Introduction

The age of natural history: What did Joseph
Banks know and how did he know it?

Australian plants and animals were exceedingly strange to Portuguese and
Dutch eyes in the sixteenth and seventeenth centuries, and doubtless to
the eyes of east Asian sailors long before then. The trees looked different,
the animals looked different and for that matter so too did the people.
Sustained European interest in Australia dates from the eighteenth century
and especially from James Cook’s voyage in the Endeavour (1768-1771).
In CooK’s day so-called true science, as distinct from geography and natural
history, was causal and physical and dominated by mathematics, and
exemplified by widespread interest in the impending transit of Venus across
the sun, which event conveniently brought Cook to the south seas and
Tahiti. (The word ‘science’ is anachronistic here, being coined in the next
century. ‘Natural philosophy’ was the term at that time.)

It is the next phase of that voyage that interests us. Cook carried the so-called
secret instructions to search out the great south land, 7erra australis or Terra
incognita hypothesised by Aristotle and by wise men who subscribed down
the millennia to the hypothesis that there should be a large southern land
balancing the land in the northern hemisphere. Whether that land actually
existed was of great interest to the seafaring nations of Europe. It interested
philosophers too, for a very early geophysical conjecture was that there
should be some balance between land and sea in the two hemispheres.
Accompanying Cook were the naturalist/botanists Joseph Banks and Daniel
Solander and their support staff, all funded by Banks. They did not see
southern Australia but the scientific impact of the visit to the east coast was
profound, not least on the career and influence of Banks himself over the
following decades.
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Joseph Banks (1743-1820), gentleman commoner, educated at Eton and
Oxford, became fascinated at an early age by botany and the diversity of the
plant kingdom. He grew up in the heyday of natural history, exemplified
by the parson-naturalists of rural England. Banks knew many of them, in
the country or as university classmates. They observed the diversity of life
and its exquisite designs fitting the plant or animal to the environment and
its seasonal rhythms, from mountain, hedgerow and woodland to marginal
sea, all celebrating the power and goodness of the Creator in a distinctively
British intellectual atmosphere known as natural theology. They kept
cabinets of specimens and they maintained diaries.

The cultural ferment known as the ‘Enlightenment’ of Western or European
or Judaeo-Greek civilisation flared in the sixteenth—seventeenth centuries.
The rise of what came to be known later as ‘science’ was broadly threefold.
There was natural philosophy, especially mathematics and its applications
in physics and astronomy. There was medicine and physiology. And there
was natural history, pertaining to the diversity of living things, botany and
zoology, and their substrate of rocks and muds and soils, called mineralogy.
The three categories were by no means insulated from one another while
the disciplines within them arose and took shape in the eighteenth century.
Natural history is the central concern in our narrative.

The two words ‘natural history’ together were pregnant with meaning.
‘Natural’, pertaining to nature, faced ‘human’ and ‘divine’. There still
existed the hangover from medieval thought known as scholasticism.
In scholasticism truth was arrived at by logic, not by observation or
experiment. The oft-quoted example is a dispute over the number of teeth
in a horse’s mouth, the answer to be found in Aristotle’s writings, not in the
horse’s mouth. This tradition was sustained most strongly in the overriding
authority of the ‘revealed word’ of Christianity, and the revealed word was
the route by which you connected with nature. Meanwhile ‘history’, then as
now, meant the bleeding obvious, namely human history. We knew about
the past just as we knew about distant lands—because ancient scribes,
known as chroniclers, had written about it. The greatest event in the deep
past was Noah’s flood, the Noachian Deluge, and what was known of earlier
times was in Genesis. If there was a deep past, there was no other way into it.

So! One basic problem for the natural historian was how to escape the
trammels of ecclesiasticism (lovely Victorian phrase) in seeking explanation
and meaning in the richness of nature, while at the same time sustaining their
religious faith. Thus arose natural theology. Meanwhile physical scientists
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known as natural philosophers could live comfortably with a created world
with natural laws that required minimal divine intervention. They could
seek to explain the physical world and its universe in terms of a limited
number of basic, divine laws, the laws of physics. Bishops and philosophers
were also comfortable with the divinely inspired laws of physics. But physics
itself was totally unsuited to the living world of diversity and complexity
and multitudinous interactions with each other and with the environment.
These interactions were known as adaptations. That is, the living world
was inherently unpredictable. And so the devout natural theologian saw the
hand of the Creator in the smallest and subtlest aspects of adaptation and
diversity; and natural theology arose in parallel with natural philosophy.

The other central problem for the natural historian was of the day-to-day
kind: how to manage the sheer variety, the exuberant diversity, of things in
nature. It was exacerbated as global exploration expanded the geographic
horizons of European societies,! and the bewildering array of new and
strange organisms expanded accordingly. The big question got bigger: how
do you cope with variety and diversity among the well-known categories of
animal, vegetable and mineral? The early explorers coped via the eminently
human instinct of imposing what they knew upon what was new. Rottnest
Island off Western Australia was so named because Dutch sailors thought
that the local quokkas were rats. Koalas seemed to be a small kind of bear.
Tall straight trees eminently suitable for ships’ masts looked like the pines
of northern lands, so we still have the colloquial name ‘Norfolk Island
Pine’. Both birds and both black and white, the northern ‘magpie’ and the
southern ‘magpie’ have little else to justify a shared name, but share it they

still do.

Back in Europe, though, the familiar organisms were being scrutinised
anew. What do you actually do as a serious naturalist? Your objective is
to make sense of biodiversity by organising it into a classification. You
first sort the objects, just as an interested child can nimbly sort a bucket
of seashells, unjumble the jumbled kinds. You describe the grouped kinds
and classify them, and you discover soon enough while learning how to
identify them that you must grope for some system of organisation and
retrieval. This sounds simple and straightforward, like an accountant
purchasing a filing system, but how to do it depended upon why to do
it, and the why had to entail some sort of philosophy of meaning. And

1 Glyn Williams, Naturalists at sea (2013).
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scholars struggled for centuries with this framework, known as taxonomy,
underpinning the study of diversity, known as systematics. Although we
honour the philosophers who largely built Western civilisation, it was
the practical people who were driving things at the practical level—the
domesticators and breeders of animals; the herbalists and witch doctors and
medicine men; the agriculturists domesticating and improving crops; those
who exploited rocks in prospecting, mining and metallurgy and engineered
them for roads, bridges, canals and harbours; and the astrologers mapping
the rhythms of the heavens. They all had their names, identifications and
categories and they ranged from pedestrian to competent to brilliant and
visionary at what they did. And the accurate sorting and identifying of
animals, vegetables and minerals could be utterly essential.

Take, for example, the trade in medicinal herbs. You had to know what
you were buying or risk being seriously duped, to say nothing of poisoning
someone. Here is the newly qualified apothecary Thomas Johnson (~1600-
1644) on the perils of the London market for herbs:

Almost every day in the herb market, one or other of the druggists,
to the great peril of their patients, lays himself open to the mockery
of the women who deal in roots. These women know only too well
the unskilled and thrust upon them brazenly what they please for
what you will ... Is not the fate of patients who rely upon the help
of such doctors and druggists pitiable? For the doctor relies on the
druggist and the druggist on a greedy and dirty old woman with the
audacity and the capacity to impose anything on him. So it often
happens that the patient’s safety depends on the herbal knowledge of

an ignorant and crafty woman.?

To us it is obvious that the ultimate basis for safety and progress in herbal
medicine had to be in knowing the kinds of plants and how to identify
them. But it is obvious only because of centuries of effort in disentangling
solid evidence from folklore, hearsay and superstition, and concentrating
on expanding, testing and improving that evidence. Only by such rigorous
pathways could natural history be transformed into science. We can generalise
from this and state that for all the thousands of years since our forebears
accomplished the Neolithic agricultural revolution and began building
civilisations, their pragmatic, suck-it-and-see, sophisticated technologies
were underpinned by experience and tradition, but not by what the modern
mind would identify as robust and reliable scientific knowledge.

2 Pavord (2005, p. 5).
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Things changed in the seventeenth century and accelerated in the eighteenth.
Think of these key words and prompts: Enlightenment emerging from
Renaissance, spirit of enquiry, Industrial Revolution, imperial exploration,
collecting, natural theology ... natural history! If we were to come to grips
with the sheer exuberance of different organic kinds, plants and animals,
we had to find some organising principle, some way of detecting order in
the seeming chaos of the organic world. The organising principle had to be
found within the plant and animal kingdoms, not imposed from without
or above by some clerk or cleric. In short, the classification had to be
natural. The story of the centuries-long search in the plant kingdom is told
splendidly in Anna Pavord’s The naming of names: The search for order in the
world of plants (2005).

We can pick up the prelude quite late in the seventeenth century with
the botanists John Ray (1627-1705) in England and Joseph Pitton de
Tournefort (1651-1708) in France. Ray, son of a village blacksmith and a
herbalist, was a bright boy, able to win a scholarship to university. Trained
to be a Christian minister, he produced as a systematist 7he catalogue of
Cambridge plants in 1660. As a thinker about the problems of classification,
believing strongly in seeking a natural classification bringing together
related groups, he published (1682-1704) New method of plants and the
grand History of plants. As if these accomplishments were not enough, Ray
produced several authoritative volumes on zoology and is regarded as a
pioneer of geology in Britain. And it was all done by a natural theologian
and preacher inspired by religious faith, culminating in 7he wisdom of God
manifested in the works of the Creation (1691). The wisdom was based in
very sound natural history, containing a powerful argument for design and
adaptation, thus becoming an early work on ecology as well as the founding
document for eighteenth-century natural theology.

Ray and Tournefort argued about the basis for classifying plants, but
more important for us than the rights and wrongs of the disputes is their
influence in shifting study of the living world from mysticism and fable
and hearsay towards evidence-based science. But the tension in organic
classification inherited from the ancients was going to rise and fall as
the exploration of organic richness picked up in the cighteenth century.
It seems eminently sensible that a classification and system of identification
be clear and unambiguous, straightforward and practical. But, should we
not be searching out and exposing the deep structure of the living world, the
blueprint in the mind of the Creator? Two clear and ambitious objectives.
If they are compatible, so much the better. But what if they are not?
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The towering figures in natural history were Carl Linnaeus (1707-1778)
and Georges-Louis Leclerc, Comte de Buffon (1707-1788). Each has
been described as resembling Aristotle in being more a committee than an
individual. Taxonomy and classification reached a peak in Linnaeus’s works
as he achieved simplicity and consistency where there had been chaos, and
his binomial nomenclature (the Genus including one or more species) and all
the necessary techniques flourished in the science of biosystematics (Winsor,
2006b). Buffon was not so interested in all that detail. He was roaming in
the big picture, where such resonant concepts as plenitude, continuity and
scale of perfection drove his Histoire Naturelle, remaining uncompleted after
four decades. He was at once the last serious, ambitious storyteller, the last
cosmologist and the first explorer of deep time. He clearly endorsed the
bottom-up strategies of assembling things into groups and groups into bigger
groups, labours which would produce in due course the tree of life:

It would seem to me that the only way to design an instructive and
natural method is to group together things that resemble each other
and to separate things that differ from each other.’

About this book: The watcher on the rock

Think of squatting on a rock
in southern Australia, such as
a limestone stuffed with fossils
(Figure 0.1). If you aspired to
emulate  Rodins naked and
existentially challenged Thinker,
you surmounted the scratchy bits
of shell and our grandmothers
warnings on the risks of piles. But
Le Penseur was sculpted as recently
as the 1880s, and our thinker was
there 50,000 years ago. On the
cliffs facing the Southern Ocean

Figure 0.1. The thinker on the rock. she would have been aware of both
After the late Ron Tandberg and

The Age (Melbourne).
Source: Glenys Tandbersg.

winter storms roaring in from the
south-west and summer storms

3 Mayr, The growth of biological thought (1982, p. 193).
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from the north: in colder times than ours, more of the former; in warmer
times, more of the latter. Perhaps the cliffs were those along the River
Murray; if so, did our watcher realise that the abundant objects falling out
of the rocks resembled shells on the sea shore, far to the south? Did her
people have an explanatory narrative of floods, of ice caps on the mountains
in the south-east, perhaps of hills arising out of the sea? Interesting and
important as such questions are, they are beyond my time frame. Indeed,
similar questions could be asked of thinkers possibly arriving in southern
Australia only centuries ago, perhaps Chinese, perhaps Portuguese, and
these too are outside the time frame.

Our beginnings are in the late 1700s, when the horizons of science, by
then a couple of centuries old, expanded dramatically to include deep time.
Natural history acquired the fourth dimension. Natural history also gained
some of the respectability accorded natural philosophy, meaning physics,
and natural theology, which contemplated the glory of the Creation.

Table 0.1 charts the development of biohistory and geohistory through
almost a quarter of a millennium. Think of a river increasing in volume at
the successive arrivals of its tributaries. The river is an accreting entity; and
I am proposing that this story is like the river flowing down the decades: eight
great surges, [-VIII, have accreted to form the discipline of biogeohistory.*

Table 0.1. The conceptual framework for this book: The rise and development
of biogeohistory through a quarter of a millennium. Each surge in insight
built upon its antecedents.

Fossils, strata and Cenozoic southern Australia: Eight accreting surges of insight
into the history of the earth and its biosphere. This is biogeohistory!

1980s-2000s | VHI | The shells of microbes hold simultaneously the signals of age,
family tree, lifestyles ranging from symbiotic to low-oxygen,
and environmental shifts at scales from local puddle to global
ocean. The signals deliver high consilience in revealing the
evolution of the biosphere and in describing the hothouse-
icehouse transitions in ancient oceans on a dynamic earth
during Cenozoic time.

1960s-1970s | VII | Continental drift is confirmed. Oceanfloor spreading and plate
tectonics transformed the global environment and its history.
After the India-Asia collision, Australia separated from Antarctica
and Zealandia in Gondwanaland’s disintegration. The Australo-
Antarctic Gulf disappeared into the new Southern Ocean.

4 Implying that our river loses identity in the ocean of knowledge is misleading. Braiding or
anastomosing the great themes like rivers in arid lands not reaching lake or sea is better but also
misleading; best is to treat all naturalistic metaphors like supping with the devil: use a long spoon.
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Fossils, strata and Cenozoic southern Australia: Eight accreting surges of insight
into the history of the earth and its biosphere. This is biogeohistory!

1930s-1940s | VI | Inthe Darwinian Restoration, the ‘Evolutionary Synthesis’
reconciled palaeontology, field biology and population
(transmission) genetics, and natural selection roared back into
favour. Goal-directed and internally driven theories of evolution
were cast out.

1910s \'} The radiometric calibration of earth history confirmed deep
time with years in the billions. The Cenozoic Era is 65 million
years old.

1860s-1870s | IV | Oceanography was born of oceanic expeditions, especially the
British Challenger. The highly informative microbes in the pelagic
realm produced calcareous, opaline and acid-resistant skeletons
in an enormously rich fossil record. Deep-ocean drilling and
micropalaeontology triggered the rise of palaeoceanography
and modern views of global climatic change.

1850s-1860s | Il | In the Darwinian Revolution, organic evolution in deep time
explained all of biology in historical terms. Genealogy, the ‘tree
of life’, was accepted simultaneously as (i) a fact, (ii) a theory
and (iii) a research program. Genealogy explained the success
of the fossil-based geological time scale. (But Darwin’s
mechanism of natural selection remained controversial.)

1820s-1830s | I Earth and its life had a discoverable global history (time’s
1790s-1810s arrow). This was the Cuviero-Lyellian Revolution built on the
Palaeontological Synthesis. Fossils in strata had an orderly
pattern through time, thus biostratigraphy built the geological
time scale of epochs, periods and eras. The world views of
time’s arrow and time’s cycle have been waltzing ever since.

Lamarck was a great taxonomist and the first evolutionist.
Although his theory failed, his historical thinking flourished in
due course.

1790s-1810s | | Earth as machine was discovered in several rock relationships:
(i) igneous intrusion and extrusion; (ii) erosion, deposition of
sediment and unconformity; and (iii) deformation by folding,
faulting and metamorphosis. Mountain building (uplift) was the
essential driver, but not understood. Immensely great stretches
of time were analogous to immensely great cosmic distances.
Deep time supplanted ‘biblical time’ in time’s cycle.

Late 1600s - The Enlightenment project of describing nature’s diversity got
1700s underway. Fossils and fossilisation were becoming understood.

Source: Author’s summary.

I should note here the intertwining of topics known familiarly as geology
and biology. Pulmonary physiology and gold prospecting (to take two rather
disparate examples) would seem to be separate biological and geological
fields of endeavour with no obvious symbiosis. But when we acknowledge
the fundamental importance of rock relationships and earth history, we see
where biology and geology are inextricable. Arduino, a minerals prospector
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in the mid-eighteenth century, envisioned a fossil succession up through
strata accumulating kilometres in thickness, from the unfamiliar life forms
below to the familiar above. William Smith, surveyor to the builders of the
Industrial Revolution, used fossils to make the map that changed the world.
Georges Cuvier, the biologist, shows us that pre-human historical sciences
are discoverable. Most of an entire volume of Charles Lyell’s Principles of
geology is about animals and plants, their distribution in space and time, and
the dangerous theory of their evolution. Generations of biology teachers
have underappreciated Charles Darwin for the geologist that he was, most
significantly. As our knowledge increases, our questions change and the
role of the fossils changes—but fossils and life have remained intimately
embedded in the science of rocks and deep time ever since.

Modern science is impatient with the silos of knowledge called chemistry,
physics, geology and biology. Doublets such as biophysics, biochemistry,
geophysics and geochemistry are commonplace, and triple hybrids such as
biogeochemistry are found to be necessary. Geohistory and biohistory are
excellent words but I frequently need to couple them. Thus biogeohistory is
what this book is about, as it recounts the history of the history, the ever-
changing perceptions of the rocks and fossils and landscapes, as chronicled
in Table 0.1. And the broad-brush statements in Table 0.2 should keep the
biohistorical side of the story in perspective.

Table 0.2. General statements about ‘informed cultural’ beliefs through
the centuries about the ‘bio-’ side of biogeohistory.

Late 20th-21st Organic evolution transmutes into evolution of the biosphere
century on a mobile lithosphere.

Middle 20th century | The Darwinian Restoration (the Modern Synthesis).

Early 20th century Variational evolution is rescued by naturalists and population
genetics.

Late 19th century Almost all believe in transformational evolution. Very few
believe in variational evolution by natural selection.

Middle 19th century | Charles Darwin and AR Wallace: introducing variational
evolution by natural selection as fact, as theory and as
research program.

Early 19th century Almost all believe in deep time and the global fossil
succession. Only a minority believe in the evolution
discovered by Lamarck.

Late 18th century Deep time is here to stay; earth history and life history awaken.

Early 18th century Almost all believe in shallow (biblical) time and in biblical
creation. Pre-human history is almost impossible to imagine.

Source: Author’s summary.
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Why southern Australia? Why the
Cenozoic Era?

South of Adelaide in central-southern Australia is Granite Island off Victor
Harbor, a small lump of, well, mostly granite, shaped by the ice a quarter-billion
years ago. On Granite Island there used to be a signpost pointing to various
foreign places so-and-so many miles distant, and one such place was the South
Pole, 3,850 miles. Standing on Granite Island, aware of northern sayings such
as ‘down under’ and ‘the ends of the earth’, I would stare southwards at the
ocean extending far beyond the horizon. Abundant evidence demonstrates
that ice carved the landscape and seascape of the district, and scratches and
grooves on the rock faces indicate that the ice came from the south. How
then did the ice get to Victor Harbor? There was a theory that its traverse
from Antarctica to Granite Island was entirely overland on the supercontinent
Gondwanaland; but the theory was contested. In due course that theory won.
The supercontinent indeed did split apart and a chunk in the east now known
as Australia was facing a new seaway, the Australo-Antarctic Gulf. There was
lush vegetation on both sides, rainforests actually, and tropical rainforests in
the winter darkness. And once more there was ice, now on Antarctica, just
across the water—{rom Granite Island to the other side of the gulf was about
the distance from Adelaide to Melbourne. Once more? The aforementioned
ice was on Gondwanaland; but Gondwanaland itself was preceded by the
supercontinent called Rodinia, and Rodinia in its last days more than half a
billion years ago experienced episodes of the climatic crisis known as snowball
earth—the Sturtian, named after a small stream through Adelaide, and the
Marinoan, after a seaside suburb of Adelaide. Most recently the Adelaide
district, sandwiched as it is between the red desert and the deep blue sea,
experienced the ice ages indirectly (the ice caps were on south-eastern
Australia) when the Roaring Forties lashing the Southern Ocean became, as
Reg Sprigg used to say, the Roaring Thirties.” Our first thinkers were there,
hunting and foraging. Or squatting on the limestones and wondering,.

So the biogeohistory in this book is biased cheerfully towards southern
Australia, north shore of the dying Australo-Antarctic Gulf, north shore
of the emerging Southern Ocean, just across the water from the Antarctic
deep freeze.

5  Reg Sprigg was the most dynamic and productive contributor to the postwar expansion of

Australian geology. See Note 10 in Chapter 9.



INTRODUCTION

‘Too beautiful for our ears, my dear Mozart,
and monstrous many notes. ‘Exactly as
many as are necessary, Your Majesty.’

My prose attracts no such accolade as ‘too beautiful’ and terminology is my
problem analogous to Mozart’s Emperor’s problem with his notes, a problem
not of one arcane discipline’s jargon but of several, across the fields of geology
and biology. My responses are a glossary and, most importantly, generous
figures. Maps are basic to geology, but figures including or implying the
dimension of time are utterly essential in biogeohistory. Such figures are
stratigraphic, stratigraphy being the discovery and understanding of strata,
the archives of things and events in space and time. Forbidding as they may
be when flashed up in PowerPoint, charts and tables are better than words
in showing stratigraphic relationships and carrying stratigraphic arguments.
They are not for viewing for a minute or two before we all move on; they
are for staring at, and pondering, and revisiting, repeatedly. We know that
the elements of biogeohistory are easy to grasp piece by piece, item by item.
Problems arise when, say, the word ‘Eocene’ is spoken, then ‘Miocene’; and
while you hesitate as to which comes first in the succession the speaker
moves on and you are lost. But contemplate a chart or two and the names
in their right order are soon engraved on your soul.

We can begin with a hypothetical cross-section through the uppermost part
of the earth’s crust in a district apparently deeply incised by a rushing river
(Figure 0.2).

There is a stack of strata with fossils, different fossils in the upper from
the lower parts of the stack. Immediately there are environmental
implications—for there are marine shells high up. Did the land rise, or
was it the biblical Flood? More subtly, the sea seems to have advanced and
retreated, for some strata have nonmarine bones and leaves. Again, we see
a break, an interruption, a caesura dividing the scene into an upper and a
lower, implying a younger and an older, with profound earth movements
in between—for the tilted strata originally had been horizontal. Thus it is
possible already to deconstruct the scene into no less than nine items in
a chronological succession—and with no jargon, no mention of time scales
or organic evolution. But the scene and its deconstruction are pregnant
with meaning. The nine items are altogether too orderly for the chaos of
a biblical Flood to be plausible. There is evidence of repeated uplift, to say
nothing of the tilting of the lower strata, all implying deep forces in the
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earth. Clearly the answers are not to be found within this regional scene but
more broadly. Even so, our modestly deconstructed local scene whispers,
‘Deep Time!” And perhaps even, “Transmutation?’

Figure 0.2. A dreamed-up cross-section of fossiliferous strata exposed in
a mountainous terrain.

The fossils change through the succession from below (older) to above (younger), telling
us something about the geological ages of the strata and the marine or terrestrial
environments of their deposition. Numbered 1 to 9 is a succession of events teasing
order out of what the innocent eye might perceive as chaos. But much happened within
the ‘Big break!” (the unconformity), implying a large local gap in time (a hiatus) and
knowledge, which has to be filled in elsewhere. Note the huge exaggeration in the
vertical scale (metres) over the horizontal (kilometres), making things legible.

Source: Author’s depiction.

So we begin in Chapter 1 with rock relationships and how our stumbling
enthusiast learned to ‘get his eye in’, the phrase which universally means
reading the rocks, at your feet or on the horizon, or spotting and identifying
the fossils. Tracing strata among scattered outcrops, asking ‘which way is
up?’ is as essential today as a quarter-millennium ago.

In Chapter 2 our enthusiast engages with the familial lineage of the archetypal
ancient mariner, the pearly nautilus, thence to how understanding fossils
came to expose deep time and reveal the history written in the strata. It took
time, did understanding the meaning of tens of thousands of shells. But in
southern Australia we had a century of frustration as our fossils, rich and
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diverse though they were, failed to connect this region with the wider world.
That's putting it too negatively, for this country is rich in the strange and the
unique, and they have their roots in the fossil record.

Meanwhile, as geology and palacontology went global, thanks largely to
the reach of the Royal Navy, the pressures of explaining the patterns of life
in deep time kept growing—the fact of extinction, the law of succession—
until Charles Darwin broke through, if not completely. Referring to familiar
kinds of fossils—shells and bones—Chapter 3 ventures some way into
evolutionary biology in deep time.

Having met the broadly familiar, such as bones and shells and plants
(macrobes), we now meet the unfamiliar, the marine microfossils, in
Chapter 4. Several major groups of microorganisms (microbes) construct
shells (or ‘tests’) which fossilise in their millions. Known for all of the
nineteenth century, their biogeohistorical potential suppressed for decades
somewhat unwittingly by Charles Darwin, the scientifically best-known
group and the most informative, the Foraminifera, came into their own
in the twentieth, at first in advancing the ages of strata and their ancient
environments, then in the reconstruction of ancient oceans, no less, in
the discipline known as palacoceanography. Before the invention of the
scanning electron microscope, our enthusiast had to learn how to sketch
their tests under the stereo binocular light microscope.

Fossils gave us deep time, and fossils also have the dimension of space,
biogeography. In Chapter 5 we come to a long-simmering question: while
plants and animals can move, can continents and oceans also move? That
the answer at last was a triumphant ‘Yes!” is at the heart of continental
drift and the dynamic earth’s crust, known as plate tectonics. Just at the
height of the revolution in the late 1960s—1970s, offshore petroleum
drilling technology was successfully exported from the shallow seas to the
deep oceans, and our enthusiast was there. And the narrative must span
and reconcile evidence as disparate as the magnetic patterns in the oceans’
basement, chronicling the birth and death of ocean basins and the making
and breaking of supercontinents, and the family tree of the flightless birds
on the southern continents.

In Chapter 6 we have to look up and think up to the global level. We build
palacoceanography on some generalisations about model oceans. Our
enthusiast is comfortable with high-school-level equations wherein carbon
dioxide moves busily from the land to the sea and the sky as it weathers

13
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continents, builds and dissolves skeletons (carbonate), and constructs
‘carbohydrate’ (organic carbon), representing the materials of the biosphere.
We encounter some gentle geochemistry in the form of isotopes, especially
the isotopes of oxygen and carbon. As the humble individual foraminifer
grows, it is filing information about the global ocean in its shell. (And
the forams’ collective range of adaptations is huge—they live in, on and
above the mud and in the upper waters of the open ocean at all latitudes
and in a wide spectrum of oxygen and salinity; and extremely interesting
are the cooperatives, in which various ‘algae’ live symbiotically with their
hosts, the forams.) Having outlined methods of looking into oceans, we
compare the results through deep time, for comparison and contrast are the
most powerful methods at our disposal in this historical science. And now:
our first glimpse of the differences between the greenhouse world of the
Palacogene Period and the icehouse world of the Neogene Period (and we
live in the Neogene world).

Added recently to the neologisms ‘icehouse’ and ‘greenhouse’ are ‘hothouse’
and ‘warmhouse’. Fifty million years ago when the world was in a hothouse
state, the Australo-Antarctic Gulf, between 60 and 70°S latitude, was
rimmed by tropical vegetation, and its planktonic microbes were tropical
too. This is Chapter 7. Chapters 8 and 9 tell the environmental story of how
we got from this extreme Palacogene condition to our present, Neogene
condition of a desert with damp fringes, facing the Southern Ocean and its
Antarctic Circumpolar Current, the engine room of the modern ocean. It is
a regional narrative, but always a part—crucial part'—of the global story.

Biogeohistory has always been on the edge and so too is Chapter 10.
Biology or geology? Creation or evolution? By design or contingent?
Historicist or mechanist? Catastrophist or uniformitarian? One of the more
sustained and interesting are the two pillars of Darwinian evolution, natural
selection and the tree of life, respectively variational and transformational
evolution. They can be traced from the eighteenth century onwards, and
out of science and into human history and the ‘Humanities’. Biogeohistory
is or should be embedded deeply in the grandly envisioned Big History.
Likewise, biogeohistory is disgracefully missing from a ‘Humanities” furore
in Australian academia about Western civilisation. But a better place to
sign-off is in the microfossils glimpsing the event that interests us all, the
end of the Cretaceous Period and beginning of the Palacogene Period, and
‘what killed the dinosaurs?’



This text is taken from Southern Limestones under Western Eyes: The Modern
World Evolving in Southern Australia, by Brian McGowran, published 2023
by ANU Press, The Australian National University, Canberra, Australia.



