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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 Terra 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 Terror 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 On 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 palaeobotanist 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 20oC.

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, f.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 Glossopteris 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 palaeobotanist 
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 palaeobotanist 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 
80–85oS. 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 stumps 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 
70oS. 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. 
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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 The 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.
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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 4oC had 
less tissue death than a group with simulated winter temperatures close to 
those of the mild Hobart winters with temperatures of 15oC. 

In the real world, the lengths of winter darkness would have been extreme 
in the higher latitudes. Forests growing at 70oS would have endured some 
70 days of darkness; further south, at 85oS 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 Glossopteris 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 
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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.



17

1 . To SEA In SEArCH of THE forESTS

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 Hsü 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 Drilling 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 new version 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 Drilling 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 



A MEMory of ICE

20

Challenger. It 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—liners 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 palaeontologists, 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.



This text is taken from A Memory of Ice: The Antarctic Voyage of the 
Glomar Challenger, by Elizabeth Truswell, published 2019 by ANU Press, 
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