than transp lanting 
Homo sapiens to a location far out in sp ace• 8 •.

On my way to my cabin, when passing the bar at  o’clock this evening, I cannot help 
noticing that the place is consp icuously quiet. Th e early st art of work planned for to-
morrow morning must  have sent even the most  notorious pub-crawlers off  to bed. 
Good for them and, eh....., good for me.

Tuesday, October 20
We choose position for st ation  470, one st ep or 72 metres lower on the Makran slope 
than st ation  469. Shortly before seven the box corer goes over the side and with-
in an hour the box st ands on deck. No hemipelagic clay this time and the recovery is 



only a dry, 38 cm short, sandy turbidite 
sequence; better not try for a long core. 
Indeed we recover a core that is only 5.5 
metres long. Nevertheless the geochem-
ist s and Ali Tabrez appear reasonably 
happy with that result, whereas the ge-
ologist s – st ratigraphers – palaeoceanog-
raphers (except Ali that is) are defi nitely 
not. Apparently Kees and his crew are 
more interest ed in the composition of 
gases that are dissolved in the pore wa-
ters of the subduct ion complex than in 
the manner their concentrations change 
with depth. Jan Willem cum suis want 
metres, of non-terrigenous material. Th e 
longer the core and the fewer the tur-
bidites, the better. Only that way you are 
certain to catch a time interval interest -
ingly long to st udy climatic change.
In the geochemist ry lab samples have to 
be squeezed pretty tightly to get enough 
water out of this dry core for reliable ana-
lytical results. In the geology container 
the core is routinely photographed but 
the enthusiasm of the core crew does not 
go much beyond that; they only provide 
the briefest , most  concise description of 
the core before passing it over to Erica. 
Maybe the XRF scanner can bring up 
something of interest .
Our next st ation,  47, we have cho-
sen in the deepest  basin of the Makran 
subduct ion complex. Although work on 
this st ation takes more time, the opera-
tions are a copy of this morning’s exer-
cise. More time is needed because of the 

Fig. 26. Coring operations. With Mark Wijsman stand-
ing by Jack, uptop, at the controls of an auxiliary crane, 
lifts the piston corer from its cradle. 
Photo, Fred Hoogervorst.
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greater depth of this st ation but also because of the length of the core recovered, 9.5 
metres. Although that is not a bad length for a sandy core, it doesn’t seem to impress 
the geologist s; notably the young ones in that group appear to take good results for 
granted. Obviously they have been thoroughly sp oiled in the last  few weeks with the 
recovery of an excellent set of cores, enabling us already now to meet one of the goals 
set for this expedition remarkably well; to resolve climatic change in this region over 
an impressive number of years back in time.

My appreciation for those good results is somewhat diff erent. Yes, weather and sea 
conditions were kind and helped us a great deal, but there is more than that; times 
have changed for the marine sciences. Today we have facilities and equipment at our 
disp osal that are a far cry from the tools that were available to the trade, say 30 years 
ago, when I went to sea for the fi rst  time to explore the earth beneath. Since then, tech-
nological developments, notably in the fi eld of elect ronics, have boost ed the st udy of 
seas and oceans tremendously and I will be the last  to regret that the old days are over 
when we sailed uncomfortable, poorly equipped ships, to come home armed with rela-
tively few, oft en inaccurate results. I can not resist  the temptation, however, to confront 
the younger generation with the heroics and the hardships of that period, adversities 
that were a challenge to overcome in our desire to explore and discover a completely 
new world. In those days, not all that long ago, it was st ill possible to record properties 
of the sea bed and bring samples to the surface that nobody else had ever measured 
or seen before. No matter the discomforts of life at sea, no matter the eff orts it took to 
produce results, those revelations kept us going. Success, bringing a task to a good end, 
was oft en a quest ion of hard work and perseverance, overcoming series of mishaps, of 
endless sessions taking apart, mending and putting together faulty equipment, oft en in 
the middle of the night on a cold and slippery wet deck. Comparing past  const raints 
and rest rict ions with the ease and comfort that is ours today leaves no doubt; indeed 
we are thoroughly sp oiled. In that sense the “better” (circumst ances and results) of to-
day is the enemy of the “good” (excitement) of the past .
For the earth sciences going to sea and unravelling the secrets of the Earth below be-
came a serious, much appreciated form of scientifi c endeavour in the middle of this 
century, when it was realised that geological research rest rict ed to the continents, i.e. 
to only 30% of the surface of the globe, could only provide a very incomplete pict ure of 
the Earth. It took some time before it was clear that ocean basins are not depressed con-
tinents and that rocks that diff er fundamentally from continental rocks, basalts rather 
than granites, underlie the oceans.
In the sixties (at a time we knew more about the far side of the moon than about the 
bottom of the sea), marine geological and geophysical research led to the formulation 
of an all-encompassing theory about the st ruct ure and evolution of the earth. Once that 
new theory, Plate Tect onics, was est ablished, founded on convincing, solid evidence, 
marine research really took off  thanks to a growing number of individuals and nations 



| 131 |

that were challenged to participate in the endeavour, encouraged by subst antial sums of 
money made available by indust ry and government in anticipation of potential mineral 
and hydrocarbon resources.
Compared to research on land the cost  of research at sea is st aggering. Th e cost  of keep-
ing an oceanographic vessel at sea amounts to tens of thousands of dollars per day and 
that is only counting the cost  of fl oating and sailing such a laboratory, not the cost  of 
the act ual research eff ort. Of course, the cost  of scientifi c research must  always be rated 
against  the benefi t, the value or utility of the results that are produced. Th at value de-
pends to a large extent on how much we know and how much we don’t. As such it is 
important to est imate in advance as accurately as possible whether it is more useful 
to obtain more of the same kind of data, more of the same sort of information, rather 
than to endeavour into new avenues of research. However, and this is true for scien-
tifi c research as much as for any other enterprise, the value of such endeavours can 
only be judged aft er the “product ” is recovered. For marine research that means aft er 
the samples are brought aboard and have been analysed, aft er the measurements are 
recorded and evaluated. Only then it is possible to est imate whether the “product ” was 
too expensive, required too much eff ort and time (and thus money) to bring it off . Only 
in hindsight it is possible to judge whether and to what extent the new information im-
proved our knowledge over and above what we already knew. Only in hindsight we will 
know whether the end just ifi ed the means. Of course that judgment will be coloured by 
personal interest s and preferences; what is relevant, useful and important for a geolo-
gist  diff ers from what interest s a chemist  or a biologist ; Ali Tabrez has other research 
priorities than Kees and their interest s diff er again from those of Jan Willem, Gert-Jan 
Reichart and Lucas Lourens. And if in the end everyone is not happy with the outcome 
of this expedition, I know who will have to take the blame for that. And with that reas-
suring thought, I put my mind to rest , turn off  the light and go to sleep.

Wednesday, October 21
Just  like yest erday we st art work before breakfast . Station  472 is in the Oman Basin, 
on the so-called outer bulge or swell of the subduct ing Arabian Plate, just  south of the 
deepest  slab of the Makran subduct ion complex. Th e sediments diff er markedly from 
those recovered in the “ponded basins” higher up the continental slope. Th at is imme-
diately clear from the way the box corer penetrates the bottom. Not only do we recover 
more sediment in the box and in the corer, 0.5 and 0.5 metres, resp ect ively, the sedi-
ments consist  of a dark, almost  black coloured turbidite sequence that gives off  the foul 
smell of rotten eggs. Kees and Ali are quite satisfi ed and while core sect ion aft er core 
sect ion is opened they are getting more and more excited. Jan Willem is not amused; 
he has seen it all before.
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At this morning’s st aff  meeting we draw up the act ivities for the next few days. Th ere 
is not all that much time left  and we st ill have to sample the OMZ interval of a second 
sect ion across the Karachi continental margin, roughly parallel to and 40 miles north-
west  of the line we sampled with some diffi  culty during the fi rst  few days of this leg. But 
before we do that we will go back to the Southern Murray Ridge. Because of its isolation 
from terrigenous infl uences and the ensuing low sedimentation rate the Ridge gave us 
the best  cores, 463 P and 464 P, to resolve paleo-climatic change over an appreciable 
length of time. We are ambitious and we want to better our earlier results by covering 
a “super core”, super, meaning longer than the cores recovered from the Ridge thus far. 
Th at way we should be able to extend our research into the evolution of the monsoon 
syst em further back in time, a prosp ect  that would charm our st ratigraphers. I know it 
wouldn’t satisfy them; they always want more!

At half past  ten we abandon st ation  472, st eaming full sp eed in the direct ion of the 
most  promising site we have identifi ed on our 3.5 kHz records, even though the water 
depth is more than 800 metres, way below the OMZ. Transit should take .5 hours, 
plenty of time for our regular work, recording the subbottom profi le, making fi rst  
analyses of the  472 samples, preserving and st oring the sp oils. Besides that, we will 
begin assembling the data of Leg D2 in suitable form, sp readsheets and the like, and 
to st art writing the various paragraphs and chapters of what eventually should become 
the shipboard report of NIOP Cruise D2. Aft er all the report should be ready Saturday 
night at the latest .
We are early and at about half past  nine this evening, aft er carefully manoeuvring the 
ship in the right position for our prize-winning coring attempt, the box corer goes over 
the side. More than ever the information from the box core is important to verify the 
properties of the sea bed in order to decide whether the use of a 24 m long core barrel is 
just ifi ed and how many weights we should use to load the corer. Not that the informa-
tion gained from the box core gives us any guarantee, it will, however, give me a feeling 
– and no more than that – that we left  nothing to chance, making sure that we have done 
all we can to make tonight’s operation a crashing success.
Th e information from the box core looks satisfact ory, yes we go. With the corer already 
over the side but fi rmly attached to the railing, the ship is again manoeuvred into core-
launching position. Once the 24 metre long probe is on its way down we try to keep in 
control of the operation by carefully monitoring the 3.5 kHz regist ration for any change 
off  target because of wind or current. Jack st ops the winch when the corer is 40 metres 
above the bottom, allowing the wire-corer combination to st raighten out and susp end 
it perfect ly vertical above the target. Aft er a few minutes the brake is released to let the 
corer hit bottom at maximum sp eed. Just  before midnight, with a st rong kick of block 
and wire, we hit bull’s-eye. When Jack st arts winding in his catch the meter indicates 
how the tension on the wire (and on our nerves) rises while the corer is pulled free from 
the bottom.
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Thursday, October 22
Considering the nightly hour a lot of byst anders have gathered in the last  half hour to 
watch the proceedings. Everything is running smoothly, at least  that is the impression 
while the corer is pulled in. However, once the corer is taken out of the water, has been 
detached from the wire and lift ed into its cradle it is clear that fi rst  impressions were 
deceiving and that not everything is exact ly as it should be; the second barrel sect ion 
is bent and the lower part of the corer st icks out of the cradle at an awkward angle. It 
looks as if the corer did not fully penetrate the sea bed and that either the heavy top 
of the corer bent over on impact  by its own weight or that the barrel was bent during 
extract ion, being pulled out at an angle rather than st raight. Whatever the case may 
be, recovery of this corer is going to be a cumbersome operation. Th e barrel cannot be 
fi tted into its cradle and therefore core and cradle cannot be turned into a horizontal 
position. Aft er the corer is secured, st rapped with rope and chain alongside the railing, 
Jan Blom cuts the barrel at the bend with a grinding tool, illuminating the night with 
a fi ery disp lay of bright red and yellow sp arks fl ying every which way. Apart from Fred 
Hoogervorst  quite a number of amateurs direct  their cameras at the scene to record 
the show for post erity. In the end, although we did not better core 464 P, st ation  473 
is certainly not a failure; we have recovered a nice 3 metre long core and yes, there are 
Pink rubers in the core catcher to sweeten it all.
At 2 o’clock this morning, immediately aft er cleaning and clearing the deck, we get un-
der way to our next st ation, sp eed 2 knots, course 470 T. Th at is almost  exact ly direct ion 
Karachi. Some of us can go to bed to catch some sleep, the geologist s need a few more 
hours to cut and saw the core in metre long halves, to label and pack the sect ions and to 
st ore them in the hold.
Consp icuously few people show up for breakfast  but at coff ee break time the fridge in 
the galley is raided for left overs. At lunchtime everybody and everything aboard seems 
to be back to normal. At 2 o’clock technicians and other “water people” prove that they 
are better than normal and without blinking an eye they sample the water column down 
to a depth of 2400 metres in record breaking time; 75 minutes, if you please. And that is 
the last  CTD st ation of Leg D2.
From st ation  474 to  475 is only 30 miles and since we want to have a good impres-
sion of the bottom conditions at the foot of the continental slope we take our time to 
cover the dist ance; going slow reduces towing noise on the incoming signals and that 
produces the better 3.5 kHz record.
We are on st ation at half past  seven to begin the sampling of the second profi le across 
the Karachi continental margin. Box core 475 B is on deck at a quarter past  eight and 
that ends operations for today. Because we are in the shipping lane to and from Karachi 
the offi  cer on watch will be assist ed tonight by an extra lookout while TYRO drift s on 
st ation. Th e red – white – red signal lights in our mast  should keep other ships at a safe 
dist ance according to international rules of navigation; not wanting to deviate from our 
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chosen st raight survey track, we are a sitting duck. We risk the chance that the cost ly 
hydrophone st reamer we tow is cut by another ship that crosses our wake. An extra pair 
of eyes on the bridge is no luxury; it wouldn’t be the fi rst  time that our signal is not un-
derst ood and that the lights in the mast  are an irresist ible attract ion for curious skippers 
to snoop around and come in close.

Friday, October 23
Eight bells, midnight exact ly. Th e deck lights are turned on and Karin st eps on deck. 
Deft ly, almost  casually she collect s the contents of the cod end of the plankton net in 
a marmalade jar. Aft er jotting down the last  reading on the gauge of the surface water 
pump in a notebook she fi lls two bottles with water, one for the analysis of nutrients, 
the other for the determination of the oxygen isotope composition. She fi nally fi lters 20 
litres of surface water through a sieve to collect  the residue in a jar to which she adds 
a few drops of Rose Bengal, a colour solution to mark the living material. And that, as 
far as Karin is concerned, is the last  plankton st ation of Leg D2. Twenty minutes aft er 
midnight she puts the concentrated contents of the waters that fl owed through the net 
in the last  six hours in the fridge in laboratory container  9. When she closes the door 
behind her and switches off  the lights all is peaceful again on deck; Sheherazade back 
in her kemenade, in all sp lendour the Arabian Night arches over Sindbad’s Sea.
Work begins again aft er breakfast  on st ation  475. Since we drift ed off  st ation during 
the night it takes some time to get back in position. Core 475 P is no beauty. Only the 
lower 0 metres of the 8-metre barrel are fi lled with hemipelagic mud, while the upper 
4 metres of the core are heavily dist urbed and the upper 6 metres of the PVC liner have 
imploded. So we are back to the same problem we encountered two weeks ago; coring 
the Karachi margin is diffi  cult. To recover long, undist urbed cores you apparently need 
other means or more time and patience than we have.
Th e next two st ations,  476 and 477, higher up the slope, resp ect ively in 227 and 000 
m water depth, show similar sedimentary charact erist ics and there is not much point 
in trying to get long, undist urbed cores from those sites. So aft er recovering box core  
477 B at half past  two this aft ernoon we move on, climbing to our last  st ation, higher 
up in the OMZ. Th e 3.5 kHz profi le shows that the upper part of the continental slope is 
deeply incised by erosion channels and to fi nd an undist urbed st ratigraphic sect ion we 
have to look lower down. At a depth of 550 metres we fi nd what seems a suitable place 
and shortly aft er 6 o’clock the box corer goes over the side. To our pleasant surprise we 
catch a 50 cm core of fairly competent clay and so we decide that for this last  st ation 
we will attempt to cut a pist on core aft er all. All is well that ends well; at ten minutes to 
eight we have a 4 metre long core on board which, aft er opening, appears to consist  of a 
sequence of well laminated homogenous clay layers and bands of hemipelagic mud.
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Although we had the traditional “end of cruise barbecue” already last  week that does not 
mean that the end of this leg doesn’t warrant our sp ecial attention, there is every good 
reason for at least  a small celebration in the bar this evening. If it weren’t to commemo-
rate a successful completion of our OMZ programme we certainly like to say good-bye 
to colleagues and friends who will leave us in the next few days.

Saturday, October 24
Report writing is a st renuous aff air. All PCs aboard are being used, in the DARIS con-
tainer, in the saloon and in the various lab containers. During the course of the day the 
“fi rst  resp onsibles” Kees, Jan Willem, but also Karin, Athar, Hein, Ivar and Jack hand in 
their resp ect ive reports, many of them illust rated and augmented by diagrams, tables 
and fi gures. Together with Kees and Jan Willem I attempt to edit and fashion all con-
tributions into the appropriate shape and form to fi t the “Shipboard Report of NIOP 
Cruise D2”. Th e quality of the reports submitted varies considerably and editing is a 
must  to get them in a presentable form. Since the report will be disseminated widely 
it needs to be written in “readable”, at least  comprehensible English. Unfortunately, al-
though everybody aboard sp eaks and underst ands that language in one form or an-
other, writing correct  English is another matter altogether. Of course our command 
of English is also not faultless, we are no linguist s, certainly no purist s, and as long 
as the message is comprehensible we leave such contributions untouched. And since 
Ivar’s account “DARIS and other computing” in which he describes his st ruggles and 
frust rations with the syst em in a kind of pidgin English is so amusing, we leave it as it 
is; it would be a pity not to.
All in all the Shipboard Report contains an impressive amount of fact ual information 
that enables us to better underst and the complexities of the monsoon, a relatively closed 
climatic syst em, and of the infl uence of atmosp heric and oceanic circulations on its evo-
lution during the last  hundred thousand years or so. Th e report is a fi rst  account of how 
well or how poorly we reached the various object ives set a long time ago when we fi rst  
thought of tackling quest ions about climatic change.
I think we did all right. Our success was possible thanks in no small way to the excellent 
circumst ances and conditions that prevailed; during this leg we experienced no major 
technical problems, the seas were smooth and the weather was perfect . Above all, how-
ever, the success of NIOP Cruise D2 should be accredited to a dedicated group of tech-
nicians, ship’s offi  cers and crew, to the scientifi c st aff  and, not to forget, the commitment 
of an enthusiast ic group of eager, curious and indefatigable young men and women.

At the end of the day we fi nd a place between a fl eet of other ships, waiting their turn 
to be taken into the harbour, and drop anchor in the roads to Karachi.
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KARACHI INTERMEZZO # 2
October 25 – October 26

“ We live in a time when our world is changing at an
 unprecedented rate. While the changes are largely of
our own making, they cannot be ignored. We must 

adjust  and adapt and control, or we perish”.
Carl Sagan, 977
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Sunday, October 25
My suitcase and a few bags are packed. Tonight I will sleep ashore in the Avari Tow-
ers hotel and for the coming weeks aboard I have to swap cabins with Kees. Dr Gert 
de Lange, Kees’ fi rst  assist ant, will lead the geochemical group for Leg D3, thus freeing 
Kees’ hands and head to be chief scientist . Th at means that in the last  three weeks of 
our expedition I will only be asked when the need arises. I am considered to be an “old 
salt”. I will be asked to lend a hand with the seismic regist ration, to plan the ship’s track 
and to lead the sampling operations on the Indus Fan. I have announced that I’ll make 
myself scarce and act  like a passenger/tourist , but whether that claim will be honoured 
aboard this hardworking boat remains to be seen.
We have to be patient this morning; it is a quarter to eleven, four hours later than ex-
pect ed, before the pilot climbs aboard to guide us through the shipping canal between 
Manora Island and South Pier into the harbour and to our berth at West  Wharf. We 
are met by our liaison Tom van Spanje from SOZ, by counterparts Muhamat Tahir and 
Muhamat Danish from NIO and by the technical crew of Leg D3 from NIOZ. We know 
Tahir and the NIOZ gang under Harrie de Porto from Leg D. Bob Kost er, however, 
has replaced Martin Laan. Bob will be our CTD operator and we also expect  him to 
keep all elect ronic equipment in good shape. While cust oms and health authorities are 
st ill aboard, people try and communicate as best  they can between ship and shore, ex-
changing gossip, trivialities and news. Th e mailbag that Tom brought is quickly hoist ed 
inboard. To my great chagrin there is nothing in the bag for me; st ill no sign of life from 
the home front. For crying out loud, they know that I am aboard TYRO and that during 
this expedition we make two portcalls in Karachi. “Do not forsake me, oh my darlings”.
Once the ship is declared free and safe, harbour authorities, chandlers, suppliers, trades- 
and servicemen climb aboard and soon it looks as if the TYRO is no longer ours. Time 
to abandon ship and that is what we do, at least  everybody who is not needed aboard, 
today, or tomorrow. Tonight already most  of the D2 crew members fl y home. To give the 
cleaners a chance to scrub and polish our cabins and to change the bed linen the rest  of 
us take a cab to Avari Towers, our expedition base in downtown Karachi. In the Towers 
we meet our other shipmates for D3, who fl ew in last  night.
And then at last  there is mail, hurrah, hurrah. Th e moment I st ep out of the shower there 
is a knock on my door and Dik Schipper, Kees’ new PhD st udent, delivers a thick pile 
of letters. Apart from the sad message that Casp ar, Marieke’s cat, was hit and run over 
by a car and the newsp aper clippings with the st ory of the Bijlmer disast er • 9 •, there is 
only good news and a lot of it. Saskia, our youngest , appears to have found her footing in 
Maast richt’s university life. She took an important st ep in her medical career by passing 
her preliminary exams. She became a st udent representative of the Education and Sci-
ence committee of the University Council. Willem-Jan, our son, aft er st ruggling in the 
last  few weeks to fi nish a term paper, passed his fi nal exams in veterinary science and 
will receive his D.V.M. diploma in the next few weeks. He is slowly waking up to the fact  
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that his st udent years are over and that he will have to fi nd a job as a vet. Should he try 
and join an exist ing pract ice or set up shop somewhere all by himself? Sabine, his soul-
mate, has just  come back from anthropological fi eldwork in Cost a Rica. She will paint 
his days even more rosy and, no doubt, will help him make up his mind and guide him 
in the right direct ion. Marieke, although saddened by the loss of her cat, fi nds solace in 
a new job, looking aft er the administ ration, and lending a hand in receiving and serving 
guest s at a well-known watering place on the borders of de Kromme Rijn river. Barbara, 
our oldest , who got her MD earlier this year, recently joined Utrecht University’s De-
partment of Public Health and Epidemiology as research and teaching associate. She has 
taken an interest  in Transmural Care developments. Knowing, her, I am sure she is going 
to make her mark both in the Utrecht and the national health care scenes. Anne-Mer-
cedes’ letter covers almost  four weeks. She is having a good time st udying Spanish at the 
Spanish Inst itute for Extranjeros (foreigners thus) in Malaga. It also gives her a chance 
to see a bit of sunny Andalusia and visit famous places like Sevilla and Cordoba. We are 
both looking forward to be together again in Mombassa in three weeks time.
Although some of the news is old, since it did not reach Karachi before Oct ober 4, all 
messages are welcome and the joy of reading them at last  is no less. Reading those let-
ters and rereading them, some of them several times, that’s what I do for the next few 
hours. It feels like being home a bit. At the same time those messages make me some-
what gloomy. At this st age three of my children appear able to take care of themselves 
very well. In that resp ect  I am no longer needed that much any more. Even our “little 
one”, Saskia, who offi  cially reached adulthood ten days ago, seems to know what she 
wants from life and has taken a fi rm grip on it. Th at, together with the knowledge that 
I am on one of the last  sea-going expeditions of my career, perhaps even on the very 
last  one, make me realize that time is overtaking me. I better accept that henceforth the 
next generation will be calling the shots. I better learn quickly how to let go and bow out 
gracefully. Better also, to count my blessings. With regard to my wife and my children, 
there are no regrets.

Th is aft ernoon I write my last  weekly report. For good measure I top it off  with a press 
release, which should inform Karachi and Pakist an what we did in their submarine 
front garden, and how good and clever we were, doing what we liked doing in the fi rst  
place.

Monday, October 26
Gul Memon accompanies me this morning in downtown Karachi to help me select  a Per-
sian carpet or rug and, once I fi nd what I want, to bargain for a good price. We visit fi ve 
diff erent shops near the Bohri Bazaar, to return to the second one, Haji Usman Tayeb’s 
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place, where I found a tightly knotted Baluchi rug, a sand-coloured beauty covered in a 
geometric pattern of black and red rhombs. Th e price I pay is very low, esp ecially since 
there is a reasonable chance that the carpet is the product  of grossly underpaid child 
labour. To pacify my conscience the fi rst  beggar round the corner gets a shamefully large 
handout for baksheesh. He doesn’t allow me to get away scot-free, however. He grasp s 
my hand, beseeches Allah at the top of his voice to bless me and my off sp ring into the 
third and fourth generation. He makes such a racket that people across the st reet look 
up, wondering what, for heaven’s sake, is going on over there.   
I am back aboard TYRO at 2 o’clock, in time to leave the ship again in the company of 
the captain, Kees, Tom van Spanje, Fred Hoogervorst  and Bernard Guillen, for a short 
walk along the wharf to a dressed-up frigate from the Pakist an Navy that is moored 
nearby. We are received as guest s of honour for a fest ive luncheon on deck that is off ered 
by the local military and government authorities to welcome TYRO and the ship’s com-
plement in port. Among the other guest s aboard, Kees and I recognize several people we 
met before, a few weeks ago or last  year January at the Karachi workshop in preparation 
for this and other international expeditions in the region. It is really embarrassing that 
so few Tyronians show up for this do and I hast en to apologize for the other’s absence, 
telling the Admiral that, unfortunately since we changed plans a few weeks ago, we now 
have only two days in port, that we are in the middle of a crew change and that quite a 
number of our people are needed right now to prepare ship and facilities for sailing on 
time, tomorrow morning.
Later this aft ernoon the new D3 crew takes over TYRO. Usually it takes a couple of 
days before the newcomers know their way around, fi nding out who and where is who 
and what makes shipmates click and why. Surprisingly soon though everybody is busy 
organizing and rearranging labs and workplaces, test ing tools and toys, fi nding out (if 
they didn’t know) how to operate inst ruments and equipment, consulting manuals and 
inst ruct ions for proper service and maintenance to keep the show going. A lot depends 
on a properly funct ioning DARIS and on Gert-Jan Reichart and Lucas Lourens to make 
it work. Gert-Jan had a chance in the last  few weeks to get used to the syst em’s quirks 
and peculiarities. Both whiz kids should be set on the right track by st udying the experi-
ences and frust rations laid down in the reports of their predecessors Marjolijn van Dee-
len and Ivar Slavenburg. Besides running DARIS both Ph.D. candidates have other tasks 
to perform: Gert-Jan will assist  Jan-Willem on deck and in the geology lab, subsampling 
the sediment cores that are recovered, marking and describing them, wrapping them up 
and st oring them in the hold; Lucas will be resp onsible for the nutrient analyses of the 
surface waters and, not to forget, he will also look aft er the bar, much like Vivian and 
Karin did during Legs D and D2, resp ect ively.
Compared to Leg D2 work during Leg D3 will be less demanding for both our scientifi c 
and our technical st aff . Most  newcomers aboard are familiar with the various operations 
from past  experience and relatively few st ations will be occupied for sampling. Sailing 
the ship will take up a lot of time. Th anks to the north fl owing Somalia current and 
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the detour to sample the Indus Fan it will take 2 days to cover the dist ance Karachi to 
Mombassa. Altogether this gives us a chance to subsample all box- and pist on cores we 
recovered so far, preparing the material to be taken or sent to Utrecht from Mombassa 
three weeks from now. Th at way we won’t have to wait until April when the TYRO 
comes home, before st arting the analyses of all this material.
Kees, Jan Willem and I enjoy supper in the company of Tom van Spanje, our Paki-
st ani counterparts Athar, Memon, Tahir and Tabrez, and NIO’s direct or Niaz Rizvi in 
our favourite Japanese rest aurant, high up in the Avari Towers. Tonight’s get-together is 
meant to exchange views on how best  to realize the object ives of the second phase of the 
joint Pakist an – Dutch programme in marine science as agreed upon and laid down in 
the Memorandum of Underst anding of December last  year. During the second phase, 
from 993 – 998, apart from analyzing, and interpreting the samples and measurements 
collect ed during this expedition, both in Utrecht and in Karachi, NIO’s capability in 
marine geology and geophysics will be st rengthened in view of the inst itute’s future 
biological and geological research in Pakist an’s coast al waters and evaluate the resource 
potential of the Indus Delta. Niaz Rizvi is particularly interest ed in upgrading the skill 
of his younger scientist s and would like them to complete their academic st udies in Th e 
Netherlands, hoping to see them qualify for an MSc or a PhD degree. Th is would fall 
under the terms of the Memorandum where it st ates “.... development of the Pakist ani 
infrast ruct ure for marine geology and geophysics”. In international cooperation project  
jargon this is known as “transfer of technology” or “capacity building”.
I gained a bit of experience as a participant in development project s under the ausp ices 
of Canada’s International Development Agency (CIDA) in Senegal, and of UNESCO in 
Th ailand and Sri Lanka, resp ect ively and I feel just ifi ed therefore to express my doubts 
about putting too much value on increasing the capabilities of NIO’s scientifi c st aff . I 
would rather see NIO furthering the competence and skill of their technicians. Techni-
cians and technical know-how to correct ly use, maintain and repair inst ruments and 
tools are oft entimes more crucial to make the work at sea a success than the commit-
ment of highly qualifi ed scientist s. It wouldn’t be the fi rst  time that cost ly equipment 
wasn’t properly maintained or, when broken-down, couldn’t be repaired, simply because 
technical know-how was inadequate. Niaz Rizvi shares my doubts but, since able techni-
cians are scarce and sometimes more expensive than scientist s, he has a problem. It hap-
pens too oft en that he loses young, on the job trained, experienced technicians to trade 
and indust ry, attract ed by salaries that can not be paid within the public service. Th ere 
is no such demand for scientist s and they can be hired and held on the job for, in our 
West ern eyes, ridiculously low salaries. Th e equivalent of  50 a month is a handsome 
income for our counterparts and, more amazingly, that appears adequate to support not 
only their own family but sometimes also one or more needy relatives. Th at dist ressing 
reality puts tonight’s’ indulgence in a sobering persp ect ive; clearly the Th ird World is 
governed by other rules and agreements than the regulations that prevail in the rich, 
well protect ed world of Europe and North America.
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At 0 o’clock we say good-bye to Niaz Rizvi, Gul Memon, Muhammad Tahir and Ali 
Tabrez (Athar will join us again tomorrow morning) and that virtually means good-
bye also to Karachi and Pakist an. A taxi brings us back to our own safe haven, the 
good old ship TYRO, an enclave in this st range and myst erious environment. Wasn’t it 
here, certainly not far from here that Rudyard Kipling wrote, “East  is east  and west  is 
west , and never the twain shall meet”?



LEG # D3; KARACHI – MOMBASSA
October 27 – November 16

“.... it is a st range thing that most  of the feelings we call 
religious... is really the underst anding and the attempt 

to say that man is related to the whole thing,
related inextricably to all reality, 

known and unknowable”,
John Steinbeck, 958
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Tuesday October 27
Two tug boats pull us free from our berth to then push and turn us around into the 
st ream. Under our own st eam, we navigate Baba Channel fi nding our way to sea. Once 
we clear the coast  we set a south-west erly course and begin the long haul to st ation  
48, the fi rst  st ation of Leg D3. Wind and current permitting we expect  to arrive there 
sometime tomorrow aft ernoon and that gives us enough time to prepare laboratories 
and equipment for the work ahead and to enable the newcomers to get their sea legs. 
Some of the latter are defi nitely greenhorns; desp ite excellent weather and sea condi-
tions you can see small heaps of misery leaning over the railing and they are defi nitely 
looking green. While off ering the contents of their st omachs to Neptune they discover 
from which side the wind is blowing. Apart from sea sickness some people appear to be 
suff ering from Karachi Disease, and Bob Kost er seems to be seriously aff ect ed by that.
Th is fi rst  day of Leg D3 begins at a relaxed pace. Th ere are of course the usual small 
problems, fi nding tools and inst ruments in crates and boxes down in the ship’s hold, re-
st arting DARIS and the like, but soon enough it looks as if TYRO is back in shape, ready 
to tackle any task that this well equipped vessel is expect ed to handle effi  ciently. Maybe 
I do see fewer problems than before, simply because they are no longer my problems; 
Kees is the fi rst  one resp onsible now.

I draw back from the scene. Back in my cabin I make a beginning with something that 
I have wanted to do already a long time, putting on paper what I know about Syst em 
Earth, about the perhaps presumptive dangers and disast ers that threaten that syst em 
and about the possibilities and impossibilities to do something about it. It should be a 
kind of “summing-up” and it is an exercise in the fi rst  place for myself. Writing down 
the st ory of Earth forces me to consider whether or not the st ory makes sense, is rea-
sonable or is only sp eculation if not fallacy. Now, more than ever, now I have reached 
the end of my career, I want to make up the balance, and write the st ory of a world 
which I discovered during an expedition that last ed altogether forty years. During that 
long voyage as a st udent of Earth and as a professional geologist  I have gained some 
insight into a fantast ic syst em that in essence is the very basis of my own exist ence, a 
syst em that since the ascent of Man appears to be subject ed to dramatic change. Th e 
way in which I think Mother Earth is put together and how she funct ions to a large 
extent controls and colours my ideas about the way mankind depends on that syst em 
and it tells me also that we should be a bit more careful in the way we treat our ecologi-
cal niche.
Th at brings me to the second reason why I want to write this st ory; I am really con-
cerned about the dest ruct ive infl uence that Man exerts on his, but also on my life and 
environment and on that of my children and grandchildren. Th e st ate of the physical 
environment, of air, water and soil, const itutes a global problem that aff ect s all living be-
ings, plant and animal, including man. As to humans, concern about the environment is 
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appreciated diff erently, depending on where you live on this planet. For the 20% of the 
world’s human population that live in the rich West  the st ate of the environment seems 
to cause some anxiety, although for them it really is a luxury problem; fi rst  things fi rst , 
environmental concern comes aft er reaching and breaching the “limits to growth”, a 3% 
economic growth limit annually rather than a 2% one. For the other 80% of the world’s 
population environmental problems are hardly relevant; you can only aff ord to st art 
thinking about environmental problems aft er other, more fundamental problems have 
been resolved, problems that have to do with the st ruggle for life or, more precisely, the 
st ruggle to survive. For too many people in that part of the world economic problems 
boil down to quest ions such as how do I pay my debts, where does my next meal come 
from, where will I sleep tonight? Since the problem we face is a global one the West ern 
world should know that as long as survival problems haven’t been solved, it is a wast e of 
time to get excited about the environment. In other words if we really want to protect  air, 
water and soil we should put our eff orts in increasing the st andard of living worldwide 
to such a level that every impairment of the environment, for lack of other ”inconven-
iences” and ”frust rations”, will be felt by each and everyone as an infringement of his or 
her well-being, as annoying, unpleasant, irritating. Once these infringements threaten 
to become unacceptable there will come a point that people are prepared to do some-
thing about them. In view of the global rest rict ion of worldly goods, the means and 
resources available, and the ever increasing number of people that want to make use of 
them, environmental protect ion by way of increasing the st andard of living in Second 
and Th ird World countries probably means that in the First  (West ern) World we should 
accept somewhat lower levels of wealth and satisfact ion.
Th e choice for or against  a more just  and balanced division of wealth and well-being in 
this world is a choice that st ill is ours. If, however, we persist  in delaying to make that 
choice freely, eventually that choice will be forced upon us. Environmental concern will 
then no longer be solely a luxury problem but, even for the West ern World, will rapidly 
change into a st ruggle for survival. Considering the tools available today for mass de-
st ruct ion that st ruggle will unavoidably lead to self dest ruct ion on a scale never seen 
before. Th at this doom scenario is not just  a bad dream should be clear from a number 
of act ual developments that are direct ly coupled to environmental problems: a cholera 
epidemic in Somalia as a result of heavily polluted sp rings, an increase in the threat of 
armed confl ict s between nations over water rights in the Near- and Middle East  and 
beyond (Egypt versus the countries that occupy the basins of the upper Nile, Israel ver-
sus Jordan, Syria and the Palest inians, India versus Pakist an), desertifi cation and loss of 
arable land and, as a result, the growing st ream of refugees from the Th ird World who 
for environmental reasons fl ee their countries and knock on our doors. Now, at the end 
of the Second Millennium, more than a billion people are lacking suffi  cient amounts of 
safe drinking water, while three billion people haven’t got the means to purify their wa-
ter. It is expect ed that on a global scale the lack of fresh water will soon be a far greater 
problem than the lack of energy • 0 •.
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Th e choice we have to make is not a new one. Two thousand years ago the same choice 
was formulated in the message (order or invitation?) “Love thy neighbour as thyself ”, a 
fair and realist ic order since it implies the recognition that Man fi rst  of all loves himself. 
Until now, the West ern World has hardly paid attention to that order, preoccupied as we 
were with loving ourselves. If, as we do now, we know the risk of what is at st ake when 
you make the wrong choice the call to heed that old message is more urgent than ever. It 
st ill promises “life fore-ever-aft er”, more so on Earth I believe than in Heaven, even for 
those who are driven by pure selfi shness. Indeed the st akes are very high, the prize that 
we can win or lose is Mother Earth, the sp arkling blue planet, which I am convinced is 
the foundation, the ground, the source of everything that lives on it. Th e st akes are all 
or nothing.
And that is why today, for pure selfi sh reasons, I begin writing down my what I call for 
the time being “ecological refl ect ions”, in the hope of eventually getting others on the 
side of an all too small group of “believers” who are convinced that it is no longer re-
sp onsible not to care about our environment.
Geologist s possess sp ecifi c information that is essential for making the right choices 
to properly organize our future earthly home. Th at information, however, is insuffi  -
ciently disseminated in society and is barely paid attention to. To a large extent that is 
our own fault. How else can you explain that the fascinating information that is avail-
able to Earth scientist s is so little adhered to? Obviously the information gained by my 
profession is hardly accessible, is poorly sp read around, or is totally uninterest ing or 
unimportant (except of course the information that leads to the discovery and exploita-
tion of resources, minerals, water, oil and gas)? Th e st ory of the Earth in all its facets, its 
origin and evolution, how the Earth is put together and how the diff erent elements and 
components of the syst em interact  and rely on each other, has been told time and again 
and is st ill being told as our underst anding deepens. Apparently that st ory has not been 
told oft en enough, at least  not in a form and language that is meaningful for everybody 
and obviously not in a form that st imulates and forces managers, politicians and other 
decision makers into act ion. Maybe good communication is more a matter of how you 
say it than what you say.

Outside my cabin TYRO is readied for the work that lies ahead in the next few weeks, 
prying the bottom of the Arabian Sea, searching for the best  sites for the recovery of 
the longest  cores from the least  dist urbed sedimentary deposits, preparing laboratories 
for mechanical and chemical analyses of samples. Everybody is in an excellent mood 
and the mist y glance in some newcomers’ eyes betrays the young explorer on his way 
to hazardous and dist ant challenges. Th ere is the odd one who enraptured fl oats a few 
feet above the deck, carried no doubt by ‘Th e fundamental emotion which st ands at 
the cradle of true art and true science” to quote Albert Einst ein once more. Our goal 
and our wake lie on a st raight line, both ends are in the past .
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Tonight, aft er dinner, I claim to be considered henceforth a tourist  and passenger on 
this boat and I join a select  group in the lounge/cinema for a movie. “Terms of endear-
ment” is on the (video)programme. Not a bad performance, Shirley Maclean and Jack 
Nicholson st eal the show.

Wednesday, October 28
Bob Kost er is up and about, good as new, recovered from whatever ailment or disease 
he suff ered from. Unfortunately it now appears to be Jan Willem’s turn. Stomach and 
intest ine troubles keep him in bed. He says to have sp ent the greater part of the night 
on the john. Hopefully he will recover soon; we can barely miss him for the proper ex-
ecution of the programme.
I begin the day by preparing a new track plan for Leg D3, incorporating a detour over 
the Indus Fan sites we missed during D. Compared to the original plan the addition of 
the Fan sites requires two and a half days sailing plus time for sampling fi ve or six sites. 
Basically it is a simple exercise of plotting the shortest  track through the coring sites. 
Th at is, however, not necessarily the most  economical route. I must  take into account 
our favourite routine; sampling during daylight while surveying and sailing between 
st ations at night. Th at way guarantees a good night’s sleep for most  people aboard while 
it keeps down the cost  of overtime payments for the deck crew.
At half past  ten we cross the Tropic of Cancer and at about the same time also the divid-
ing line between the Exclusive Economic Zones of Pakist an and Oman. Shortly thereaf-
ter eight blast s of the ships’ horn and a loud ringing of bells bring us all to boat deck for 
boat drill, a necessary safety precaution; for the newcomers as a fi rst  demonst ration of 
how to behave and act  in case of disast er; for the old timers, lest  they forgot.
At 2 o’clock, almost  on the dot, all elect rically driven equipment st ops, including a 
number of computers. Fortunately the most  vulnerable syst ems, such as DARIS, are 
backed-up by a battery pack or a generator. Still the break-down gave us a fright since 
the automatic st eering of the ship also failed, causing TYRO to swerve drunkenly over 
the sea for a few minutes. What if this happened in shallow waters or in a busy traffi  c 
lane! Luckily the engineering department knows how to deal with the problem and soon 
enough we are back on a st raight and st eady course.
Towards the end of our fi rst  track we cross the top of the Owen Ridge, an approximately 
2000 km long series of elongate elevations and seamounts that more or less parallels the 
coast  of Oman and Somalia. Th e ridge is the expression of the transform fault boundary 
between the Indian and Arabian plates (cf. Fig. 23). We st op at  48, a water st ation, 
more than 3000 m deep, on the west ern slope of the Owen Ridge. Since a number of 
st udents have to be introduced into the right procedures for collect ing and preserving 
sub-samples from the rosette water bottles, time on st ation is a bit longer than usual. 
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And then we are hit by a second power break. Because of the tropical conditions that 
prevail too many air conditioners in laboratories have been turned up to full power and 
apparently the syst em can not cope with that. Coaxed by the Chief Engineer Harrie fi xes 
all airco’s at 270 C and threatens to disconnect  everybody who dares touch the controls.
While on the fore deck sample bottles are being fi lled the Large Volume Sampler (LVS) 
is lowered over the side to bring a ton of sea water up from 600 m, 000 m and 200 m, 
resp ect ively. Jan Wijkst ra from the Netherlands Energy Centre (ECN) in Petten will be 
busy for the rest  of the day centrifuging those huge samples for susp ended matter. Jan is 
an old hand at this and he is also a fervent angler. No sooner is TYRO hove to on st ation 
or you will fi nd Jan at the railing holding on to his fi shing rod, peering into the deep for 
a bite. Unfortunately, and that not only for Jan, he faces the same problems as Th ony van 
der Gon Netsher during Leg D; he usually has very little time for fi shing on his own 
LVS st ations. Just  like Th ony Jan is busy all the time repairing centrifuges, taking them 
apart, putting them together, trying to get them working again by hook or by crook. For 
lack of sp ares aboard he is even forced to cannibalise one to repair the other. We keep 
our fi ngers crossed; four more LVS st ations have been planned for this leg.
In preparation for tonight’s survey I try to initiate Hilde Passier, Gert-Jan Reichart, 
Arthur Schmidt, Lucas Lourens and Mohamat Danish into the secrets of the 3.5 kHz 
sediment profi ler, inst ruct ing them into the ins and outs of properly monitoring the 
survey, controlling and adjust ing the performance of the syst em as required. Th is is an 
inst ruct ion for purely selfi sh reasons, a possible guarantee for a decent night’s sleep: If 
these novices know the ropes I will not have to show up for every little wishy-washy 
problem which they consider to be a catast rophe. Th is is not to say that I do not take the 
work of the seismic watch-keepers seriously. Monitoring the performance of the seismic 
equipment is a resp onsible and delicate job, esp ecially when we are crossing over an ir-
regular bottom. Th e success of our enterprise depends to a large extent on the accurate 
recording of the sedimentary st ruct ure of the sea bed. I do tell them therefore that they 
should never hesitate to get me out of my bunk in case things are becoming too diffi  cult 
for them to handle on their own. Luckily help is at hand. Jan Willem is around and well 
again and because he has been rest ing all day he is more than prepared to take his turn 
in tonights’ seismic watch. A quick recovery aft er all and a dist rust ful charact er might 
ask if there was really anything wrong with him aft er all? Did he suff er from Karachi 
disease, was it perhaps the quality (and quantity?) of last  night’s wine, or was he only in 
the mood for a lazy day?
While the LSV samples are st ill being centrifuged we leave st ation  48 and get under 
way in search of a suitable coring site on the Owen Ridge. When the deck lights are 
switched off  the heavens in all their sp lendour arch over the black infi nity of the Arabian 
Sea. Juxtaposed in a st riking const ellation, Venus and the waxing Moon st and over the 
world of Islam, northwest  of us, beyond the horizon.
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Thursday, October 29
Th e summit of Qualhat Seamount, one of the seamounts of the Owen Ridge may be a 
possible coring target. Th e mount looks like a drowned atoll, a coral-covered volcano 
with a consp icuously large and fl at summit. Th at plateau furthermore lies at a depth of 
just  over 400 metres and that is nicely within the OMZ interval. Th irty minutes aft er 
midnight the box corer disappears over the side and in less than half an hour it is back 
on deck cleanly washed and polished. We should have known; apart from bits of coarse 
organic debris we haven’t caught anything. So much for st ation  482. Th e seamount 
forms a huge obst ruct ion that causes tremendous accelerations in any current that 
passes over and around it. Th anks to the turbulence the seamount is completely swept 
clean, leaving no fi ne and coherent sedimentary cover from which a core can be cut.
At two o’clock the door to the fore deck closes behind us and everybody turns in for the 
night. Everybody? No, defi nitely not. Up on the bridge vigilant people guard our safety 
and in the geophysics container Jan Willem follows our track over the Owen Ridge in 
search of the ideal coring site. Whether he was fascinated by the seismic profi le that 
unfolds, by a dramatic passage in his book, perhaps because he lay in bed most  of yest er-
day, I don’t know, fact  is that Jan Willem found that he should not be released from his 
watch and he sp ent the whole night behind the 3.5 kHz console all by himself. Unfortu-
nately his dedication and tenacity did not produce more than the knowledge that within 
the OMZ depth interval there is very little sediment on top of a predominantly barren 
Owen Ridge. He only found one location that looks like a suitable coring target under 
2700 metres of water and, of course, that is really too deep. For lack of a better alterna-
tive we decide, however, to have another look at that site and in hindsight that appears to 
have been a lucky decision. Athar and Danish, on watch together in the morning, direct  
us to st ation  483 at a depth of 273 metres.
During lunch Pierre recovers a well fi lled box corer and on the basis of that success we 
heave a pist on corer over the side armed with an 8 m long core barrel. Surprisingly the 
geologist s appear to be rather pleased with the core that is recovered, although it con-
sist s entirely of a rather monotonous 4 metres of pelagic ooze, and enthusiast ically they 
describe, photograph, butcher, pack and st ore their catch. Maybe it is the newcomers in 
the group, they haven’t been sp oiled as yet by more sp ect acular results. At a quarter to 
three we abandon st ation to head full sp eed for Oman’s continental margin, 200 miles 
from here. At this time of the year that st ill requires the better part of a day’s sailing 
against  a weakened north east erly fl owing Somali Current.

I am not making much headway with my “ecological refl ect ions”, even though I have 
a lot to say. To breach my writer’s block I begin again from scratch, putting down the 
object ives of our present research programme, explaining why our expedition is im-
portant, using the arguments that must  have convinced our moneylenders when they 
decided to give us the support to enable us to do what we are doing right now. By 
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reporting on the relevance, the benefi ts of our work I hope to get on the right track, 
leading me where I want to go in the fi rst  place. My goal is to reveal something of the 
beauty of Syst em Earth, how it is put together, how it works and in particular how we 
all depend on it.

Friday, October 30
Th is day begins early, at midnight exact ly to be precise. As a matter of fact  this day 
st arts too early because midnight is st ill 5 hours away in Th e Netherlands. A select  
group of people is assembled in the bar to celebrate that Gert-Jan Reichart was born 
26 years and at least  fi ve hours ago in far away Amst erdam. For some party tigers there 
seems to be no particular reason, just  having st arted, to quickly end the fest ivities. At 
a sp eed of 0 to  knots it will take the whole night and morning to reach the next 
st ation and that gives everybody plenty of time to recuperate from whatever fatiguing 
events that lie ahead in the next few hours. In sp ite of the joy and merrymaking I leave 
the fest ivities at half past  one and turn in for the night.
I don’t know how long it took before the party ended. Since the beginning of Leg D3 I 
am no longer dist urbed in my cabin two decks below the bar by (over)enthusiast ic night 
revellers. All I can say is that consp icuously few people showed up for breakfast  while 
later, at coff ee time, an unusual number of youngst ers, including Gert-Jan, needed many 
cups of pitch-black coff ee to wash the birthday cake down. For the rest  this day is very 
much as usual:

– In the geology lab people are busy subsampling D2 cores. Jan-Willem, Gert-Jan and 
Pierre Persoon have designed and const ruct ed a clever and handy tool that makes it 
possible to quickly and accurately take calibrated volumes of sediment while hardly, 
if at all, dist urbing the core st ratifi cation. Th e most  important part of that gadget is a 
sawn-off  syringe, a gift  from the fi rst  mate’s pharmacy. Th e delicate way the geologist s 
treat their precious core halves contrast s sharply with the crude and wast eful manner 
the geochemist s abuse theirs;

– In his laboratory, one deck down, professor George Luther est imates the amounts 
of diff erent sp ecies of dissolved iodine (iodides, iodates, sulphides and thiosulphates) 
both in the water column and in the pore waters particularly at depth intervals of 200 
m and 00 m, resp ect ively near the top and the bottom of the OMZ. Th e results of his 
analyses will tell him what happens during the breakdown of organic material, wheth-
er or not sulphates are being reduced in the OMZ and, if so, if there is a relation with 
the low oxygen content. George is on his own today, since Anne Farrenkopf, his PhD 
st udent, is not feeling well. She lies in bed, suff ering from st omach and intest ine prob-
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lems, which for lack of another diagnosis, are rated as signs of a mild form of Karachi 
disease;

– In the heavily cooled “press” container, Arthur Schmidt, Hilde Passier, Guido Ypen-
burg and co-chief scientist  Gert de Lange, two at a time, squeeze pore water from core 
samples. A temperature of 40° C and their cumbersome isolation cover-alls make it 
virtually impossible to perform this task for much longer than two hours per shift ;

– Outside on deck the NIOZ crew, accompanied by the unavoidable wails of André 
Hazes, is busy maintaining, servicing, cleaning, and lubricating sample equipment and 
the outboard motors of the two Zodiacs, the so-called “man-over-board” boats. Th e 
time those guys sp end adjust ing, tuning, readjust ing and retuning those engines makes 
me susp ect  that those Zodiacs, apart from being essential for saving lives and for mov-
ing snorkelers and divers over and around the Seychelles coral reefs during Cruise E, 
are fi rst  of all toys or pleasure craft  for both boys and girls. Regularly, while on st ation, 
the tuned(?) engines are being test ed by lowering the Zodiacs over the side and turn-
ing sp eedy laps around the TYRO, the skipper of the craft  being accompanied by one 
or two of our buxom st udents. Are those girls really needed as ballast  to st abilize the 
boat? Th e only thing that doesn’t yet confi rm my susp icion is that the ladies are not 
riding the waves on skis, clad in tightly fi tting glist ening leotards, with the wind wildly 
waving their hair. But of course my sinist er surmises are fed by shear envy.

An explanation, perhaps an excuse, for those ugly thoughts might be my frust ration 
that I am not enjoying myself working on my ”ecological refl ect ions” as much as I 
should. Although I have written down the object ives of our current research, I am not 
very pleased with my exposé. I doubt that what I wrote will challenge those I want to 
reach enough to eagerly turn a page and read on. I must  try a diff erent tack.
Essentially my st ory is about the battle between ecology and economy, a confl ict  that 
seriously aff ect s society and which therefore makes it also a political problem. What 
if I began my “ecological refl ect ions” with an exposé about ecology and economy, or 
more sp ecifi cally, about the oft en diametrically opposed opinions and convict ions in 
those disciplines? Is it really unavoidable that economic conduct  so oft en upsets the 
natural, well-balanced relationship between organisms and their environment? On the 
other hand, why should environmental protect ion hamper economic growth? Both dis-
ciplines, economy and ecology, aft er all deal fundamentally with the same subject , our 
oikos, our home. How do we manage our house? How should we? Why, for goodness’ 
sake, should there be discrepancies between the object ives of both disciplines?
Maybe it is a quest ion of how you see things in persp ect ive; whether you take a long 
term rather than a short term view. As we know the st ate of the economy is not solely 
controlled by a free market, by a free exchange of goods and services without tariff s or 
trade barriers. No, the economy is all too oft en infl uenced, if not dominated by govern-



| 153 |

mental and political decisions and of course by greed. Many politicians can not aff ord to 
take a long term view. Th ere is no sp ecifi c advantage to look beyond the date of the next 
elect ion. Some politicians, some so-called developers and some greedy people have a 
subst antial infl uence on the environment. Perhaps they couldn’t care less; aft er all short-
sightedness in economic aff airs is less damaging to the economy, can be easier rect ifi ed, 
than a myopic view when dealing with ecological matters.
Politicians (and economist s who are playing politics) should take heed of what geolo-
gist s have to say about economy and ecology. If there is anybody with a long term view 
it is a geologist . A geologist  is familiar with events and developments that happened 
and that st ill are happening within a time frame from seconds to billions of years and 
with the evolution of a syst em, our oikos, planet Earth, foundation and source of our 
very exist ence. A geologist  has a broad view, is trained to have a good look around; he 
is aware not just  of what lies immediately ahead but sp ecifi cally of what happened in 
the past . He observes and st udies the whole range from microscopically small to the 
size of mountain ranges and he knows how to integrate his observations into a totality 
of global dimensions. A geologist  knows about the dist ribution of primary economical 
(read scarce) goods, such as ores, minerals and water, fuels, coal, oil and gas, of goods, 
when used sensibly, that can keep human society and its economy going, goods also, 
however, that can threaten society and the environment. A geologist  looks at the world 
and at the environment with other eyes than a lawyer, a butcher, a farmer, a broker or an 
engineer. Th at, in itself, is not unusual; most  peoples’ persp ect ives are coloured by their 
own sp ecifi c occupations, professions and interest s and to know all about everything 
isn’t even given politicians.

It would be a good thing for economist s and politicians to once in a while, every so oft en, 
consult a geologist . It would save both the world, but also economist s and politicians a 
lot of wast ed time. As should be clear, a geologist  is very much “a la recherche du temps 
perdu”. Non-geologist s have a diff erent persp ect ive of time and sp ace, do not underst and 
or have little appreciation for cyclical processes and the term “dynamic harmony” does 
not occur in their vocabulary. To st udy the Earth, to be a scientist  (and that includes 
geologist s, physicist s, chemist s and biologist s) you have to be receptive for, be attract ed 
by the unexpect ed and the myst erious. To quote Albert Einst ein once more, “that urge 
is the fundamental emotion that st ands at the cradle of true Art and true Science”. Such 
a predisp osition is probably less essential for a successful engagement in more mundane 
matters like the product ion and exchange of worldly goods. I can imagine, however, that 
for some the accumulation or the loss of a fortune is an emotional aff air.
It is probably not fair to accuse non-geologist s of lacking particular knowledge and feel-
ings. We should blame ourselves for not or insuffi  ciently telling others what we do know 
about this Earth, about the dangers that threaten her and about what we should do to 
protect  her and ourselves. As off  today I am setting myself the task to make amends. Af-
ter all, according to my children, I am a born teacher, who, oft en to their dist ress, seldom 
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passes an opportunity to tell somebody and everybody, whether they like it or not, my 
st ories and ideas about Earth and about the dooming infl uence of modern society that 
hangs over that marvellous syst em. What better thing to do, also on behalf of my silent 
colleagues, than writing down my st ories, taking up the cudgels for Mother Earth, the 
planet each and everyone (geologist s in particular) intimately depend on.

While I try and put some order in my ‘ecological refl ect ions’ I notice that the ship is 
slowing down. It is a quarter to three in the aft ernoon by now and we are, less than 
40 miles off shore, high up the continental slope of Oman, in the vicinity of st ation  
484. Th is site should give us information about the conditions in the OMZ beneath the 
highly product ive zone along the coast  of the Arabian peninsula, thanks to upwelling 
driven by the South West  Monsoon during the (northern) summer. Suitable coring 
sites are scarce but luckily our 3.5 kHz profi ler shows us a small sedimentary basin at 
a depth of 525 m that we passed earlier this morning. Soon the box corer disappears 
over the side and within twenty minutes the catch is landed on deck. Th e result is dis-
appointing. Local st rong currents have washed out the fi ner detritus leaving us only a 
gooey, sp inach coloured lag deposit. Against  the odds we decide to send an 8 metre 
pist on corer down. We gamble for maximum penetration; given the sedimentation rate 
we hope to recover a nice, long time sect ion.
And so four of us line up along the st arboard railing to st are at our refl ect ions on the wa-
ter and at the end of the wire where it disappears beneath the mirror-like surface of the 
deep blue sea. With our looks we force the wire down and like anglers we appear to be 
waiting for a big fi sh to st rike. While we are thus seriously busy doing nothing we notice 
an unusual sound, a bit like a dissonant in the monotonous jingle of the winch. Slightly 
dist urbed we look up at the turning block above our heads. Before we know what is hap-
pening we are overwhelmed by the ear-shattering noise of a gigantic fl apping insect  that 
explodes from the sun and threatens to throw itself upon us. Scared st iff  we draw back, 
raising our hands in desp eration to ward off  disast er. Almost  immediately the terror 
moves aside and forward and at the same time noise and image of the monst er melt into 
the reality of a grey-green helicopter swishing and chopping a few turns around the ship, 
obviously invest igating what we are doing. Dazed and befuddled we watch the machine 
tumble forward and veer to port, heading West , back to shore. Oman’s Navy is on guard; 
unregist ered foreign vessels better st ay clear of this coast .
Th e chopper surely shook us up and it takes a few minutes to recover and come back to 
our senses. As mentioned, against  the odds we decided to try and recover a long core on 
this st ation and it is therefore no surprise that shortly aft er 5 o’clock a (not so) nicely bent 
core barrel is recovered. Since the barrel does not fi t in its cradle, bringing the sp oils on 
deck and cutting the barrel with a grinding tool takes quite a bit of time. Apart from nice 
shots for Bernardo’s video recorder the operation produces a fi ve metres long core. With 
that core and with a lesson learned we get under way at 0 o’clock, heading East  towards 
a deep water st ation in the Oman Basin. We hope to arrive there early in the morning. 
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And since you can not do much with “a drunken sailor, early in the morning” we st ay 
away from the bar tonight and hit the sack shortly aft er eleven.

Saturday, October 31
At 8 o’clock, when I arrive at the breakfast  table, scandalously late aft er an excellent 
night of undist urbed sleep, it appears that in the mean time a lot of work has been 
done at st ation  485. Since half past  four a nice CTD profi le has been recorded, climb-
ing up from a depth of 3340 metres. 2 Water bottles were fi lled with the rosette sam-
pler and the LVS already recovered a tonne of water from a depth of 600 m. An hour 
later, aft er two more LVS cast s, resp ect ively from 900 m and 50 m, have been brought 
aboard we abandon st ation. Jan Wijkst ra has his work cut out for him today, keeping 
the centrifuges turning continuously while crossing his fi ngers to prevent his equip-
ment from breaking down. Considering the st atus of his toys, most  likely he will sp end 
the day taking those gadgets apart, putting them together again and repeating that sev-
eral times over. To do that you have to be a born optimist  and be able to couple hope, 
determination and persist ence tightly together. If anybody can do that it is Jan. Not to 
be in his way I sneak off  to my cabin to crawl behind my PC.
Later this aft ernoon st ation  486 is localised on the sediment covered fl at top of the 
Owen Ridge. Without any problem a box core and a nice, 9.5 m long pist on core are 
brought up from a depth of 2070 metres. Recovering, sect ioning, describing, packing 
and st oring this core take very little time tonight and that for a very good reason. Th e 
girls have transformed the bar into a barely lit, sp ooky cave and there, guided by cat-
woman Anna Farrenkopf, we celebrate the last  day of Oct ober in North American st yle. 
Everybody present is dressed up or disguised in a weird or exotic outfi t to live up to the 
occasion. Tonight, the night before November , All Saints day, TYRO’s commitment is 
celebrating Halloween, “ (all) hallow(s) e(v)en(ing)”, and all devils, ghost s and sp ooks 
are let loose. George Luther (III) opens a tin of American titbits and cookies he brought 
esp ecially for this event and soon enough, with a good glass of wine or a cool bottle of 
beer in our hands, the party is turning into the umpteenth “memorable night” of this 
cruise.

Sunday, November 1
Although it is Sunday, even All Saints day, and notwithst anding the fact  that last  night 
was a very late night, for us weak mortals the day is no diff erent from a normal work-
ing day. As always we have to push and pull at the frontiers of science to shove and 
shift  them in the right direct ion, again and once more. We have taken up position on 



| 156 |

st ation  487, the site from which a few years ago a number of Britons on board HMS 
CHARLES DARWIN, amongst  whom our friend and colleague Dr Athar Ali Khan, 
recovered an eight metres long sediment core. Th at was a very sp ecial core, particu-
larly for Athar, because the knowledge derived from the chemical analysis of that core 
formed the basis for his PhD thesis, a thesis he successfully defended some time later 
at Durham University. Work on this st ation is thus a sort of a revision exercise. How-
ever, we and above all Athar, have high hopes to better DARWIN’s result and bring up 
a core that is subst antially longer than the one they took. Th at hope is largely based on 
the excellent coring equipment that we have aboard and of course on the outst anding 
abilities of our technical crew.
At half past  eight the large box corer goes over the side and shortly aft er ten it is back on 
deck fi lled to the rim with pelagic ooze. Because of this recovery we decide to try and fi ll 
an 8 metres long pist on corer. While that contraption is on its way down a select  group 
of connoisseurs fi nds a sunny sp ot on the fore deck and subject s itself to the serene joy 
of Sunday morning’s coff ee-with-brandy-concert. Pierre Persoon is not in the least  im-
pressed and revs up his jingling winch to engage Max Bruch’s second violin concerto. 
By turning the tape recorder to maximum volume and by slowing down Pierre with an 
early can of beer the competition ends in favour of Yehudi Mehuhin and the London 
Philharmonic Orchest ra.
From the moment core  487 P is on deck until the taping and marking of the fi nal up-
per sect ion of that core Kees‘s eyes are getting bigger and bigger. Indeed, it is a sp lendid 
core, more than  metres long and Athar is very pleased. Kees st ruggles with a dilemma; 
he would very much like to milk this core for its pore waters but one half of it has been 
promised to Athar, the other half can not be touched – at least  not for the moment – and 
must  be st ored and kept completely intact  for future reference. What to do? Consider-
ing the plans we have for sampling the Indus Fan can we aff ord an extra fi ve hours to 
take a second core on this st ation? Th e pro’s and cons are weighed against  each other. 
How fast  can we be on the next st ation? What time will we arrive there? How does that 
aff ect  the routine of working on deck during the day and cruising at night and, in the 
fi nal analysis, how much will that cost  in terms of over-time payment for the deck crew? 
Th ere is no simple and st raightforward answer, there are too many uncertainties in our 
assumptions. Kees cuts the knot, he is the boss aft er all and, for the second time today, 
shortly before fi ve o’clock an 8 metres long corer is lowered into the sea.
For the time being Kees’s gamble pays off ; core  487 P2 is as nice as P and, what’s more, 
is a good two metres longer. Station  487 is completed with a CTD cast  down to 3600 
metres and at ten o’clock we abandon st ation and set course towards the southeast .
Later in the bar Kees hands over the reins of the expedition to me for the next few days. 
Th at way he will have time to sample and squeeze (dest roy, if you ask me) his dream core 
and I will have a chance to try and make up for the mishaps of Leg D.
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Monday, November 2
Th is morning, for a change, the seas are not fl at and smooth. Although there is hardly 
any wind, force 4 to 5 on the Beaufort scale, there is a short swell and TYRO react s a 
little bit playfully. Th at immediately is too much for a few landlubbers. Some of them 
are walking around with pale, greenish tainted faces, one hangs like a rag over the rail-
ing. Th e vict ims try bravely to shrug off  their condition as a mild attack of Karachi 
Disease. Before a single one comes upon the unholy idea to lie down and miserably die 
in his or her bunk we quickly tell them what is wrong with them, that the chance for 
survival is great and that there is an excellent remedy to ward off  disast er. Work, hard 
work, nothing but hard work. Of course I am a bit concerned that the breeze might 
freshen up into a gale. Here we are, aft er all, underway for our last  chance to sample 
the Indus Fan. We cannot have any set-backs.
Last  week George Post ma sent me a fax with the positions of the required sampling 
localities on the Fan with a description of their sp ecifi c physical charact erist ics. Th at 
surely helps to identify the relatively small targets at great depths in which we have to 
pinpoint our corer. We have a good four days to achieve our goals, including sampling 
D’s fatal st ation  4, before Friday morning. On Friday we must  be on our way back to 
the Owen Ridge to have enough time for the remainder of D3’s programme. Four days 
for the work on the Fan seems a lot of time, but will it be enough? Covering the more 
than 700 miles between st ations at an average sp eed of 2 knots requires the better part 
of two and a half days sailing. Th at leaves us a day and a half to identify and sample fi ve 
or six sites in waters three to four kilometres deep. Nothing may go wrong on st ations 
this time. I keep my fi ngers crossed.
We will reach the fi rst  Fan st ation tonight and apart from our 3.5 kHz watch keepers 
everybody has an easy day. Aft er this morning’s st aff  meeting I discuss with the captain 
and Harrie de Porto how best  to sample the Fan. Our st rategy demands a perfect  coordi-
nation between the 3.5 kHz watch keeper, the winch machinist  and the navigator on the 
bridge. Th anks to Marjolijn van Deelen and Martin Laan, since Leg D the FUNURU 
monitor accurately shows us the ship’s progress, sp eed and course relative to the coring 
target.
To mark our target on the monitor we shall begin by sailing a line exact ly through the 
position that George Post ma gave us. Just  before arriving at that position the ship will 
be slowed down to enable us to identify the target on the 3.5 kHz recorder. At the very 
moment we sail through that sp ot the bridge marks the ship’s position on the monitor.
Next the ship is st opped and while drift ing around the pist on corer is lashed to the rail-
ing in vertical position, ready for launching. Th e ship is then manoeuvred to a position 
a few cable lengths upwind and upst ream of our target, a position that is est imated from 
the diff erence between course and sp eed st eered and the resulting course and sp eed over 
the ground. Th e winch machinist  will next lower the corer to a depth a few tens of me-
tres above the sea bed. Wind and current should now move ship and corer exact ly above 
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target. At the right moment, decided by the 3.5 kHz watch keeper, the winch machinist  
will release the brakes on the winch; “Attention! Ten seconds from now,... 9,... 8,... 7,... 
6,... 5,... 4,... 3,... 2,... ,.. LEGGO!”. And that’s how we should hit bull’s-eye.
During the passage to st ation  488 there is more than the usual interest  in the 3.5 kHz 
profi le that is slowly, ever so slowly recorded. Apart from the man or woman on watch 
there are now quite of few people who, like myself, seem to be mesmerized by the echoes 
that are recorded. Slowly we pass over the gigantic fan of fi ne Himalaya debris, about 
3500 metres beneath the ship. Seen from above the Indus Fan looks like a slightly bulg-
ing surface that is cut by numerous meandering st ream channels. Th at image was est ab-
lished already some 30 years ago on the basis of the many soundings made by a fl eet of 
research vessels that surveyed the Arabian Sea during the years of the International In-
dian Ocean Expedition (IIOE, 959 – 965). Th e 964 representation of the ”Indus Cone” 
by Bruce Heezen and Marie Th arp and the well known artist ic National Geographic 
version thereof (see frontisp iece) as incorporated in Heezen and Th arp’s 977 map of 
Th e World Ocean Floor are based on the IIOE data set. In 987 that image has been up-
graded considerably by the GLORIA long range side scan survey by the British Inst itute 
of Oceanic Sciences. We now know that apart from the presently act ive Indus Canyon, 
as shown on the IIOE interpretation, there are three sediment-fi lled canyons that fed a 
number of older deltas. Two of those canyons are coupled to former Indus outlets, the 
third, the Saraswati Valley is connect ed to the river by the same name.
On the wall of the seismic container we have pinned a copy of the GLORIA sonograph 
mosaic that Adrian Cramp brought with him in Oct ober. It clearly disp lays how the 
older (Saraswati) delta is partly covered by the youngest  Indus delta and also how older 
sediment lobes (channel-levee syst ems) that were fed by older, now abandoned st ream 
channels are covered by younger lobes. Downst ream the channels branch into mean-
dering st reams hundreds of kilometres long which end in vast  sandy deposits that each 
cover an area of ten thousands of km2 (fi g. 5).
At  o’clock we reach inact ive channel A2 on the northern fl ank of the youngest  delta 
complex A (classifi cation aft er Kenyon et al. 995). Th e 3.5 kHz sounder records a cross 
sect ion of this “channel-levee” syst em that is formed by turbidity or susp ension currents 
over the ocean fl oor, currents loaded with heavy, fi ne and coarse Himalayan debris. 
Such currents cut and scour their own channels and they also maintain and protect  
those channels by building up levees to either side. Of course those levees give only 
temporary protect ion and sooner or later the current will breach them to fi nd a new, 
lower st ream bed.

Th e sect ion looks very much like that of a river on land, fl anked by its (natural) banks 
or levees, a pattern that must  have been similar to that of the rivers that crossed the 
Dutch lowlands before such st ream channels were contained within (artifi cial) dykes. 
Th e dynamics of the Dutch lowland delta, however, are not the same as those of the 
submarine equivalent; on land pressure gradients through levees and dykes are much 
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higher and the Dutch country side is furthermore subject  to isost atic post glacial sub-
mergence. Building dykes in the Dutch delta creates its own problems and is a never 
ending process. Apart from water a river carries subst antial amounts of sediment, and 
as sediment accumulates on the river bed the level of the river rises with it. Strength-
ening and heightening dykes prevents the river from breaching those rest rict ions when 
next in fl ood. Unavoidably, however, that lift s a river above its surroundings and the 
next time the river is in fl ood there may be more and greater problems than allowing 
it to breach its lower levelled natural barriers. In the long run it must  be more effi  cient, 
more economic and saver, to dredge river beds and create sp illways for excess fl ood 
waters to reach lower lying st orage depressions.

In the aft ernoon we cross the old channels A3, A4, A5 and the act ive A channel of the 
A complex (cf. fi g. 5). At about seven P.M. we reach the vicinity of st ation  488. Th e 
ship is slowed down and at 4 knots we now run a survey line through our fi rst  Fan cor-
ing site. Identifi cation of the site and marking it are fi ne examples of how that should 
be done as is the manoeuvring in position of ship and pist on corer. At 20 h 22 the 
core pipe penetrates the sea bed, perfect ly on target on the right-hand levee of current 
channel B. Th e result of the exercise, a more than 0 metres long core, is on board at 
half past  nine and less than an hour later we are on our way to our next st ation.

Tuesday, November 3
Station  489 is located on the fl at, kilometres wide inter channel area between chan-
nels B and B2. Because the target area is large, positioning the ship requires not much 
time. Half an hour aft er midnight the pist on corer goes over the side to penetrate the 
sea bed a good hour later. If we are lucky we should fi nish this st ation before 3 o’clock 
and that would mean a few hours sleep before we reach st ation  490.
No such luck, however; there are problems with the yellow winch. Pulling a fully pen-
etrated pist on corer out of the sea bed requires tons of extra power. Th is time the burden 
must  have been too much and probably bust ed a valve somewhere in the heavily test ed 
hydraulic syst em. At any rate we slowly lose pressure and at a certain moment there is 
not enough power left  to lift  the corer any further. With another 600 metres to go eve-
rything st ops and now, with the brakes applied, core  489 P dangles halfway the ship 
and the sea bed.
Th e problem is found in one of the hydraulic pumps and since we have no sp are it will 
be replaced by the pump of one of the smaller cranes. Since we cannot aff ord to lose 
time Harrie, Cerillo and Pierre st art with that job forthwith aft er I promise them that I 
will pressure the home front (the SOZ) to deal with the matter of overtime payment. At 
half past  four the yellow winch can be used again and at half past  fi ve core  489 P is 
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on deck; more than 0 metres of hemipelagic clay with two dist inct  sandy turbidites, the 
lower one at least  two metres thick.
I have to admit that I only found out about this at half past  seven. At 2 o’clock this morn-
ing I thought that my presence on deck was no longer required and I quietly sneaked off  
to bed, leaving everything in the hands of a capable, well experienced team.
In the mean time we have identifi ed st ation  490, about 30 miles further South. We 
have to wait, however, until half past  two this aft ernoon before taking the next core. 
Harrie needs the extra time to thoroughly insp ect  and overhaul the hydraulic syst em. He 
doesn’t want to be surprised again by malfunct ioning or unreliably performing equip-
ment. Once Harrie is satisfi ed the subsequent recovery of core  490 P goes indeed 
without a hitch. We can not complain about the result; the core is more than 2 metres 
long and consist s of an upper, fi ne sequence with two relatively thin turbidites at 0.5 and 
3.5 m and a lower sandy sequence 5.5 m thick. So far, so good.
For our next fan st ation we have to move 50 miles southwest  to the immense sand lobe 
at the end of channel A. At 5 o’clock we are underway, course 300, sp eed  knots. Th at 
should give last  night’s workers enough time to recover and relax, catch up on lost  sleep 
and watch a movie in the saloon. I take the opportunity to get back behind my laptop 
to continue my “ecological refl ect ions”. To get back in the routine I begin writing down 
some considerations concerning Man’s position in, and his infl uence on the natural or-
der; for st arters, not much more than a few thoughts and ruminations. Some of them, 
however, may be interest ing enough to follow through some time later.              

Th e relationship between Man and Nature is an ambivalent one. Man is one of the 
many forms that Life exhibits on Earth. Within the taxonomist s’ classifi cation of the 
Animal Kingdom Man belongs to the Mammals, one of fi ve classes of Vertebrates. 
Nothing unusual there. In the further subdivision of classes in orders, however, there is 
a dist inct  caesura where the suborder Anthropoidea (Man and Apes) and the suborder 
Prosimii (Half Apes) have been elect ed to belong to the order of Primates, the “First s” 
above all other Mammals. Via further subdivisions in Super-family, Family and Genus, 
Man (Homo) is classifi ed to be part of the Hominidae. By adding the dist inct ion “sapi-
ens” (the wise one) we have given ourselves supremacy within that Genus. Since Nean-
derthaler and Cro-Magnon man, our deceased cousins, also belong to the wise ones we 
have secured the ultimate supremacy for ourselves by adding once more the dist inct ion 
“sapiens”. So in the end – Modern Man, Homo sapiens sapiens, – is nicely part of the 
Animal Kingdom; at the same time he is highly elevated above his fellow beings.
Th at qualifi cation fi ts well within the orthodox, West ern (Judaeo – Christ ian) tradition 
(science and ideology). In that tradition Man is placed opposite Nature, in a continu-
ous st ruggle with the chaos of Creation as per God’s inst ruct ion to Adam and Eve: “Be 
fruitful, and multiply, and replenish the Earth, and subdue it and have subdue it and have subdue dominion over 
the fi sh of the sea, and over the fowl of the air, and over every living thing that moveth 
upon the earth” (Genesis : 28).
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Based upon the large volume of our cranium’s grey content (although probably smaller 
than that of Homo sapiens neanderthalensis) we may have deluded ourselves that we are 
wiser, more “sapient” than other beings. How wise we really are, how well we will come 
to our senses, remains to be seen. As yet it can not be excluded that the evolutionary 
success of Man may have catast rophic consequences, may lead to serious disruption, if 
not dest ruct ion of exist ing ecological balances within our own habitat.

During her long hist ory Earth experienced a great many catast rophes such as earth-
quakes, volcanic eruptions, hurricanes and changes of climate. Depending on their ef-
fect s in terms of areal extent and duration, some of the larger events mark signifi cant 
chrono-st ratigraphic boundaries such as have been recognised in the geological times-
cale. A rather unique, well documented, sp ect acular catast rophe took place 65 million 
years ago, at the end of the Cretaceous, when Earth was hit by an ast eroid several kilo-
metres in diameter. Th e impact  threw debris and dust  high up into the st ratosp here 
that obscured solar radiation for years and severely hampered photosynthesis. World-
wide this led to a sudden reduct ion in number and extent of plants on land and in the 
sea, which in turn was resp onsible for the extinct ion of many animal sp ecies.
At the end of the Permian, about 250 million years ago, in consequence of global cool-
ing and the associated lowering of sea level, a possibly even greater catast rophe took 
place that may have led to the disappearance of the majority of all then living plants 
and animals. Apart from those and another three or four major extinct ions that have 
been recognised thus far in the last  500 million years or so, other more gradual, region-
ally more rest rict ed and therefore less catast rophic events took place more frequently. 
Good examples of the latter are the changeovers from glacial to interglacial periods and 
back, many times during the last  2.5 million years. During glacials large areas in higher 
latitudes and in Alpine mountain chains were buried for thousands of years under ex-
pansive ice-sheets, several hundred metres thick.
All catast rophes mentioned are “natural”, unavoidable events; they are part of the natu-
ral order within Cosmos and Syst em Earth. To place those events in a proper persp ec-
tive you have to realise that what may be a catast rophe for a larger or smaller part of 
the exist ing fl ora and fauna may at the same time have been benefi cial, have created the 
right conditions for sp ecies whose exist ence before the event was much more rest rict ed 
and confi ned. Disappearance and decimation of vulnerable sp ecies creates room for 
survivors. In other words an ecological catast rophe for one sp ecies may be a blessing for 
another, providing an inst antaneous new “survival of the fi ttest ” scenario. According to 
the fossil record it appears furthermore that, following a catast rophe, the survivors/suc-
cessors oft en became more numerous and diverse than the preceding, dest royed, extinct  
or decimated population.
In contrast  with unavoidable changes we are presently confronted with serious man-
made environmental changes that are partly natural, partly cultural in charact er, chang-
es that could have been and st ill can be avoided. Man’s eff ect  on the environment is the 
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result of evolutionary success, he is the “fi ttest ”, has numerous descendants that are able 
(well adapted) to live everywhere on Earth, even under extraordinary conditions. Man 
has fulfi lled his God-given tasks extremely well; ) he multiplied and replenished the 
Earth and 2) he subdued the Earth and has dominion over every living thing. However, 
whatever his success, by now his unbridled, exhaust ive use of resources, minerals, food 
and energy, and his abuse of the earthly environment, soil, air and water, have run com-
pletely out of control. Syst em Earth is creaking and cracking under pressure of the “King 
of Creation”, Homo sapiens. A comparison with a life dest ruct ing, cancerous tumour 
comes to mind.
Of course this is an absurd and insane situation. Aft er all Man is part of Syst em Earth. 
How can he not be concerned if that syst em on which he depends for sheer survival is 
damaged or dist urbed, let alone is dest royed? How can you reconcile such abuse with 
the act ions of Homo sapiens, the “Wise One” who should be involved in subduing the 
Earth, making it subject  to his well-being?
If the disruption of our environment were caused by natural disast er, and for conven-
ience I lump earthly and extraterrest rial causes together, we might not be able to arm 
ourselves against  the catast rophe. Insurance companies generally exclude liability for 
the eff ect s of such happenings and usually mention those exclusions in small print on 
the policy. Th ose events belong in the category “Act s of God” and there is no way you 
can defend yourself against  such power and arbitrariness. When, however, the disrup-
tion is clearly an “Act  of Man” then, at least  for the time being, I refuse to accept that 
nothing can be or could have been done against  that. Every so oft en, however, I get the 
dist inct  feeling that with my refusal I only bury my head in the sand and that I grossly 
underest imate the urge of humans to “better” themselves, no matter at what price. With 
a tongue-in-cheek reference to Richard Dawkins; it may be a genetic eff ect  (defect ?): “Of 
all genes, human genes are probably the most  selfi sh ones of them all”.
At the end of the 24th Huizinga Lect ure she presented in St Peters church in Leiden on 
December 8, 995, South African Nobel Laureate Nadine Gordimer came to a similar 
conclusion when she st ated “Mankind has not been able to bring the wonders it wrought 
under control” and that clearly is a cast igation and condemnation. Aft er all, we have 
been warned repeatedly in the past : in 803, against  the outcome of uncontrolled pro-
creation by Th omas R. Malthus in his “Essay on the principle of population”; in 962, 
against  the use of pest icides by Rachel Carson in her “Silent Spring” and in 972, against  
unbridled economic growth by Dennis Meadows et al’s Report for the Club of Rome, 
“Th e limits to Growth”, to place but a few salient exclamation marks. And in those warn-
ings against  coming events the possibilities were and st ill are implied that we can ward 
off  the disast ers we have called upon ourselves and upon our fellow inhabitants of this 
Earth.
Apart from imminent disast ers and catast rophes that hang as ominous clouds over our 
heads and that direct ly threaten the quality of our lives and of our material well-being 
there is an other reason why we should turn on the road that we have taken.
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In the sp ring of 990 Anne, my wife, and I made a tour by camper through North 
America. Begun in Florida, within a period of four months we crisscrossed the United 
States and Canada, more or less from East  to West , from South to North, from West  to 
East  and fi nally from North to South, to end in Massachusetts. Apart from visiting a 
number of State and Provincial Parks we sp ent most  of our time exploring some twenty 
National Parks. Th e monumental value of those North American parks is internation-
ally recognised and the United Nations have given some of them the st atus of “World 
Heritage Site, a place of natural wonder that has universal value”. Th e majority of those 
natural wonders is the result of geological processes and a visit to these monuments is 
a “must ” for every geologist , a visit that is probably comparable with the pilgrimage to 
Mecca that every Muslim should make at least  once in his life. Of course you do not 
have to be a geologist  (a “Believer”) to visit those places. Every year thousands of tour-
ist s assemble in the world’s wild parks and nature reservations thereby acknowledging 
the sp ecial bond between Man and Nature. Untamed Wilderness, is irresist ibly attrac-
tive, draws people away in large numbers from their self-made artifi cial little worlds 
and brings them back to originality and security, a sanct uary for animal and plant, a 
Holy Place for Man. Th e imposing beauty of Mother Earth mirrors Paradise, our lost  
heritage. I shall never forget the moment I st ood on the South Rim and looked at the 
Grand Canyon for the fi rst  time.
Admittedly, not all as large and sp ect acular as the North American National Parks, but 
there are nature reserves everywhere on Earth, little pieces of Paradise, where for short-
er or longer periods people can withdraw from their hect ic work- and living conditions 
to reload their sp iritual batteries. Many people are convinced of the necessity to protect  
and preserve those precious sites for post erity. Th ey do this on their own on a small scale 
but gradually also more and more collect ively on a larger scale by becoming members 
of national and international environmental protect ion agencies. In our own densely 
populated country the number of members of “Natuurmonumenten” and of the inter-
national “World Wildlife Fund” each is several times that of all Dutch political parties 
combined.
Nevertheless, although membership of political parties is diminishing further they are 
st ill able to support governments that promote economic growth even at the cost  of the 
environment. Obviously we are all doped by the promise of sust ainable growth and we 
accept without much opposition the therefore necessary improvement of the infrast ruc-
ture, more and better roads, more railway tracks for fast er trains, more runways for more 
and larger aircraft . Of course improvements of the infrast ruct ure and of our st andard of 
living bring the most  exclusive and most  remote earthly paradises within easy reach of 
more and more people. Without aircraft  and camper I would not have seen the Grand 
Canyon, without aircraft  and a FWDATV (Four Wheel Drive All Terrain Vehicle) it will 
be diffi  cult for me to visit the East  African Rift  and Kenya’s Wildlife parks next month. 
Because of all those infrast ruct ural improvements the various natural resorts will be-
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come smaller in number and smaller in size and while more and more people converge 
on those sites, their exclusiveness will be trampled to extinct ion, sooner or later.

When I st ep on deck at half past  ten I see that the lights are st ill on in two lab contain-
ers; apparently watching the video movie was less interest ing than Science. During the 
last  few hours, almost  casually, six sect ions of core  490 P have been processed in the 
Geology container. Measured in metres, progress in the press container is somewhat 
less sp ect acular, nevertheless the geochemist s subst antially diminished the number of 
cores yet to be subsampled.
At half past  eleven I climb into my bunk with the wrong book; John Grisham’s “Th e 
Firm” keeps me awake until the wee hours.

Wednesday, November 4
At ten minutes to seven captain Jan de Jong rudely wakes me up. He makes a lot of 
noise, obviously to give me the guilty feeling that I should have been up and about 
much earlier. I must  admit, however, that I do appreciate that Jan is as keen as we are 
to complete our second visit to the Indus Fan successfully. We are no more than three 
cables from st ation  49, high time to consult the 3.5 kHz record and manoeuvre the 
ship in position for taking the next pist on core. On the monitor I see that the sea bed is 
covered by a monotonously fl at, parallel-layered sedimentary sequence; it won’t make 
much diff erence whether we take a core here or within a few miles from this very sp ot. 
Th e bottom confi guration here is much less exciting than the BBC news with the result 
of yest erdays presidential elect ion; a land-slide vict ory for Bill Clinton and Al Gore; 
exit George Bush and Dan Quayle.
Outside the wind has increased to a fresh breeze, force 5 on the Beaufort scale, and for 
the fi rst  time we see sizable waves on the Arabian Sea. It is therefore not clear whether 
Guido Ypenburg suff ers from seasickness or from Karachi disease. Since there are no 
other vict ims and also since he was consp icuously absent last  night from the bar the 
First  Mate prescribes bed rest , antibiotics, tea and biscuits. Whatever ails him, Guido 
can not be of service today in the “press gang”.
At a 08 h 5 the box corer goes over the side and almost  immediately it appears that 
the hydraulic syst em is letting us down again. To prevent that condition to worsen the 
winch is st opped and with the box corer out, halfway down to the bottom, an attempt is 
made to fi nd out what is wrong and rect ify the problem. We are really getting concerned 
that we may not be able to complete the work as planned. Yest erday’s pump transp lant 
obviously did not cure the syst em; the gears of the replacement pump are heavily worn 
and it looks as if the syst em is not properly lubricated. Th is time the auxiliary pump of 
the grey winch is inst alled as a subst itute. It takes all morning before that is done and 
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before the box corer is ready to go down again. Luckily the box is well fi lled this time 
and that encourages us to take a short pist on core from this sp ot and at half past  fi ve the 
corer goes down.
Alas, the sandy bottom appears to be too hard for even an extra loaded six m short corer 
and since time is running out we have to abandon st ation. Alas for George Post ma and 
more so for Maarten Prins, his PhD st udent, whose work on the sedimentological char-
act erist ics of the Indus Fan st ands or falls on the number and quality of the cores that 
we recover from the Fan.
We have to move west  and make an attempt to bring up a core from st ation  4, the 
site were we failed during Leg D. We sail a course 0 miles north of the track we sailed 
about six weeks ago. With two long, parallel cross sect ions through the Fan way we add 
the third dimension to our seismic survey and that should enable us to est ablish changes 
in current- and sedimentation charact erist ics over relatively short dist ances in a fair 
number of current channels. Shortly aft er 9 o’clock we are on course. With a sp eed of 2 
knots it should not be diffi  cult to arrive on st ation  4 at about lunch time tomorrow.

Thursday, November 5
Th ere is st ill quite a bit of wind and TYRO is st ill very lively. By now most  landlubbers 
are used to that and do not seem to have much trouble in keeping upright. Harrie, Ce-
rillo and Pierre have the time of their life this morning, syst ematically taking the entire 
hydraulic syst em apart and carefully insp ect ing it. Th e syst em’s red oil is full of copper 
particles and that points to poor lubrication, possibly because we have been using the 
wrong kind of oil, oil that is not suitable for the extreme conditions under which we 
operate; high temperatures or insuffi  cient cooling, frequent and prolonged demand on 
the syst em. Th at begs the quest ion, however, why the syst em did not fail us earlier on 
or why our predecessors, who had to operate under even more extreme conditions, did 
not have the same problems. Whether the diagnosis is correct  or not does not help us 
at the moment, there is no other (better?) oil on the ship. Th e best  we can do is care-
fully fi lter the oil, put everything back together again and keep our fi ngers crossed.
Th e fi rst  test  is this aft ernoon. At 4 h 05 precisely, for the second time during this expe-
dition, an 8 m long pist on corer is lowered on st ation  4. At 5 h 5, more than four 
kilometres under the ship, the corer slams into the sea bed and while everybody keeps 
his and her fi ngers crossed we immediately st art hauling. It needs a st rong pull to begin 
with, the tension on the wire moves up to many tonnes. Without a hitch, just  as it should 
be, the corer is lift ed to the surface and at 6 h 20 the corer hangs alongside, up to the 
fi ns covered in a beautiful layer of greasy, greyish-green pelagic mud, just  as it should 
be. And what a success it is, core  4 P is the longest  core but one we recovered until 
now, 4 metres and 45 centimetres, if you please.
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With this operation the object ives set for the Indus Fan programme have been largely 
met aft er all. Altogether we’ll bring home three excellent pist on cores and a box core 
from the Fan, and with two nice 3.5 kHz profi les and a perfect  pist on core on st ation  
4 we are now fi rmly tied to IPOD st ation  720. A good moment for Kees to take over 
from me and lead the expedition again himself. I think that I have half a decent excuse 
to remove myself from further resp onsibilities and that for the remainder of this cruise 
I can just ifi ably lean back and rest  on my laurels.
At half past  fi ve we are underway to our next target, st ation  492 on the fl ank of the 
Owen Ridge. Th e ridge is the morphological expression of a huge fault zone. Th is Owen 
Fract ure Zone manifest s itself as a 400 miles (2600 km) long series of kilometres high, 
largely elongate shoals, some of which are probably uplift ed crust al blocks, others mag-
matic edifi ces inject ed from the upper mantle below. Th e Owen Fract ure Zone, a so-
called transform fault, off sets the Carlsberg Ridge from the Sheba Ridge in a right lateral 
sense over a dist ance of more than 300 km (cf. fi g. 23). In contrast  with a st rike-slip 
fault the movement of crust al blocks along a transform fault, however, is in the oppo-
site sense, in this case thus left  lateral. Transform faults were fi rst  described in 965 by 
the Canadian geologist  Tuzo Wilson and with the recognition of those phenomena he 
added an essential element to the Th eory of Plate Tect onics.
For us the Owen Ridge is important, because sediment accumulation on isolated highs, 
far removed from land, is low and even a short core from these deposits covers a long 
time sect ion. Also, organic remains in sediments accumulated in water depths between 
50 and 2500 metres have a good chance of being well preserved, thanks to low oxygen 
concentrations in that interval•  •. From st ation  486, also on the fl ank of the Owen 
Ridge, from a depth of 2077 m we already recovered a nice, 9.7 m long core and we hope 
to at least  match that result tomorrow.

To identify a good sedimentary sect ion we will, as usual, fi rst  have to sail a few survey 
lines across the ridge. Getting to the ridge and searching good sampling sites on its 
fl anks means that the 3.5 kHz regist ration must  be carefully supervised, at least  un-
til tomorrow morning. Although the monitor st ill disp lays beautiful cross sect ions 
through the lower reaches of the Indus Fan people are no longer pushing each other 
aside at the seismic console. It looks as if even our young colleagues’ minds are quickly 
saturated with the wonders of the Arabian Sea, and that already aft er a mere ten days 
of exploration. Apparently the video movie announced for tonight, a Spaghetti West -
ern with Clint East wood promises more dist ract ion. In all fairness I have to admit that 
it was an exciting movie.
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Friday, November 6
At 08 h 5 the box corer goes over the side to sample a what looks on the 3.5 kHz record 
a promising sect ion at a depth of 900 m. Th e result that is landed on deck at half past  
nine, is disappointing. Apart from a few coarse bits and pieces of organic debris and 
some water-logged sand the box is empty; even at a depth of 900 metres the sediment 
is “winnowed”, the fi ner and lighter fract ions have been washed out by a st rong bottom 
current. Last  week, by sampling Qualhat Seamount, we already found out that the sed-
iments on top of the Owen Ridge are winnowed. Qualhat Seamount, however, is only 
420 m deep but this time, for a depth of 900 m, we did not expect  much winnowing. 
To obtain a reasonable pict ure of the dist ribution of sediments in the north-west ern 
Arabian Sea we need a few more samples sp read out over the area, esp ecially from lo-
calities within the zone of upwelling. Th e search for suitable sampling sites is therefore 
continued. A bit wiser we now only invest igate locations in the lee of the Owen Ridge.

Th at search will take several hours, time for me to get back to my “ecological refl ec-
tions”. During the last  ten days of this voyage I should at least  get an outline of a st ory. 
Until now I have only gathered a few loose thoughts and ideas on a fl oppy disk, a bit 
like the fi rst  exploratory st rokes of an impressionist  painter on an empty canvas, st ill 
far from what in the end should be a visionary expression of a fascinating reality. No 
matter what Albert Einst ein said about the kinship between Art and Science (“irresist -
ible attract ion”, “fundamental emotion” and so on) the scientifi c method follows anoth-
er track than the creation of art. I have to st ick to fact s, I can not just  dream away. And 
to put my st ory fi rmly together I better attach it to a fairly rigid framework. Perhaps I 
can use an admittedly childish technique in the art world, such as painting by numbers 
or using squared paper. And there I have it, why don’t I use the log of this expedition?
Why didn’t I think of that before? Every day a square to be fi lled in with one or more as-
pect s of the geology of the Earth, processes and cycles such as are continuously revealed 
beneath the waves. Th e main object ive of our expedition aft er all is the reconst ruct ion 
of the hist ory of climate change, a st udy of the change in time and sp ace of the physics 
and chemist ry of ocean and atmosp here. If anything, the st udy of the dynamics of our 
own environment is very much an ecological research topic.
And so today I begin my st ory on the sunny aft ernoon of September 3, 992, to be pre-
cise, at the moment that Transavia Flight HV 607 takes off  from Schiphol Airport. At the 
same time my st ory begins 4.6 billion years ago, to be precise, at the moment the Earth 
took off  from the Sun.

In the mean time, half a day later, we brought up a box core and a nice, 9.5 m long 
pist on core from the Owen Ridge. Preparations for that operation, however, took three 
hours, again because of continuing problems with the hydraulic syst em. We st ill don’t 
know why there are st ill metal fragments in the oil and, worse, we can no longer rely 
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confi dently on the syst em. Completion of our sampling programme may be seriously 
hampered. Perhaps we better be pleased with core  492P, even if it wasn’t recovered 
from within the OMZ, but came from a depth of 2400 metres. In anticipation of fur-
ther snags and delays Kees decides that work on our next st ation must  not be post -
poned until tomorrow morning.
Annette van Koutrik and friends confront the ship’s commitment with the fi rst  issue of a 
sp ecial newsletter. Th e news in this pamphlet consist s predominantly of well illust rated, 
somewhat cheeky st ories about life aboard the good ship TYRO. One might argue the 
truthfulness of its contents but Kees is afraid that this newsletter may become a tough 
competitor for his ship’s journal.

Somewhere in far away Utrecht there is a party going where family and friends cel-
ebrate the successful conclusion of my son’s st udies. On such an occasion the aware-
ness of how tough life at sea can be is slammed home cruelly. Begging for sympathy 
and compassion, while drowning my sorrow, I st and a few rounds of drinks at the bar. 
Given only a remote choice, sharing the present company of course is only a poor al-
ternative; not exact ly what I really am aft er tonight.
At 22 h 53 on st ation  493 the CTD goes over the side. If taking cores is what they want 
to do, fair enough, good luck to them; I couldn’t care less

Saturday, November 7
On st ation the usual CTD and oxygen measurements are recorded and 24 NOEX bot-
tles and two LVS buckets are fi lled, the latter at depths of 200 m and 500 m, resp ec-
tively. At 3 o’clock we are underway in the direct ion of Oman to try once more to fi nd 
suitable coring sites within the OMZ on the continental slope. Finding two locations 
that look promising requires the better part of the day. It also takes almost  all that time 
for our technicians to fi lter the hydraulic syst em once more.
At 5 h 50 the box corer goes down, luckily without a hitch. Th e result, however, is 
unsatisfact ory, the box is only partly fi lled. We rapidly abandon st ation  494 and get 
underway towards our next chosen site st ation  495 at a depth of 467 m, i.e. below the 
OMZ. Here we catch 35 cm of ooze in the box and that is only slightly more than on the 
previous st ation. If, however, tonight’s survey does not indicate a more promising site, 
we will come back and try and recover a pist on core from  495 aft er all.
And that is all for this Saturday. At half past  ten we are under way, course 500 T, sp eed 
6 knots.
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Sunday, November 8
Th e search ends at a quarter to six. On the bridge the fi rst  mate changes course to 820 

T, direct ion st ation  495, 40 miles to go. Th ree and a half hours later we heave to on 
location and soon the pist on corer disappears over the side, armed with a 2 m barrel. 
As soon as the corer is back on board we shall immediately get underway to our next 
assignment. Core  495 P is just  over seven metres long, and aft er all problems of the 
last  couple of days, technical and otherwise, that is more than we had hoped for.
Most  people are busy on deck either butchering and packing the sp oils of the last  cor-
ing st ation or preparing the equipment for the next st ation. Most  people, yes, but not 
everybody. I keep to my cabin, shamelessly, all by myself, to hold up the tradition of the 
Sunday morning concert. Although I do not draw any ecological insp iration from it, 
list ening to Andrew Previn and his Pittsburgh Symphony Orchest ra’s performance of 
George Gershwin’s Rhapsody in Blue is certainly not the worst  way to sp end your time.
A couple of hours sailing and surveying have tempted us to send the box corer down 
on st ation  496 on the lower slope of the Oman continental margin, the umpteenth 
attempt in what has become a trial and error method for taking cores, more so perhaps 
an attempt to show the world how dedicated, determined, if not st ubborn we are. Th e 
result, we could have guessed, the sea bed here is covered by “winnowed deposits”. And 
that is what is written down for st ation  496 in the column “Remarks”.
But, lo and behold, on st ation  497, no more than half a mile from  496, we prove that 
the trial and error method really works aft er all. At a quarter past  seven we have a well 
fi lled box corer on deck and, what’s more, the consist ency of the core encourages us to 
use a double-barrelled length for the pist on corer. At ten minutes past  eight the corer 
goes over the side. When at 2 h 39, the corer breaks the water surface, we have every 
reason to be cheerful; the mud smear indicates full penetration.
From st ation  497 we set a course for Mombasa, Kenya. With two deep water st ations, 
one coring st ation and 600 miles to sail there is not much time left  for other act ivities. 
At 0 o’clock we are under way.

In the bar tonight, as usual, a relaxed atmosp here prevails. Th e mood rises, when at 2 
o’clock Jan Willem and Gert Jan join the party with excellent news; core  497 P was 
almost  nine metres long. An important part of the night is sp ent trying to fi nd out 
whether that length can be bettered by putting empty beer cans in line on the fl oor, one 
behind the other. With eight cans per metre that should be no problem.

Monday, November 9
At half past  one, before the fi ve metre mark is reached, I call it a day and sneak off  
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to bed. Gert Jan, one of last  night’s die-hards, tells me that they gave up their record-
breaking attempt when people st arted to tumble over rolling beer cans and also be-
cause the non-beer drinkers complained that they were excluded from joining the at-
tempt. Because the clock was put back an hour, last  night would have been excellent to 
break and set a record but perhaps nobody was aware of that. I certainly did not know 
and am pleasantly surprised when, arriving late for breakfast  at the presumed time of 
almost  9 o’clock, I fi nd out that I am act ually very early.
Th e north fl owing Somalia Current reduces TYRO’s sp eed over the ground to 0 knots. 
Th at is rather slow, considering that a “home-going” ship always moves fast er than nor-
mal. Admittedly Mombassa is not the ship’s home port, yet the rule also applies since 
most  people disembarking at Mombassa are fl ying home or, better st ill, will meet a loved 
one from home for a joint safari in Kenya’s wild life parks. Considering that this time 
the Chief Engineer is also going home, you might expect  that he would give the engines’ 
throttle an extra twist .
Th e day passes by quietly. Th e ship is on course, the engines are running smoothly and 
jauntily we proceed in the direct ion of the ever-evasive horizon. Our progress reminds 
me of a long ride through the lone st ar State of Texas; “ the sun has ris’, the sun has set; 
we is st ill in the Arabian Sea yet”. Geologist s and geochemist s sample, analyse, describe 
and wrap up, technicians tighten, turn and lubricate, André Hazes wails away. All is well 
aboard.
At 8 h 0 (the sun has set), on st ation  498 the CTD- rosette sampler combination is 
lowered on the crest  of the Sheba Ridge. Th e sea bed is rough and since we do not want 
to risk that the inst rument is damaged or, worse, gets hooked up we keep a close watch 
on both the descent of the CTD and the 3.5 kHz profi le. It happened before; in July, in 
the Red Sea during cruise B, they lost  a sampler. Th e loss of a second one to the tune of 
more than 300.000 guilders would be a huge setback and could seriously aff ect  the Neth-
erlands Indian Ocean Programme in the coming months. It defi nitely wouldn’t make us 
popular in Th e Hague, or with our colleagues of cruises A, B, C and E. Th e st rong Somalia 
Current makes it hard to keep ship and everything hanging underneath in position and, 
to be on the safe side, we st op the CTD cast  200 m above the highest  peak.
Altogether st ation  498 is a success; temperature-, salt- and oxygen profi les beautifully 
show the irregularly st ratifi ed outfl ow of warm and saline Red Sea waters between 200 
and 750 metres, during the upcast  5 water bottles are fi lled at crucial depths and, to top 
it off , we collect  two LVS’s, one from 700 m, the other from 200 m. At 2 h 0 we are 
underway once more, course 970 T, sp eed 0 knots.

Tuesday, November 10
According to Kees, not much happened today, or rather, nothing happened at all. At 
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least  that is more or less what I found recorded in the logbook that Kees keeps and that 
I consult to keep the veracity of my st ory up to scratch. In his log I found a message 
that says “Tuesday 0/ is missing”. Th at is in st rong contrast  with his record of last  
night’s events, broadly sp elled out over the pages, a record of demoralizing situations 
on board during the evening’s video fi lm presentation and later in the bar, a record 
which even mentions names in full; ”Bernardo, only clad in a loincloth watching (the 
movie?) around the corner”, “Willem, tankards of beer in front of him, smoking foul 
smelling cigarettes and singing raucous songs”. Is this really Kees, like Moses com-
ing down from the mountain, raving wildly at his people when he sees them danc-
ing round the golden calf? No doubt whatever happened must  have unnerved him 
so much that he needed today (the day that is missing) to come back to his senses. It 
could be, however, that his dismay is an expression of a bad conscience. Didn’t Kees 
himself participate in the exuberance? Perhaps he is just  hung-over? What will they 
think of us back at home, when they read the next newsletter?
Although nothing much worth mentioning happens, we cover a dist ance of 250 miles 
on our way South and everybody is busy sub-sampling, pressing samples for pore water, 
packing, st oring, repairing, cleaning, lubricating if not writing fi rst  draft s of reports on 
act ivities, inst rument performance and scientifi c results. With the passage across the 
Sheba Ridge we have left  the Arabian Plate and formally also the Arabian Basin. Under 
a full moon we slowly descend into the Somalia Basin, the deepest  part of the Indian 
Ocean. For the record, a beautiful day and a beautiful night. Pity that Kees did not see 
that.

Wednesday, November 11
08 h 00, Somalia Basin, st ation  499, water depth 5080 m. While manoeuvring on 
st ation we lose control over the pitch of the ships propeller and all of a sudden TYRO 
turns a few remarkable rounds. Neither the bridge nor the engine room gets excited 
over this erratic behaviour, the problem is rect ifi ed, be it provisionally for the time be-
ing, and st eering the ship is back to normal. At half past  nine the CTD is lowered over 
the side, as far as we are concerned for the last  time this leg, to measure and sample 
the physical and chemical properties of the water column. Th e operation takes time, 
paying out and reeling in 5000 metres of wire takes three and a half hours. Recovery 
of two LVS’s from 000 and 300 metres deep, resp ect ively brings the time to half past  
three in the aft ernoon.
In the mean time we know that st ation  499 is not only the last  water st ation of our 
cruise, it is also the last  st ation. We can no longer rely on the performance of the yellow 
winch; fi ltering the hydraulic oil does not seem to help, the oil is quickly fi lled again 
with metal particles, each time more rapidly than before. Apparently the pump doesn’t 
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run properly, something is grinding or shaving in the gear box or the syst em is inef-
fi ciently lubricated. Whatever is wrong, we can not risk losing control over the winch 
while equipment and a few thousand metres of wire hang overboard. Th is means that 
tomorrow’s coring st ation is cancelled and thus eff ect ively ends cruise NIOP D3. Th at 
leaves us only to pack up and set sail for Mombasa, 00 miles to go.
Later, when Hilde Passier brings in the XRF (X-Ray Fluorescence) profi les of core 4 
P (the core taken from IPOD st ation  720) Jan Willem notices that the Ca profi le and 
the δ8 O global curve correlate perfect ly • 2 •. If Jan Willem is right (and why shouldn’t 
he be, it looks convincing) then we have recovered a record of three, probably even four 
complete glacial cycles with this core, and that is more than 300.000 years of climate 
hist ory.

Thursday, November 12
Although we have completed our assignment (measuring and sampling) there is st ill a 
lot of work to do. In the various laboratories bottom- and water samples are st ill being 
analysed and processed, notably a large number of D2 samples that are st ored in the 
cool boxes. During Leg D2 we collect ed the best , the longest  and least  dist urbed cores 
within the OMZ interval, cores exclusively recovered to reach our primary research 
object ive, est ablishing climate change in Late Quaternary times. We are a gang of curi-
ous people and we do not like to wait until April, when the ship arrives home, to fi nd 
out how good these cores really are, what information they contain and how reliable 
that information is. Th e best  D2 cores are therefore sub-sampled and those samples are 
carefully preserved and packed to be taken home next week.
Work is never ending for the NIOZ crew. Aft er the last  sample of our expedition is 
brought aboard they have to make sure that tools, inst ruments and machinery required 
for the next cruise are in top condition to funct ion properly even under extreme cir-
cumst ances. Only aft er careful insp ect ion, maintenance, repairs and test ing they know 
what equipment or parts have to be replaced, whether there are enough sp ares aboard 
and, if not, what the next crew should bring with them and what should be fl own into 
Mombasa.

I keep myself busy trying to solve some quest ions about the Murray Ridge. I have been 
interest ed in the Ridge for quite some time and of course more so since last  month 
when we brought up some unusual rock fragments from st ations   457 and 462. 
What is the exact  nature of the ridge? How does it fi t in the plate-tect onic pattern of 
the region? In some interpretations the Murray Ridge is considered to be the expres-
sion of a right-lateral st rike-slip fault, perhaps a (basalt)-leaking transform fault, in 
other analyses it is defi ned as an ancient sp reading centre. Obviously the allochtonous 
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rock fragments we recovered, a piece of quartz and a schist  pebble, do not fi t easily in 
the interpretations about nature and st ruct ure of the ridge published thus far. We are 
st ill far from an explanation of the Murray Ridge st ruct ure that will satisfy everybody. 
I like to think that the analysis I presented in the lounge last  month is a reasonable al-
ternative solution but, so far, crucial information in support of it is st ill lacking. Several 
missing pieces of the Murray Ridge puzzle must  be found to fully underst and the evo-
lutionary hist ory of the west ern Indian Ocean.
Once more I st art by ordering the fact s, the data set on which the st ory has to be found-
ed. Hard fact s are the bathymetry which defi nes the morphology of the Ridge and its 
position relative to the regional geotect onic framework, the geophysical data, the mag-
netic, seismic refl ect ion and refract ion surveys, records of earthquake act ivity and, of 
course, the few rock samples that have been scraped from the Ridge.
Once again I verify and evaluate the old and new data set to try and separate the hard, 
brutal fact s from the interpretations that have been published in earth scientifi c jour-
nals. Aft er going through that exercise once more I am st ill faced with the quest ion 
whether the Murray Ridge is a purely oceanic phenomenon, belongs entirely to the oce-
anic domain, or is perhaps part of the transitional zone between ocean and continent, 
in this case between the Arabian Basin and India. Such a so-called passive or Atlantic 
type continental margin is underlain by an ocean-ward attenuated, thinned and ex-
tended, and therefore subsided continental crust  that was formed during the break-up 
and separation of Gondwana land during the Mesozoic. Locally the last  phase of that 
process, begun about 65 million years ago (cf. fi gs 4 and 3), when the Mascarene Plateau 
(with the Seychelles on top) and India st arted to move apart, is of particular interest  for 
the Murray Ridge and the Arabian Sea. Having st udied passive continental margins in 
the southwest  Pacifi c, in the east ern and west ern Atlantic, sp ecifi cally in the Labrador 
Sea, I know that passive continental margins can be up to several hundred kilometres 
wide. I am thus predisp osed to fi t most  if not all of the Murray Ridge within the west ern 
continental margin of India. Th e magnetic data collect ed by HMS DALRYMPLE in the 
early sixties (Barker, 966) are in support of that. If it is true, then very likely the plateau 
basalts of west ern India, the so-called Deccan Traps, also cover the greater part, if not 
all, of the Murray Ridge. Wouldn’t it be very st range otherwise that 65 million years ago, 
when the separation of the Mascarene Plateau and India had just  begun, the outpouring 
of the basalts st opped exact ly at the position of the present west  Indian shore line? I am 
encouraged by White and Mackenzie who, in their 989 analysis of mantle plume act iv-
ity in the Arabian Sea region, put the position of the centre of the mantle plume that 
was resp onsible for the outfl ow of the Deccan Traps (and for the beginning of rift ing 
between the Mascarene Plateau and India) at the west ern edge of India. Th at is in ex-
act ly the right position to cover the Mascarene Plateau, west ern India and the presently 
foundered area in between under fl ood basalts.
Th e chemical composition of the Deccan plateau basalts diff ers from that of the tholei-
itic mid-ocean ridge basalts (MORBs) and my supposition can possibly be verifi ed from 
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an analysis of the basalt fragments we recovered on st ations  457 and 462. It would be 
even better if we could date those rocks. Imagine that an age of approximately 65 million 
years were est ablished? If, on the other hand, we fi nd that the rocks are much younger, 
then most  likely we have to conclude that the Murray Ridge is an oceanic feature aft er 
all.
Unfortunately, the rocks we sampled are heavily weathered and the chance to accurately 
est ablish the age of even the best , most  freshly looking rocks is small, Yet, I think, it is 
st ill worth a try. And thus I sp end part of the aft ernoon in the hold of the ship, select ing 
the biggest  and best  basalt samples we collect ed, wrapping them up and packing them, 
so that they also can be taken home next week.
A fax message has arrived in resp onse to a request  I sent a few weeks ago to the Minis-
try of External Aff airs of Saudi Arabia on behalf of Athar and Danish. When in transit 
from Nairobi to Karachi our Pakist ani friends would like to make a st op-over in Sau-
di Arabia and visit Mecca to make Umrah, the small pilgrimage to the Kaaba, the sa-
cred black rock that Abraham received from the angel Gabriel. Th eir request  has been 
granted and next week they can pick up their visa at the Saudi Embassy in Nairobi. 
Athar and Danish are very pleased and grateful for my mediation; the pilgrimage is a 
holy enterprise for Muslims.

Friday, November 13
Friday the thirteenth; for sailors a day to lie low. Gert Jan does exact ly that, reports sick 
this morning and st ays in bed. Karachi Disease seems unlikely, 8 days aft er leaving 
that place. Malicious tongues suggest  that frequently burning the night oil in the bar 
fi nally caught up with him. A more friendly diagnosis is that his adrenaline may have 
st opped fl owing since there is no longer the daily kick of exciting discoveries. His ex-
pertise will be sorely missed in the geology lab today. In desp eration, aft er fi rst  calling 
in Kees for help – alas, geochemist s do not seem to possess the right “Fingersp itzenge-
fühl” to properly butcher a sediment core – Lucas, who sp ent part of the night at the 
3.5 kHz console, is woken up to assist , to help fi nish the job and tidy up the place, pre-
paring it for Leg C2, the next geology cruise in February. No time for lying low today, 
there is work to do, no matter what.
To safeguard the weekend for reporting and to prevent possible side- and aft er eff ect s 
interfering with that, the “end of the cruise barbecue” takes place today. At sunset the 
fi res are lit and until the wee hours of tomorrow we apply ourselves to a by now tradi-
tional ritual. And, yes, even Gert Jan is up and about; one day in the sack is more than 
this social being can take. For Friday the thirteenth this was not a bad day.
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Saturday, November 14
Only two days to go to bring NIOP project  D, the Utrecht “Geological Study of the 
Arabian Sea” to completion. Time for the “summing up”, the cruise report, our account 
of what happened during Leg D3, of what we did and, in particular, of what we now 
have and do know as a result of what we did. For the third time during this D expe-
dition “First  Resp onsible” st aff  members, on this occasion Cornelis (a.k.a. Kees) van 
der Weijden, Jan Willem Zachariasse and Gert de Lange, are engaged in composing 
and assembling their and their co-workers’ contributions for the “Shipboard report of 
NIOP Cruise D3”.
Th e sight of so many people everywhere on the ship writing their reports st imulates 
me to bring my ecological refl ect ions to a conclusion, be it a preliminary one, before I 
give myself over to weeks of leisure and vacation. In the last  few months we have been 
confronted with a number of fundamental asp ect s of Syst em Earth. Th e primary, plate 
tect onic cycle revealed itself in the gross morphology of the ocean fl oor. A secondary 
cycle, the erosion-sedimentation cycle was disp layed in form and st ruct ure of the In-
dus Fan. As a fi rst  object ive of this expedition we set ourselves the task to analyse and 
comprehend the evolution of a third cyclic process, climate and climatic change.
Apart from the physico-chemical cycles, such as the ones mentioned, there are within 
Syst em Earth of course also the organo-chemical processes which exclusively belong 
to the domain of biology. We are very familiar with that world although we oft en seem 
to forget that we ourselves are part of it. However, the moment we acknowledge that to 
st ay alive we have to breath, eat and drink, take shelter and protect  ourselves from the 
elements, we are aware that we can not live by ourselves alone and that, just  like plants 
and animals, we very much depend on both the biological and the physico-chemical 
world. Th e opposite is also true, biomass and biological act ivity (metabolic processes) 
co-determine the chemical composition of lithosp here, hydrosp here and atmosp here; 
life is a geological force.
Th ese two st atements, concerning both life’s dependence of and its infl uence on Earth, 
are valid in the general sense, for life as a whole in whatever form, diversity, intensity 
and multiplicity. It is not necessarily true for a separate form of life, a particular sp ecies, 
family or order. More sp ecifi cally, Man depends on Earth for his exist ence, Earth on the 
other hand can do very well without him. It could even be said that because of the way 
in which Man manifest s himself presently, Earth would be very much better off  without 
him. A comparison between the entire 4.6 billion years of Earth’s hist ory and the last  50 
years clearly confi rms that st atement.
To determine exact ly how damaging Man’s infl uence on Syst em Earth has been so far 
and what the precise outcome and extent of predict ed Man-made disast ers is going to be 
in the long run is diffi  cult. If that were easy we would be in a better position to convince 
our politicians that drast ic act ions to avoid and counter catast rophes can no longer be 
post poned, that it is irresp onsible to keep hiding behind the excuse that experts do not 
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yet agree unanimously in their predict ions and that it is wrong to rate the eff ect s of 
diminishing economic growth as being more harmful than environmental damage and 
dest ruct ion.
As long as uncertainties exist  it is easier for politicians to demonst rate their concern 
about environmental issues by making money available for research, for inst ance to ver-
ify whether climatic change is imminent, rather than by enforcing draconic measures to 
counter alarming developments. Such measures would promote the cleaning up, the re-
moval and neutralisation of dangerous wast e product s, the purifi cation of contaminated 
soils, surface- and ground-waters, a subst antial reduct ion in the use of pest icides, the 
scrubbing of indust rial exhaust  fumes, a drast ic reduct ion of the depletion of resources, 
food- and energy supplies, the promotion of the use of alternative, environmentally 
saver and more friendly methods and product s and, not to forget, a serious, far-reaching 
curtailment of car mobility. Most  of such measures are unpopular because they might 
rest rict  indust rial, agricultural and horticultural growth, they could hamper the fi shing 
indust ry, trade and traffi  c and would altogether limit our freedom of act ion and our 
drive to increase our wealth and affl  uence. A government that promotes such measures 
commits political suicide.
Nevertheless, I do not think that we can permit ourselves to wait much longer for solu-
tions that science and technology may or may not bring to ward off  ecological disast er. 
In other words, we can no longer aff ord to live in the vain hope that the threat of eco-
logical disast ers is unreal or may blow over. By saying that I realise that I put myself in 
the rank and fi le of gloom- and doom-preaching eco-freaks. As an advocate of Earth, 
however, I can say that from my “client’s” point of view there is every reason to remain 
optimist ic. Aft er all the hist ory of Mother Earth shows that she is a vital old lady who in 
her long life was able to survive catast rophes much greater than the one presently caused 
by Man. In this resp ect  I once more draw attention to catast rophes that happened about 
542 million, 250 million and 65 million years ago. Th ose events had a gigantic infl uence 
on the biosp here to the extent that large populations of plants and animals were wiped 
out or were severely decimated. Th e dramatic diff erences between sp ecies living before 
and aft er the events is such that, long before geologist s were aware of their cause, Earth’s 
hist oric record was already orderly divided into four dist inct  eras, Precambrian, Palaeo-
zoic, Mesozoic and Cainozoic with sharp biost ratigraphic boundaries dividing those 
eras at the times mentioned.
Th e further you go back in hist ory the more diffi  cult it becomes to fi nd evidence that 
est ablishes unequivocally the nature of those catast rophes. Maybe they were the result 
of an impact  by one or more sizable ast eroids from outer sp ace, similar to the best  docu-
mented event, the one probably caused by a meteorite that st ruck and shook up the 
Earth, 65 million years ago, perhaps they were caused by long-last ing volcanic erup-
tions with massive outpourings of upper mantle derived plateau- or fl ood basalts as in 
west ern India (Deccan Traps), Siberia and southern Africa (Karoo syst em) at times of 
intensifi ed plate tect onic act ivity, break- up of continental landmasses, resp ect ively 65 
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and 248 million years ago• 3 •. Considering the extensive damage sust ained, life recov-
ered remarkably fast  thereaft er, whereby it should be noted that the biodiversity and 
abundance of sp ecies aft er the event was always greater than before. New life forms and 
survivors quickly adapted to the new circumst ances and fi lled the niches vacated by 
their predecessors, some survivors doing much better than before simply because their 
former predators had been extinguished or had been seriously decimated in number. 
One of the better known examples of successful survival is the blooming evolution of 
Mammals since the beginning of the Tertiary, at the time a large number of other sp ecies 
had disappeared (amongst  others, the Dinosaurs). It is indeed conceivable that in the 
(not so) far future the old subdivision of the Cainozoic into Tertiary and Quaternary is 
no longer adequate and that then, on the basis of pronounced diff erences in biodiver-
sity, a third period will have to be added, “the Quintenary, long aft er the human race has 
ceased to exist ”, to quote my old tutor Rein van Bemmelen.
I do not think that there are many educated people left  in the west ern world who st ill 
believe that the Earth is an inexhaust ible resource or who are not aware of Man’s dam-
aging infl uence on the natural environment. Of course there will always be people who 
couldn’t be bothered with those problems, do not want to know, bury their heads in the 
sand, or are blinded by the glitter and shine of unlimited growth, economic wealth and 
prosp erity. Surely the elitist  group of world leaders, persons in control of world aff airs, 
people in charge in government, CEO’s in indust ry and business, and educators must  be 
aware of what is happening today and what is going to happen tomorrow. Is it then not 
st range, ast onishing and bewildering that Homo sapiens, the animal that is the fi ttest  to 
ward of those pending self infl ict ed calamities is insuffi  ciently prepared, or is unwilling 
to do what needs to be done? Although there are st ill many uncertainties, it is time for 
act ion now; it is better to be safe than to be sorry. Surely the true leaders of this world 
can look beyond the date of the next elect ions?
Yes, they certainly can. Here and there Non-Government Organizations (NGO’s) are 
busy providing their members and Society with relevant information about environ-
mental issues, about environmental control and protect ion, are protest ing and object ing 
against  situations and act ions that threaten the environment and are promoting meas-
ures for redress. At times even some (many?) west ern, North American and European 
Governments seem to have underst ood that it is fi ve minutes to twelve. Here and there 
measures to protect  the environment have been taken up in codes of law and sometimes 
eco-taxes are levied and penalties imposed to reduce infringements and transgressions 
of the rules. To soft en the blow and to st imulate environmental consciousness, com-
pensation is given by lowering income taxes and tariff s (Value Added Tax, VAT) on 
goods and services. Usually, however, these eco-taxes, premiums and fi nes are put in the 
Treasury bag and, as a form of window dressing, a small part of it is then administ ered to 
promote a healthy environment. Since most  resp onsible(?) governments can not aff ord 
to empty the kitty, the bulk of that money is required to balance the budget. Lowering 
income tax and VAT lowers the cost  of labour, improves a nation’s position to compete 
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on the international market and that thus st imulates product ion and economic growth. 
And that makes the circle round, since economic growth usually means bad news for the 
environment. In the end, swapping income taxes and VAT for eco-taxes does not seem 
to be much help in solving environmental problems.
So what else can be done? Five years ago the UN introduced the concept of “sust ainable 
development”, development that meets the needs of the present without compromising 
the ability of future generations to meet their own needs. (Th e Brundtland Report “Our 
Common Future”, World Commission on Environment and Development, 987). Th is 
concept could be the answer. It remains to be seen, however, whether policy-makers are 
prepared to take a broad view and consider ecological implications when making deci-
sions rather than focus on narrow-minded economic criteria.
So far, looking at the present st ate of the planet, we see that the garbage and wast e 
dumps are st ill growing, the areas of forest s and arable land are rapidly diminishing, the 
burning of fossil fuels continuously increases and the associated emission of CO2 is not 
reduced; depletion of natural resources, energy, water, food and minerals is st ill going 
st rong, pollution of soil, water and air is not curtailed and, although population growth, 
the prime cause of all those calamities and some more besides, is no longer accelerating, 
we are now six billion (6 000 000 000) altogether and the expect ation is that we will 
double that number in 50 years. Considering that two thirds of the world’s population 
lives below the subsist ence level, how can that ever be sust ainable?
Let me try and end on an optimist ic note. As we saw, Mother Earth is able to look aft er 
herself. Intrinsic survival mechanisms obviously protect ed life from total extinct ion sev-
eral times before. Apparently the survival of Earth and life, the resilience of the Syst em 
must  be sought in its ability to adapt, absorb or adjust  to new conditions. Th is ability, 
however, is no guarantee for the inhabitants of this planet presently alive that they will 
survive future disast er, let alone survive under fl ourishing conditions. So, although in 
all likelihood Earth will survive, it is indeed conceivable that Homo sapiens is no longer 
around in the Quintenary or that he can only lead a pitiful and miserable life, below 
subsist ence level, exact ly in the way various sp ecies of animals and plants subsist  that are 
presently threatened with extermination or are already taken up in the “great dying”.
What is so good about living on a heavily damaged, polluted, st inking planet amongst  
hungry, pilfering and murdering fellow beings? Let’s come to our senses. We have been 
warned and if “forewarned is forearmed” then we should do what is needed to save our 
habitat and that of future generations: “O Mensch! Gib acht!”, we are Sapiens, we are not 
st upid.

At 8 o’clock this evening we cross the equator. A bit later Bernardo shows us his journal 
of our expedition on the TV monitor in the lounge. It is a nice compilation of video re-
cordings which he made during Leg D3, a record of our endeavours in the last  three 
weeks that we all enjoy watching thoroughly.
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Sunday, November 15
During the night Africa announces herself with an hour of extra sleep and we wake 
up in the East  African time zone. Since last  night we are on a southwest erly course, 
heading st raight for Mombassa. Invisible behind the west ern horizon Somalia is left  
behind, a land st ruck by famine and cholera, a nation torn apart by civil war, a war 
that is waged by warlords and by children armed with machine guns. We have been 
inst ruct ed by Th e Hague to give Somalia a wide berth and to avoid contact  with boat 
people. Once rescued from the high seas and taken on board the lives and well-being 
of refugees become the resp onsibility of the nation under whose fl ag the ship sails. We 
can not risk the chance that such an encounter might interfere with the smooth pro-
gression of the expedition. Ruthlessly we st ay on our southwest erly course, 2350 T to be 
exact . For the vict ims of insanity no help from us today, no mercy for the cast -adrift s 
of this world.
Our technicians have been working hard this morning, direct ing most  of their eff orts at 
the resurrect ion of the hydraulic syst em. Success for the next four cruises A2, E, B2 and 
C2 relies on a properly funct ioning hydraulic syst em as much as it did for us. It looks 
that Harrie and friends have fi nally come up with some new ideas to solve the problems 
once and for all. At  o’clock the syst em is test ed. Everything seems to be working fi ne. 
Strange that only now, on the very last  day before Mombasa, a problem that plagued us 
so long, suddenly disappears. Couldn’t they have fi xed that a bit earlier? Why didn’t they 
know what was wrong before?
Th ere is quite a crowd in attendance on the fore deck for today’s Sunday morning con-
certo. Th at is a bit st range considering that the programme Arthur Schmidt select ed, 
Brahm’s st ring quartets, does not belong to the top hits of classical music. Is it because 
so many people have nothing better to do today or am I now underrating the cultural 
st andard of my ship mates? Anyhow, Brahms can not prevent that in the middle of the 
performance the audience gathers at the port side railing, gest iculating enthusiast ically 
in the direct ion of a few big whales that appear to be cruising in the dist ance, every so 
oft en blowing their noses as they go.
John Pina, our chef, has exerted himself in the galley to make our last  Sunday diner 
aboard once more a “memorable meal”. Th e captain contributed to that in no small way 
by opening a few bottles of wine from his private st ores, a gest ure greatly appreciated by 
a growing number of wine-st arved connoisseurs.
Th e end of our expedition is clearly proclaimed on the ship. In the saloon “bookmakers” 
are busy copying the cruise report, bundling text, fi gures, maps diagrams, tables and 
sp readsheets into eight impressive volumes, each containing 98 pages full of valuable 
information. Down in the hold washing machines are turning continuously and it is dif-
fi cult there to fi nd your way between the many washing lines that are st rung up, heavily 
loaded with dripping laundry. Staff  is busy cleaning offi  ces, laboratories and workshops. 
Bar accounts are being settled with Lucas Lourens, telephone- and fax accounts with the 
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Captain. Everywhere on the ship people are consp icuously noisy, shouting, singing or 
whist ling, in accompaniment of loud radios and ghetto-blast ers.
Th e bar is empty tonight and that is not a surprise. In anticipation of cust oms control to-
morrow TYRO’s supply of alcoholic beverages is safely locked up again, back in bonded 
st orage. Provident people, better known as old hands, have taken their precautions and 
have reserved the necessary booze for “last  night rituals” on the fore deck under the st ar-
lit expanse of the heavens. In the East  a waning moon rises majest ically from the sea and 
paints a beam of glist ening light all the way towards the ship. In the West  low hanging, 
dark clouds obscure the African horizon.

Monday, November 16
I thought I was up early this morning but I am not the fi rst  one who fi nds himself a 
place at the st arboard railing. For the third time in my life I look at the coast  of Af-
rica from the deck of a ship: the fi rst  time 22 years ago, together with my st ill young 
family on our way towards home in New Zealand, on the Greek MS AUSTRALIS ap-
proaching South Africa’s cloud covered Table Mountain; the second time, seven years 
later aboard CSS BAFFIN, heading for Cap Vert and Dakar, for a geophysical survey 
of the continental margin of Senegal; now, this time, aboard RV TYRO, drawing near 
the high, terraced coast  of Kenya. Each st ep of the st aircase was cut by the sea during a 
period when the upward movement of the emerging East  African continent halted for 
a while (Cloos, 949).
Slow, dead slow, TYRO pushes back the last  few miles. A yellow boat loosens itself from 
the coast , sets course in our direct ion and comes alongside. At eight o’clock the Mom-
bassa harbour pilot st eps aboard. Expect antly we approach the land, we eager explorers, 
about to set foot on a foreign shore. At the same time we are home bound, st retching 
our necks to catch a glimpse of a relative or friend. Two and a half months away from 
home, at sea and in foreign ports, that will do. Th e time that you long for home appears 
to be proportional to the duration of your absence: being away for a week was hardly 
enough to make me want to return home at all; being away for a month did not make 
me look forward to the end before at least  three and a half weeks had passed; this time 
the urge to take my leave from this expedition hit me about a week ago. Apparently you 
programme yourself that way, setting the clock to wake you up to go home, only towards 
the end of the job.
It is probably the last  time for me to come home from the sea. Earlier home comings 
fl ash through my head, the most  indelible one, st anding on the bow of the U.S.C.G.S.S. 
“OCEANOGRAPHER” approaching Wellington harbour’s “overseas terminal”, a group 
of people in the foreground in which I gradually dist inguish a woman and three blond, 
thumb-sucking children, Anne, Barbara, Marieke and Willem – Jan.
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At half past  nine we make fast  at the quay, under the st ern of a mammoth-size U.S. naval 
vessel, loaded with troops and material in aid of war-torn Somalia, less than 200 miles 
north from here.

And that is the end of Leg D3 and also of the “Geological Study of the Arabian Sea”, 
Utrecht University’s contribution to the Netherlands Indian Ocean Programme. Th e 
world is no longer the same as the one we left  ten weeks ago. Next year in April TYRO 
will return in Den Helder loaded with the data we collect ed, samples and measure-
ments, cool boxes full of sediment cores, jars, bottles and bags fi lled with sub-samples 
of water and sediment, all contributing to a better underst anding of the geology and 
oceanography of the Arabian Sea and of the climate of southwest  Asia. In the com-
ing years that material will be analysed by some of us, participants in this expedition, 
but also by others who were not with us at sea. We and they will meet each other at 
inst itutes and laboratories, at conferences and symposia to inform each other of the 
scientifi c interpretations and conclusions of our expedition’s data set. What they will 
never know, however, the others who were not with us at sea, is what we experienced; 
successes, disappointments, the sea, the wind and the waves, sun rises and sun sets, 
the moon and the st ars, and most  of all the joy of being one of the remarkable group 
of young and old explorers we formed together, something sp ecial to be cherished in 
fond memories.

Fig. 28. Hans Cloos’ (1939) cartoon of the triple junction of the Red Sea, Gulf of Aden and the Afar depression 
(northern part of the East Aftrican Rift), three rift zones that cut deeply into the bulging Nubian- Arabian shield, the 
culmination of “Hebung, Spaltung und Vulkanismus”, uplift, break-up and volcanic activity.
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At  o’clock Jan Willem and I st ep ashore. A London taxi takes us to “Th e New Outrig-
ger”, our hotel for tonight. Tomorrow we will meet our wives at the airport and aft er a 
couple of lazy days in a beach resort south of Mombasa we will take the train to Nai-
robi. Th ere we will hire a minibus, a guide and driver to begin a two-week long tour 
to invest igate the East  African Rift . Th at escapade is partly a Wild Life Safari, partly a 
geological excursion in the African sect ion of the World Rift  Syst em. Th e East  African 
Rift  is a compound fi ssure-zone in the uplift ed Nubian-Arabian shield which, via the 
so-called Afar triple junct ion, connect s with the Red Sea in the North and the Gulf 
of Aden in the East  (fi g. 28). Plate tect onic evolution predict s that in the far future the 
East  African Rift  will deepen and widen into a sea arm and that the landmass east  of it 
will separate from Africa in a way similar to what happened in the past  to Madagascar, 
the Mascarene Plateau and India.

Th e st ory continues, Mother Earth is st ill going st rong. Gaia, the living planet, re-
veals herself dramatically in the young, volcanically and seismically act ive East  Afri-
can mountains and in Kenya’s Wild Life, the ongoing exchange of energy and mass, 
resp ect ively the oft en violent dance of life and death. As far as the weather is concerned 
Gaia may be expect ed to be friendly this time of the year and during the dry Northeast  
Monsoon we will most  likely not be bothered by much rain. Altogether an excellent 
persp ect ive for a fantast ic vacation and an appropriate conclusion of “the cryst alliza-
tion of an idea that began and ended in the mind with a little sailing around in be-
tween”.



EPILOGUE
February 2006

“We shall not cease from exploration.
And the end of all our exploring

Will be to arrive where we st arted
And know the place for the fi rst  time “

Th omas S. Eliot
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More than thirteen years aft er NIOP cruises D, D2 and D3 the bulk of our measure-
ments and samples has been analyzed and interpreted. Results were presented at con-
ferences and symposia, have been published in scientifi c journals and formed the ba-
sis for PhD theses submitted and defended at Utrecht University and abroad. We were 
successful in recording () the fl uct uations in surface water product ivity, (2) the varia-
tions in the composition, ratio and fl ux rate of planktonic and benthic micro-organic 
remains and of various chemical elements and compounds in the sedimentary column 
and (3) the fl uct uations in the supply of eolian dust  and of Indus sediment during 
the last  225 000 years, that is during the last  two complete glacial cycles. All attributes 
measured, recorded and analysed have been used as proxies (“indirect ” yardst icks) to 
est ablish the changes in time in the intensity and evolution of the monsoon, the re-
gional climatic syst em.
From our viewpoint we may conclude that our eff orts and invest ments in the prepara-
tion and execution of the 992 “Geological st udy of the Arabian Sea” were profi table. 
Better than before, we now underst and the interact ion between ocean, atmosp here and 
sediment accumulation in the Arabian Sea region. Our achievements are rather well 
revealed in Gert-Jan Reichart’s (997) and Maarten Prins’ (999) PhD theses, entitled: 
“Late Quaternary variability of the Arabian Sea monsoon and oxygen minimum zone” 
and “Pelagic, hemipelagic and turbidite deposition in the Arabian Sea during the Late 
Quaternary” (subtitle; “Unraveling the signals of eolian and fl uvial sediment supply as 
funct ions of tect onics, sea-level and climate change”), resp ect ively. For the non-initi-
ated this means that we est ablished the relationship between monsoon intensity, the 
product ivity, and aggregation of organic material (nutrients, organisms and organic C) 
in the Arabian Sea, and the amounts of fl uviatile and eolian sediment that accumulated 
on the Indus Fan.
It is interest ing furthermore to mention that Lucas Lourens and Gert-Jan Reichart no-
ticed that relatively rapid temperature oscillations (so called Dansgaard – Oeschger 
cycles; events with a periodicity of about 2000 – 3000 years) in the northern Atlan-
tic region during the Pleist ocene correlate remarkably well with virtually synchronous 
changes in monsoon intensity. Th ey therefore suggest ed that the temperature changes 
resp onsible for the waxing and waning of northern ice sheets, glacials and interglacials, 
may also have been forced indirect ly by monsoon-induced variations in the atmosp her-
ic concentrations of methane and of water vapour, the most  potent greenhouse gas by 
far, rather than direct ly by variations in solar insolation at high latitudes• 4 • (Lourens & 
Reichart, 997).

Based on the interpretation of measurements and analyses of the data set we collect ed 
in the Arabian Sea in 992 and on the analyses of a number of multi channel seismic 
(MCS) refl ect ion surveys by British and German research groups in 986, 997 and 
998 [the University of Cambridge’s CHARLES DARWIN – 8 cruise (cf. Edwards et 
al., 2000), and the German Federal Inst itute for Geosciences and Natural Resources 
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(BGR) SONNE -22 and -3 cruises (cf. Gaedicke et al., 2000), resp ect ively] we now 
know that the northern Arabian Sea has a st able, expanded, open-marine oxygen 
minimum zone (OMZ), whose intensity is largely controlled by the seasonally wax-
ing and waning st rength of the monsoon. Within and below the OMZ an undist urbed 
sequence of hemipelagic sediments accumulated which harbours a yet to be dated ex-
cellent archive of the monsoon since late Neogene times, upward from a late Miocene 
unconformity.
To accurately date and analyse that sequence, it was logical to combine forces with col-
leagues from abroad, notably from BGR who explored the continental margin southwest  
off  Karachi. A joint proposal was submitted to the International Ocean Drilling Pro-
gram (IODP) to bring the JOIDES drilling vessel RESOLUTION to the Arabian Sea in 
the near future to recover a number of long cores from the Pakist an continental margin 
and from the Murray Ridge. Th e proposal has been favourably received, although addi-
tional high resolution seismo-st ratigraphic information through the proposed drilling 
sites was required to pinpoint coring targets and to guide and safeguard the act ual drill-
ing operations. Since war broke out in Iraq in 2003, a MCS survey that we planned for 
that summer with the RRS CHARLES DARWIN to recover that information was aban-
doned; no British ship would enter Pakist an waters at that time. In 2004, however, the 
RV MARION DUFRESNE of the Inst itut Polaire Français (IPEV) was chartered for that 
survey. Having made myself useful in the planning phase of this cruise (Mission MD 
44) I was invited to take part in the act ual operations at sea. So, on the 6th of Oct ober 
of 2004 we sailed from Muscat, Oman, on our way once more to the Arabian Sea, armed 
with a combined 6- and 8- channel seismic refl ect ion syst em, supplied and operated by 
st aff  of the (in the mean time Royal) Netherlands Inst itute for Sea Research (KNIOZ). 
Our group led by chief scientist  Henk de Haas from KNIOZ, consist ed amongst  others 
of seven of my former TYRO 992 shipmates Jan Willem Zachariasse, Gert-Jan Reichart 
and Lucas Lourens from Utrecht University, Jack Schilling and Bob Kost er from KNIOZ 
and Ali Tabrez from the Pakist an National Inst itute of Oceanography. Also aboard with 
us were Marck Smit from KNIOZ, Christ oph Gaedicke from BGR, Hannover, Germany 
and Peter Clift  from the Woods Hole Oceanographic Inst itution, Mass., USA. For our 
operations we relied on navigational and technical support by the ship’s offi  cers and 
crew and by the scientifi c and technical st aff  of IPEV, the latter sp ecifi cally for the recov-
ery of a 36 m long giant pist on core and for running the ship’s multibeam echosounder 
cum high resolution sediment profi ler. Th e core gave us a record of the climate-infl u-
enced depositional hist ory of the last  800 000 years.
Th anks to the fantast ic facilities of a well organized modern research vessel, to the avail-
able IPEV and KNIOZ technical equipment and surveying tools, thanks also to perfect  
weather and sea conditions, we had a very successful cruise. Apart from the DARWIN 
and SONNE lines through the proposed ODP drilling sites we now have two extra MCS 
cross lines through each site. Th e react ions of the ODP offi  ce to our upgraded drill-
ing proposal have been very positive and the processed and interpreted MARION DU-



| 186 |

FRESNE data set has swung the IODP site survey panel to give our proposal an A- rat-
ing, which is virtually the go-ahead for an extensive drilling programme in the Arabian 
Sea within the next few years. At that time it will be up to the next generation to take 
up the cudgels and make their contribution in the wake of an international fl otilla of 
research vessels that have plied the waters of the Arabian Sea since the days of the Inter-
national Indian Ocean Expedition (IIOE) from 959 to 965.

And here, at least  for the time being, the st ory of our Arabian Sea endeavours ends. Al-
though I believe that our achievements contribute to help comprehend climate and cli-
mate change of the past , I must  emphasize that we have nothing new to say about the so-
called enhanced greenhouse eff ect , the latter presently one of society’s main concerns.enhanced greenhouse eff ect , the latter presently one of society’s main concerns.enhanced
By defi nition Man has no infl uence on the natural greenhouse eff ect , that is the eff ect  natural greenhouse eff ect , that is the eff ect  natural
of the natural, balanced composition of greenhouse gases in the atmosp here. Carbon 
dioxide (CO2), methane (CH4), nitrous oxide (N2O) and water vapour (H2O) are in-
volved in the transfer and absorption of solar heat which keeps surface temperatures 
globally at a for earthly life comfortable level of about 40 C. Without those gases that 
level would drop to a chilling average of -90 C, a temperature impossible to sust ain 
most  earthly forms of life. However, since the beginning of the indust rial revolution, the 
burning of fossil fuels, deforest ation, the release of aerosols and the proliferation of bio-
indust ry and modern agriculture with its st aggering use of artifi cial manure, have led 
to a dramatic increase in the levels of N2O, CH4,O3, CFC, (chlorofl uorcarbon) and, most  
importantly, of CO2 in the atmosp here, gases that are all resp onsible for the enhanced
greenhouse gas eff ect . It is precisely this enhancement, the result of Man’s act ions, for 
purely economic reasons, that leads to an unwarranted increase in global warming and 
to a train of associated nast y side eff ect s, such as a global rise of sea level, a rapid lati-
tudinal shift  and thus dest ruct ion of animal and plant habitats • 5 • and, possibly, even a 
dramatic change in the oceans’ thermo-haline circulation patterns.
As mentioned, society, the people and their governments, are concerned about this de-
velopment, at least  it looks as if they are. A great number of indust rial countries has 
signed a protocol at the 997 Kyoto U.N. Climate Conference, committing themselves 
to reduce the emission of greenhouse gases, so that worldwide by 202 greenhouse gas 
levels will be 5% lower than they were in 992. Th ose commitments, however, have to be 
ratifi ed by minimal 55 of the parties concerned and have to cover at least  55% of the total 
emissions of the indust rial world before they will come into eff ect .
Whatever good intentions, there are as yet no signs of a decrease in greenhouse gas 
emissions; on the contrary, greenhouse gas levels are st ill rising. Atmosp heric CO2 lev-
els have increased globally by 30% in the last  35 years and IPCC expect s that by the 
end of the 2st  century atmosp heric CO2 concentrations will be .5 to 2.6 times present 
levels. Aft er Kyoto, follow-up climate conferences in Buenos Aires (998), Bonn (999) 
and Th e Hague (2000) have demonst rated that it is diffi  cult, if not impossible, to give 
climate control priority over economic development. Conference recommendations, 
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agreements and resolutions all too oft en appear to be “paper tigers” and, once laid down 
in documents, those resolutions are carefully bundled and fi led in archives while im-
plementations of all good intentions are hardly ever checked and controlled, let alone 
enforced. Th ose countries who have not ratifi ed the Kyoto climate treaty (notably the 
U.S. who, with less than 5 % of the world’s population are resp onsible for 25% of global 
CO2 emissions!) are at least  honest , while those who did are unwilling to admit what 
priorities they really have (” it’s the economy, st upid!”). Some countries hide their re-
sp onsibilities in political phraseology, such as “sust ainable growth”, as if sust enance and 
economic growth can be married easily together, while others are convinced that there 
is st ill plenty of time for humanity (science and technology) to come up with clever 
(simple?) solutions to ward off  disast er.
It is st ill debatable whether IPCC’s predict ions are accurate; will increased greenhouse 
gas levels cause global warming? or, the other way around, do higher temperatures in-
crease greenhouse gas levels? are IPCC’s models for climate change correct ? has the 
monitoring of global temperature changes been carried out over a suffi  cient long period 
of time and were the earliest  measurements accurate enough to detect  a trend? What is 
the infl uence of changes in the sun’s act ivity ( and 85 year cycles) and of cosmic radia-
tion via ionization and cloud formation on world climate?
Many asp ect s of the processes that control the exchange of greenhouse gases between 
atmosp here, soil and hydrosp here are st ill not or only poorly underst ood; e.g. almost  
half the amount of CO2 we release into the atmosp here is unaccounted for, where has 
it gone?, what and where are its sinks? Predict ing climatic change appears to be a dicey 
enterprise. On the other hand, IPCC’s models and calculations have improved over the 
years and if there is one trend, IPCC’s predict ions are defi nitely getting more and more 
accurate; models and observations appear to be in better agreement, and, increasingly 
so, they point to a dramatic infl uence of Man on global warming.
Vague predict ions (i.e. predict ions that are considered vague) about what is going to hap-considered vague) about what is going to hap-considered
pen with planet Earth, its environment, its climate in particular, have been an excuse 
thus far for society, governments of st ates and municipalities, their minist ers, members 
of parliaments, aldermen and councilors, to take the threat of the enhanced greenhouse 
eff ect  not too seriously and to avoid or post pone decisions to protect  the environment 
at least  until aft er the next elect ion. Th us far, governments’ act ions to reduce the emis-
sion of CO2 have only been taken as long as those act ions do not confl ict  with economic 
growth, or, and that boils down to the same, as long as the cost  of those reduct ions is 
only a small percentage of the returns of a “healthy” economy.
To assess the risks of that attitude you have to put them in proper persp ect ive. As for Sys-
tem Earth, that is taking the long term view, if there is any risk at all, it certainly will be 
extremely small. Th e resilience of the syst em is st rong as test ifi ed time and again in the 
past . Consider for inst ance that during the Cretaceous, thanks to high rates of sea-fl oor 
sp reading and associated widesp read volcanic act ivity, atmosp heric CO2 concentrations, 
rose to levels that were fi ve times the present ones, while global temperature was and 
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sea level st ood abnormally high. Following that period those levels were again reduced 
and “normalized” by Gaia’s feedback mechanisms, intensifi ed photosynthesis and coral 
reef formation. Consider also the recovery of the syst em aft er meteorite impact s, several 
times during her hist ory, although, admittedly, each time it led to a diff erent association 
of sp ecies.
Looking at the problem from the st andpoint of the presently living inhabitants of Planet presently living inhabitants of Planet presently
Earth, plants, animals and humans, that is taking the short term view, not reducing the 
enhanced greenhouse gas emissions, however, is very risky indeed. Perhaps not too risky 
for the rich West ern world who may be able to cope with this “clear and present danger”, 
to protect  itself for inst ance by erect ing and st rengthening dykes, by building sluices 
against  the expect ed rise in sea level or by resettling (part of) their population on higher 
grounds. What, however, about the resilience of the inhabitants of the “Th ird World” 
countries? How much will their habitats change and how will they survive? Just  like aft er 
previous global disast ers (such as meteorite impact s), when fl exible, opportunist ic survi-
vors came into full bloom, rapidly fi lling the niches that were emptied, Charles Darwin’s 
principle of evolution will prevail once more and only the fi ttest  will survive • 6 •. If you 
are a cynic you might say that that is a rigorous but eff ect ive way of getting rid of Th ird 
World problems. Unless, unless of course, humanity (the ODN, the world’s Organisation 
of Divided Nations, a.k.a. United Nations) comes to its senses.
Th e enhanced greenhouse gas eff ect  and its associated problems, global warming and enhanced greenhouse gas eff ect  and its associated problems, global warming and enhanced
rise of sea level, mark only one asp ect , one example of the eff ect  that Homo sapiens has 
on Syst em Earth. Th ere are more man-made earthly problems that will confront us in 
the near future. I mention here the eff ect s of worldwide deforest ation, in particular the 
dest ruct ion of tropical rain forest s (dest ruct ion of habitats, reduct ion of biodiversity, 
denudation, i.e. increased erosion of life-bearing soils), the eff ect s of pollution of air, sur-
face- and groundwater with toxic wast e of indust ry, agriculture and animal husbandry. 
Apart from direct ly damaging, poisoning and dest ruct ing life’s habitats, there is also the 
exhaust ive use (abuse) of energy (esp ecially by burning fossil fuels) and of non-living 
and living resources (particularly by over-fi shing). Th anks to an ever growing world 
population and Man’s greedy lust  for well-being and prosp erity, those problems will 
only grow and become more oppressive. I am afraid that the manner in which the world 
presently tackles the CO2 problem indicates how well we have succeeded in adjust ing 
our expect ations for our common future• 7 •.
Unless we learn, unless we control population growth and rest ore the economy-, indus-
try-, agriculture- and animal husbandry – induced dist urbances of the natural cycles 
of minerals, greenhouse gases and water, the future looks grim. It is simply a matter of 
self-interest  to heed the warnings, a matter of survival, preferably survival at a reason-
able level (st andard of living) in a healthy world, in a world in which Man, his culture 
and civilization are in harmony with Nature, the collect ive of the living Earth, land, sea, 
air, fl ora and fauna.
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Admittedly, to some extent, we the people of the West ern world, have demonst rated – at 
least  until now – that we can manage and control that collect ive. Presently we can and 
do overcome most  negative asp ect s that threaten our life- and well-being, asp ect s that 
do not agree with the ease, health, comfort and other pleasant attributes of economic 
growth and accrued wealth. We have expelled and banned those asp ect s outside the 
walls around our artifi cial world. But are we aware of the price we have paid and st ill are 
paying to achieve and maintain this blissful st ate of aff airs? Are we aware of the price 
we haven’t paid as yet, while squandering the future of the next generation, off ering our 
children and grandchildren the bill that eventually must  be paid, simply to survive? Are 
we aware also of the price we demand the rest  of the world to pay for our affl  uence? To 
protect  our interest s we subsidize otherwise unprofi table (over)product ion methods in 
agribusiness and bioindust ry. We dump our surplus goods at throw away prices in the 
st arving two thirds of the world and, to cover the defi cit, we effi  ciently (?)make them pay 
for it with the money that we set aside for their development. Th eir development?. At the 
same time we have erect ed trade barriers to prevent developing countries to compete 
with us on an economic basis that is no longer controlled by free enterprise and the bal-
ance between supply and demand. And when, eff ect ively deprived from every chance to 
better themselves, the dest itute arrive in droves to knock on our door, asking to be let in 
to claim their fair share, we slam the door shut. How’s that again?; “Give us your tired, 
your poor, your huddled masses yearning to breath free, the wretched refuse of your 
teeming shore. Send these, the homeless, tempest -tost  to me, I lift  my lamp beside the 
golden door!” (Emma Lazarus,883).
To express my concern over the eff ect s of the way mankind manages the aff airs of this 
world in a more subtle, less dramatic way that may appeal at least  to some of my lucky 
fellow beings, consider this: our abilities to play, relax and enjoy the good, healthy life 
are st ill improving. At the same time, however, while we are st ill growing in numbers, 
our noisy daily and nightly act ivities have also muffl  ed and deafened the sounds and in 
particular the silence of Nature. To remove ourselves from the st rain and st ress of our 
work- and living- environments we, youngst ers and increasingly so the elderly (baby- 
boomers), relax (?) in disco’s and entertainment palaces to protect  ourselves with loudly 
banging and shaky noises from uneasy, seemingly frightening and scary silences. Th e 
edges of the night approach each other rapidly. Desp ite our growing numbers, we try 
to escape our loneliness with the age old cry for “panem et circences”, drugs, drink, 
goals-scored, home-runs and touchdowns of our favourite teams. Apparently we are not 
aware or not concerned that we thus lose those precious, valuable and scarce asp ect s of 
a “lost  paradise” that we crave for, sometimes, at those rare moments when we are not 
running aft er everything and everybody (mainly ourselves), searching and hunting for 
new kicks and acquisitions. It was and is not an angel with a fl aming sword, it was and 
is Adam who drove and drives himself away from Paradise.
Only far away, far from the madding crowd, at sea and in the wilderness, it is st ill pos-
sible to undergo the silence of Nature, to be ast onished on a st arlit night by the over-
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whelming awe and beauty of the heavens and to lose yourself in sp ace and eternity. But, 
of course, since it is not seriously aff ect ing our GNP, giving that up is only a small price 
to pay, or is it?

And then, there is that other viewpoint. Since 972, since the fl ight of Apollo 7, we 
have seen ourselves and our world in a diff erent persp ect ive, never before so dist inct -
ly clear. Looking at Earth from sp ace the planet appears as a brightly sp arkling jewel 

Fig. 29. Earth seen from space. The view covers the combined landmasses of Africa and the Arabian Peninsula in the 
North, ice-covered Antarctica and the blue expanse of the Southern and Indian Oceans (with the Arabian Sea near the 
northeastern day- and night boundary). Photograph taken by Apollo 17 geologist – astronaut Harrison Schmitt from 
a distance of 25 000 miles from Earth.
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against  the black, immense emptiness of the Universe (fi g.29). Clear blue and white 
hues reveal the most  unique asp ect  of our Home, the presence of water in its three 
modalities, solid, fl uid and gas, water the very subst ance that makes the Earth a living 
planet, both in the biological and in the geological sense.

We will have to travel far to reach another home, somewhere in sp ace, where we can 
live as comfortably as on Earth; as yet we do not even know whether there is such a 
place. In case we fi nd it, we do not know whether it is at all possible that we can reach 
it. For those reasons alone, for purely selfi sh reasons, to say nothing on behalf of other 
life forms who depend on our conduct , it is incomprehensible how carelessly, how ir-
resp onsibly we treat our Earthly home. Wouldn’t it be sensible and – if that is the only 
valid criterion – more economical to keep our own house in order, rather than look for 
a place elsewhere and move house? We are from this Earth, we depend on this Earth, 
or, to sp eak with Dwamish Chief Seattle:

“... the earth is our mother. Whatever befalls the earth, befalls the sons of the earth. If 
men sp it on the ground, they sp it upon themselves.
Th is we know. Th e earth does not belong to man; man belongs to the earth. Th is we 
know. All things are connect ed like the blood which unites one family. All things are 
connect ed.
Whatever befalls the earth befalls the sons of the earth. Man did not weave the web of 
life; he is merely a st rand in it. Whatever he does to the web, he does to himself.... “

Th irteen years ago, aboard the good ship TYRO, I began writing what I then called “ec-
ological refl ect ions”, essays that deal with diff erent asp ect s of Syst em Earth, in particu-
lar, with Man’s present infl uence on it. Since then, I have written a few more and I have 
rewritten all of them several times, subst antiating and upgrading ideas and conclusions 
with modern fi ndings and insights. Th is book combines the essays into the st ory of 
planet Earth, a st ory that I dug up and assembled during a journey of discovery that 
I made in the last  50 years. It is my version of an old st ory that has been told many 
times. In the scientifi c literature, during conferences and symposia, for more than 200 
years, geologist s revealed to each other bits and pieces of that st ory. Every few years a 
new “st andard” work is published that contains their latest  discoveries of a st ory that is 
becoming ever more interest ing, ever more beautiful.
I am afraid, however, that the st ory has only been heard and underst ood by like-minded 
persons, the initiated ones, and that it has not or hardly been received by others, that the 
st ory has perhaps not been made suffi  ciently accessible. I therefore think that it must  be 
told again and again, for the umpteenth time. To paraphrase Nelson Mendela when he 
addressed the “do-nothings” at the 2002 World AIDS congress in Barcelona; ”When we 
(the geologist s) keep quiet, we are signing our own death warrant”.
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Aft er all those words I realize that my feelings are much better expressed by Mary 
Hunter Aust in (868 – 934). She said:

“Man is not himself only...
 He is all that he sees;

 all that fl ows to him from a
 thousand sources....

 He is the land, the lift  of its
 mountain lines, the 
 reach of its valleys.”

And to end in the sp irit of my st ory, I like to add:

 “He is the sun, the moon and the st ars,
 the sea, the waves, the wind and the sky....

 He is the tree, the rose and the grass,
 the lion and the lamb, the eagle, the loon and the lark.

 “Man is not himself only...
 He is all that he sees;

 all that fl ows to him from a
 thousand sources....

 He is Earth, he is Universe”

 “If he is not all that,
 he doesn’t exist ;

 he IS NOT



GLOSSARY
Words in italics are defi ned elsewhere in the glossary.
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abyssal: depth interval in the ocean below 3700 metres.
abyssal plain: the fl at sediment-covered surface of the deep sea environment.
act ive continental margin: the boundary between two colliding tect onic plates, one of 

them continental, the other oceanic whereby the relatively light continental plate is 
underthrust  by the oceanic plate. See also suduct ion zone.

albedo: literally whiteness; the refl ect ivity of a (sun-) illuminated surface.
algae: marine or freshwater plants, including phytoplankton and seaweeds, that belong 

to the phyllum of thallophytes (plants without true roots, st ems or leaves).
alkalinity: proportion of alkali salts (notably that of Na and K or NH3) in a solution.
anaerobic: devoid of air.
anoxic: devoid of oxygen.
arthropod: a representative of the group of invertebrates with jointed limbs and chi-

tin exoskeleton (subdivided into the classes insect s, crust acea, arachnids and centi-
pedes).

aseismic: free from earthquake act ivity.
ast henosp here: the soft , relatively weak, plast ic, partially molten upper part of the earth’s 

mantle, direct ly beneath the rigid lithosp here down to a depth of about 250 km.
Atlantic type continental margin: the sediment-covered, attenuated transition zone 

between continent and ocean, also known as passive margin.
basalt: a fi ne-grained, dark, magnesium- and iron-rich, igneous rock that is composed 

largely of plagioclase feldsp ar and plagioclase feldsp ar and plagioclase feldsp ar pyroxene. Basement rocks (bedrock) of the ocean 
and of oceanic islands consist  largely of diff erent kinds of basalt.

bedrock: solid rock formation beneath sedimentary cover.
benthic: (adj.) pertaining to the fl oor of the ocean that is inhabited by benthos.
benthos: bottom-dwelling organisms.
biodiversity: the variety of animal and plant sp ecies within a particular environment.
biomass: the sum total of organisms within an ecosyst em, usually expressed as the 

weight of carbon per volume or per area of seawater or soil.
black smoker: a hydrothermal vent within a mid-ocean ridge that discharges superheat-

ed (300o – 400o C), sulfi de-rich waters. Such discharges support unusual populations 
of benthic animals that depend on chemosynthetic bact eria, such as metres long, benthic animals that depend on chemosynthetic bact eria, such as metres long, benthic
gutless tube worms and huge clams which in turn feed other free fl oating/swimming 
animals such as crabs and fi shes.

Cainozoic: youngest  era of the geological time scale (cf. Table , p.20) covering the last  
66 million years of the Earth’s hist ory.

Cambrian: geological period that last ed from 542 to 488 million years ago (cf. Table , 
p.20).

Carboniferous: geological period that last ed from 359 to 299 million years ago (cf. Table 
, p.20),

coccolith: one of a number of microscopic calcareous diskettes or ringlets that are ex-
uded by a coccolithophore to form the organism’ s enclosing shell.
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coccolithophore: unicellular representative of algae that because of their size, 0.005 to 
0.05 mm, belong to the nannoplankton.0.05 mm, belong to the nannoplankton.0.05 mm, belong to the nanno  A coccolithophore has a shell that consist s 
of calcareous disks (coccoliths).

cod-end: cone-shaped end of a plankton net with an attached, removable collect ing tin, 
bucket or glass jar. continental crust : the outer, typically 30 to 40 kilometres thick 
layer of the granitic, continental lithosp here.

continental drift : the horizontal disp lacement of continents relative to one another.
continental rise: an inclined broad ramp between continental slope and abyssal plain

with a slope of less than 20.
continental shelf or platform: the gently sloping submarine edge of a continent, com-

monly down to 200 m deep.
continental slope: relatively st eep interval between continental shelf and continental shelf and continental shelf continental rise 

(gradients between 20 and 60).
creep: imperceptibly slow gravity-induced downslope movement of sediment or rock 

debris on a talus slope.
Cretaceous: youngest  period of the Mesozoic era, age between 46 and 66 million years Mesozoic era, age between 46 and 66 million years Mesozoic

ago (cf Table , p.20).
Curie point: the temperature above which minerals can not retain any permanent mag-

netization.
cyst : the inact ive, dormant st age or form that microorganisms such as for inst ance dino-

fl agellates enter into when under duress (under unfavourable environmental condi-
tions).

diagenesis: the chemical and physical change a sediment undergoes when under pres-
sure and relatively low temperature it hardens into solid rock (cf. metamorphism).

diatom: a unicellular photosynthesizing 5 – 2000 μm large micro plant with a siliceous 
cell wall.

dinofl agellate: a unicellular photosynthesizing 5 – 2000 μm large member of plankton 
with two whip-like appendices (fl agellawith two whip-like appendices (fl agellawith two whip-like appendices ( ) that enable it to propel itself through the 
water. Because of this automobility and because some representatives of this group 
feed on other microorganisms these plants are in some classifi cations considered to 
belong to the zooplankton rather than to the phytoplankton (cf. fi g. 25, p. 6).

dyke: igneous rock intruded into a fi ssure of the surrounding country rock.
ecology: research fi eld that st udies the interact ion between diff erent organisms and 

their environment.
ecosyst em: a dynamic syst em that comprises an organic community and its environ-

ment.
Eemian: last  interglacial period, that last ed from about 30 000 to 80 000 years ago, i.e. 

between the penultimate Saalian and ultimate Weichselian glacial periods (cf. Table 
, p.20).

enhanced greenhouse eff ect : human impact  on the Earth’s atmosp here that causes glo-
bal warming.
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Eocene: geological epoch of the Palaeogene period that last ed from 56 to 34 million 
years ago (cf. Table , p. 20)

eolian: (also sp elled aeolian); generated -, formed -, infl uenced -, caused – by wind.
extrusive rock: solidifi ed lava or rock formed from other material eject ed by a volcano.
fault angle depression: elongate valley formed by dip-slip movement along a fault 

plane.
feldsp ar: one of the group of Na-, Ca- or K-aluminosilicate minerals.
food web: interrelationship of inorganic and organic matter within an ecosyst em, in-

cluding product ion, consumption and decomposition.
foraminifera: (forams for short); tiny (coarse sand size and larger), benthic or benthic or benthic planktonic 

single-celled animals with a calcium carbonate shell. Th anks to their rapid evolution 
and to their abundance in marine deposits – forams are a subst antial part thereof 
and are widely dist ributed – determination of the composition of foraminifera as-
sociations is an important st ratigraphic tool to asses both the relative age of a deposit 
and the palaeocanographic conditions that prevailed at the time.

fl agellum: whiplike appendix that enables some (micro)organisms to move (swim).
geochemist ry: fi eld of st udy that deals with the chemist ry of planet Earth, lithosp here, 

atmosp here and hydrosp here.
geology: the science that deals with the form, composition, st ruct ure, and dynamic his-

tory (evolution) of planet Earth.
geomagnetism: the magnetizing force exerted by the Earth ‘s magnetic fi eld.
geophysics: the science that deals with the physical charact erist ics, properties and proc-

esses of the Earth.
glacial: . (n); ice age, one of the cold epochs during the Permo-Carboniferous, late Pre-

cambrian and late Cainozoic when polar regions and high mountains were covered late Cainozoic when polar regions and high mountains were covered late Cainozoic
by extensive ice sheets. 2. (adj); dealing with the properties of ice and/or glaciers.

globigerina: a genus of foraminifera.a genus of foraminifera.a genus of 
Gondwana: Palaeozoic and early Mesozoic supercontinent comprising the entire land-

mass of the present southern continents, Antarct ica, South America, Africa and Aus-
tralia.

grainst one: composite sedimentary rock in which individual sand-grain sized frag-
ments can st ill be recognized with a hand lens or the naked eye.

greenhouse gases: water vapour (H2O), carbon dioxide (CO2), methane (CH4), nitrous 
oxide (N2O), and chlorofl uorocarbons (CFCs).

granite: coarse-grained, intrusive igneous rock composed of quartz, feldsp ar and quartz, feldsp ar and quartz, feldsp ar mica.
heat fl ow: rate at which heat escapes at the Earth’s surface.
hemipelagic: of mixed terrigenous and biogenic origin.
heterotrophic: feeding chiefl y or exclusively on complex organic subst ances.
Holocene: post -glacial epoch; i.e. the last   500 years of the Quaternary, the present 

geologic period (cf. Table , p.20).
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homeost asis: organic equilibrium, the tendency of an organism to maintain a “healthy” 
st ability.

hornblende: one of the group of Ca, Na, Mg, Fe aluminium silicate minerals.
hot sp ot: the surface expression of a mantle plume.
hydrosp here: the total watery environment of the Earth, including groundwater, rivers, 

lakes, seas, oceans and water vapour (clouds).
igneous rock: intrusive or extrusive solidifi ed magmatic rock.magmatic rock.magmatic
insolation: the heat reaching the earth from solar radiation.
interglacial: a warm period in between two glacials.
Inter Tropical Convergence Zone (ITCZ): zone where warmed-up south- and north-

fl owing trade winds meet and rise. Th anks to the uneven dist ribution of continents 
and oceans over the globe (more land in the Northern Hemisp here) the ITCZ occu-
pies a more or less equatorial position during the northern winter, while in summer 
it circles the globe roughly in latitude 50 N (cf. fi g.24, p.).

intrusion (intrusive rock): a rock that forced its way (in molten st ate) into surrounding 
country rock.

isochrone: line connect ing points of equal age.
Jurassic: middle period of the Mesozoic era, between 200- to 46-million years ago (cf. 

Table , p.20).
lag deposit: sediment from which the fi ne fract ion has been removed (winnowed) by 

wind or current act ion.
Laurasia: Palaeozoic and early Mesozoic supercontinent comprisingb the entire land-Mesozoic supercontinent comprisingb the entire land-Mesozoic

mass of the present northern continents, North America and Eurasia.
lava: oft en gaseous magma or molten rock that fl ows out on the surface.
lithogenesis: low-temperature, physical and chemical process of rock formation through 

solidifi cation, precipitation or cementation.
lithosp here: the outer, 00 – 50 km thick rigid shell of the Earth (includes the crust  and 

the upper part of the mantle).
mafi c rock: igneous rock that is rich in ferromagnesian minerals.
magma: molten rock that upon cooling solidifi es into igneous rock.
magnetism: property of ferromagnetic minerals such as magnetite and haematite to 

attract  metals (notably iron and st eel).
magnetic anomaly: the diff erence between the value of a prevailing local magnetic fi eld 

and the value of the Earth’s magnetic fi eld.
magnetic susceptibility: ratio between magnetization and inducing magnetic fi eld.
magnetometer: inst rument that measures the variation of the Earth’s magnetic fi eld.
mantle: the bulk of the Earth below the crust  and above the core, at a depth interval 

between about 60 and 2900 km under continents and between about 8 and 2900 
km under oceans.

mantle convect ion: circuit of heat transfer within the mantle whereby warm (= light) 
material rises and cool (= heavy) material sinks.
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mantle plume: diapiric jet of hot, partially molten mantle material that rises to the sur-
face (cf. hot sp ot).

Mesozoic: geological era that last ed from 25- to 66 million years ago (cf. Table , p.20).
metamorphism: the (usually) temperature- and pressure forced change of the chemical 

(mineralogical) and physical (st ruct ural) composition of rocks.
mica: sheetlike mineral belonging to the group of hydrous aluminosilicates.
Miocene: geological epoch of the Neogene period that last ed from 23 to 5.3 million years 

ago (cf. Table , p.20).
mountainbuilding: see orogenesis.
Neogene: geological period that covers the last ed 23 million years, including the Mi-

ocene, the Pliocene and the Holocene (cf. Table , p.20).
New Global Tect onics: (a.k.a. Plate tect onics): theory that explains the formation, move-

ment and interact ion of a dozen or more larger and smaller segments (cf. fi g. , p. 
20) that divide the lithosp here.

oceanic crust : the outer typically about 8 kilometres thick layer of the basaltic, oceanic 
lithosp here.

Oligocene: geological epoch of the Paleogene period that last ed from 34 to 23 million 
years ago (cf. Table , p.20).

ophiolite suite: an assemblage of rocks, consist ing from top to bottom of . deep- sea 
sediments (typically diatom – and radiolarian – oozes), 2. basalts in the form of pil-
low lavas and underlying sheeted dykes, and 3. mafi c and ultramafi c igneous rocks 
(gabbros and peridotites) that is deposited (), resp ect ively inject ed (2 and 3) within 
the sp reading centre of a Mid-ocean ridge.

orogenesis: or mountainbuilding, the process in which large parts of the earth’ crust  
are deformed, folded, thrust -faulted, metamorphosed and intruded by metamorphosed and intruded by metamorphosed plutonic rocks 
from below. Th e cycle ends with uplift  (morphogenesis)

palaeoclimatology: the st udy of the climates of the past .
Palaeocene: geological epoch of the Palaeogene period that last ed from 66 to 56 million 

years ago (cf. Table , p. 20).
Palaeogene: geological period, including the Palaeocene, the Eocene and the Oligocene 

(cf. Table , p.20)
Palaeozoicum: geological era that last ed from 545 to 248 million years ago (cf. Table , 

p.20).
paragenesis: charact erist ic sequence of formation/deposition of minerals in rocks.
passive continental margin: see Atlantic type continental margin.
pelagic: pertaining to the open and deep sea environment.
Permian: geological period that last ed from 290 to 248 million years ago (cf. Table , 

p.20).
petrology: the st udy of the st ruct ure, composition and origin of rocks.
photosynthesis: sun – energized conversion in plants of CO2 and H2O into O2 and or-

ganic compounds.
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photic zone: surface layer of the sea, about 50 – 00 m deep, down to where sunlight 
penetrates (and photosynthesis takes place).

phytoplankton: plant forms of plankton.
plagioclase feldsp ar: Na- K- or Ca- aluminum silicate mineral.
plankton: (wanderers); small animals and plants fl oating in the surface waters of seas 

and oceans.
plateau basalt: lava fl ow, up to several hundred metres thick, erupted from fi ssures, and 

extending over large areas, hundreds to thousands of square miles in extent.
plate tect onics: or New global tect onics; theory that describes the movement and inter-

act ion of a number of rigid, relatively thin (00 – 50 km thick) lithosp heric plates lithosp heric plates lithosp heric
(cf. fi g. 3, p.47).

Pleist ocene: geological epoch that last ed from .8 million to 500 years ago (cf. Table 
, p.20).

Pliocene: geological epoch of the Neogene that last ed from 5.3 to .8 million years (cf. 
Table , p.20).

plutonic: pertaining to igneous act ivity at depth.
ponded basin: enclosed sedimentary basin (surrounded by a rim).
Precambrian: geological eon that encompasses the entire time sp an from the origin 

of the Earth until the Cambrian period, i.e. from 4600 to 542 million years ago (cf. 
Table , p. 20).

(primary) product ivity: the synthesis of organic matter by organisms from inorganic 
matter.

proton precession magnetometer: inst rument for measuring the intensity of the 
Earth’s magnetic fi eld at various places. For work at sea the inst rument is towed at 
least  three- to four- ship-lengths behind the ship, to keep it outside the magnetic 
fi eld generated by the ship itself.

proxy: an indirect  measure that quantifi es the property or quality of an item or syst em.
pyroxene: a mineral of the iron- magnesium- and/or calcium silicate group, a common 

const ituent of basalt
Quaternary: youngest  period of the Cainozoic era, covering the last  .8 million years of Cainozoic era, covering the last  .8 million years of Cainozoic

the Earth.s hist ory, i.e. the Pleist ocene and Holocene (cf, Table , p.20).
quartz: SiO2, a.k.a. as silica, a hard vitreous mineral, the most  abundant of all oxides, a 

common const ituent of granite and sandst one..
Saalian: penultimate glacial period, between 200 000 and 20 000 years ago (cf. Table , 

p.20).salpa: a representative of a genus of free-swimming transp arent tunicates.
sea-fl oor sp reading: creation of new sea fl oor crust  in between diverging plates..
sedimentology: geological discipline that st udies the st ruct ure and formation of sedi-

mentary rocks
seismo st ratigraphy: (or seismic st ratigraphy) dist inct ion and organization of a re-

fl ect ion seismogram into a succession of genetically related st ratifi ed units that are 
bounded at top and base by unconformities
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sp reading centre: rift  zone at the centre of a Mid Ocean Ridge where lithosp here plates 
separate.

st ratigraphy: science that deals with the succession and chronology of st rata (i.e. st rati-
fi ed rocks)

st rike-slip fault: or transcurrent fault, fault whereby the movement of blocks with re-
sp ect  to each other is horizontal.

subduct ion: movement at an act ive plate margin whereby a relatively heavy, oceanic 
plate slides and sinks under an overriding light, continental plate.

subduct ion complex: the st ack of originally continental slope deposits that as indi-
vidual fault blocks is successively thrust  up and over a subduct ing oceanic plate (cf. 
fi g. 2 b & c, p. 99)

submarine fan: a terrigenous cone- or fan-shaped deposit at the base of a continental 
slope

tect ogenesis: folding and faulting associated with orogenesis (mountain building).
tect onic: pertaining to the deformation (folding) and dislocation (faulting) of rocks
terrigenous: derived from land.
Tertiary: geological period that last ed from 66 to .8 million years ago (c.f. Table , p. 

20).
Tethys: Palaeozoic and early Palaeozoic and early Palaeozoic Mesozoic oceanic realm between two supercontinents, Mesozoic oceanic realm between two supercontinents, Mesozoic Lau-

rasia in the north and Gondwana in the south.
thermocline: st eep temperature gradient in the watercolumn that separates a surface 

layer of warm water from cold waters beneath. Th ermoclines are prominent in the 
open ocean where the surface water layer is heated during much of the year.

transcurrent fault: see st rike-slip fault.
transform fault: a st rike-slip fault that off sets a Mid Ocean Ridge.st rike-slip fault that off sets a Mid Ocean Ridge.st rike-slip fault
transform fract ure zone: fract ured zone of transform movement between two lithos-

pheric plates.pheric plates.pheric
triple junct ion: site where three plate boundaries (a zone of divergence, a zone of con-

vergence or a transform fault) meet.
tunicate: small globular or cylindrical marine animal.
turbidite: sedimentary deposit laid down by a turbidity current.
turbidity current: or density current, turbulent sediment-water mix that, thanks to its 

relative high density. moves down slope over the bottom of a lake or an ocean. Such 
currents may reach high velocities and usually have appreciably high erosive power,

unconformity: discontinuity within a depositional cycle.
upwelling: process by which water rises to a shallower depth.
Weichselian: last  glacial period, between 70 000 and  500 years ago (cf. Table , 

p.20).
winnowing: current- or wind act ion that removes the fi ne fract ion from a sedimentary 

deposit.
zooplankton: animal forms of plankton.
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  It is not too far fetched to put so-called fundamental research, i.e. research that is 
not immediately paying off  in hard currency or other worldly goods, on a par with 
pract icing art and sp orts, both cultural act ivities that many people agree merit sp on-
soring by government or other benefact ors.

2  Table  shows the eras, periods and epochs of the geological time scale.
3  Sailing and surveying require only one or two expedition members on watch 

whereas work on st ation needs many. To guarantee a good night’s sleep for most  
people aboard, we therefore prefer to survey at night and to work on st ation dur-
ing daylight hours. Th is schedule also saves money since working during the night 
means paying our technical st aff  for extra overtime.

4  Th is is a conservative est imate: product ivity at this time of the year has not reached 
its autumn peak and is st ill well below average annual product ivity; for the thickness 
of the photic layer an annual average of only 50 m is taken, while the total area of 
fertile NW Arabian Sea waters subst antially exceeds the 200.000 km2.

5 Pink rubers (Globigerinoides ruber in full) are the skeletal remains of a kind of red-
dish foraminifer that lived in the Indo- Pacifi c region until about 5 000 years ago.

6  Tethys is the name of the ocean that formerly exist ed between the two superconti-
nents Gondwana and Laurasia in the South and in the North, resp ect ively. Because 
of convergent movements between Gondwana and Laurasia since the Permian the 
greater part of Tethys submerged into the Earth’s mantle and was thrust  under Eu-
rope and Asia. Remnants of the Tethys st ill exist  in the form of larger and smaller 
basins in the Mediterranean Sea, in the Indian Ocean or were taken up into the Alps 
and the Himalayas in the form of so-called ophiolite sequences, successions of deep 
sea deposits such as radiolarites and igneous rocks such as basalts, gabbro’s, sepen-
tinites and peridotites.

7  Note that for this scenario to work this unlikely event must  have occurred at least  
once on Earth, in a period of time as long as several hundred million years, when once on Earth, in a period of time as long as several hundred million years, when once
the Earth’s atmosp here had the right composition. However, if it did happen once, 
then in that case- under the same conditions – it most  likely happened more oft en 
(perhaps even frequently).

8  Th e dist ance to Alpha Centauri, the st ar nearest  to the solar syst em, is 4.3 light years 
or a good 400 x!02 km. Even traveling at the fantast ic sp eed of  million km per 
hour it would take us more than 4500 years to get there.

9  On Oct ober, 4 at 8h 35 local time, shortly aft er take off  from Schiphol Airport, an 
El Al Boeing 747 cargo plane crashed into two high-rise apartment buildings in the 
Bijlmermeer, a suburb in southeast ern Amst erdam. Th e crash and the following in-
ferno killed 43 people. Many more were severely burned and wounded.

0  Apart from in arid regions there is also a lack of accessible, safe, clean, healthy drink-
ing water in regions where there is a surplus of water. Of the total amount of water 
on Earth, only 2.5% is fresh water, of which in turn 29.9 % is st ored underground 
while 68.9 % is in the form of (eternal) snow and ice. Of the remaining .2% fresh 
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water only a quarter is in lakes and rivers and three quarters in marshes and perma-
frost .

  Best  preservation of course within the Oxygen Minimum Zone (OMZ), in the north-
ern Arabian Sea roughly in water depths between 50 and 00 metres.

2  Th e direct  correlation between the global δ8O curve and CaCO3 content is com-
monly used for age est imates in hemipelagic sediments (Naidu, 99).

3 If those extra terrest rial bodies were large enough, chances are that there was a caus-
al relationship between ast eroid impact  and subsequent volcanic and plate tect onic 
act ivity. It is probably safer to say that on the available evidence the possibility of 
such a cause and eff ect  mechanism can as yet not be ruled out completely.

4 In their analysis Lucas and Gert-Jan st ate that globally the increase in moist ure 
content in the atmosp here and thus of cloud density is largely caused by the “ex-
tra” amount of water vapour generated within the Inter Tropical Convergence Zone 
(ITCZ) during periods with intensive monsoon circulation. Although the higher 
albedo of denser cloud cover refl ect s short-wave insolation, water vapour (and of 
course also CO2, CH4, N2O and CFC’s) in the atmosp here effi  ciently absorbs radiated 
long-wave infrared heat.

5  Based on last -year’s predict ions for Global Warming made by the Intergovernmen-
tal Panel on Climate Change (IPCC) it is expect ed that within half a century about 
25% of all plant and animal sp ecies will be extinct  or, in other words, that more than 
a million of presently living sp ecies are threatened with extinct ion in the next few 
decades.

6  Darwin, of course, considered survival to be the outcome of natural select ion.
7  I may be surprised, however: in February 2004, Mark Hertsgaard, author of “Th e 

shadow of Power”, reported that a Pentagon Commission – in sharp contrast  to the 
opinion of president Bush and his right-wing followers – declared Global Warming 
to be a threat to National Security, and urged the world (and the World Bank) to 
st rive for a future without carbon. Before the end of 2004, however, the Bush admin-
ist ration decided not to sign the Kyoto Treaty.
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Publication of this book is the culmination of a long, drawn out aff air. Th e reason for 
writing “Between Heaven and Earth . . . .” st ems essentially from my indignation about 
the casual manner in which mankind takes for granted that no matter how we abuse 
her, Planet Earth is an inexhaust ible resource that will sust ain our greedy expect ations 
for ever aft er. Since I am convinced that this attitude is largely due to ignorance, I think 
it worthwhile to try and rect ify that opinion by making at least  some people aware that 
the health of our wonderful life- and soul-supporting planet is at st ake. Th e heritage 
we share with our fellow beings is a trust  we may not squander. 
Th e idea to put my concern on paper has been with me for quite some time. Neverthe-
less, apart from a half-hearted attempt begun in 992 (as recorded in this book) I left  
it at that until years later. Maybe I wasn’t indignant enough at the time; perhaps I am 
just  lazy. My interest  was rekindled, however, by being involved in the planning for a  
follow-up seismic refl ect ion survey in the Arabian Sea and by my subsequent partici-
pation in that survey aboard the French RV Marion Dufresne II in 2004. Aboard ship, 
friends and colleagues, old and new, st imulated me and fi red me up once more to com-
plete what I had begun. Th is meant that I had to rewrite and reshape the manuscript, 
upgrading its fact ual, scientifi c basis with recently published information. 

Writing a book usually is the eff ort of one person, the author, although, notably in the 
case of scientifi c writing, a great deal of knowledge put into a manuscript rest s on the 
writings of others. Writing for a broader readership than professional colleagues, keep-
ing the interest ed layman’s attention, requires a st yle and composition that diff ers from 
that of a paper prepared for publication in a scientifi c journal. With resp ect  to that I 
am grateful for the advice I received from journalist s, “popular” science writers Govert 
Schilling and Sjir Renkens, the latter in particular for his enlightening comments on an 
early draft  of the manuscript. 
Writing a book is one thing, publishing a book, is quite another thing. Moulding 
a manuscript into publishable form is the work of many whose individual skills and 
competence contribute to the composition of the fi nal text and illust rations, the line 
drawings and photographs, and to the general composition of the book. 
Roeline Ruules, M.A. Eng. Lit. and my daughter Barbara, MD, PhD, pract ically a native 
sp eaker and writer of English, edited the manuscript. With her comments and sugges-
tions to improve and clarify my writings, Roeline pampered the text in such a way that 
I dist inct ly gained the impression that she was making it her book as much as it is 
mine. Barbara devoted precious hours to polish up the fi nal text. More direct ly than 
ever before, she confi rmed that, as far as education goes, parents st and to learn a great 
deal from their children. 
GeoMedia (manager Margot Stoete) prepared the various fi gures that illuminate the 
text and took resp onsibility for the layout of the book. Margot, I am impressed by the 
competent way in which you and your st aff , Gérard van Betlehem, Rien Rabbers, de-
signed the book and forged it into its fi nal shape and form. Fred Trappenburg turned 
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my raw sketches into artist ically executed line drawings. Th ank you Geomedia, you 
made it a “mooi boekie”. 
Nature photographer Fred Hoogervorst  (presently resident of Mozambique) took most  
of the photographs during Leg D2 of the 992 Netherlands Indian Ocean Expedition. I 
owe you Fred for relinquishing your copyrights. For the cover of the book I borrowed 
“Dauphine 2”, a photo Prof. dr Siegfried Lallemant‘s (Dept. des Sciences de la Terre, 
Université Cergy Pontoise, France) shot in 2004 in the Arabian Sea, aboard the RV 
MARION DUFRESNE II on our approach to Muscat. 
Th e Faculty of Geosciences, Utrecht University (dean Prof. dr G.J. van der Zwaan) gen-
erously absorbed the cost  of GeoMedia’s contribution. Th ank you Bert. May the record 
of our adventures at sea draw the attention of some young people, perhaps encourage 
even a few to opt for a career in the wonderful world of geology. 
Igitur, Utrecht Publishing & Archiving Services, department of the University Library 
Utrecht (publishing consultant Ast rid van Wesenbeeck, M.A.), facilitated both the 
printed and online versions of this book. Th ank you Ast rid, for your advice and help.
A sp ecial word of thanks goes to Jan Willem and Jan Adriaan Zachariasse, Jan Wil-
lem my very learned friend and colleague and Jan Adriaan, successful entrepreneur, 
his brother in the U.S.A. Th e interest  Jan Willem and I share in our science brought 
us together both at sea and in the fi eld. Jan Willem is the “auct or intellect ualis” of the 
main scientifi c object ives of the expeditions we sailed in the Banda Sea, in the Mediter-
ranean and in the Arabian Sea. For many summers we were together in Aragon, where 
we introduced young st udents into the secrets of the geology of the Cordillera Iberica. 
From the very beginning Jan Willem st aunchly supported and encouraged me to write 
this book. Th at he talked Jan Adriaan into subsidizing publication of my book, came as 
a complete surprise. Jan Willem and Jan Adriaan, each in your own way, you challenged 
me to fi nish what I st arted. Without your support the book would not have been pub-
lished. What can I say? I can only hope that I haven’t disappointed you.
Finally, Anne Mercedes, in a sp ecial way this book is my umpteenth coming home 
from the sea. As always I found you waiting patiently for my return. Although in the 
last  few years I oft en short-changed you, you never begrudged me the time I withdrew 
into my den to work on the book. You knew what it meant to me. Dear Muis, I’ll make 
amends. I will try and grow old gracefully.
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