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Preface

The formal organisation of ocean drilling to recover core samples from
the floor of the ocean has been operating now for 50 years. Samples
from the sea bed reveal much of the way the Earth works—its climates
past and present; its active nature, including the origin of destructive
earthquakes; and the evolutionary history of much of its biology. This is
now the world’s largest international geoscience program.

The first sea-going vessel specifically designed for this program was the
Glomar Challenger, the subject of this book. Glomar Challenger was
launched in 1968 as part of the Deep Sea Drilling Project. After 1983,
when that ship was scrapped, other vessels and other programs followed,
becoming increasingly international and with improved technical
capabilities. The dedicated drilling ships were the Resolution and the
Chikyu; other vessels, other drilling platforms, were co-opted as necessary.
Of the newer programs, the Ocean Drilling Program ran from 1983 to
2003; the Integrated Ocean Dirilling Program from 2003 to 2013 when
its successor, the International Ocean Discovery Program, replaced it.
With time, the programs have become increasingly focused on particular
problems in Earth science, contrasting with the early programs that were
more broadly exploratory—a more ‘looking to see what’s there’ approach.

As the pioneer vessel of this early phase in our understanding of the oceans,
the Glomar Challenger has achieved something of iconic status. It has been
called ‘famous’, ‘pioneering’ and ‘a ship that revolutionised Earth science’.
The present volume is just one story of that iconic vessel, on which I was
privileged to sail in the southern summer of 1972/73 on its first and most
successful voyage into the waters close to Antarctica.
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Glossary

Albedo The fraction of light or solar radiation that is reflected back from
a surface. Light surfaces with a low albedo, such as vegetation, look dark;
surfaces with a high albedo, such as snow or ice, look bright.

Antarctic Circampolar Current (ACC) The major ocean current that
flows around Antarctica from West to East, connecting all three oceans
linked to the Antarctic Ocean, Pacific, Indian and Atlantic. Driven
by strong westerly winds, it is sometimes called the West Wind Drift.

Benthic Referring to the ecological zone close to the sea bottom.
Organisms living in this zone are called benthos.

Calve (verb) The breaking off of an iceberg from an ice shelf or glacier.

Camera lucida An instrument that uses the deflection of light rays through
a glass prism so that images are reflected on paper ready for drawing.

Chert A hard grey rock resembling flint, a chemical sedimentary rock
composed of microcrystalline quartz. Breaks with a conchoidal fracture
and very sharp edges and has been used for tool-making.

Clast In geology clast refers to a fragment of geological debris—chunks
or fragments broken off other rocks by weathering or erosion, including,
but not confined to, plucking by glacial action.

Cobble A clast of rock of a particular size, larger than a pebble and smaller
than a boulder.

Come on site To arrive at the site or locality to be drilled.

Continental rise The slope transitional between the deep ocean floor,
or abyssal plain, and the continent’s edge.

Core A continuous, usually cylindrical section of rock or sediment.
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Coring The act of drilling to retrieve a core.

Coriolis effect The observed motion of oceanic or atmospheric currents
resulting from the Earth’s rotation. Currents are deflected to the right in
the northern hemisphere and the left in the southern hemisphere.

Deep Sea Drilling Project (DSDP) A scientific ocean drilling project
that operated from 1968 to 1983 using the Glomar Challenger as the
drilling ship.

Diatoms Microscopic unicellular or colonial organisms enclosed in a cell
wall, or frustule, made of silica. They may inhabit the sea surface, or
freshwater, or live in soils, even in ice. They dominate the phytoplankton
and are large contributors to the primary production of the oceans.

Dredging Collecting sediment, rock or biological samples from the sea
floor using a variety of sampling tools.

Drilling ship A vessel designed for exploratory offshore drilling,
for scientific purposes or for oil and gas exploration.

Earth’s crust The crust is the outer, solid shell of the Earth, underlain by
Earth’s mantle. The crust may be of oceanic or continental type. Oceanic
rocks are made of dense, dark coloured rocks rich in iron and magnesium,
such as basalt. Continental rocks are generally less dense, enriched in
silicon, oxygen, aluminium and potassium; granite is typical.

Fantail The rear or aft end of a ship—the deck area over the stern.

Fixist With reference to continental drift, refers to the view or to persons
believing that the position of the continents has remained fixed through
time.

Foraminifera (Commonly called forams’) A phylum or class of single-
celled organisms with an external shell or test most commonly made of
calcium carbonate. Some 40 per cent are planktonic, living at the sea
surface, others live in brackish estuaries or salt marshes. They form an
important part of the marine food chain.

Grampus Possibly refers to the killer whale, Orcinus orca. Usage here
comes from HMS Challenger notes on maps showing dredging sites in the
Southern Ocean.
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Granule A large pebble or grain; a mineral fragment larger than a sand
grain and smaller than a pebble.

Great Ice Barrier Usually refers to the Ross Ice Shelf. This usage dates
from the HMS Challenger expedition and is mentioned in the ‘Aims’
of the Challenger voyage in 1874.

Greenhouse Earth A period in Earth history when there were no
continental glaciers, the levels of carbon dioxide and water vapour were
high, as were sea surface temperatures. Contrast Icehouse Earth.

Growlers Small icebergs showing 1 metre above the waterline.

Ice Age A period of low temperatures over the Earth, resulting in the
expansion of the polar ice sheets and alpine glaciers. Within an ice age,
such as that of the present Earth, individual periods of excessive cold are
termed ‘glacials’, intervening warmer periods ‘interglacials’. The Great
Ice Age historically refers to the present Pleistocene Epoch, when large ice
sheets covered Europe and North America.

Ice belt On an icebreaker this refers to a reinforced zone in the hull,
typically extending 1 metre above and below the waterline.

Iceberg A large piece of freshwater ice floating freely in the ocean.
About 90 per cent of the iceberg is below water.

Icecap A thick continuous layer of ice covering a continent such as
Antarctica—in that instance also referred to as the ‘Antarctic Ice Sheet’.

Icehouse Earth A period in Earth history when ice sheets are present—
as currently at both poles. These may wax and wane between glacial and
interglacial periods. Levels of carbon dioxide and water vapour are lower
than in a greenhouse phase, and sea surface temperatures are significantly
lower.

Ice islands An early term for icebergs; note references in James Cook’s
account of his second voyage.

Ice-rafted debris (IRD) Rock material eroded from the continent, carried
into the ocean and eventually dropped when icebergs melt. It may take
the form of pebbles, cobbles or boulders, even sand.
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Ice sheet An extensive area of ice, usually covering land for a long time.
Refers usually to those in Antarctica—e.g. East Antarctic or West Antarctic
Ice Sheet—or to the Greenland Ice Sheet.

Ice shelf An extensive area of very thick ice, more or less flat and slowly
moving, floating on the sea but attached on one side.

IODP Integrated Ocean Drilling Program; later International Ocean
Discovery Program.

IODP(1) Integrated Ocean Drilling Program (2003-2013).
IODP(2) International Ocean Discovery Program (2013-2023).

Krill Any shrimp-like planktonic marine organisms in the order
Euphausiacea.

Mobilist One who believes in change; with reference to the hypothesis
of continental drift, refers to the view, or to those holding the view,
who believe the position of the continents has changed through time.
Compare fixist.

Moon pool The opening in the base of a ship’s hull that allows the drilling
bit and drill string to pass through.

Moraine A ridge of rock debris deposited at the edge of a glacier; terminal
moraines are deposited at the glacier front or snout; lateral moraines at

its edge.

Nannofossils The term refers to the remains of coccoliths and coccospheres
of marine algae. Coccolith refers to the disc-like plate secreted by the
organism; these are often found separated and they accumulate in marine
sediments as calcareous oozes.

ODP Ocean Drilling Program.

Ooze (noun) In a geological sense, deposits of soft mud on the sea floor,
with their composition usually reflecting the microscopic remains of
organisms that live at the sea surface. Includes diatom ooze, nannofossil
ooze and foraminiferal ooze.

Palaeontologist A scientist who studies fossils.
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Palacothermometer Anything in the natural record that allows us to
deduce the temperature conditions of past ages; ratios of different chemical
isotopes are included, as are annual growth rings in trees or corals.

Palynologist A scientist who studies living and fossil pollen grains
and plant spores. Derived from the Greek paluno—to strew or sprinkle.

Palynomorphs Organic-walled microfossils; includes pollen grains and
spores, but also dinoflagellates.

Phytoplankton Microscopic marine algae—included here are diatoms,
coccoliths, algae and bacteria. Dinoflagellates are loosely included, though
these are not strictly algae. These form the base of the food chain for
aquatic animals, and fix large amounts of carbon.

Pipe rack The structure on a drilling ship that supports and stores lengths
of drill pipe.

Plate tectonics Refers to the scientific theory and study of the way in
which tectonic plates (see) move and their interaction with each other.

Polar Front Commonly called the Antarctic Convergence—the zone
separating the Antarctic and Subantarctic water masses or, more generally,
the zone where cold surface waters from Antarctica sink beneath warmer
waters to the north. In the Southern Ocean it is associated with the
Antarctic Circumpolar Current.

Radiolaria Single-celled, microscopic protists with an amoeba-like body
enclosed within a spiny, elaborate skeleton of silica.

Recycling, recycled With respect to sediment particles it reflects the
mixing of older particles into younger sequences. Around Antarctica
the action of glaciers is the key process in recycling in sediments. The term
often applies to older fossils mixed in with younger forms.

Ross Ice Shelf The world’s largest body of floating ice, occupying the
southern part of the Ross Sea. Named after James Clark Ross, who
discovered the feature in 1841, and originally called The Barrier. The name
was changed to Ross Ice Shelf by the US Board of Geographic Names in
1953, and published in 1956.

Sea-floor spreading Process by which molten magma from deep within
the Earth rises at submarine ridges and spreads away from the ridge to
form new sea floor.

Xix



XX

A MEMORY OF ICE

Sedimentologist A scientist who studies modern or ancient sediments,
such as sand, silt and clay, and their formation into sedimentary rock.

Silt A granular sedimentary material with particle sizes intermediate
between sand and clay. May be deposited by water, ice and wind.

Sounding More formally ‘depth sounding’. Refers to measuring the depth
of a body of water; this is usually applied to measurement with a line and
sinker, but can refer now to ‘echo sounding’ using sound transmission.

Spudded in A term deriving from the oil exploration industry—refers to
starting to drill a well or borehole; removing the initial rock debris from
the site with the drill.

Subduction The process in plate tectonics wherein the edge of one plate
slides beneath another. In the process the edge of one plate sinks into the
Earth’s mantle.

Tectonic plate A massive slab of the Earth’s lithosphere—the Earth’s crust
and uppermost layer of the Earth’s mantle. They are usually made up of
both oceanic and continental crust that floats on the Earth’s upper mantle.

Tillite Cemented or consolidated sediments of glacial origin, usually an
unsorted mixture of clay, sand and boulders; unconsolidated deposits of
the same material are called till.

Turbidites Sedimentary rocks formed by gravity flow. The term usually
refers to deposits made within the deep ocean; the beds grade upwards
from coarser to finer particles.



Prologue

The ocean drilling ship Glomar Challenger left Fremantle on 20 December
1972. It was the start of Leg 28, the first of a number of ‘legs’ of the Deep
Sea Dirilling Project planned for high southern latitudes. In many respects
it was a test of the feasibility of drilling operations in latitudes close to
Antarctica, with severe weather and the ever-present danger of icebergs.

Our departure took place 100 years minus just one day after the first
ocean cruise dedicated wholly to science, that of our namesake vessel,
HMS Challenger, left England. She weighed anchor from Portsmouth
on the 21 December 1872, at the start of what was to be a four-year,
130,000-kilometre voyage surveying, sampling and dredging the world’s
oceans. The Royal Society sponsored that expedition.

Its aims were to investigate the physical conditions of the deep seas as far
south as the Great Ice Barrier; to investigate the chemical composition of
seawater at various depths; to examine the physical and chemical character
of deep sea deposits; and to investigate the distribution of organic life at
different depths and on the deep sea floor. HMS Challenger was equipped
with state of the art laboratories and equipment, including devices for
sounding and dredging the deepest parts of the ocean. The expedition
was also directed to establish the existence or otherwise of life in the
deep oceans, to disprove the currently popular theory that none existed
below depths of 1,800 feet (roughly 550 metres) and to examine Charles
Darwin’s view that a range of primitive life forms extinct on land might
be found at great ocean depths.

The scientific aims of our own cruise were to explore the history of the polar
icecap and the changing environments of the seas surrounding Antarctica.
We also planned to investigate sea-floor spreading between Australia and
Antarctica, and the development of the Antarctic Circumpolar Current
and other features of the high latitude ocean circulation.
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I had joined the expedition from Florida State University, where I had
a postdoctoral fellowship. I am a palaeontologist, one who studies fossils.
Within that broad category I study pollen, and have a long-term interest
in the history of the land vegetation of Antarctica. The cruise provided me
with a chance to research this aspect of the Antarctic’s evolutionary story.

Florida State University, in its subtropical setting at Tallahassee,
might seem a strange place for those interested in the history of life in
Antarctica. But that university was home to an Antarctic marine research
facility, which housed cores of marine sediments collected on cruises
undertaken around the southern continent, and supported an active
program of research centred on the core collections. Still, it always struck
me as incongruous that palm trees framed the entrance to this polar
research building.

For this cruise I was classified not as a palynologist (a pollen researcher)
but as a sedimentologist, simply because these were scarce creatures, and
because I could tell a diatom ooze—a clayey sediment rich in silica of the
shells of marine algae—from a calcareous, or limy ooze where calcium
carbonate dominates. It was important to be able to distinguish between
these sediment types as they provide clues to the climatic conditions
in the ocean where they formed. Before the cruise I had had to refresh
my undergraduate training in looking at minerals and rock fragments
under the microscope by taking a refresher course at my alma mater, the
University of Western Australia in Perth. Nonetheless I certainly was not
very confident in my new role, where I was to be a member of a small
team deciphering the history of the oceans.

During the voyage, in the best tradition of Antarctic explorers, I kept
a diary. I wrote it on a flimsy foolscap pad. These many years later it
is tattered and in some parts barely legible. It records the daily activity
associated with drilling, the anticipation of steaming to new sites—to
unsignposted spots in a blank grey ocean—the nervous waiting for cores
to come up, the frenzy of activity when they do, the late night discussions
around the science, and always, the weather and the accompanying
wildlife. Diary keeping was possible for most of the voyage, but when the
vessel entered the Ross Sea, where shallow water meant that cores were
landing rapidly on deck, the pressure of dealing with more and more drill
core in a tight time frame meant that I abandoned the diary. Accounts of
that part of the cruise are thus from recollection.
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Figure 1. Route of the Glomar Challenger on Leg 28, with numbered drill
sites shown; 1,000 m and 3,000 m contours shown.
Source: DSDP Leg 28, Initial Reports, Volume 28, 1975.

In this book, I have used my diary to tell the story of a pioneering
expedition in drilling the sea floor around Antarctica. As a test of the
feasibility of drilling at very high southern latitudes, with the probability
of being hampered by weather and ice conditions, the cruise proved to be
a success, both in the scientific results achieved, and in the test of drilling
and navigational technology. We drilled 11 sites, some at latitudes that had
never been drilled before, and have not been drilled since. For example,
Site 270, at 77°26'S, in the Ross Sea, remains further south than any site
drilled by scientific ocean drilling.

The achievements of this voyage have been documented in the scientific
literature, but there is no account of the shipboard excitement that
accompanied these. During the cruise we pushed back the age of glaciation
in Antarctica from the approximately 3 million years that was widely
believed when we left port, to at least 25 million years—a dramatic change.
Changes in the circulation of the Southern Ocean that accompanied this
rapid cooling first became evident in paper strips of drilling logs that I had
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taped to my cabin wall. The antiquity of the glaciation became apparent
through what was the first drilling of the Antarctic continental shelf in
the Ross Sea, within 50 miles, or about 80 kilometres, of the Ross Ice
Shelf—the ‘Great Ice Barrier’ of early explorers, a region which presented
its own difficulties and dramas. Not the least of these was the encounter
with gas in the Ross Sea sediments. This caused drilling to be abruptly
terminated at some sites as a safety measure, but created excitement in the
global press at the time of the oil crisis of 1973.

A sense of human history pervades scientific work in Antarctica.

The ‘heroic era’ stories of human endeavour, epitomised by Scott’s fatal
journey to the South Pole, have left an enduring cultural legacy. On Leg
28 our own encounters with human history began with our embarkation
a century after that of HMS Challenger. Further south, between two drill
sites on the Southeast Indian Ridge, we crossed the track of James CooK’s
vessel, HMS Resolution. In January 1773, just a little over 200 years before
our venture, Resolution was sailing east on what was to become the first
circumnavigation of the Antarctic continent, reaching southern latitudes
never attained before.

Closer to Antarctica, the plethora of geographic names we encountered
reflected other early explorers; we drilled off the coast of Wilkes Land,
named for Charles Wilkes, commander of the US Exploring Expedition
of 1838—42. Later, we sailed and drilled at sites in the Ross Sea where
Captain James Clark Ross, commanding the expedition’s vessels Erebus
and Zerror, charted much of the coastline, claiming it in the name of
Queen Victoria, and discovered the Great Ice Barrier, now the Ross Ice
Shelf, the peaks of the Transantarctic Mountains and the active volcanoes
Mounts Erebus and Terror, which he named after his ships. The young
botanist Joseph Dalton Hooker was initially appointed assistant surgeon
to Ross’s expedition, but his personal mission was the search for the flora
of the wider Antarctic region. In this aspect of his life I have always felt
some kind of kinship with him. While Hooker was not able to collect
higher plants from the continent itself, he was convinced that Antarctica
had once borne a rich vegetation, and this was the source of many of
the related plants he observed on the continents and islands of cool
temperate latitudes.



PROLOGUE

Figure 2. Frozen bollard on the Glomar Challenger.
Source: Elizabeth Truswell.

The role of recording the achievements of the early expeditions into
high southern latitudes fell largely to the artists who supported the early
scientists and navigators. These were mostly young but professionally
trained, usually in the classical artistic traditions of Europe. Their role
as artists in support of scientists often meant that they had to struggle to
break free of the shackles of the classical traditions of their training, but
echoes of the classical are often discernible in their illustrations. In the case
of the British navy, an ability to draw was considered essential, and a more
pragmatic training in this skill was provided to ship’s officers; the journals
and logs of officers are often enlivened with their artistry.

The book gives my personal story—that of a young scientist feeling largely
unprepared—thrown into the excitement and absorbing interest of field
work in one of the most remote regions of the globe. Then, because I have
continued to research issues of Antarctic marine science and to contribute
to the story of the ancient vegetation of that continent, I have given an
account of some of the science underpinning the voyage. This I have
written for a general audience, for whom I have included a glossary of
those terms that geologists tend to use in everyday parlance. Lastly, the

XXV



XXvi

A MEMORY OF ICE

book sets our venture in its historic context in homage to those who have
sailed before and explored the oceans of these high southern latitudes in
the name of science and navigation.

This is a world full of stories. Many have been told before, but fresh
details continue to emerge. There are stories of human endurance in
encounters with the elements, of competing national and individual
ambitions, of dealing with the novel and unexpected in nature and
of persistence in the everyday tasks of mapping and recording. It has often
proved difficult to separate these different threads that are interwoven
with the story of Leg 28.



To sea in search of the forests

To write down all I contain at this moment

I would pour the desert through an hour-glass
The sea through a water-clock,

Grain by grain and drop by drop

Let in the trackless, measureless, mutable seas and sands.

Kathleen Raine, “The Moment’, Collected Poems, 1956

The diary

20 December 1972

The ship left Fremantle in a warm dusk. I grew up mostly in Perth, so the local
landscape was a familiar one. It was strange, and exciting, to feel the throb
of the ship as it moved down the harbour, past the rocky groynes, and then
turned hard left.

There was nothing in front of us then but a huge expanse of ocean, and the
coast of Antarctica.

25 December 1972

The wind has been fresh and blustery for much of the day, the sea slaty and
sullen; rough in fits and starts. An abundance of sore heads has made people
scarce today. It is a quiet Christmas day after a night of carols and serious
attempts to relax. I am reading Edward Wilson’s diary, kept on Scott's last
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expedition in the lerra Nova. I realise now that it takes skill and dedication
to be an entertaining diarist—but perhaps it isn’t necessary to be entertaining
unless one is expecting a wide audience?

A personal beginning

Growing up in Western Australia, in the southwestern corner of that huge
and sparsely populated state, it was difficult to be unaware of the bizarre
splendour, diversity and colour of the local vegetation. This, the South West
Botanical Province, is now recognised as one of 25 biodiversity hotspots in
the world. Its abundance of flowering plants, possibly over 9,000 species,
is greater than almost anywhere on the planet. This is in spite of the fact
that these mostly thrive in nutrient-poor soils, often under conditions
of low rainfall; the highest diversity occurs in areas where the available
moisture decreases rapidly. Many species are unique to this area. There are
tall forests, open woodlands, heathlands and marshes. Today, this vivid
flora supports major tourist and horticultural industries; many species are
grown commercially for export, and cut flowers appear in florists around
the world. The region supports honey and timber industries—the honey
appears to have the highest antimicrobial activity of any known. There
is potential for new pharmaceuticals through bioprospecting, but much
remains to be understood in this field.

The global significance of these wildflowers was beyond my ken as a small
child. Indeed, it was barely understood then by biologists and the general
public. The need for conservation of this biological resource was largely
unrecognised. But for me it was a source of simple delight to wander
freely in the bushy terrain close to our home in a new suburb not far from
the wide expanse of estuary where the Swan and Canning rivers meet.
Walking to school along bush tracks was part of suburban life. I searched
for the highly prized ground orchids—the evocatively named spiders, bee,
or donkey orchids. Then, there were no conservation laws to protect them
as they do now.

In school holidays I followed my surveyor father through scrub and
woodlands in the southwest as he measured terrain suitable for dams to
supply water for small towns. I struggled to keep up with his long stride
through the bush but became impatient to keep going when he unfurled
maps on the bonnet of the car and studied them intently for what seemed
like ages.
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It wasn’t only the wildflowers that were the highlight of these holiday
excursions. The old country pubs where we stayed seemed exotic. Their
dining rooms with starched linen tablecloths, their dinners of brown
Windsor soup—said to be popular during the Edwardian and Victorian
eras—that were followed by roast lamb and old-fashioned puddings.
Then there were the noisy bars that I was steered quickly past, and the
tiled bathrooms at the end of long corridors.

No doubt this early contact with the bush sparked my wider interest in
the Australian flora and its evolution. Later, at the University of Western
Australia my enthusiasm wasn't dampened even where, in Botany II, the
then Government Botanist, Charles Gardner, would arrive in the lab
with armfuls of native plants, distribute these randomly over benches
and expect all to be assigned their accurate taxonomic position. It didn’t
matter that the accompanying lectures were a little dull.

My interest in plant evolution survived this phase, and was stimulated by
lecturer in geology Basil Balme, later my Honours supervisor, who drew
my attention to the way botany and geology could be brought together.
This was my introduction to palynology—the study of pollen—in which
he was one of Australia’s pioneers. Pollen produced by plants both living
and fossil can give a picture of the vegetation of the past and reveal the
evolutionary history of particular lineages of plants. Because the anatomy
of pollen grains has been changing like plants themselves through time, it’s
also a useful tool for dating the rocks in which it is preserved. And because
plant communities are very dependent on climate, palynology can also
shed light on the climates under which ancient plant communities grew.
The changes we are seeing now can be measured against these.

Pollen is very tough stuff. It has to be because it carries the genetic material
in plant reproduction. The male genetic elements it holds are borne to
the female flower in a variety of ways—by wind in many tree species, by
insects in other plant groups, or by birds in others. It’s the walls of pollen
grains that are preserved in older rocks; these are made of a complex
protein (sporopollenin) that doesn’t decay readily unless it is exposed to
oxygen. Pollen collects in the bottom of lakes or swamps, even on the sea
floor, where it is covered by accumulating sediment and so is protected
from exposure and decay. The sediment may become consolidated and
hardened with time, so that the pollen has to be extracted by dissolving
the rock with a variety of laboratory methods, most involving powerful
acids that if they are carefully controlled, don’t affect the pollen walls.
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My introduction to palynology, started during my undergraduate years,
led me to a career in biostratigraphy, using pollen assemblages to find
rock ages. This can be used to unravel the interrelationships of rock units
and so understand the geology better. For much of my working life,
I did this as a research scientist with the Bureau of Mineral Resources
(now Geoscience Australia). My day-to-day work used palynology to help
understand the age and environments of Australia’s sedimentary basins,
which contain much of the country’s resources—minerals, coal and
oil. Today there is more emphasis on the resources of groundwater that
support our agriculture and cities.

But I had another interest, one that was more biological than geological.
I did my PhD at Cambridge University in England on the history of the
flowering plants and when they made their appearance in Earth history.
When did they begin to displace the conifers and ferns and other plant
groups that had previously dominated the surface of the Earth? For that
project I had a field area on the south coast of England. There I scrambled
over sea cliffs on the Isle of Wight and tramped the beaches of Dorset,
collecting rock samples to take back to the Cambridge lab and process for
pollen, searching for the very distinctive pollen that only the flowering
plants produce.

I came back to Australia after finishing my PhD and was offered a position
in Perth, where I had grown up. I readily found work with a petroleum
exploration company, who employed palynologists to date the rocks they
were drilling in the search for petroleum in Australia’s northwest. It was
routine sort of work, and I found it flat and dull after Cambridge and
the PhD research, so I started looking for something more exciting, with
more of a research component, and more freedom to pursue my own
investigations.

I didn’t have to wait long before an opportunity to follow my interest in
the biological aspects of the pollen record. I was soon offered a position
as a postdoctoral fellow in the United States, at Florida State University
in Tallahassee. The position was to investigate aspects of the vegetation
history of Antarctica, using palynology from scarce rocky outcrops on, or
close to, that continent. There was there too an Antarctic research facility
where sediment cores and dredged samples from the deep ocean close to
Antarctica were stored. These formed an archive for understanding the
record of climate change on that continent and the shifting processes of
the marine realm. The palm trees that framed the doorway of this cold
climate facility always seemed to me incongruous.
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A forested Antarctica? Speculation
and evidence

The first discoveries

Antarctica today bears only a vegetation cover of lichens, mosses and
liverworts. Just two species of flowering plants are known; one is a grass
and the other belongs to the carnation or pink family. These grow in
the warmer, more temperate parts of the Antarctic Peninsula—the lower
latitude finger of land that extends to about 65 degrees South. Through
most of the last 400 million years (much of the Phanerozoic era) it was
a different story. Antarctica had a vegetation of some luxuriance, differing
little from that of the other southern continents. A rich record of discovery
of plant fossils supports this picture, but there is so little exposed rock—
less than 2 per cent—so Antarctica’s fossil history is much less complete
than elsewhere. Scientists can now draw the outlines of its vegetation
story, although much of the detail is still poorly understood.

The idea that there once existed an Antarctic continent covered by
a diverse vegetation has its roots in the patterns of distribution shown
by the living flora of southern continents and islands. It was the botanist
Joseph Hooker, a young naturalist on the voyages of Captain James
Clark Ross in the vessels Erebus and Zerror from 1839 to 1843, who first
recognised that both islands and continental landmasses in high southern
latitudes shared common elements among the plants that grow on them.
Hooker found it difficult to imagine that this situation had come about
by plants migrating between these lands. Rather, he thought, the patterns
he was seeing could have come about by the presence of a single landmass
near the pole acting as a source for plants. These would have travelled to
their present locations on continental fragments.

Charles Darwin in large part shared Hooker’s views, although the two
have often been said to hold differing opinions on the ways in which
plants move around. Writing in Oz the Origin of Species in 1859, Darwin
made clear his belief that Antarctica may have been key to understanding
southern plants and their distribution. He was more sympathetic than
Hooker to the idea that plants have some ability to cross wide gaps
of ocean.
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Figure 1.1. Antarctica, with sites referred to in this chapter.
Source: Drafting by Clive Hilliker.

These speculations were expressed before the discovery of fossil
plants on Antarctica was widely known. There were, however, some
very early finds. James Eights, a naturalist on the vessel Seraph, part
of a US exploring expedition, had seen fragments of fossil wood in
a conglomerate—a jumbled mass of boulders and pebbles—on one of
the islands of the South Shetlands, off the Antarctic Peninsula. His report
in 1833 seems to have been ignored.

The next recorded discovery had a much greater impact. Norwegian
Captain C.A. Larsen, of the barque Jason, who was later to be credited—
or blamed, depending on one’s views—for establishing the whaling
industry in Antarctica, was exploring the northern part of the Antarctic
Peninsula when he came across abundant petrified logs on Seymour
Island. He recorded the discovery in his journal on 18 November 1893:
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When we were a quarter of a Norwegian mile from shore, and
stood about 300 feet above the sea, the petrified wood became
more and more frequent, and we took several specimens, which
looked as if they were from deciduous trees; the bark and branches,
as also the year rings, were seen in the logs, which lay slantingly in

the soil. (Larsen 1894, p.333)

How wondrous this evidence of a former forest must have been to sailors
enduring the bleakness of southern waters.

Captain Larsen’s discovery created much interest. This was partly because
fossil floras were already known from the high Arctic. These raised questions
of how plants could have grown in such inhospitable regions, where long
periods of winter darkness would have to be endured. Expectations that
new fossil floras might be found in the Antarctic provided the scientific
incentive for several national scientific expeditions to Antarctica.

The first British expedition, under Robert Falcon Scott in the Discovery
in 1901-04, found traces of plant life in sedimentary formations in
the Transantarctic Mountains, but the significance of these was not
appreciated until they were thoroughly studied 20 years later.

In contrast, members of the Swedish Antarctic Expedition, exploring
the northern Antarctic Peninsula in 1901-03, found abundant plant
fossils at three separate sites. These finds contributed to the success of the
expedition, making it the most scientifically successful national expedition
of the early twentieth century. At Hope Bay, Dr Gunnar Andersson and
his colleagues spent the winter in a tiny improvised stone hut, surviving
on meagre rations and penguin meat. They collected a variety of plants
showing up as impressions in slaty grey rocks at the base of a nearby
mountain, which they christened Mount Flora. The plants—mostly
ferns, but with conifers, cycads and horsetails—were described in 1913
by the Swedish palacobotanist Thore Gustaf Halle. He thought they were
Jurassic in age, and saw that they were similar to well-known floras from
the coast of Yorkshire. The age was debated, but radiometric dating has
confirmed the initial age estimates of 170 million years.

In the course of an incredible tale of travels over sea-ice and a sinking rescue
vessel, other members of the Swedish expedition brought back evidence
of floras younger than these. Wood and leaves discovered on Snow Hill
and Seymour islands showed that the vegetation was dominated for the
first time by the flowering plants, replacing the conifers and ferns. These
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younger floras include families that are today mostly subtropical, but which
were clearly able to survive close to the South Pole, in frost-free conditions
where temperatures may have reached summer highs close to 20°C.

The story of the discovery and description of former plant life in
Antarctica has a remarkable link with the iconic expeditions of the ‘heroic
age’ of Antarctic exploration in the early twentieth century. One of the
most enduring stories concerns Scott’s 1910-12 expedition to attempt
to reach the South Pole, ahead of the better-prepared Roald Amundsen.
The discovery of Amundsen’s Norwegian flag at the pole must have
struck a near-fatal blow to the morale of Scott’s party. The five men were
descending the rugged Beardmore Glacier when Edward Wilson, scientist,
artist and physician to the expedition, noticed fossil leaves in rocks near
the base of cliffs. On 8 February 1912, they made camp near Mt Buckley,
and decided to spend the day geologising. It was a precious day, given
their condition and the short time they had to reach their supply depot.
Scott recorded the collection of the rocks on that day thus:

We found ourselves under perpendicular walls of sandstone,
weathering rapidly and carrying veritable coal seams. From the
last, Wilson, with his sharp eyes, has picked several pieces of coal,
with beautifully traced leaves in layers. (Scott 1912, Sledging diary
vol. 1, £79v)

Edward Wilson kept detailed records and sketches of all that he saw, and
reported in his notebook that the fossil leaves reminded him of the leaves of
English beech, although the veins in the leaf were finer and more abundant.
Some 35 pounds (about 15 kg) of rock were collected at that site. The men
jettisoned a lot of their equipment as they struggled towards a life-saving
depot but kept these fossil-bearing rocks. They were found in the tent with
the bodies of Scott, Wilson and ‘Birdie’ Bowers in the following spring.

But was Edward Wilson describing Glossopteris in his notebook, as has been
suggested, or might his description actually been of Nothofagus, a much
younger fossil, now well-known from a range of Antarctic localities? This
possibility has recently been raised by researchers at London’s Museum of
Natural History, who were impressed by Wilson’s keen vision and accurate
reporting. But no specimens of Nothofagus were among the rocks collected;
all were shown to be Glossopreris leaves. This raises the possibility that leaves
of Nothofagus could have been present higher up in the geological section
at the site, but all were too fragile and weathered to be included in the rock
collection gathered. This incident, and this locality, have become part of the
mythology that surrounds the last days of Scott’s tragic journey.
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Figure 1.2. Geological time scale, simplified after International
Commission on Stratigraphy (2017).

Note: Ma refers to millions of years ago.

Source: Drafting by Clive Hilliker.

The collection of fossil-bearing rocks was sent to the eminent palacobotanist
A.C. Seward of Cambridge. In his 1914 publication, Seward confidently
identified the leaf fragments, not as beech, but, on the basis of the patterns
of leaf veins, as Glossopteris indica, previously described from Gondwana
rocks of India. The implication of these fossils was scientifically of great
significance. Glossopteris is the key fossil for the ancient supercontinent of
Gondwana. That included India and the landmasses of Australia, South
America and South Africa. These fossil leaves showed that not only had
Antarctica once experienced a much milder climate, but also, and perhaps
most importantly, that it was a key piece in the jigsaw of a supercontinent
that must have extended across the south polar regions.
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After these finds, evidence of plant life was found from many parts of
Antarctica. New geographical discoveries and new geological outcrops
were found during the International Geophysical Year of 1957-58, a major
international venture. A large collection of plant fossils was made in the
Transantarctic Mountains during the Commonwealth Trans-Antarctic
Expedition of 1955-56, the first overland expedition to reach the South
Pole since the epic journeys of Amundsen and Scott. The rock sequences
in the Transantarctic Mountains yielded fossil floras with a range of
geological ages: Devonian (420-360 Ma) Permian (300-250 Ma),
Triassic (250-200 Ma) and Jurassic (200—145 Ma). A first overview of
the former plant life in Antarctica was produced in 1962 by the South
African palacobotanist Edna Plumstead.

The significance of Glossopteris

Glossopteris is classified as a ‘seed fern’ belonging to the order of plants
known as Pteridosperms. These have fern-like foliage but bear seeds,
often in association with the leaves. They distinguished the Gondwana
continents in the Permian. Glossopteris appeared during the waning
phases of a glaciation that covered most of the then united continents.
It dominates the floras of coal measures that overlie the glacial deposits.
The tongue-like leaves are found in thick drifts, suggesting the leaf falls
of autumn. Rarely, some leaves bear attached male and female structures,
and there are large woody roots that suggest that the plants grew to be
large trees. The internal structures of glossopterid and other fossil plants
from Antarctica came to be better understood with the discovery of
peaty deposits that are permineralised. In this process, minerals—often
silica—from surrounding waters enter cell cavities and form crystal
structures that preserve three-dimensional aspects of the cells and can be
seen with a light microscope. Antarctic deposits with such well-preserved
fossil material have been found, coincidentally, close to the Beardmore
Glacier where Edward Wilson picked up the first Glossopteris leaves in
1912. Here too are the permineralised remains of a forest—some 15 tree
stumps still in their growth positions that must have thrived at latitudes of
80-85°S. The annual growth rings preserved in these stumps show rapid
growth in summer months, under conditions of 24 hours of daylight, and
a sudden ceasing of growth at the end of the growing season in response
to decreasing light levels.
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The younger floras—the Cretaceous and Cenozoic

Moving forward in time to the Cretaceous (100 or so million years
ago), other fossil forests have been preserved in their growth position on
Alexander Island, off the western side of the Antarctic Peninsula. There,
Tim Jefferson, a young PhD student, working on the geology of the island
in 1981, came across hundreds of fossil stcumps and standing trees that had
been buried in a flood-prone environment. The trees, probably related to
the living southern conifer family Podocarpaceae, again show well-defined
annual growth rings, reflecting a strongly seasonal environment—hardly
surprising, given that the trees grew at a latitude probably greater than
70°S. These environments must have been free of frost and enjoyed
relatively high summer temperatures, but they would have experienced
long periods of winter darkness, and low angles of sunlight during the
lighter months. Today no forests grow at such high latitudes, under
similar conditions, so it is hard to estimate the temperatures under which
the fossil forests were growing.

The Antarctic vegetation changed in the Late Cretaceous (around
90 million years ago) as it did elsewhere, when the flowering plants
appeared and rose to dominance over the conifers. In the Cenozoic
(the last 66 million years) many of the fossil leaves—known mostly from
the Antarctic Peninsula—resemble those from temperate rainforests in
Tasmania, New Zealand and southern South America. There is now
evidence, from both East and West Antarctica, that the vegetation of an
interval coincident with the onset of the modern glaciation resembled
rainforest scrubs something like those of modern Tasmania. In these,
trees of the southern beech, Nothofagus, were prominent, along with the
southern conifers—the podocarps—and with a variety of flowering plant
families; the Proteaceae, the casuarinas or she-oaks, some Myrtaceae,
ericas, sundews, reeds and rushes and possibly lilies.

The onset of glaciation at sea level in Antarctica around 34 million
years ago saw these forests reduced to a kind of tundra, with sparse and
diminutive trees of Nothofagus and conifers persisting, along with a ground
cover of mosses and other lower plant forms.

1
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The pollen story

With the advent of pollen studies from the 1960s, more light has been
shed on the story of Antarctic vegetation. Pollen is particularly useful in
reconstructing past vegetation. Pollen recovered from a rock sample can
come from a local community of plants or from more distant vegetation;
it can reflect the plants growing on the margins of a lake or swamp, or
forests from more distant sources. In contrast, the larger pieces of plant
debris—the plant macrofossils, such as leaves, wood, fruit and rarely
flowers—tend to reflect the more local vegetation that grows close to the
swamp or lake in which they are deposited. Pollen and spores thus give
a more comprehensive picture of the past Antarctic vegetation than do
the macrofossils.

Pollen can travel just a few metres, or many kilometres. This depends
on the means of pollination; trees that use the wind to carry their pollen
produce large quantities—sometimes huge amounts of pollen—and it is
often small and adapted to travel far. In plants where pollination is more
specialised, where it depends on luring insects, birds or even mammals
for pollen transport, less pollen is produced and the individual grains are
often larger.

Lucy Cranwell, a New Zealand botanist and pioneer of palynology, was
one of the first to study fossil pollen from Antarctica. This was in a rock
sample from Seymour Island, off the Antarctic Peninsula, collected during

the Swedish Antarctic Expedition. She described her find thus:

It is from this area that I have now found pollen grains and
spores—the most durable and most conservative of plant organs,
as well as the most eloquent indicators of past vegetation and
possible climate. (Cranwell, Harrington and Speden 1960, p.701)

In this sample, pollen grains and spores, some showing excellent
preservation, were abundant. Again, pollen of Nothofagus and the
podocarps dominated. Other plant families were present but more
rare; they included the Myrtaceae, which includes the eucalypts today;
the Proteaceae, the large family of the banksias and grevilleas; and the
Loranthaceae or mistletoes. There were ferns, represented sparingly, but
no grasses or daisies or rushes; these are usually more common in the
younger part of the geological record.
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The recovery of fossil pollen in Antarctica was further sparked by
examination of the pollen content of ‘glacial erratics—boulders
eroded from unseen outcrops near McMurdo Sound, in the Ross Sea.
These boulders are thus not in their ‘proper’ place geologically. They
have been swept up by glacial action and dumped in moraines, which
are accumulations of rocky debris on the edge of glaciers. Initially, the
recovery of pollen was sparse, and described, again by Lucy Cranwell,
as being dominated by Nothofagus and southern conifers. Intensive
studies in recent years by several researchers have teased out more of this
vegetation history, so that it now shows some detail of the way in which
this continental vegetation had a more tropical aspect at the beginning
of the Cenozoic, but came to be dominated by elements of temperate
rainforest, then modified into a tundra vegetation. This transition from
cool rainforest to tundra was characterised by the reduction of woody trees
to stunted shrubs, with a ground cover of a limited number of flowering
plants and ferns and an abundance of mosses and lichens. Just when this
tundra vegetation became extinct under an increasing cover of ice is still
being debated and is dealt with more fully in Chapter 9.

This essentially is the history of discovery of plant fossils in Antarctica, and
how these finds have been welded together to give a picture of a vegetation
of higher plants—often a forest—that grew where there is now an icy
desert. We now understand that the present frozen and barren aspect of
the continent is relatively young, geologically speaking. As recently as
3 million years ago Antarctica may have supported higher plant life, albeit
patchily. In 7he Vegetation of Antarctica through Geological Time, David
Cantrill and Imogen Poole have described the plant fossil record in much
greater detail.

Surviving polar winters

We know from other lines of geological evidence that Antarctica was much
warmer than it is now for much of the past 300 million years, despite its
continued presence in very high or near-polar latitudes. What isn’t clear is
just how plants were able to survive the inevitable long periods of winter
darkness that life in such polar latitudes demanded. We know now that
the amount of light energy received in near-polar regions is sufficient to
support the growth of higher plants, especially under warmer climates.

13
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Recent experiments using seedlings of living Australian rainforest trees
have shown that some can survive periods of darkness imposed under
laboratory conditions. Species kept for as long as 10 weeks in darkened
laboratories included a range of conifers that grow now in Tasmania,
as well as Nothofagus—groups that have an abundant fossil record in
Antarctica. Most survived this induced period of darkness, admittedly
a shorter period of annual darkness than much of Antarctica would have
experienced although survival rates depended also on winter temperatures.
Plants that ‘overwintered’ in the laboratory at temperatures of 4°C had
less tissue death than a group with simulated winter temperatures close to
those of the mild Hobart winters with temperatures of 15°C.

In the real world, the lengths of winter darkness would have been extreme
in the higher latitudes. Forests growing at 70°S would have endured some
70 days of darkness; further south, at 85°S the darkness would have been
as long as 160 days each year. What strategies might plants have adopted
to cope with such lengthy dark periods? Losing their leaves might have
been one way of surviving the dark, as many trees do today. Some of the
Nothofagus fossil species from Antarctica clearly show this deciduousness,
but other evidence shows much of the high latitude vegetation was
evergreen. This behaviour might have been more efficient. Losing leaves
in winter and replacing them in spring could be expensive in terms of
energy lost by the plant. However, much is still to be learnt about this
aspect of Antarctica’s past vegetation.

The picture I have described here is our present understanding and
interpretation of the fossil record. But what did we know in December
1972, when I ventured forth on the Glomar Challenger, intent on pursuing
the picture from the series of boreholes that were planned, especially those
close to the margins of Antarctica? Already at that time we knew that there
had once been trees on Antarctica, the most famous being the Glossopteris
fragments collected during Scott’s fatal attempt at the South Pole, and the
discoveries made on the Swedish Antarctic Expedition.

Some pioneering work had already been done too in palynology. Lucy
Cranwell’s discovery of pollen in the erratic boulders near McMurdo
Sound had shown southern beech and conifers once growing close to the
South Pole. On the far side of the continent my former mentor, Basil
Balme, working with Geoffrey Playford in 1967, described pollen and
spores from coal measures associated with the Glossopreris flora in the Prince
Charles Mountains. I had made my own venture into the palynology of
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Antarctica while at Florida State, in 1972 publishing details of a land
plant flora of Devonian age from the Ohio Range in the Transantarctic
Mountains.

Ancient pollen in modern muds

But these discoveries had all been made on land. It was the fact that pollen—
dominantly ancient pollen—could be found in modern, geologically
young sediments of the sea floor around Antarctica that I found intriguing
(see Kemp 1972). These tiny plant microfossils had been scraped off the
continent by the eroding action of glaciers and dumped into modern sea
floor muds. Pollen recycled in this way is incredibly useful; it can both
hint at the presence of geological sequences hidden beneath ice and ice
shelves, and it can show the former presence of particular plant groups in
Antarctica. What it can’t reveal is the time at which they grew there. This
is uncertain because of the jumbling together of plant debris of differing
ages. The Russian geologist Alexander Lisitzin made extensive maps of
sediment types on the global sea floor, and in 1960 reported fossil pollen
and spores on a section of Antarctic sea floor near the West Ice Shelf off
the East Antarctic coast. A detailed example of the way in which these
recycled pollen can improve our understanding of the geology beneath
the ice is given in Chapter 7. Another example is that from the Ross Sea
(see Chapter 9) where a quantitative study of pollen on the modern sea
floor has been used to suggest the presence of eroding geological sections
beneath the icecap of West Antarctica.

But in order to understand what the pollen might tell us of the vegetation
history of Antarctica, a drilling program such as that planned by the
Glomar Challenger just might recover pollen and spore suites that would
be in place, rather than jumbled by reworking. It should be possible to
accurately date these, and then they could help create a clearer picture of
this recent vegetation history. This was my motive, and my inspiration,
for being a part of this planned cruise. I had no idea how successful it
would be.

Drilling the floor of the ocean

At Florida State I was invited to be part of a team investigating the geology
of the sea floor around Antarctica. The research was to be carried out under
the aegis of a large international program—the Deep Sea Drilling Project
(DSDP). This was the first part of major programs active now for nearly

15



16

A MEMORY OF ICE

50 years, and currently moving into the fourth internationally supported
phase. All are designed to investigate Earth’s changing environments by
collecting samples and data, rock, sediments, fluids and living organisms
from the floor, or below the floor, of the modern oceans. This program
of drilling the deep seas is one of the largest scientific ventures ever
undertaken. The international space program is its only rival in terms of
technology, cost and the number of scientists involved.

Deep sea drilling is one of the most visionary of scientific programs. It has
now drilled the floor of all the world’s oceans. It has contributed hugely to
our understanding of plate tectonics, which controls not only movements
of the sea floor, but also the shifts of continental masses and the life forms
they support; to our understanding of both long-term and rapid climate
changes, with their linkages to the growth and retreat of ice sheets and
changes in sea level; and to the distribution of volcanoes and earthquake
zones and their potential impacts on communities.

Deep Sea Drilling Project (DSDP); the
Glomar Challenger (1966-83)

The program began in 1966, when an agreement was signed between the
US National Science Foundation and the University of California.
The first phase of deep sea drilling was initially based in Scripps Institution
of Oceanography at the University of California, San Diego.

The Levingston Shipbuilding Company built the first of what was to
become a series of drilling vessels. This was the Glomar Challenger, the
pioneer vessel in a long program. Her keel was laid on 18 October in
Orange, Texas, and she sailed down the Sabine River to the Gulf of
Mexico in March 1968 for an initial period of testing. The Glomar in her
name stands for Global Marine, the company that operated the ship; the
Challenger reflects HMS Challenger.

This name is a good example of how science keeps coming up against
human history. The earlier Challenger set sail from Portsmouth in England
in December 1872. It was the first expedition devoted specifically to the
science of the sea. Its aims were to understand the sea, the sea floor and
the nature of it, as well as the creatures that inhabit it. In four years the crew
collected vast amounts of information from the world’s great oceans. In a
sense, that first Challenger is a spiritual ancestor to the Glomar Challenger
and to the DSDP that I was joining at Florida State.
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At first the DSDP was an all-American program, although it included
scientists from around the world, but in 1975 it became officially
international, when Germany, Japan, the United Kingdom, the USSR
and France joined the United States in planning the drilling programs,
providing scientists to work aboard the Glomar Challenger, and to research
the cores which the ship retrieved.

The Chinese-American geologist and oceanographer Kenneth Hsii wrote
a brief history of the DSDP, which he called Challenger at Sea: A Ship That
Revolutionized Earth Science. In it he related how the Glomar Challenger’s
early voyages crisscrossed the Atlantic Ocean between South America and
Africa, crossing over the Mid-Atlantic Ridge—the long mountain chain
whose mid-ocean course mimics the coastline of those continents. Coring
and dating the sediments on either side of the ridge showed clearly that
the sea floor on both sides was spreading away from the ridge crest, where
the youngest basalts of the underlying oceanic crust are found. This is
what we expect from the theory of plate tectonics.

Among the most spectacular discoveries of this early phase of sea floor
drilling was that beds of gypsum—the mineral left behind after the
evaporation of seawater—were present throughout sediments lying
below the floor of the Mediterranean Sea. The only possible explanation
for this was that some 6 million years ago, with the dating provided by
foraminifera (tiny fossils of calcium carbonate), the Mediterranean must
have dried up. This dramatic desiccation followed the closing of the Straits
of Gibraltar as the North African continent pushed north against Europe.
The basin of the Mediterranean Sea was thus cut off from its outlet into
the Atlantic. Deep river gorges, such as that underlying the course of the
river Rhone, had been cut downwards into the dry basin, whose floor
then lay well below present sea level. The dryness of the basin resulted
from evaporation exceeding the inflow of fresh water.

Another often quoted insight from this first phase of deep ocean drilling
was the discovery that the present sea floor is very young, geologically
speaking. Today’s sea floor is for the most part no older than about
200 million years—the Jurassic. For most of the examined oceans this is
true, although a claim made by Roi Granot in 2016 for a patch of much
older sea floor in the Mediterranean, dated at about 340 million years,
recently challenged this. The youthfulness of most modern ocean basin
floors is due to their being drawn back beneath tectonic plates, or pushed
up into mountain ranges after their generation at the mid-ocean ridges.
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Leg 28 of the DSDP, the exploratory cruise in which I became involved,
promised results potentially as dramatic as those listed for the early phases
of the project. Its focus on the Southern Ocean and Antarctica was to
examine Earth history in relation to the present polar icecap and the
changing environments of the seas surrounding Antarctica. The questions
that were asked included: When did the icecap begin to form and under
what circumstances? How was it linked to the major ocean current that
now circles Antarctica and links all the world’s oceans and is a major
influence on the climate? What do we know of the speed and direction in
which Australia is separating from Antarctica, given that they were both
parts of the ancient continent of Gondwana?

I jumped at the chance of being a part of the venture to explore these major
issues of Earth’s history. These were challenging enough, but I had another
topic that I wanted to pursue. What kind of plants grew on Antarctica
before the present icecap formed? The answer should be preserved in the
sediments that had been scraped off and dumped out at sea by the action
of the ice. With luck, enough pollen preserved within these would provide
the story of this earlier vegetation.

Setting up the drilling cruise into Antarctic waters had not had an
easy passage. Even after the success of the earlier voyages of the DSDP
undertaken by the Glomar Challenger, there had been some doubt about
how the ship would handle the rigours of drilling in the Southern Ocean
close to Antarctica. In 1970 an appeal had been published in Geotimes,
the widely circulated Earth science magazine, for projects to address the
scientific problems related to the presently frozen southern continent and
its surrounding seas. The appeal, made by Maurice ‘Doc’ Ewing, Professor
of the Lamont Geophysical Observatory of Columbia University in New
York, and his colleague Dennis Hayes, pointed out that a lot of relevant
information already existed in the region—from sources such as seismic
surveys and shallow cores—that would support efforts to address the
science through deep sea drilling.

In response to this plea, a number of legs of the program in high southern
latitudes were planned. Leg 28 was to be the first of these. Four more legs
were to follow. As it turned out, Leg 28 was able to meet its objectives.
The others met with mixed success, due to adverse weather and the
difficulties of timing the cruises to coincide with optimum conditions.
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End of an era and a new beginning; the
Ocean Dirilling Program (ODP), 1985-2003

In 1983 the initial drilling program, the Deep Sea Drilling Project, ended,
and, somewhat sadly, the Glomar Challenger was sent for scrap. Remnants
of the vessel, however, were salvaged. The thrusters that were parts of its
positioning system and the engine telegraph are now at the Smithsonian
Institution. While the international drilling program has continued to
expand, the Glomar Challenger still stands out and enjoys iconic status as
the pioneer vessel.

A newversion of ocean drilling followed DSDP in 1985. This was the Ocean
Drilling Program (ODP) with an expanded program and a new ship, the
JOIDES Resolution, a converted oil exploration vessel. JOIDES reflects
the contributing US institutions—Joint Oceanographic Institutions for
Deep Earth Sampling. Resolution again takes its name from a pioneer
in the annals of exploring the sea. The original Resolution was the ship in
which Captain James Cook, in his second voyage from 1772 to 1775,
accompanied by the Adventure, sailed into hitherto unknown southern
latitudes and circumnavigated the Antarctic continent, the voyage proving
that the mythical Great South Land, Terra Australis Incognita, if it existed
at all, must lie very near the pole in a region of perpetual ice and snow.

Considerably larger than the Glomar Challenger, the JOIDES Resolution
(often referred to simply as the JR) is some 145 metres long, compared
to the Glomar Challenger’s 120 m; the dominating derrick rises to 61 m,
compared to 45 m for the first vessel. But JR can now accommodate
over 30 scientists, compared to the round dozen of our 1972 cruise.
A similarly larger number of technicians support their work. There are
more specialised laboratories enabling a wider range of techniques to be
carried out on board.

The Ocean Dirilling Program ran from 1985 to 2003 and involved greater
international involvement than the Deep Sea Drilling Project. While the
program was led by the United States, some 25 nations became involved.
Under its banner, some 110 expeditions (legs) in all the world’s oceans
were completed, with the retrieval of 2,000 cores. With the JR, shipboard
laboratory facilities were improved, as were coring techniques, with the
emphasis on continuous coring rather than the intermittent retrieval
of cores from selected depths that had been possible with the Glomar
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Challenger. 1t also became possible to leave instruments—sensors—in
cored boreholes, creating observatories below the sea floor where processes
such as seismic activity or chemical changes could be monitored over time.

Continually improving; Integrated Ocean
Drilling Program (IODP(1)) (2003-13) and
beyond to International Ocean Discovery
Program (IODP(2)) (2013-23)

The modern program continued to expand and diversify its capabilities,

with the Integrated Ocean Drilling Program (IODP) following in 2003.
The main fields of research addressed by the first phase of IODP included

the understanding of past climates, with the possibility of predicting
future changes; issues related to continental breakup and the history of
sedimentary basins, including the better understanding of volcanic and
earthquake provinces; and the nature and presence of microbes living
below the sea floor.

Another area of research focused on the frozen gases—hydrates—that
are present on many of the world’s continental shelves, and which may
become either a source of energy or a major contributor to greenhouse
gas accumulations.

While the JR has continued to be a workhorse for the program, other
drilling platforms have been brought into service. Japan made a significant
contribution to this new version of the seabed-drilling program with the
much larger purpose-built vessel Chikyu (whose name translates as ‘Planet
Earth’) delivered to the program in 2005. Chikyu is designed to ultimately
drill some 7 kilometres below the sea floor, enabling exploration deep into
the Earth, below the crust and into the underlying mantle. Among its early
missions has been drilling into zones lying off Japan’s east coast, zones which
are seismically active and implicated in the generation of earthquakes. It
has investigated the nature of the Tohoku Fault, whose sudden movement
shook Japan in 2011 triggering the devastating tsunami. In this case post-
cruise instruments were placed in the hole after the drilling to assess any
activity that might be related to future earthquakes. While the Tohoku
Fault may not be activated for another 1,000 years, the nature of the fault,
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with a thin layer of slippery clay occurring at the boundary between the
Pacific and Eurasian tectonic plates, may be replicated in other potential
fault zones in the Pacific.

Another drilling platform, the chartered Greatship Maya, operated by
a European consortium, was used by IODP(1) to drill a series of boreholes,
some in water as shallow as 30 metres, on the outer edge of the Great
Barrier Reef, away from living coral, to establish the way sea-level rise and
changes in water temperature had affected reef growth since the peak of
the last glaciation some 13,000 years ago when there was a sea-level fall
of some 140 metres.

The first phase of the Integrated Ocean Drilling Program ended in 2013,
when the International Ocean Discovery Program, which, curiously,
but deliberately, shares the same IODP acronym, but has been called
informally IODP(2), replaced it (see Exon 2017). This current phase in
scientific ocean drilling, building on the previous iterations and expressed
in a massive science plan, advances our understanding of the Earth through
drilling, coring and monitoring the rocks and sediments beneath the floor
of the ocean. The planned expeditions are operating within four themes:
understanding climate and ocean conditions, the origins of ancient life,
the risks of hazards (such as earthquakes and volcanoes) and the processes
underlying plate tectonics and the Earth’s upper mantle.

Going aboard the Glomar Challenger

I joined the Glomar Challenger in Fremantle, where she was docked after
an expedition in the eastern Indian Ocean—Leg 27. She had spent some
10 days in port while repairs were made to mechanical parts of the drilling
system after these had failed during the drilling of the last hole of the

earlier cruise.

The vessel moored alongside the dock in Fremantle Harbour that day in
December 1972 seemed a small ship for the task ahead. A mere 120 metres
long, she was smaller than most of the—usually P&O—Tliners that plied
between Australia and England in the 1950s and ’60s; smaller even than
the SS Chusan, on which I sailed from Fremantle to Southampton (third
class!) to take up my British Commonwealth Scholarship in Cambridge
some 10 years earlier.
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Figure 1.3. Glomar Challenger preparing for the Antarctic voyage,
Fremantle, December 1972.
Source: Elizabeth Truswell.
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Figure 1.4. Pipe rack on the foredeck of the Glomar Challenger.
Source: Elizabeth Truswell.

A 45-metre derrick, similar to those of contemporary oil drilling
platforms, dominated the profile of the Glomar Challenger (Figure 1.3).
The derrick supports a length of pipe suspended from the ship—the drill
string—that carries the drilling bit to the ocean floor, which may be as
deep as 6,000 metres below. The practice of drilling into the sea floor
below the ship and retrieving sediment cores dense with information has
been compared to using a strand of spaghetti suspended from the Empire
State Building to drill a hole in the pavement below.

On board, her role was everywhere evident. Parallel racks of drill pipe
dominated the foredeck. Deep within the ship the ‘moon pool’ seemed
mysterious. This hole in the ship’s hull below the drilling platform allows
for the passage of the drill string (Figure 1.5). Cores of rock or sediment
are retrieved in 9 m long core barrels. These are routinely split lengthwise
into two; one half is photographed, archived and stored in a near-freezing
container below decks. The other half is sampled and described in the
laboratories on board, before being lodged in the container with its other
half. Part of the initial description involves making a smear of sediment
on a microscope slide—thin enough for a microscope light to shine
through and reveal the basic type of sediment—allowing a rapid estimate
of the size and abundance of the grains that make it up, plus any fossils
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or identifiable mineral fragments. This is a challenging process, needing
experience, an ability to make rapid mental counts and a modicum of
confidence!

The archived cores are eventually stored, under climatically controlled
conditions in a number of official repositories or core libraries around the
world. After an initial period they can be requested for further study by
a range of specialists.

The fantail, the deck at the ship’s stern, and subsequently the scene of some
chilly barbeques, was at this time covered with crates and packages. Less
evident to view were the four thrusters, part of the automatic manoeuvring
system that keeps the ship stationed over the drilling site in the deep sea
where it is impossible to anchor. These are propellers positioned within
tunnels at the bow and stern that can rotate the ship by moving it in
any direction, in conjunction with the main propeller, and thus keep her
directly over the site of drilling. What was not visible then was the air gun
that would be towed behind the ship at sea, emitting regular, closely spaced
dull thuds as compressed air is released suddenly, creating seismic waves
that penetrate the sea floor. These are reflected back via a string of towed
microphones to give a picture of geological structures beneath. Watching
the breakup of the bubbles—a swirl of blue-green bubbles rising to the sea

surface—was to become a mesmerising distraction throughout the cruise.

When I boarded the ship I was escorted to my accommodation and was
surprised to discover that I had the expensive luxury of a two-berth cabin
to myself, with a top bunk porthole that was to provide a compelling
view of the ocean. This, my home on board for nearly three months,
was allocated because I was the only female scientist on board. This was
not an unusual situation in the early years of the DSDP. There were two
other women on the voyage. Trudy Wood was a laboratory technician;
Louise Henry was a ‘yeoman’ who provided sturdy assistance with
publications and other office duties. In the US Navy a yeoman is a petty
officer with clerical duties who deals, inter alia, with naval messages,
visitors, telephone calls and conventional and electronic mail. The writing
of reports is another duty. The role of our yeoman proved essential in
the preparation of the shipboard reports that would eventually go into
the hefty, turquoise covered volumes that were to appear as soon as
possible after the completion of the cruise.
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Figure 1.5. Moon pool on the Glomar Challenger.
Source: Elizabeth Truswell.
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I was yet to meet my scientific shipmates. Larry Frakes, one of the
two chief scientists, I knew from my time at Florida State; the other,
Dennis Hayes, from the Lamont-Doherty Geophysical Observatory in
New York, I was yet to meet. My fellow sedimentologists on the cruise
were the New Zealander Peter Barrett, already a veteran of much work
onshore in Antarctica; David Piper, a former student in Cambridge;
and the American Art Ford, whose role was to be examining not so
much the sediments but the hard igneous rocks of the sea floor. There
was a substantial crew of palacontologists, each with his own speciality
in recording the presence and nature of the tiny fossils—microfossils—
whose accumulations in sediments of the sea floor indicate both the age
and the environments under which they were deposited. In this group
were two more who had come from New Zealand, Peter Webb and Derek
Burns; David McCollum, who I knew already, from Florida State; Pei-
Hsin Chen and Ansis Kaneps, who was also to edit the cruise reports,
both of who I was yet to meet.

This was then the scientific team that, with the able assistance of a small
group of technicians, plus the radio operator and meteorologist, was to
draw together the story of this first deep sea drilling venture into Antarctic
waters. Another essential contributor to the success of the cruise was the
Operations Manager, Lamar Hayes, whose report told in vivid terms of
the strategies that had to be used to ensure that drilling operations went
ahead successfully in the face of wild weather and at least in the second
part of the cruise—the threatening presence of icebergs.



But first, the plateau

.. a blackish stripe from the north to the south, was the humble
profile of this continent: we endeavoured to near the land; but
the winds, and currents were so contrary, that the remainder of
the day was spent in useless efforts. In the evening we lay to; my
colleague, Maugé, and myself profited by this circumstance, and
threw out the drag; this instrument, which is more particularly
used in fishing for coral, is so constructed that it will; bring
from the bottom of the sea to the surface, every thing which it

there finds.

Frangois Péron, A Voyage of Discovery to the Southern Hemisphere,
27 May 1801, p.56.

The diary

25 December 1972
Site 264 Site 1 (34°58.13'S; 112°02.68'E) Water depth 2,876 m.
Occupied 22-23 December 1972

I'm jotting these few notes to record the atmosphere before the first hole is
drilled. Nobody amongst the scientific crew seems the least bit confident about
their ability to handle their allocated job—I find that refreshing—Im not the
only one who is nervous! Its a nervousness that stems from being a necessary
part of a small team. On site, we wait a whole morning before the first core
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comes up, and occupy the tense time with sneaking yet another quick peep
down the microscope (can 1 really tell these tiny mineral fragments apart?)—
or hassling about all possible contingencies—wbhich don’t mean much in the
abstract.

However, our introduction to the drilling routine goes smoothly
enough—I suppose we will get used to the pressures of eighteen-hour days
during the actual drilling. The nine-metre core barrels come up dripping onto
the deck; the seafloor slides out in a plastic lining; after the initial measurements
are taken, they go to the core lab where they are sawn lengthwise—the band
saw [ find terrifying, especially if the ship is rolling, and anecdotes of lost
fingers abound! Once sawn, one half of the core is then stored—archived in
a container below decks. The rest we sample—taking tiny muddy smears on
a glass slide is the first step—the smears must be thin enough to let the light
through the microscope for counting the different mineral grains, or microscopic
Jossils. We have now got through most of the routine work of making a first
examination of the cores, their colours and textures and composition recorded.
Its very satisfying to have so many aspects of a well tied up so soon.

1 spent today finalising some map drafting for the initial report—DPeter Barrett
has the lithology—the rock descriptions—all drawn up, we are in pretty good
shape regarding this particular site.

An entourage of albatrosses has been following us for the last three days. Half
a dozen on average, mostly Wandering Albatross. They swoop and glide and
hover just behind, then briefly settle in the wake to pick up food scraps. Theres
one we can’t identify—it’s smaller, with dark colouring extending right across
its back and a black bill. There are shearwaters too.

The Naturaliste Plateau—a question
of foundation

After leaving Fremantle on the Glomar Challenger, we drilled the first hole
of Leg 28 near the southern edge of the Naturaliste Plateau. In part, the
site was drilled to establish the geological relationship with a nearby site
drilled further north on the plateau. But it was also to test the drilling rig
that had been repaired during the ship’s stay in Fremantle.
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This large submarine plateau is tacked on to the extreme southwestern
margin of Australia, extending some 400 kilometres into the Indian Ocean
from the tip of Western Australia (Figure 2.1). Many deep submarine
plateaus lie off the Australian coast but this is the deepest of them all, lying
in waters 2,000-5,000 metres deep. The deeper Mentelle and Naturaliste
troughs separate this chunky rectangular block of sea floor from the west
Australian coast. The plateau’s surface is fairly flat. Its northern flanks slope
gently; its southern and western slopes are steep. Some distance beyond
its southern edge lies the Diamantina Zone, often called the Diamantina
Fracture Zone for that is indeed how it seems—a long narrow feature
of broken sea floor stretching far into the Indian Ocean.

— T i L L g SR i i - -

Figure 2.1. Sea floor topography south of Australia showing Naturaliste
Plateau, the Diamantina Fracture Zone and, further south, the Abyssal
Plain and the Southeast Indian Ridge.

Note: Numbers shown with white dots are drilling sites from Leg 28.

Source: Geoscience Australia, 2009 m grid. Additions drafted by Clive Hilliker.
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Figure 2.2. Sea floor detail from southwestern Australia showing the
Naturaliste Plateau (NP) and the Diamantina Fracture Zone (DZ) to the
south. False colour image.

Source: Courtesy of Geoscience Australia.

Our introduction to the routine of drilling went smoothly enough,
although winds and currents from the southwest initially caused some
difficulties with the site location. The drill penetrated mostly chalky muds
or oozes, or chalk itself—made up of the calcium carbonate shells of tiny
marine organisms—and ranging in age back some 90 million years into
the Cretaceous. Right at the bottom of the hole are fragments or cobbles
of dark volcanic rocks. Here, as is so often the case in geology, we touched
on controversy. What’s the origin of the Naturaliste Plateau? At the time
of the breaking up of the megacontinent of Gondwana, it probably lay at
the junction of three major tectonic plates: mobile sections of the Earth’s
crust, in this case encompassing Australia, a formerly much enlarged or
‘Greater’ India and Antarctica.

The main question for us in our drilling was: Are the foundations of
the plateau part of the adjacent ocean floor or a fragment related to the
adjoining continent? It should be possible to tell these apart. The oceanic
crust—the upper part of a tectonic plate—is composed of dark-coloured
or mafic rocks, rich in magnesium and iron; basalt is typical. In contrast,
continental crust, lighter in colour, is rich in aluminjum, silicon and
oxygen—granite is typical.
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The conglomerates or aggregates of cobbles at the bottom of the hole
resemble those from volcanic eruptions on oceanic islands; they are
similar, too, to rocks that crop out on the beaches around Bunbury to
our north. Perhaps they are part of a huge volcanic province that also
includes massive flood basalts in eastern India. However, samples
collected more recently by dredging on the plateau’s southern edge point
more confidently to a continental foundation. The dredges were taken
by the French research ship Marion Dufresne in 1998, and brought up
fragments of gneiss—a banded metamorphic rock otherwise similar to
granite. Later, in 2005, dredges taken by the Australian research ship R/V
Southern Surveyor hauled up both gneisses and granite. These were dated
by geochemical means as 1,100-1,200 million years old, confirming
their relationship to the adjacent continent. From these it seems that the
volcanic rocks we drilled are part of a capping—a hard carapace—that
overlies the much older continental crust below.

The first scientists —the Baudin Expedition

It was the French expedition under the command of Captain Nicolas
Baudin that in 1801 sailed from the west across the Naturaliste Plateau,
and bestowed the names of their ships on Cape Naturaliste and Geographe
Bay, features of the adjacent coastline. It was dredge samples taken in
that bay on their first evening that spurred their scientists to explore the
geology of the adjacent continent.

Naturaliste and Geographe reached the Australian coast in May 1801,
sailing over what we now know as the Naturaliste Plateau and encountering
the west coast of Australia near Cape Leeuwin, which was sighted on
27 May. The rugged, habitually windswept and sea-beaten Cape Leeuwin
projects in a southwesterly direction at the meeting point of the Southern
and Indian oceans. Its name, bestowed by Matthew Flinders in 1801,
echoes the earlier exploration of this coast by ships of the Dutch East India
Company. In 1622 the galleon Leexnwin (Lioness) was almost shipwrecked
in the vicinity after sailing from Batavia. The ship’s log of the Leexwin has
been lost; its captain’s name remains unknown.

With the Naturaliste, under Captain Hamelin, and its sister ship Geographe,
Baudin’s expedition of discovery circumnavigated much of Australia’s
coastline between 1801 and 1803. Baudin’s was an expedition on a grand
scale. The magnitude of the science and the mapping undertaken by the
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expedition has only recently been appreciated. It was probably the most
successful scientific exploration of the southern continent in the pre- and
early colonial period. Its legacy is clear in the plethora of French names—
some 240 in all—along the present coastline of Western Australia: names
such as capes Leveque, Cuvier, Bougainville and Voltaire; and the islands
Lacepede and Forestier, and those that form the Bonaparte Archipelago.
It was also the first exploring venture to undertake geological investigations
of the western coast of Australia.

Battling an image problem

The public image of Baudin has suffered in comparison with that of
Matthew Flinders. Flinders, arguably the first to circumnavigate Australia,
and who is popularly credited with coining the name of the continent,
is seen as heroic. His life, loves and achievements are well known to the
public, not only through tales of his mapping of much of the Australian
coastline, but through novels—some aimed specifically at young
audiences—and even through the personification of his ship’s cat.

Since the 1980s an impressive school of study has grown up, redressing
the earlier neglect, or even dismissal, of Baudin’s contribution to science
and cartography. Why did it take so long for the magnitude of Baudin’s
contribution to be recognised? He has been seen as incompetent, as
unworthy and cantankerous. This image, in the public eye—but not
necessarily that of historians—has suffered in contrast to that of Flinders.

There may also be an ageist component in their differing images—
Baudin was 46 when his vessels reached Australia shores; Flinders was 26
when he took charge of the /nvestigator, and may thus have been the more
dashing figure.

There are probably many reasons for such a lack of understanding in
relation to Baudin’s achievements. Some were political. On its return
the expedition was not considered by French authorities to have brought
glory or political advantage to France. There was too a strong sense of
competitiveness relating to Flinders and his mapping of the coastline,
with accusations that the French explorers had plagiarised Flinders’s
charts. Inherent in this perception was the British sense that they alone
were responsible for the colonisation of Australia, so they felt a need to
counter Napoleon’s global ambitions—a view that led to the belittling
of the achievements of any French rivals.
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Figure 2.3. Bust of Nicolas Baudin; Augusta Historical Society Western
Australia. Sculptor Peter Gelencér.
Source: Photographer Dean Faull.
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Another factor in the unfortunate way that history has treated Baudin is
that he died of tuberculosis in Mauritius (then Ile de France) during the
return voyage to France, and others on the voyage published the official
accounts of the expedition. By contrast, Flinders was the author of his
own voyage narrative. Moreover, Flinders, ironically enough, incarcerated
in the same Mauritius for seven years, had had the opportunity to hone
and refine his reports before their eventual publication.

The origin of the Baudin expedition—its founding—was essentially for
scientific purposes. There is no doubt that, should it have been successful
in its aims, a certain glory would have accrued to France. But the motives
underlying its founding were only secondarily political. At the end of
the eighteenth century there was a desire in France to be seen at the
forefront of the Enlightenment that was sweeping Europe. Her scientific
institutions were eager for new material to describe. This relative lack of
contemporary scientific material in France contrasted with the holdings
of the British, who had amassed specimens—of both fauna and flora—
through the voyages of James Cook, and from local collectors in Australia
and the Pacific.

When Baudin’s expedition left Le Havre in October 1800 it carried
a complement of some 24 staff who were trained to undertake or assist with
scientific investigations. There were naturalists, a botanist, cartographers,
mineralogists, gardeners and artists, all equipped to care for and record
the natural history objects collected. In all, some 200,000 items were
collected during the course of the expedition, making it one of the most
comprehensive of the period. However, a number of the scientific staff
withdrew in Mauritius. Others died during later parts of the voyage. Only
six of the original 24 completed the voyage and returned to France.

The journals of members of Baudin’s expedition show their eagerness and
enthusiasm for new knowledge, and their awareness that they were, even
then, working in an arena that was essentially international in its scope.
The largely unknown southern continent provided an opportunity for
French scientists, most of them young, to establish themselves in this
broader sphere. The journals were illustrated with artworks of supreme
beauty, and contained detailed maps of the coastal sites visited. Indeed,
the volume edited by Frangois Péron (1809), with cartographer Louis de
Freycinet, is a superb example of ‘art in the service of science’. The artists
Charles Alexandre Lesueur and Nicolas-Martin Petit were initially, or
ostensibly, hired as gunners, but showed their skills early, after the official
artists, Milberg, Lebrun and Garner, left the expedition at Mauritius on
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the outward voyage The intensity and accuracy of the natural history
illustrations by Lesueur and Petit is explored more fully in the volume
edited by Fornasiero and others in 2016.

Baudin’s unfortunate death led to a prolonged neglect of the expedition
and blighted its success. His own credibility as an explorer and leader
suffered. The reports and charts of the voyage, published notably by the
young scientist Francois Péron, contributed in a major way to the assault on
Baudin’s leadership. The official account, published under the title Voyage
de decouvertes aux lerres Australes, was presented to Emperor Napoleon in
1807; the first Atlas, with charts of the regions surveyed, was published by
Louis de Freycinet. After Péron’s death in France, de Freycinet completed
the account with the publication of a ‘complete’ map of the Australian
coastline. But it was Péron who so belittled the competence of his captain
that he virtually wrote him out of the official account. Not only did he pay
scant reference to Baudin, he was highly critical of his leader’s competence
as a navigator. The antagonism and lack of respect between the two men
had simmered throughout the expedition. Partly this was rooted in Péron’s
perception that his captain was unwilling to give the scientists—the
‘savants —free rein during their collecting excursions onshore.

Life with scientists on board

On Baudin’s side, his personal journal was not published in French until
2001. Christine Cornell, however, published an English translation in
1974. From this journal it is evident that Baudin appeared to think that
he was dealing with a new phenomenon in accommodating and managing
a complement of scientists with their peculiar ways in the collection of the
materials of natural history. After going ashore in Tenerife on the outward
journey to Terra Australis, when the scientists insisted on accompanying
their captain on an official visit to the Spanish Governor, Baudin confided
in his journal on 1 November 1800:

I must say here, in passing, that those captains who have scientists
. aboard their ships must take with them a good supply of
patience. I admit that although I have no lack of it, the scientists
have frequently driven me to the end of my tether and forced me
to retire testily to my room. However, as they are not familiar with
our practices, their conduct must be excusable. (Baudin 1974)
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The animosity between the naval commander and the free-thinking
young scientists was felt by several members of the expedition, but it was
Frangois Péron who protested loudest at the shackles of naval discipline
imposed by Baudin, so it is unfortunate that it was he who managed to
attach his name to the first official report of the expedition.

Always eager to make the most of limited time ashore, Péron was often
late for scheduled rendezvous, constantly frustrating Baudin, whose major
worries were considered to be the safety of his vessels and the production
of navigational charts. One entry in Baudin’s account, written after
a day’s exploration in Shark Bay on the west Australian coast, records his
frustration as captain with this particular scientist. Baudin wrote in his
journal of 1 June 1801:

By five o’clock everyone was back except Citizen Péron, who was no
doubt carried away by his enthusiasm and had gone too far to be
able to get back by the specified time. While we waited for him, we
sat down to our meal and dined without him, for he did not return.

(Baudin 1974)
By the next morning Péron had still not returned.

To counter these perceptions, and to present the case for an unbiased
view of the Baudin expedition, authors Jean Fornasiero, Peter Monteath
and John West-Sooby published the narratives of both captains—French
and British—rtogether in Encountering lerra Australis (2004). In the case
of Baudin, this account, including his chatty and unabridged sea log, was

the first to be published in English.

The animosity between Baudin and the ‘savants’ whose role it was to
undertake both measurements and specimen collecting, seems curious
when Baudin’s previous history as a commander is considered. Anthony
Brown, in his l/l-starred Captains: Flinders and Baudin, emphasised that
Baudin’s earlier reputation was made transporting plants and animals
across the seas to Europe. During one voyage from the Caribbean—from
Puerto Rico—Citizen Baudin clearly got his hands dirty: ‘He puts his
hands to the task of pulling out, carrying and planting our living trees
and shrubs and sets us an example by his ceaseless activity’; this in a report
from the botanist André Pierre Ledru, appointed to that expedition by
the Paris Museum of Natural History. Further, Baudin is reported to have
been at great pains to protect the plants in his care on the homeward
voyage, and was able to deliver a collection not only of plants, but also
of insects, stuffed birds, shells and other items to the Paris Museum, this
in spite of his home port Le Havre being blockaded by the Royal Navy.



2. BUT FIRST, THE PLATEAU

With such credentials in managing and safely delivering natural history
collections, it might be imagined that Baudin would have been less
impatient with the collecting and exploring habits of the young scientists
on the Geographe and Naturaliste. His previous history does not paint
him as the stern naval commander concerned only with his schedules and
charts. Could it be, therefore, that it was the abrasiveness and ambition
of such as the young Francois Péron that evoked a seemingly constant
criticism by his commander? Or had Baudin reached a point in his career
wherein he felt that his own prospects of advancement were increasingly
limited and he was jealous of the young bloods among the savants?

A comprehensive biography of Francois Péron—subtitled An Impetuous
Life—was published by Edward Duyker in 2006. The picture Duyker
draws is of a young man of great enthusiasms, recently released from
the French revolutionary army and fresh from medical school, but
with little previous experience in scientific collecting, and prepared
to take personal risks in the hitherto unknown coastal environments
encountered in the southern seas. While annoying his commander by
his wilfulness in adhering to instructions and his persistently late returns
to the Geographe, Péron collected something like 100,000 specimens,
ranging from molluscs to crustaceans, to fish and medusa or jellyfish and
to new species of mammals. He enjoyed a close relationship with the artist
Lesueur, who was to illustrate many of the species that Péron described
as new, in watercolour paintings of great beauty. Péron, according to
Duyker’s account, not only collected and described but also was prepared
to take a broader view than mere taxonomy, and to place organisms
within the wider contexts of their evolution and ecology. His vision of
the compass of natural science was wide and extended to systematic
measurements of ocean temperatures at the sea surface and at depths,
a work first published in 1804 and subsequently translated into English
in 1830. He had ambitions, too, to undertake anthropological studies of
Australia’s Indigenous people and had hoped to have an accepted role in
this field, but found himself listed as zoologist’ and charged with studies
of comparative anatomy.

However, he sought every opportunity to make observations on the
peoples encountered during the expedition. The first landings on the
west coast, affording only brief contacts with the locals, frustrated him.
It was only when the expedition reached Van Diemen’s Land that Péron
was able to observe some of the Indigenous inhabitants at close quarters.
One of his most significant observations involved noting both cultural
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and physical differences between the inhabitants of Van Diemen’s Land
and New Holland—even suggesting these might have been different
races, separated by long periods of time. His anthropology was criticised
by contemporary scholars as being somewhat lightweight; he was excused
only on the grounds that his time was consumed by his role as zoologist.

The first geologists

While the collecting activities of Péron have drawn the attention of
historians of science, the contribution of the expedition mineralogists is
worth remembering. The first scientists to examine the geology of the
coast—the mineralogists Louis Depuch and Joseph Bailly—were graduates
respectively of the Ecole des Mines and the Ecole Polytechnique in Paris.
Péron also took an interest in the geology of the voyage, although he lacked
formal training in the discipline. Canberra geologist Wolf Mayer (2009)
has given a comprehensive account of the activities of these scientists
throughout the voyage, acknowledging them as the first professionally
educated geologists to visit this continent. Their appointment was
unusual in early voyages of exploration to Australia. Usually the focus of
collecting was on the fauna and flora, and zoologists and botanists were
the favoured savants.

Three days after passing Cape Leeuwin, Baudin’s vessels anchored in the
broad bay that lies to the north of Cape Naturaliste. This bay Baudin
named Geographe—Baie du Geographe—after the vessel under his
command. It was here that some of the first scientific efforts to understand
the geological nature of the Australian continent were made. On the
night before making the first landing, Baudin instructed that the sea
floor surrounding the Geographe be dredged for sediment samples. His
diary, in which he included the reports of Depuch and Bailly, records that
the dredge brought up sand and black mud containing shiny particles
of the mineral mica, probably reflecting the presence of granite on the
nearby continent, granite which ‘the action of time and rain had broken
up and swept out to sea’.

Shortly after the anchoring of the vessel, a small boat under the command
of Lieutenant Henri de Freycinet was sent ashore to reconnoitre the nature
of the coast. On board was Louis Depuch, who was instructed to report
on the country and its soils. He recognised extensive outcrops of what he
called ‘granite’ surrounding a little cove (now Eagle Bay, and home to an



2. BUT FIRST, THE PLATEAU

expensive holiday resort) where the boat landed. He was surprised by the
apparent layering of minerals within the rocks, although he was able to
quote earlier claims that ‘granites” in the European Alps also showed such
striping. Today these rocks are classified as ‘granite—gneiss’ and form part
of the Leeuwin Complex, a belt of ancient, metamorphosed igneous rocks
stretching along the coastline from Cape Leeuwin to Cape Naturaliste.
The gneiss in these outcrops is a rock type in which the original minerals
of the parent granite are stretched—thus giving a banded or foliated
appearance. Present knowledge shows that these rocks were intensely
deformed some 600700 million years ago in the Precambrian Era. This is
almost certainly the origin of the banding reported by Depuch.

Mapping the coast of the continent;
return to France

The mapping and description of much of the western coast of Australia
was an early success of the expedition. The two vessels became separated
and met again in Timor, where they remained for 11 weeks while fever
and dysentery claimed a number of lives. Then, sailing in a wide arc
around the western and southern coasts of Australia, they headed for
Tasmania, or Van Diemen’s Land, and charted the whole length of its
east coast. It was on the return voyage in the Geograpbe, sailing westwards
and mapping Australia’s southern coast, that Baudin unexpectedly
encountered Flinders’s Investigator in Encounter Bay off South Australia
in April 1802. The meeting between the two on board the Geographe
was cordial but restrained—at least on Baudin’s part—perhaps because
England and France were still at war, and perhaps because the discussions
were conducted in English, which Baudin was uncomfortable with.
Nevertheless, useful information was exchanged on the surveying work of
both expeditions; information on Van Diemen’s Land was also included.

The Geographe and Naturaliste met again in Port Jackson. Then
the Naturaliste sailed again for France, carrying a large number
of the specimens—in 33 crates—collected during the expedition,
disembarking those at Le Havre in June 1803. From there they were
mostly transported to the Muséum d’Histoire Naturelle in Paris. In Port
Jackson, Baudin acquired another vessel, the Casuarina, placed it under
the command of Louis de Freycinet and sailed west again with the
Geographe in a mapping expedition through Bass Strait before following
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the west coast northward again to Timor. On 7 July 1803 it was decided
to return to France. It was when they called into Mauritius on the return
voyage that Baudin died of tuberculosis on 16 September 1803.

The sojourn of the vessels in Port Jackson had provided another spur for
the fertile mind of Frangois Péron. It was in Mauritius that political issues
surfaced in response to the continued warring relationships between
France and England. With some concern that the island’s governor,
General Charles Decaen, might consider delaying the Geographe’s crew
there to provide manpower to help fight off any British invasion, Péron
wrote to that dignitary pointing out that such action would violate the
neutrality of the expedition. However, somewhat later, Péron, perhaps
based on his time in Port Jackson, wrote again to Decaen asserting that
that the expedition had received secret orders to gather intelligence on
British settlements in New Holland and that the scientific efforts of the
savants were merely a guise. Péron’s report, noting the vulnerability of
the settlement at Port Jackson and suggesting that Irish convicts might
take the side of the French, may have been commissioned by Governor
Decaen. The fate of the report, and its ultimate recipients, seems unknown.

For the homeward journey, command of the Geographe passed to Pierre
Bernard Milius after the Naturaliste’s departure and Baudin’s death. The
Geographe arrived back in France, with further specimens, in June 1804.
Most of these were also transported to the Paris Museum of Natural
History, but some ethnographic collections and hundreds of live plants,
including Australian myrtles, acacias and eucalypts, plus seeds and
live animals (those that had survived the voyage) were transported to
Malmaison, the retreat of the Empress Joséphine, to stock her park and
menagerie. The specimens of fauna and flora sent to the museum were
exceptionally valuable as the scientists had supplied them with careful
labels showing place and date of collection. With many items collected by
Péron enhanced by Lesueur’s drawings and watercolours it is surprising
that much remains unpublished. Some were referenced by later French
scientists, but other parts of the collection—such as the Crustacea—
remained unpublished until the 1990s.

The public perception of Baudin appears to have shifted favourably in
the last 20 years or so. He is clearly not forgotten. No doubt the much
belated publication of his journals has encouraged a clearer perception
of the man and the fulfilment of the task assigned to him by the French
Government. Memorials to this sea captain and his expedition have been
erected in both Western and South Australia. In Western Australia at least
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eight are known, the work of sculptor Peter Gelencér, and funded by the
state government. One bronze bust of the sailor/explorer at the town of
Busselton now looks across Geographe Bay towards Cape Naturaliste,
both features that he named in 1801. Other busts—honest portraits
these, even reproducing a wart on his nose—are found at Albany in
the southwest, and at Broome in the far north. The bust assigned to the
Margaret River—Augusta region, shown in Figure 2.3, is lodged within
the local historical society. The supporting plinths of these busts show
the diverse French names that remain as a legacy of the voyage along
the west Australian coast. At Robe, in South Australia, bronze busts of
Baudin and Flinders share the same sandstone plinth, a fitting memorial
to their encounter.

Interestingly, Péron is also remembered, although in a lesser way. He is
honoured by Cape Peron, south of Perth, and by a national park in Shark
Bay on the west Australian coast—an area where the expedition had
carried out detailed mapping.

A fractured sea floor

Sailing south from the Naturaliste Plateau, around 170 years after Baudin’s
ships sailed over it, the Glomar Challenger passed across one of the most
rugged, and perhaps most mysterious, features of the Australian sea
floor (see Figure 2.2). The Diamantina Fracture Zone is a narrow, 1,600
kilometre-long zone of ridges and deep valleys that stretches from the
middle of the Great Australian Bight well out into the Indian Ocean. It is
deeper towards its western end, where there are some of deepest features
of all in that ocean. There lies the Dordrecht Hole, again named for one of
the early vessels of the Dutch East India Company, which in 1619 sighted
land to the south of the Swan River. The hole has been measured at over
7,000 metres depth.

Biologists and adventurers alike are drawn to the unusual depth and
mountainous terrain of the Diamantina Fracture Zone. The area has been
set aside as a Marine Reserve under the Australian system of offshore
reserves, although its biological resources remain largely unexplored.
The entrepreneur and adventurer Richard Branson identified the fracture
zone as a potential target for his Virgin Oceanic submarine; it was to have
been part of a proposed program of dives into the deepest parts of the
world ocean.
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But what do we know of the origin of this fracture zone? Again, as so often
in geology, this is the subject of debate. The zone is very complex, possibly
representing a zone transitional between ocean and continent. Rocky
material dredged from the crests of its ridges—some 4,000 metres below
the surface—shows that these are not made of typical ocean crust. The
recovery of the rock known as peridotite—a dense, coarse-grained igneous
rock rich in magnesium and poor in silica—attests to this. Peridotite is the
dominant rock deep in the Earth’s mantle, lying beneath a much thinner
crust. Explanations for the origins of this zone of rugged topography are
speculative. Could it be a possible ‘scar’” in the sea floor resulting from an
early phase of rifting between Australia and Antarctica? This might have
preceded the better understood later spreading apart of these continents.

The name bestowed on this submarine mountain range is evocative.
It is named for HMAS Diamantina, an Australian naval research vessel
that explored this region in 1961; the vessel in turn is named for the
Diamantina River in Queensland. But geographic names carry multiple
histories, and such is the case here. The name Diamantina has wider
resonance in Australia, particularly in Queensland.

Lady Diamantina Bowen was the wife of Queensland’s first governor,
Sir George Ferguson Bowen, who took up his appointment to the
pioneering but prosperous colony in 1859. The former Contessa
Diamantina di Roma came from an aristocratic Greek-Italian family in
the Ionian Islands of Greece. Her family descended from the Venetians
who had long settled in the islands. Her upbringing had been privileged;
she was well versed in diplomacy, language and politics. Contemporary
columnists in colonial Australia described her as ‘an elegant and
fascinating figure evoking popular respect’ and ‘as exotic as a bird of
paradise’. Her popularity, perhaps her exoticism, is reflected in a spread
of geographic names in Queensland: the Diamantina River, an island and
a waterfall; and in the town called Roma. She was much involved with
social welfare, and her concerns in this area are commemorated in a list
of names attached to hospitals and orphanages. She was, no doubt, a vivid
and unusual character. There is perhaps something appropriate in the link
of her name, though secondarily, with an unusual and dynamic feature of
Australia’s oceans!



Across the spreading ridge

The winds, the sea, and the moving tides are what they are. If there

is wonder and beauty and majesty in them, science will discover

these qualities ... If there is poetry in my book about the sea, it is

not because I deliberately put it there, but because no one could
write truthfully about the sea and leave out the poetry.

Rachel Carson, Acceptance speech of the National Book

Award for Nonfiction (1952).

The diary

Wednesday 28 December 1972

The last few days on board have been quiet. We have been moving steadily
south at eight and a half knots on grey to blue seas. Last night the rolling
became excessive and we had to change course because a hatch broke and
we were shipping waves—but generally its been pretty smooth—or am I just
becoming acclimatised to the roll? Yesterday I put some pollen slides out on
the front of the pipe rack. I collected them today and replaced them with fresh
ones. I'm hoping to pick up any wind-blown pollen, and will be surprised if
[ catch anything but rust and rainwater, but its worth a try. They are very
exposed to the prevailing westerlies, and as far from the salt spray as I can safely
get them.!

1 'This process, using glass microscope slides coated with sticky glycerine jelly, was in a rough way
designed to catch any airborne pollen that might have been blown from islands or continents, and
which could contaminate assemblages of fossil pollen in sea floor sediments.
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The report on the first hole progresses—my part in it was really finished with
description of the rock sequence. Peter Barrett is doing the sedimentology. I feel
I should be contributing more at this stage but my turn will come. In the
lab I have been trying to process nannofossil oozes—ILimy muds with algal
remains—for dinoflagellates. These common single-celled organisms possess
characteristics of either plants or animals; they may photosynthesise or they may
ingest prey as a nutrition source. Many are a key part of the marine ecology
although freshwater forms are known, but I have had no recovery so far.

Ship life is physically tiring—the propping against the roll and heave of the
ship is exhausting and the lab floor is hard and cold. And a good deal of
the night seems to be spent just hanging on to the bunk! Tonight I will fix
myself a firmer nest ... I count myself very lucky never to suffer seasickness.
Poor Chen, one of the palacontologists, gets very sick when the ship slows to
a stop over a new drillsite.

No further sea life is visible—we have today the same albatrosses and
shearwaters.

Its too early to say yer who are the major workers or the contributors o life
on board. Denny H as co-chief scientist rarely gets up from his bunk so bad
is his sea-sickness; the other co-chief, Larry Frakes, a sedimentologist, is an
enthusiast; Peter Webb, a palaeontologist who works with foraminifera—
tiny organisms of calcium carbonate—is good value; Derek’s [Burns] English
humour is welcome ... the American Art Ford, who will take on the study of
the crystalline rock of the ocean basement is quiet and hard-working; the rest
are still unknown. But theres a general eagerness to make a contribution as
part of what is very much a team effort.

Friday 30 December 1972

We are slow in approaching our next hole (Site 265; Site 2) because of heavy
seas and winds, at least that’s the explanation—for this part of the world it
surprises me how mild the conditions are—its sunny, but the wind is cold.
[ gave the Antarctic parka its first airing today. Mine, dug rather randomly
out of a big trunk full of gear, is so huge I can hardly stand up in it, but it
was welcome. The bird life has increased—yesterday we were joined by three
or four big dark giant petrels; they are smaller than albatross but fly in the
same way and have large heavy pale hooked beaks. Today a flock of about
a hundred white-faced storm petrels—obrown of back and white of chest—
Jollows erratically in our wake. Its intriguing to see such tiny birds so far

Sfrom land.
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1 talked home last night via the ham radio. The call was unexpected and gave
me a start when [ was called to run up three decks to the radio operator; I felt
a bit rushed and nervous. There is a sense of filling in time today—I hope
tomorrow will be busier. Late night film marathons are dreary and there are
too many bad films. [ would rather sit in the lounge and talk.

The Southeast Indian Ridge

We drilled the next three sites, labelled officially Sites 265, 266 and 267,
on the southern flank of the Southeast Indian Ridge. This feature is a low
rise—a wide, subsea mountain range that lies midway between Australia
and Antarctica. Its topography is smoother than many of the world’s mid-
ocean ridges, and it consists of a series of east—west trending ranges. Its
name comes from the fact that it can be traced into the Indian Ocean
where it forms the mid-Indian Ridge, and links to another major ridge
that encircles Africa. It is thus part of the network of mid-ocean ridges
that encircles the globe, extending through all the world’s oceans, lying in
most cases (although there are exceptions) midway between continental
masses. The ridges are key to understanding the processes of sea-floor
spreading and plate tectonics. At their junction, two pieces of oceanic
crust—the tectonic plates into which the Earth’s surface is divided—are
moving away from each other. At these mid-ocean ridges new sea floor
is constantly pushed apart by magma rising up from the Earth’s mantle
below. The descriptive term ‘divergent tectonic boundary’ is apt. The
system of ridges and the processes occurring there have been described
evocatively as ‘the wound that never heals’.

The Southeast Indian Ridge separates the Australian plate from the
Antarctic plate. It’s an active spreading centre, which means that Australia
is moving in a northeasterly direction at a rate of 69—75 millimetres a year.
The rate varies a little along its length, as does the shape of the ridge, but
the average rate of movement makes the Australian plate one of the fastest
moving on Earth. Earthquakes are frequent—though usually small—on
or close to the crest of the ridge, showing it to be an active volcanic centre.

To reach the ridge and the sites on its southern slopes we had sailed across
the Diamantina Fracture Zone, then across the South Australian Abyssal
Plain, an essentially flat feature of the Southern Ocean floor, which in
places reaches depths of around 6,000 metres.
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The abyssal plain; sediments of the sea floor

Abyssal plains are features of the deep ocean floor—the abyss—and
they are known to be the ‘flattest, smoothest and least explored regions
on Earth’ (Wikipedia). The smooth surface is usually interrupted by
abyssal hill—low mounds, rarely more than a few hundred metres
high. These are sometimes elongated, with the long axis parallel to the
spreading centre, a shape that possibly results from stretching of the sea
floor associated with spreading at the mid-ocean ridges. Abyssal plains are
usually underlain by oceanic basalts of the sea floor, dark-coloured rocks
rich in iron and magnesium-silicate minerals.

A steady rain of sediments that blankets and smooths any uneven surfaces
causes the flatness of the world’s abyssal plains. There are clays and silts
that come from the eroding of the continents. This detritus from the land
is washed out to sea by turbidity currents—short-lived, often violent
events that carry a mix of water and sediment from the shallow edges
of the ocean basins into the deep sea where they accumulate as layered
deposits, or turbidites. Slumping or sliding from the steeper basin edges
sweeps these sediments out to sea. Characteristically, turbidite beds are
graded, with the larger and heavier fragments settling first at the base and
the finer, slower-settling clays on top. The nearer the land, the coarser the
beds are overall.

Other deposits come from continental dust blown out to sea, and from
the fine, airborne debris of volcanoes. But much of the sediment that rains
onto the sea floor from above is of biological origin, coming from the shells
or skeletons of tiny organisms living at the sea’s surface. These particles—
pelagic biogenic sediments—sink from the upper layers of the ocean to
accumulate at depth. Mostly, the temperature of the sea surface controls the
kinds of microorganisms that thrive in the upper zone of the ocean.

Generally, the warmer waters of the tropical oceans support more
microorganisms with calcareous shells—those made of calcium carbonate.
Foraminifera are prominent among these (Figure 3.1). These single-celled
animals have chalky, chambered shells perforated with tiny holes through
which the internal cell plasma protrudes. Of equal importance are
marine algae with carbonate-rich cells. These are the coccoliths, striking
in their architecture, with calcareous disks covering a spherical body or
coccosphere (Figure 3.2). Their remains, when they accumulate on the
sea floor, are usually called nannofossils, in reference to their small size.
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Figure 3.1. Foraminifera; Globigerina bulloides. Scale bar 100 microns.

Source: Courtesy of Katsunori Kimoto; image database of planktonic forams. JAMSTEC
(Japan Agency for Marine-Earth Science and Technology).

Their accumulated deposits, when solidified, often form the limy deposits
we know as chalk—the dramatic White Cliffs of Dover are a prime
example, their soft white chalk being made up mostly of coccoliths.

These tiny fossils—microfossils—rich in calcium carbonate, are
frequently used as ‘palaco thermometers’, giving a measure of the
temperature of the oceans in which they lived, and of the amount of
glacial ice on the globe at that time. These measures are based on the
chemistry of oxygen in the calcium carbonate (CaCO,) in their walls.
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Figure 3.2. Coccosphere with coccoliths; Gephyrocapsa oceanica.
Scale bar 1.0 microns.
Source: Wikipedia Commons.

Oxygen is made up of differing isotopes, reflecting the different numbers
of protons and neutrons in its different forms. Its most common form
has 8 protons and 8 neutrons, giving an atomic weight of 16, written as
Q. This is the ‘light’ form of oxygen. Heavy oxygen, a rarer form, has
two extra neutrons, and an atomic weight of 18 (**O). The ratio of these
isotopes reflects the composition of the seawater in which they lived, and
has been changing through time in response to past climates. The ratios
are affected both by temperature and by glacial ice; in a most general way,
a colder world, and a world with glaciers, would be evident in a greater
concentration of '*O in a sample of fossil walls.

In the deep ocean depths, factors other than the ecology of the organisms
dwelling at the sea surface come into play and influence the nature of
the bottom sediments. As the calcareous shells reach certain depths, they
begin to dissolve. Waters at these depths are undersaturated in calcium
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carbonate because of cooler temperatures and higher pressures there. This
results in a pattern of sea bottom sediments where only the higher areas,
such as the tops of mid- ocean ridges, are covered with carbonate-rich
sediments. As the sea floor on the ridge flanks descends to greater depths
in the processes of sea-floor spreading, the carbonates are dissolved out
and only clays, usually red or grey in colour, remain.

The cooler seas of high southern latitudes lie south of a boundary within
the ocean—the Antarctic Convergence—sometimes referred to as ‘the
Polar Front’. The Antarctic Convergence is closely linked with the Antarctic
Circumpolar Current, discussed more fully in Chapter 7. Upwelling of deep,
nutrient-laden waters make the zone a region of high organic productivity.
North of this boundary, microorganisms mostly have shells of calcium
carbonate; to its south lies the domain of organisms with shells of silica.
Deposits on the sea floor, dominated by either carbonate or silica, should
reflect the changing position of this boundary through geological time.

The seas to the south of the Convergence are rich in diatoms (Figure 3.3).
These beautifully sculptured single-celled algae are sometimes arranged
in colonies; glassy walls of opaline silica surround their cells. The shells,
or frustules, are finely perforated and commonly form two valves, which
sit one inside the other, like two petrie dishes, often forming chain-like
structures. These most common phytoplankton are for the most part
photosynthesisers, getting their energy from sunlight, thriving in waters
rich in silica and other nutrients. They are abundant not only in the cooler
waters of the Arctic and Antarctic or Subantarctic seas, but also in lower
latitudes where deep waters are brought to the surface by the vagaries
of the ocean circulation. Confined to the upper layers of the ocean—
the photic zone—where sunlight enables photosynthesis to happen,
diatoms are of supreme importance as the base of the food chain. Around
Antarctica, population explosions or blooms of these algae occur in the
extended daylight of summer. In winter, when sea-ice spreads north, away
from the continent’s edge, they continue to grow, either trapped within
the ice, or on its undersides, and are released into the open ocean with
the spring melt. In these seas the phytoplankton sustain the shrimp-like
krill, which in turn provide food for the larger marine animals—fish and
penguins and the large baleen whales.

Silica also forms the perforated, glassy walls of radiolarians, minute
protozoans that are another important part of the microscopic plankton
in the upper layers of the ocean. These are zooplankton, feeding on other
plankton, rather than photosynthesising like the diatoms.
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Figure 3.3. Diatoms from the Southern Ocean. Scale bar 20 microns.
Source: Courtesy of Julien Crespin, formerly of Weizmann Institute, Rehovot, Israel.

The steady rain of detritus from the ocean surface accumulates as sediment
on the sea floor. At first the sediments are soft and watery, ‘soupy’ is an apt
term; later they become sludgy, and consolidate into firmer strata. The soft
muds are referred to, appropriately, as oozes. Their composition further
defines them—those rich in diatoms are diatomaceous ooze, or more
generally, because of their chemical composition, they are simply siliceous
ooze. There are radiolarian oozes too, and carbonate-rich mixes including
Globigerina oozes (named for a particular genus of foraminifera) and
nannofossil oozes, all of which are broadly contained within the chemical
term calcareous ooze. Qozes can be of mixed composition—some of those
drilled at Site 266 were described as predominantly rich in diatoms, but
with traces of radiolarians, foraminifera and nannofossils.

Ernst Haeckel; science, art and the sea floor

The beauty and startling complexity of radiolarians and diatoms was
brought to the attention of both the scientific and the popular public
when microscopic fossils in material dredged by HMS Challenger's
expedition were illustrated by the flamboyant German biologist, artist
and atheist Ernst Haeckel. Haeckel described some 4,000 species in sea
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floor samples that HMS Challenger collected in the course of its four-year,
globe-encircling voyage of 1872—76. These were lavishly illustrated in 140
colour plates in a series of reports published after the expedition.

Haeckel, born in Prussia in 1834, was one of the first to encourage the
teaching of evolution. He first visited Charles Darwin in Down House in
1866. Though an ardent admirer of Darwin, he was prone to misinterpret
his ideas, or at least to add his own idiosyncratic slant on them. Among
his prodigious output of books, popular lectures, papers and journal
articles, he promulgated a view of evolution that was more in line with
the views of Jean-Baptiste Lamarck—that is, that features acquired by
organisms through interaction with their environment during their
lifetime could be passed to future generations. Haeckel is also remembered
for his contention that embryos in their development reflect stages in the
developmental history of their species—ontogeny reflects phylogeny’.

But it was his views on human evolution that sullied his reputation
as a biologist. His contention was that the human races had evolved
separately, and in hierarchical form, with Mediterranean peoples as
the highest level ‘at the head of all the races of men, as the most highly
developed and perfect’ (Haeckel 1914). Unsurprisingly, this view has been
interpreted as contributing to the rise of Nazism. The biologist Stephen ]J.
Gould linked what he called Haeckel’s evolutionary racism to ‘his call to
the German people for racial purity and unflinching devotion to a just
state’ (Gould 1977, p.77). Others, however, have found little historical
evidence to link Haeckel’s views on evolution with the somewhat later rise
of Nazi nationalism.

Yet in spite of his tendency to put forward rather wild and untested
ideas—his ‘irrational mysticism’ according to some critics—Haeckel
has left an indelible mark on biology, both through the terms he coined,
words such as phylum, phylogeny, ecology, protist, and by his portrayal of
nature as art. How passionately he felt about this is clear not only in the
Challenger reports, but also in his Artforms in Nature, a series of coloured
prints issued in 10 sets between 1899 and 1904. His subject matter
included radiolarians, foraminifera, corals, sponges, anemones and other
marine life forms. From these it is clear how much Haeckels art is stylised;
intricately detailed, yet accurate in its portrayals; often highly coloured,
even psychedelic in effect (see Figure 3.4). So much has its popularity
continued to grow that it is now a commercial flood, reproduced as
posters, coffee mugs and coasters—even printed on fashion accessories
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and shoes. It has inspired artists in jewellery, glass and iron. Surely there
is no other artist who has set life, often microscopic life, so vividly before
so wide an audience.

e Nine o L3S Uhalbiger : Radilagsn 1L A,

| 15 CHALLENGERIA. 16 I8 PHARYNGELLA. 0. 20 ENTOCANNULA
ap 27 LITHOGROMIA.

Figure 3.4. Radiolaria. PIl. 99 from Ernst Haeckel, Report on the Radiolaria
collected by H.M.S. Challenger during the years 1873-76, 1887.

Source: HMS Challenger online. Wikisource Creative Commons.

52



3. ACROSS THE SPREADING RIDGE

Continental drift; towards the unifying theory
of plate tectonics

The idea of the continents in motion is an ancient one. But only since
the 1960s have ideas been brought together in a theory that draws on
information from so many sources—from structural geology, seismology,
palacontology, geophysics, Earth magnetism, oceanography and a range of
other Earth-related disciplines. Plate tectonics as a concept is as important
to the Earth sciences as evolution is to the biological sciences. Indeed,
even within the sphere of biology, plate tectonics has made its own major
contribution, clarifying the paths by which plants and animals might
have moved around on the Earth’s surface. It has answered fundamental
questions such as how great mountain ranges have formed, and why
earthquakes and volcanoes are found in particular regions of the globe.

There were a number of phases in the development of this unifying
concept. The idea that the continents we know might not have always
occupied their present positions goes back as far as the Flemish
cartographer and dealer in antiquities Abraham Ortelius, who has claims
to have produced the first atlas. In 1587 he published his 7hesaurus
geographicus. In a revised and expanded version of this in 1596, he put
forward his ideas relating to the drift of continents, suggesting that the
Americas were ‘torn away from Europe and Africa ... by earthquakes and
floods’” and further that: “The vestiges of the rupture reveal themselves if
someone brings forward a map of the world and considers carefully the
coasts of the three (continents)’ (USGS 2012).

Francis Bacon in 1620 might also have had an early inkling of this concept
in his Novum Organum. But Bacon, while drawing attention to the
presence of similarities in fragments of the coastlines of Africa and South
America, made no suggestions that these had formerly fitted together as
parts of a jigsaw.

It was the German Alfred Wegener who first seriously proposed the
idea that the apparently excellent fit of the continents on both sides of
the Atantic was the result of their being once united and subsequently
disrupted. Wegener was primarily a meteorologist and geophysicist; most
of his publications concerned meteorology, atmospheric physics and
polar exploration. His standard textbook on meteorology, published in
1911 and which dealt with the thermodynamics of the atmosphere, was
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inspired largely by his extensive fieldwork in Greenland, whose icecap
was eventually to claim him. He saw service in the First World War, and
it was allegedly while recovering from war injuries that he worked on his
new theory of continental drift. He expressed the origin of his ideas thus:

The first concept of continental drift came to me ... as far back
as 1910, when considering the map of the world, under the direct
impression produced by the congruence of the coastlines on either
side of the Atlantic. At first I did not pay attention to the idea
because I thought it improbable. (Wegener 1966, p.1)

The apparent fit of the coastlines on both sides of the Atlantic intrigued
Wegener, but he also felt that he would need more evidence of their former
union from the geology of each landmass. Accordingly, he undertook
what he referred to as ‘a cursory examination of the relevant research
in the fields of geology and palacontology’. In a study obviously much
deeper than cursory, he showed fossil plants and animals to be similar
on both sides of that ocean. These were life forms that could not have
been transported across a wide ocean gap. The strongest evidence came
from the presence of identical fossil species in matching coastal sequences
in Africa and southern South America. Further, he was able to trace
geological structures; mountain belts, geological fracture zones and other
structures in the continents on both sides of the Adantic. To Wegener,
these examples were compelling evidence that the now widely separated
continents had once been joined.

Wegener brought his ideas together in 7he Origin of Continents and
Oceans, first published in German in 1915. Subsequent and expanded
editions followed in 1920, 1922 and 1929, and the first English translation
appeared in 1924. In these, he postulated that the present continents
had once been united into a single enormous landmass that he called
Pangaea, from the Greek ‘all the earth’. Subsequent splitting of Pangaea
and the drifting apart of the fragments of continent resulted eventually
in the positions of the present continents.

The geological community as a whole responded negatively, sometimes
vituperatively, to Wegener’s ideas of continental drift. The widespread
opposition was based on the perceived lack of any convincing mechanism
whereby continents might plough their way through an apparently solid
ocean floor without breaking up in the process. He visualised them as
icebreakers ploughing through ice sheets and driven by centrifugal and
tidal forces.
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Much of the opposition to Wegener’s theory came close to ridicule—
particularly in North America, where in 1926 the American Association
of Petroleum Geologists organised a symposium specifically in opposition
to his theories, and most authors, according to science historian Henry
Frankel, ‘had a field day attacking Wegener’. The main objections raised
related to the proposed mechanisms for propelling the continental
blocks. The tidal forces Wegener envisioned were considered too weak
to move continental masses. In the light of contemporary geological and
geophysical understanding ‘the conception is improbable in the highest
degree’ (Frankel 2012, vol. 1, p.169).

However, Wegener’s ‘mobilist’ ideas, that the present continents had
shifted in the past, did have some supporters. Some scientists, at least,
were prepared to put his ideas to the test in an unbiased way. The eminent
English geologist Arthur Holmes, for instance, suggested that convection
currents generated within Earth’s mantle might be responsible for moving
continental blocks. He appealed to radioactivity deep within the crust
as a heat source for this motion; ascending currents could rupture the
crust and move its fragments sideways. The continental fragments would
thus be carried along wizh the sea floor, rather than ploughing their way
through it (see Holmes 1965). Even with such a believable mechanism
proposed, Holmess ideas didnt receive universal support, reflecting
perhaps a stubborn resistance to change from a variety of geologists and
even biologists, who held to firm fixist ideologies, embracing the idea of
fixed continents.

Reception to the ideas of continental drift was more sympathetic in the
southern continents. Wegener’s ideas found support in the work of
the eminent South African geologist Alexander du Toit, whose extensive
fieldwork in Africa and South America convinced him that the present
continents of the southern hemisphere had formerly been united to form
Gondwana Land. Du Toit published his ideas in 1937 in Our Wandering
Continents: An Hypothesis of Continental Drifting. He dedicated this volume
to the memory of Wegener, who had perished on his Greenland glacier in
1930. Du Toit’s focus on Gondwana Land, the southern mass of Pangaea,
encompassing the continents of Africa, southern South America, Australia
and India, was based on his deep knowledge of parallels in the stratigraphy

and palacontology of these continents, reflecting their former union.

55



56

A MEMORY OF ICE

The sequence of Permo-Carboniferous sedimentary rocks (about
300 million years old) on all these continents begins at its base with
tillites—rocks with clasts or fragments ranging in size from boulders to
sand grains, all jumbled together in a manner showing that they originated
from glacial activity. He would have been most familiar with the Dwyka
Tillite of southern Africa, which is imprecisely dated at 290-300 million
years old. The glacial sediments are everywhere overlain by coal-bearing
strata containing the fossil seed fern Glossopreris; this colonised swampy
habitats when the southern continents warmed after the glaciation.

Within scientific circles Glossopteris has achieved iconic status for its impact
on the early developing ideas of continental drift. Part of its fame is also
linked to the history of its discovery, and to its relationship to the heroic
age of Antarctic exploration. The discovery of fossilised leaf fragments
of Glossopteris collected by Edward Wilson, artist, physician and scientist
on Scott’s ill-fated polar expedition in 1911, has already been told, with
their description by palaecobotanist A.C. Seward in 1914. When Seward
published these fossil plants he is unlikely to have been aware of Wegener’s
proposal of continental drift, the English translation of which did not
appear until 1924. Seward, however, did compare the Antarctic specimens
with others from India, and commented on the climatic implications of
the find, suggesting too that the Glossopteris flora might have originated
in Antarctica. Du Toit picked up Seward’s comments. While not agreeing
with the suggestion of an Antarctic origin for the flora, he made clear
that the spread of the flora, across the now widely separated continents,
suggested ‘the absence of geographical hindrances to spreading, such as
mountain ranges or seas’ (Du Toit 1937, p.83).

From South Africa came another voice in support of mobilism. This
was that of another palacobotanist, Edna P. Plumstead. Her enduring
reputation rests on her discovery of the subtle reproductive structures of
Glossopteris—structures that are intimately linked with the large tongue-
shaped leaves—and also on her recognition of the similarity of the flora
from all Gondwana continents, including Antarctica. She considered that
almost identical fossil floras found now on widely separated areas could
only be explained by invoking former movement, or splitting apart of
continents that were once united (Plumstead 1962).

A revival of interest in continental drift began in the 1950s, when
scientists studying the past history of Earth’s magnetism breathed new life
into the controversy. Earth’s magnetic field can be thought of as a giant
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magnetic dipole thrust through the Earth’s centre, at a slight angle to
its rotation. At the poles, a compass needle points vertically downwards;
near the equator it is horizontal. The magnetic poles differ, just a little,
from the geographic poles. In the South, the magnetic pole now lies in
the Southern Ocean, and is said to be moving north at a rate of 10-15
kilometres a year.

Tracking the position of the magnetic poles through geological time shows
that they appear to have ‘wandered’ in relation to their present position,
and that their so-called ‘polar wander curves’ vary from continent to
continent. This suggests that different continental blocks have moved
independently of each other with respect to the present position of the
magnetic poles, a situation that can best be reconciled with the ideas
of continental drift.

It was particularly in Britain that there was a concentration of interest in
palacomagnetism, although testing the continental drift theory was not
the initial driver of this research. Again, science historian Henry Frankel
has provided a very detailed account of the development of this discipline
primarily in Britain, and the way in which its focus shifted from a general
understanding of palacomagnetic properties to its value in the drift
controversy.

In addition to the apparent wandering of continents in relation to the
magnetic poles, Earth’s magnetism undergoes a complete reversal from
time to time; the positions of magnetic north and magnetic south
changing relatively quickly. A magnetic field whose direction is the same
as the present field of the Earth is referred to as ‘normal polarity’; the
opposite as ‘reversed polarity’. The record of such polarity switches is
preserved in the newly formed crust and sediments of the Earth. More
recently, the dating of these polarity switches using known sequences of
volcanic rocks with a time scale based on radiometric ages has proved
crucial to identifying the timing and mechanisms underlying sea-floor
spreading. In the 1960s, patterns of magnetic reversals were recognised as
‘magnetic stripes’ on the sea floor. As magma is extruded from mid-ocean
ridges onto the sea floor it bears the magnetic signal of the Earth at that
time. This record, be it normal or reversed, is thus preserved. The next
extrusion may bear the opposite signal; the pattern of magnetic ‘stripes’ is
symmetrical about the crest of the ocean ridge.
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I was introduced early in my career to these magnetic sea floor stripes.
The significance of these patterns on the sea floor was recognised in 1963,
when Fred Vine, then a PhD student in Cambridge, and his supervisor
Drummond Matthews published a paper in the journal Nazure entitled
‘Magnetic Anomalies over Oceanic Ridges’. This was the year that I began
my own PhD in Cambridge. I had heard the idea presented there in
student seminars, such as given in the Sedgwick Club, that venerable
society of geology students. However, not being a geophysicist, I was
impressed by the artistry of the patterns, but struggled then to grasp the
idea and couldn’t predict its ultimate significance!

One of the aims of our own Leg 28 cruise was to test the ages of the
sea floor on the southern flank of the Southeast Indian Ridge. Because
new sea floor is being generated at the ridge, and moving away from the
ridge as the magma cools, it would be expected that the sea floor would
become systematically older towards the south—the spreading occurring
in a north—south direction. The ages of the sea floor had already been
estimated by previous marine geophysical surveys in the region, using
reference to the palacomagnetic time scale. So we were able to check the
accuracy of the estimated ages either by getting an age—from radiometric
or geochemical data—on the basalts that underlie the sea floor, or else we
could use the fossil content of the sediments immediately overlying them.
In all cases the basalts proved too weathered to be dated by radiometric
techniques. The ages obtained by palacontology—by using the fossils—
however, were consistent with the expected magnetic ages. So, in ‘our’
Leg 28, Site 265, closest to the ridge crest, gave an age of 1214 million
years based on nannofossil oozes and chalks; this is close to what might
have been expected from magnetic data. At Site 266, further from the
ridge crest, the fossils gave a date of around 22 million years, close to
the expected 23-24 million from magnetism. For Site 267, the deepest
of the three sites on the ridge, the fossils declared an age of 38—42 million
years—within the range of magnetic ages.

Mapping the sea floor

A fresh understanding of the motion of continents came in the 1950s
as new knowledge was gleaned of the structure of the ocean floors. The
key to this was recognition of the role of the mid-ocean ridges as sites
where new sea floor is being generated. The presence of some kind of
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plateau or ridge-like structure in the middle of the Adantic was then
not new but could be traced back to early oceanographers. A chart of
the Adantic sea floor published in 1854 by Matthew Maury, director
of the US Navy Depot of Charts and Instruments, showed a plateau in
the mid-Atlantic that he named the Dolphin Rise. The voyage of HMS
Challenger confirmed the existence of such a rise in the northern sector
of the mid-Adlantic. Then, surmising that such might be continued into
the south, the Challenger expeditioners obtained depth soundings on their
homeward voyage in 1876 that confirmed the presence of a narrower mid-
ocean ridge in latitudes as far south as southern Africa.

It was not until World War II that there was a substantial increase in
understanding the structures and dynamics of the sea floor relating
to the mid-ocean ridges. Anti-submarine warfare demanded a better
understanding of the behaviour of sound through water, and this led to an
intensified study of the sea floor itself. Marine geology developed rapidly
in the postwar environment. This was exemplified by the development
and expansion of marine geology in oceanographic institutions in the
United States. Academic organisations such as the Scripps Institution of
Oceanography in California, linked to the University of California, the
privately funded Woods Hole Oceanographic Institution in Massachusetts,
and the Lamont-Doherty Geological Observatory of Columbia University,
all underwent significant expansion. The US National Science Foundation
was established in 1950 and further facilitated marine geological research.
Governments elsewhere, in Britain, the USSR, France, Canada and
Germany followed suit.

Prior to World War II the physiography of the ocean floor could only
be understood through closely spaced records of ocean depths made by
physical soundings—by dropping measuring devices overboard as on
HMS Challenger, which only gave depths for single points. It was during
World War II that echo-sounders were developed that gave a continuous
record of sea floor depth below the passage of the recording vessel.
Improvements in the resolution of these followed, with higher precision
depth recorders being developed in the 1950s. One who was able to
take advantage of his naval command, and of this advance in wartime
surveying technology was Captain, later Rear Admiral Harry Hess. Using
his ship’s echo sounder, he was able to collect ocean floor profiles and

gravity data cross the North Pacific.
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But much of the credit for drawing the accumulating information on
the sea floor together in the form of detailed and comprehensive maps
rests with geologist Bruce C. Heezen of the Lamont-Doherty Geological
Observatory in New York, and his partnership with the map-maker
and geologist Marie Tharp. Together, using depth and seismic data that
Hess had accumulated, the pair was able to produce maps that have
been considered to be the most important pieces of scientific art of the
twentieth century.

Marie Tharp is often described as Bruce Heezen’s assistant, or as the
cartographer he hired to organise the data he collected at sea, and eventually
to illustrate his maps of the deep ocean floor. But hers was a much more
significant contribution than a mere cartographic assistant. For many
years she was unable to go to sea herself, limited by naval regulations
that denied women this privilege. But it was her acute assessment of the
reliability of available depth measurements and her interpretation of the
sea floor landscapes that led to her discovery that a narrow V-shaped
groove seemed to be consistently present along the mid-ocean ridge crests.
This suggested a similarity to the rift valley of East Africa, a region where
the Earth’s crust is known to be splitting apart. Marie Tharp allegedly
pointed this out to Bruce Heezen, but his initial reaction was to deny
the implications of this—it looked too much like continental drift and
confessing that would have been severely career limiting at that time.

Producing maps of the sea floor from this data had its own problems,
particularly in its early phases. The pair—who were by then partners in
life as well as science—were unable to produce regular contour maps for
security reasons. These were considered to provide information that could
potentially be used by enemy submarines. So they fell back on a known
method—physiographic diagrams—that could produce images of what
the terrain would look like from a low-flying aeroplane. These gave
realistic images of how the sea floor might appear if the ocean basins were
to be drained of water.

To enhance the images of the sea floor they were able to enlist the help
of a landscape painter, the Austrian Heinrich Berann. The National
Geographic Society of the United States assisted them in this. Berann, born
in Innsbruck, developed his unique approach by combining the traditions
of European landscape painting with modern cartography; his work had
already found application to the tourist industry in Austria and in the
United States, particularly through his popular maps of national parks
for the National Geographic Society. In 1967 the National Geographic
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magazine produced a map of the floor of the Indian Ocean. This was
based on the results of an earlier Indian Ocean expedition, a massive
international and interdisciplinary study of the northeastern sector of that
ocean. In the planning stages of that project, Marie Tharp was approached
and asked if she would produce a map, and quickly, of the Indian Ocean
floor, to show where the gaps in information might be.

After a frenzy of activity, the map of the sea floor was completed with
the help of graduate students and was presented at an international
conference in New Delhi, with Bruce presenting the map and Marie
answering questions about it. Although the pair had to weather criticism
from the director of their institution over budgetary and other issues, the
map was finalised with Heinrich Berann’s artistic input. It was published
in 1967 by National Geographic in the form of a foldout supplement to
the regular journal, thus reaching a potential audience of some 6 million
souls, something of a standout among science communication efforts.

The map of the floor of the North Atlantic followed (Figure 3.5). Marie
Tharp’s accurate plotting of Heezen’s data showed the North American
continental shelf dropping abruptly to the abyssal plain, then the sea floor
rising to the summit of the mid-ocean ridge, then descending again to
the flatness of the abyssal plain as the European and African coasts are
approached.

The careful art of Heinrich Berann is worthy of a close look. He used
a range of blue-grey tones, with skilful lighting from a source on the right
of the map illuminating the highs of the Mid-Atlantic Ridge and the
continental slope offshore from the North American coast. The groove
of the central ridge, and of transform faults that cut at right angles across
the ridge are almost black. The fine detail shown thus creates an almost
rippling effect. The sediments that smooth the abyssal plain are depicted
in light browns. All is in stark contrast to the ochre-yellows of adjacent
landmasses. A grossly exaggerated scale (some 40 times) intensifies the
dynamics of the sea floor structures.

Bruce Heezen died suddenly in 1977, at the age of 53. At the time he was
undertaking research in a submarine off Iceland. Marie was then working
on a research vessel at the surface; they were due to meet up in Reykjavik
to discuss the details of the soon-to-be-published World Oceanographic
Seafloor map. Instead of the planned meeting, Bruce Heezen’s body was
taken to Reykjavik to be shipped back to the United States.
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Figure 3.5. Sea floor map of the North Atlantic. Artwork by Heinrich Berann.
Source: National Geographic Image Collection 1968.

After his death, Marie carried on on her own, completing what work
she could. Of prime importance to her was first to complete the World
Oceanographic Seafloor Panorama. This was funded, not by the National
Geographic, but by the Office of Naval Research, and was published in
1977. Subsequently, she went on to carefully curate all of their joint work
and correspondence, and to contribute much of this to the Library of
Congress. To support herself financially she established a map distribution
company and lived in her house in New York until she died of cancer at

the age of 86.
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Figure 3.6. Marie Tharp and Bruce Heezen.
Source: Courtesy of Estate of Marie Tharp and Lamont-Doherty Earth Observatory.

I was jolted into a reminder of this pair and their productive but
sometimes feisty relationship, when I visited Iceland in 2015. In Reykjavik
Harbour, puttering out on a fishing trip, my attention was drawn to
a chunky white vessel bearing the American flag and tied up at the dock.
The name on its side showed it to be the Bruce C. Heezen; the array of
instruments on its stern deck showed that it was one of the US Navy’s
oceanographic vessels. It was the first US Navy vessel to be named
by civilians. A little research showed that Grade 9 students entering
a competition chose the name. Further investigation showed that its
launch was attended by the appropriate admirals, but also, as a Matron
of Honour, by Bruce Heezen’s mother. The citation, or press release of
the launch, in 1999, notes Heezen’s role as a marine geologist in coming
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to an understanding of the Mid-Adantic Ridge with its central groove,
in plate tectonics; it also makes a passing reference to his contribution to
the ‘famous Tharp physiographic maps’. It gave no further elaboration
of Marie Tharp’s role in their partnership.

The young American writer Hali Felt published a biography of Marie
Tharp in 2012. In this biography, replete with imagined conversations and
described in 7he New York Times as ‘a testament both to Marie Tharp and
the author’s imagination’, Felt documents the battles that Marie had for
recognition of her work. First were the US naval regulations prohibiting
women going to sea; then the ongoing battle for funding to keep the map-
making going, a battle that resulted in her doing a great deal of the work
from her New York home. Nevertheless, towards the end of her life Marie
Tharp enjoyed a great sense of achievement, commenting:

I worked in the background for most of my career as a scientist,
but have absolutely no resentments. I was lucky to have a job that
was so interesting. Establishing the rift valley and the mid ocean
ridge that went all the way round the world for 40,000 miles—
that was something important. You could only do that once.
You can't find anything bigger than that, at least on this planet.
(Woods Hole Oceanographic Institute 1999)

Perhaps the pinnacle of recognition for her achievements came with the
2016 publication of a book for children about her life; Robert Burleigh’s
Solving the Puzzle Under the Sea.

In reality, the new understanding that these maps made of the dynamics
of a mobile rather than a fixed picture of the Earth is considerable. Bruce
Heezen’s initial reluctance to admit that the groove running down the
centre of the mid-ocean ridges was linked to the spreading of the sea
floor was overcome when it was discovered that the epicentres of shallow
earthquakes appeared, in the Atlantic and Indian oceans, to follow the
line of the rift. This, and the fact that the profiles of the Great Rift Valley
in Africa made by Marie showed that there, too, shallow earthquakes were
confined within the walls of the valley. This seemed to confirm that these
ridges were the zones where new sea floor was being generated.

The observations, made possible essentially by Marie Tharp’s very precise
mapping, provided a very visual and aesthetic view of the Earth. This
was an important peg in the subsequent development of plate tectonics.
But that is what it was—one major contribution that enabled the rapid
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development of the theory, particularly during the 1960s. It contributed
to the reintroduction of a mobilist view of the Earth, one that had been
fiercely rejected by the American geological community. But it was
just that—a contribution, though a vital one. Bruce Heezen initially
interpreted what they saw in the maps as due perhaps to an expanding
Earth; the symmetry of the Atlantic mid-ocean ridge he felt supported
such a view, a view that has subsequently been rejected.

What was still to come was an understanding of the way in which ocean
crust, generated at the mid-ocean ridges, was subsequently drawn back—or
subducted, into the deep Earth—in the major belts of deep earthquakes
like that of the Andes or the broader ‘ring of fire’ around the Pacific.
The contribution made by Harry Hess was significant in this respect.
In 1950, back at his alma mater Princeton University, he produced an
informal report to the Office of Naval Research, advancing the theory that
the Earth’s crust could move laterally away from long volcanically active
ridges in the ocean. It was only after the description of the world-encircling
ridges and their grooves by Marie Tharp and Bruce Heezen that he was able
to fully understand what his profiles across the North Pacific Ocean meant.
He published his theory in 1962 as a paper, ‘History of Ocean Basins, in
a volume produced by the Geological Society of America.

In an early expedition—Leg 3, in December 1968 to January 1969—
Glomar Challenger herself played an important role in confirming the
generation of new sea floor at the mid- ocean ridges. Drill sites positioned
on the Mid-Atlantic Ridge between South America and Africa showed
that sediments immediately above the oceanic basement—dated by their
contained microfossils—increased in age with distance from the ridge crest.

A number of other scientists are often quoted as being influential in
the development of plate tectonic and sea-floor spreading theory. The
Canadian Lawrence Morley independently developed an explanation of
the sea floor magnetic stripes. The hypothesis of sea floor spreading and
the significance of the magnetic stripes is often referred to as the Vine-
Matthews—Morley hypothesis. Then fellow Canadian ]J. Tuzo Wilson in
1965 contributed ideas on the nature of sea floor faults, and the way in
which tectonic plates move against each other; Dan McKenzie, a fellow
PhD student at Cambridge, suggested in 1969 how processes in the
Earth’s mantle—the layer between the Earth’s crust and its core—were
responsible for movements of tectonic plates.
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It has been said that great scientific discoveries seldom arise from a single
thought, but they do seem to emerge at particular times and places. This is
the case with Heezen and Tharp from the 1950s to the 1970s at Columbia
University, with Harry Hess at Princeton, and with Vine, Matthews,
McKenzie and others in the 1960s at Cambridge.



Crossing the path of
HMS Challenger

We were daily accompanied by many of the great albatrosses
and the large dark petrels, and still more numerously by several
varieties of speckled Cape pigeons. These birds added a degree of
cheerfulness to our solitary wanderings, contrasting strongly with
the dreary and unvarying stillness we experienced while passing
through the equatorial regions, where not a seabird is to be seen ...
William Spry, The Cruise of Her Majesty’s Ship ‘Challenger’;
Voyages over Many Seas, Scenes in Many Lands, 1877, p.123.

The diary

Saturday 31 December 1972
Site 265 Site 2 (53°32.45'S; 109°56.74'E) Water depth 3,582 m.
Occupied 30-31 December 1972

[ stayed up to watch us come on site around midnight. How strange it is to
be making such a concerted effort to arrive, watching depth recorders, seismic
records and the satellite navigation—all directed to the place we are steaming
for, then to have it all come together and actually arrive, with a distinct feeling
of relief; at this unmarked spot in an endless grey ocean. Were here! We're here!
No crowds, no road signs, no station platforms. But were here! The sea is flat
and grey, and there are snowflakes in the air.
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The voyage of HMS Challenger

It was by sheer coincidence that we left our starting port of Fremantle
just 100 years—minus one day—since our namesake vessel, the HMS
Challenger, began its four-year voyage trave