Précis: If you must
leave early ...

This book tells a story in the history of earth and its life—in geohistory
and biohistory, more conveniently called biogeohistory. It focuses on the
Cenozoic Era, that slice of some 65 million years between two notorious
catastrophes, the death of the dinosaurs on a greenhouse or Warmhouse
Earth and the advent of humans on an Icehouse Earth. Needing a geographic
anchor, the tale is centred in southern Australia, at one time the north
shore of the Australo-Antarctic Gulf during the disintegration of eastern
Gondwanaland, becoming the longest northern coast of the new Southern
Ocean. Third, it is about the history of biogeohistory, about historical
consciousness, about historicity. Biogeohistory erupted from natural history
late in the eighteenth century, about two centuries after mechanical science
emerged from natural philosophy.

Dutch and English explorers came to southern Australia while Europe was
discovering that the biblical timescale obfuscated the geological past instead
of revealing it. But it was the French explorers who discovered our natural
history, for they were under instructions from the naturalists in Paris, from
Lamarck who had discovered organic evolution and from Cuvier who
had discovered organic extinction; and for all their different styles and
opposing world views, Lamarck and Cuvier discovered biogeohistory and
triggered the grand project of building the essential geological time scale.
This was around 1800, and the Cuviero-Lyellian Revolution was underway.
In Table 0.1 (see Introduction) it is surge #II of the eight (VIII) surges in
the growth of reliable knowledge in the historical sciences of rocks, fossils
and earth history.

In my notion of surges, evidence-based (reliable) knowledge accretes in
highly episodic patterns. Insights, always a bit mysterious, arise from new
discoveries in travel, technology, the demands of society or pipe dreams in
the armchair. All cultures have had theories to explain their world and its
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components and how that world came to be. The only criterion for dealing
with such theories scientifically is this: a theory is only as good as the
research program it inspires. Creation myths don’t satisfy that criterion. After
thousands of years of human interaction with rocks and the environment,
a few thousand years with theologians and philosophers, and two hundred
years after the Enlightenment produced modern science, we inhabitants of
‘the West' produced two kinds of theory in the late eighteenth century.
In one mindset of the Enlightenment, earth’s development was directional
and historical (¢ime5s arrow). The other mindset was to be found in those
thinkers of ahistorical temperament, perceiving a steady-state earth or an
earth in cyclic equilibrium (#mes cycle). In this category James Hutton’s
‘rock cycle’ distinguished igneous, sedimentary and metamorphic rocks and
rock processes. Better than ‘cycle’ is Earth as machine operating during vast
but unknowable amounts of time—in the strikingly ungrammatical but
deeply appropriate neologism, in deep time. Knowledge of rocks in their
three dimensions became surge #I and geology’s task of discovering earth’s
deep history was underway at last.

The phrase ‘rocks in three dimensions” arouses questions about fossils in
strata and about strata in deep time. Hutton’s vision of a dynamic machine-
like earth required uplift, that is, mountain building, whereupon gravity
could act in rain, weathering and erosion, transportation and sedimentation.
He had no mechanism for uplift but he had the results of uplift—such as
rocks with fossils of indubitably marine organisms, 2 kilometres up in the
sky! The seashell was indeed on the mountaintop. This way of thinking
invoked fossils as ecological indicators of times past; Leonardo in the
fifteenth century and Thomas Hooke in the sixteenth had similar thoughts
about fossils. Great thinkers: they were never going to anticipate Lamarck
and Darwin.

But what about fossils as chronological indicators, giving us entry into
deep time? In outcrops of layered rocks (strata) lower implied older and
upper implied younger. William Smith discovered that a body of rock, a
limestone, say, or a claystone, could have its own characteristic collection of
fossils, and that another seemingly identical rock had a distinctly different
set of fossils. Thus the clays, the sands and the marls could come and go, as
in time’s cycle, going nowhere. But Smith’s fossils were not jumbled: they
formed an orderly succession, as in time’s arrow, going somewhere. Smith’s
work was driven by the demands of surveying, mining and engineering
in England’s Industrial Revolution. His fossil-controlled stratigraphic
succession worked so well that he could produce a marvellous and unique
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geological map. Meanwhile the French restored historical thinking in the
natural science of biogeohistory by reconstructing ancient environments,
marine and nonmarine, restlessly changing and populated by organisms
now long extinct.

The geological time scale was built with fossils in about six decades between
Cuvier’s extinctions in the 1790s and Charles Darwin’s organic evolution in
the 1850s. The time scale is the grand centrepiece of surge #II, which once
was called the heroic age of geology. The malacologists of Europe pieced
together a succession of faunas (assemblages of shells) wherein the younger
the fauna, the more it resembled the modern. Charles Lyell seized upon this
accomplishment in the 1820s to erect three epochs in the Tertiary—the
Eocene, Miocene and Pliocene epochs. Fossils as timekeepers worked in
Europe, brilliantly—but also pragmatically, with no coherent theory as to
why this species arrived in the shallow seas when it did and why that species
departed forever when it did. Meanwhile the fossil discoveries tumbled
out of strata of the neritic (shallow seas) and terrestrial environmental
realms in lands distant from Europe, such as Australia and South America.
Australia with its marsupials and lungfish was different, perhaps sheltered
from global progress by its isolation? The plants were different too, and the
marine shells. And most notably of all, the fossil bones and teeth of the big
Pleistocene animals, the ‘megafaunas’ on the different continents, were like
their respective living counterparts: they were not like each other. There
never was a pre-biblical-Flood world fauna succeeded catastrophically by
a post-Flood world fauna. Australia produced its own megafauna instead,
with its own history extending back through deep time. And the disorderly
litter of rocks and sands strewn over much of Europe and North America
turned out to have been left not by the Flood but by the ice sheets of the
Pleistocene ice age. Biogeohistorical awareness was encompassing fossils,
strata, environment, geography and climate change.

A half century after Hutton there was another range of mindsets. We detect
in those geologists and palacontologists a spectrum from episodic or
‘catastrophic’ thinking to gradualist or ‘uniformitarian’ thinking. Some saw
the jumps and gaps in the record of fossils and strata as meaningful, while
other workers saw them as due mostly to destruction of the evidence. There
was a range of views on organic evolution versus creation (and probably
much reverential silence). The uniformitarian Lyell strongly advocated that
known earthly processes then operating were sufficient to explain previous
states of the earth. In this view, theories of vast catastrophes in ancient times
were not required and not wanted in geology.
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Charles Darwin the geologist absorbed everything geological,
palacontological and biological produced by the Cuviero-Lyellian
Revolution as evidence for his theory of evolution. His ecological mindset
was influenced by William Paley’s Natural theology and his lateral thinking
and geohistorical instincts came from Lyell, the prominent loner in
British geology, and Lyell’s Principles of geology. Darwin’s On the origin of
species, as significant a book as ever was written, is a super-theory in two
parts: genealogical descent (the tree of life was and is being assembled by
transformational evolution or macroevolution) and natural selection (the
force driving variational evolution or microevolution). It was Darwin’s
genius to achieve the theory (and surge #11I) while being fully aware of the
four vast gaps in the potentially accessible knowledge of his times. There was
no mechanism for inheritance. There was no mechanism for an organism’s
growth and development. There was no quantified geological time scale;
no plausible numbers. And, fourth, there was virtually no understanding of
environment and its propensity to change through geological time. In the
major exception to that last point, the polar forests of the Eocene and the ice
ages of the Pleistocene Epoch were discovered in Darwin’s time. Although
variational evolution did not prosper, geological and palacontological
knowledge grew apace in the later nineteenth century. Warm shallow seas
spilled onto all the continents from time to time. Sediments shed from
rising mountains in the Rockies—Andes chains in the Americas were rich in
bones and teeth. Geological mapping spread around the world meeting the
demands of economic exploration and exploitation in the European empires.

But by far the most important advance in the later nineteenth century was the
discovery of a new environmental realm—new;, that is, to biogeohistory—in
the still new intellectual environment of organic evolution. Thus far it has
been about the lands and bones and fruits of the terrestrial realm and the
shallow seas and shells of the neritic realm. The global ocean, deep and dark
and presumably primordial, was known more for its imaginative fiction
than its science. The study of the pelagic realm, oceanography, celebrated in
On a piece of chalk by evolution’s celebrant TH Huxley,' came of age with
the four-year global expedition of HMS Challenger. This was my surge #IV.
Underappreciated for a century, the foraminifera, shelled microbes, came
into their own, hundreds of species living on the ocean floor (the benthos)
and some tens of species in the surface waters (the plankton). The shells of

1 See Eiseley (1967).
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the planktonic foraminifera and the coccoliths carpeted vast areas of the
deep sea floor with ‘calcareous ooze’, along with the ‘siliceous ooze’ (opaline
radiolarians and diatoms) and the undersea ‘desert’, the brown clay.

The pelagic realm was sampled and revealed by dredging the bottom. The
next step in the ensuing decades would be to probe the third dimension with
coring, thereby entering the fourth dimension of time and foreshadowing
the rise of palacoceanography in discovering ancient oceans. But here we
recall the triumphs and frustrations of biostratigraphy. The triumphs of the
ammonites in the Mesozoic Era and the seashells of Lyell’s Tertiary epochs
occurred when /local fossil succession reached out to regional correlation.
But there were severe geographic limits to the spread of LamarcK’s Parisian
faunas of Eocene age. The rocks in the Alpine mountain belts were often
dark, thick and uninformative in lacking the rich faunas of seashells that
geology needed for classifying and dating—but containing several kinds
of microfossil, especially the foraminifera. Intensive drilling was seeking
reservoirs of petroleum, where ‘knowing where you are’ in the strata and
their ages was essential. (Losing your way geologically can be ruinously
expensive financially.) This demand invigorated micropalacontology in
the early twentieth century. The petroleum industry learned how to drill
offshore and in due course it learned how to drill under waters kilometres
deep and recover long, complete cores richly informative about ancient
oceans, beginning with huge numbers of microfossils in mere cubic
centimetres of mud.

The Pleistocene megafauna with its marsupials is of great intrinsic interest
in Australia but, after its key role in Darwin’s evolutionary biogeography it
played no great part in growing the theory of organic evolution. Likewise
the seashells, after LamarcK’s early excitement and discovery of the strong
provincialism in the South Seas. Shells collected by Charles Sturt in 1830
from the limestone cliffs of the River Murray were dated in London as
Tertiary, the first biostratigraphic determination in southern Australia.
But the energetic collecting and study of these rich marine faunas by such
competent workers as Julian Tenison-Woods and Ralph Tate produced
a double non-result for the next hundred years. They found no support
for (or against) organic evolution in the fossil record and indeed no clear
evidence for a succession of fossil faunas. There was no recognising Lyell’s
epochs here or even the Palacogene and Neogene periods. And hardly a
productive Darwinian scientist was to be found in the country during the
nineteenth century. Micropalacontology solved those problems in southern
Australia, beginning in the 1940s. By then there was emerging a credibly
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quantified Cenozoic time scale—the coming together of microfossil
divisions of strata (zones) and radiometric dating, itself emerging in the
1910s not so long after the discovery of radioactive decay in minerals,
triggering my surge #V. So, by the late 1960s we could construct our charts
comparing marine with nonmarine strata, foraminifera with spores and
pollens (sporomorphs), seashells with bones and teeth, and all within a
credible and testable framework of millions of years.

In the Evolutionary Synthesis (aka the Darwinian Restoration),
microevolution in the form of population (transmission) genetics and field
biology filled one of Darwin’s gaps and restored the mechanism of natural
selection to its rightful place, and surge #VI. The rise of evolutionary and
developmental biology (evo devo) in recent decades has filled another
gap and reinvigorated the old and powerful notion of homology (e.g. the
leg, the wing and the flipper built on the same basic body plan in bony
animals). So, we now have three research styles in evolutionary biology,
namely population thinking, tree thinking and homology thinking; and
some of the old cultural differences between palacontology and neontology

have been healed.
But where is the environmental theatre hosting this evolutionary drama?

For the Darwin Restoration’s biogeohistorians, global geography was stable
and the global environment was largely unknown; both had changed little
since Darwin’s time. When earth’s repeatedly reversing magnetic field
was discovered, the regular and symmetrical magnetic stripes frozen into
the ocean floor could be discovered too. The earth-as-machine was now
perceived as driven thermally by convection in the mantle. Upwelling into
the crust generated oceanfloor, spreading and a brand-new geochronology
emerged from the stripes in the rocks as the geomagnetic polarity timescale.
Continental drift was confirmed in the new earth-scientific discipline called
plate tectonics (surge #VII). Our real interest in this purring machine is
its interruptions necessitating resettings, for these interruptions came to
explain why our fundamental biogeohistorical philosophy was changing in
the 1960-1970s. Lyell the slick lawyer-advocate had managed to tar Cuvier
and the other catastrophists with biblical creationism in constructing his
brief for the uniformitarianism which became the paradigm for a century.
However, diverse episodic patterns of biogeohistory were now pointing in
the opposite direction. The aphorism ‘the present is the key to the past’
brandished by generations of sedimentologists and geology teachers should
have been countered long ago by the at-least equally valid ‘the past is the
key to the present’.
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For southern Australias narrative, the plate tectonic interruption that
really mattered was fast-moving India colliding with Asia about 50 million
years ago (although the event is contested and not instantaneous, its
critical point is pinned down in oceanic crust at 47.3 Ma). In response,
the global reorganisation of oceanfloor spreading included reinvigorated
spreading in the Australo-Antarctic Gulf as Australia broke free to move
into lower latitudes. The north shore of the AAG became the longest coast
facing the new Southern Ocean. There was literally a shakeup by faulting
of our uplands and sedimentary basins. Oceanic waters were forced across
continental margins in the extensive seas of the Khirthar Transgression. The
vast river system draining more than half of Australia into the AAG during
the Late Cretaceous was upwarped and diverted in large part into the newly
subsiding Lake Eyre basin.

Local, regional or global; and tectonic, palacoclimatic or biospheric—this
geotectonic event within the Eocene Period triggered the critical interval in
Cenozoic biogeohistory (Figure 0.3).

The strongest characteristic of biogeohistory is the consilience, meaning
the mutual reinforcing of independent lines of evidence. To understand
strata and geological time we have a toolkit drawn from across the
sciences, as seen in the names of multiple chronologies—Dbiostratigraphic,
seismic-stratigraphic, radiometric, geomagnetic and cyclostratigraphic.
Likewise with the geobiological and geochemical tools for environmental
reconstruction. Consilience not only keeps each one honest: it promotes
a higher order of insight and biogeohistorical progress. The modern surge
#VIII began with stable isotopes from the ocean. Oxygen isotopes (*°O, '*O)
are incorporated in the carbonate minerals of shells in ratios signalling
simultaneously the water temperature during calcification (i.e. growth) and
global ice volume. The '°*O/™O ratio in modern foraminifera differentiates
species from the deep ocean, from those from the thermocline (at the base
of the mixed ~200 m layer) and from the upper mixed layer. Carbon signals
("2C/3C) in the same shells add vital information about nutrition and about
the vast amounts of organic (photosynthesised) carbon shifting between
ocean, atmosphere and rocks, including coals and oils and gas pools. These
ratios within minute fossil shells have revolutionised our reconstructions of
ancient oceans. There is a spectacular example in detecting photosymbiosis
in lineages now long extinct—that is, with no living relatives to inform
us directly. Like corals, numerous well-lit lineages of foraminifera acquired
their own colonies of photosynthesising microbes.
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Figure 0.3. The Australo-Antarctic Gulf through the Cenozoic Era.

History of the Cenozoic Era in southern Australia in global context, crammed onto one
page. To the left, the geological time scale with its epochs Palaeocene to Pleistocene
in the Palaeogene and Neogene periods. The oxygen-isotopic compilation, proxy for
global deep-ocean-bottom temperature, is from Westerhold and colleagues in 2020.
The ®0Q/®0 ratio expressed as 6'®0 varies through the Cenozoic Era by only about six
parts per thousand, variations physiologically irrelevant to the benthic foraminifera
while being incorporated in their calcareous shells. To the right are the two major
transitions: regionally, the Australo-Antarctic Gulf is swallowed in the Southern ocean;
and globally, warmhouse and hothouse shift to coolhouse and icehouse climatic states
(see Figure 0.5). Also at right are the four natural divisions |-IV of the record in the
rocks and the highly convenient, informal employment of the terms Early and Late
Palaeogene and Neogene biochrons. In the middle, at the appropriate level against
the time scale, are the cryptic entries and bald statements, especially the ‘Latrobe
waltz’ of the conifers and the southern beech, Nothofagus, meaning shifting balances
of the dominating groups in the pollen ratios in the strata through 30 million years in
the Gippsland coalfields. The map at lower left is for about 38 Ma in the Eocene, in the
last days of the AAG, with Tasmania at about 60°S latitude. No apologies for the litter
of acronyms.

Source: Westerhold et al. (2020); limestones, unknown; coals, Guy Holdgate (pers. comm.);
38 Ma reconstruction, extracted from a global reconstruction by Baatsen et al. (2020).
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Figure 0.4. South Australia’s Eocene and Miocene landscapes.

South Australia in Late Palaeogene and Early Neogene times, about 20 million years
and 10 degrees latitude apart. The synthesis was by MC Benbow, NF Alley, RA Callen
and DR Greenwood. At both times there was an extensive shallow limestone-forming
sea in the region of the modern Nullarbor Plain (which indeed is mostly a solidified
sea floor) and in the Neogene the Murravian Gulf stretched almost to Broken Hill. The
rainforests are judged to be meso-megathermal, meaning mean annual temperatures
of 20-24°C. There was more runoff from a larger drainage into the earlier Nullarbor sea.
By Neogene times the bumpy ride of the Australian crust over the mantle was causing a
tilt northwards and a sagging had formed the Lake Eyre Basin. But those lakes and wet
areas were about to dry up as the aridification sets in. The plants which had adapted
to aridity, fire and low soil nutrients had long been in place in the woodlands, perhaps
originating as ghettoes in the Eocene rainforests, and were ready to expand, to radiate
as the familiar dry-land floras of Australia. The two red dots identify the Munno Para
Clay and Cadell Marl, respectively to the west and east of the rainforest-covered
hills of the reincarnated Mt Lofty Ranges, and they mark pronounced wetness and
brackishness at the peak of MICO (the Miocene climatic optimum).

Source: In Alley and Lindsay (1995); modified slightly, courtesy of Geological Survey of
South Australia.

The oxygen-isotopic curves from the deep ocean give us an immediate
sense of the global climatic changes on Cenozoic earth. We have a regional
history in southern Australia that fits in with and contributes to global
biogeohistory (Figure 0.4).

At the dawn of the Cenozoic Era and at 60-70°S the Australo-Antarctic
Gulf (AAG) was in warm, wet, winter darkness. It was rimmed with
rainforests becoming tropical as the AAG entered the Eocene hothouse;
there were tropical mangrove palms in the swamps and estuaries and
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tropical dinoflagellates in the marine plankton. All this was highly consilient
with the '*O/®O signal in the global deep ocean of bottom temperatures
10-15°C warmer than they are today. The wet-tropical climate at high
southern latitudes deeply weathered the Australian continent. There were
no limestones, no coral reefs, none of the banks and mounds of foraminifera
flourishing in limestones at low latitudes, and the shelly fossils and calcareous
foraminifera were found only sporadically. Why was this? Wetness could
exceed levels beyond any terrestrial environment known today. The runoff of
the great rivers formed brackish lids over the gulf which not only discouraged
the calcifying organisms on the bottom and in the plankton, but also stifled
CO,/0O, gas exchange with the atmosphere, causing extensive marine anoxia
and excluding swathes of marine organisms (including the calcifiers). And
all this in winter darkness. Anthropocentrically the north shore of the AAG
in the hothouse would not have been a welcoming place.

As the AAG suddenly widened in the Middle Eocene and, not coincidentally,
the global hothouse state ended, the low-lit forests changed too, from
more like New Caledonia’s to more like New Zealand’s in modern, well-
lit analogues. In the main bio-event on land, forests of southern beeches
(Nothofagus) expanded in response to global cooling at the expense of
the conifers. Here are two scenarios reconstructed for the state of South
Australia for Late Palacogene and Early Neogene times (the Middle Eocene
climatic optimum to the Miocene climatic optimum: MECO to MICO)—
limestone seas, flood plains, coal swamps (see Figure 0.4). In the middle
was the oceanic breakthrough of the AAG to the south-west Pacific Ocean
and the onset of modern times. Glaciations on Antarctica probably began
in the Middle Eocene with the end of Hothouse Earth, and came and
went modestly and episodically until the ice sheets began (and they too
were episodic). Just across the water from Wilkes Land on the north shore
beneath Adelaide, we see glacioeustatic canyon-cutting and backfilling at
the level of the oceanic proxy for this glaciation, Oi-1.

The vast shallow seas returned and expanded as Oligocene time became
Miocene in the Early Neogene. Both the shallow limestone seas and the
rainforests, including the Gippsland coal forests, contracted abruptly at
about 14 million years ago. This is a regional version of the thoroughly
global pattern in which the Miocene climatic optimum was truncated by a
major cooling as the Antarctic ice expanded. Indeed, the microfaunas in the
limestones and clays of our shallow seas show deepenings and shallowings
and interruptions of the strata which fit very well with the scenario being
developed in the deep ocean. That is, they are basically glacioeustatic.
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the shift from the last glacial event in the Pleistocene to the current warm period, the
Holocene and, from about 1850, the Anthropocene. Below is a CO, curve (ppm, parts
per million). Three scenarios based on CO2 emissions and levels are ‘Representative
concentration pathways’ (RCP). On our present trajectory the climate state by 2100 will
resemble the Miocene Climatic Optimum of about 16 million years ago. The authors
point out that if emissions are constant and are not stabilised before 2250, the globe
will enter the hothouse state with no major ice sheets and prone to multiple heating
events known as hyperthermals.

Source: From Westerhold et al. (2020), copyright © AAAS and courtesy of Tomas
Westerhold.

Not so fast. There is also a structural-geological argument claiming that this
pattern has partly tectonic causes. The most prominent claim is that the
limey sea floors which now are the Nullarbor and Murray plains (also coeval is
the top of the great Gippsland coals) were suddenly drained as the continent
tilted northwards in its bumpy ride over the mantle. Did the land rise up, or
did the sea drain away? After a quarter of a millennium of biogeohistorical
science, that question is as alive as ever. This is the algebraic dilemma of one
equation with two variables. In the Late Neogene of southern Australia,
Reg Sprigg demonstrated that a series of stranded beach ridges recorded
the rhythms of the Pleistocene ice ages. At the same time, the Flinders —
Mt Lofty ranges are rising under compression.

Half a century of drilling the deep ocean basins has uncovered a marvellous
archive of Cenozoic biogeohistory in the form of strata rich in microfossils,
ever more finely resolved in time and ever more accurately dated—
biochronologically,  radiochronologically, — geomagnetochronologically,
chemochronologically and astrochronologically. In their synthesis of 2020,
Westerhold and his 23 co-authors estimate their chronology to be accurate
to 100 kyrs (thousand years) in the Palacocene and Eocene, +50 kyrs in
the Oligocene to Miocene, and +10 kyrs in the Late Miocene to Pleistocene
(see Figure 0.5). Research has extracted from the deep oceans a detailed
trajectory of average global surface temperature. And we can see sharply
delimited global climatic states of hothouse, warmhouse, coolhouse and
icechouse. Memorise these numbers marking turning points: 56, 47, 34,
13.9 and 3.3 Ma (millions of years before the present). (And note further
that we have seen that date 47 Ma as pivotal in plate-tectonic history.)

Although the temperature curve is continuous, the chunkiness of climatic
states implicit in emphasising those numbers seems to be real. We have sensed
for some time that the transition from the Eocene world to the Oligocene
world was special. It now turns out to be the most prominent transition in
the entire Cenozoic Era as the role of polar icecaps in modulating earth’s
climatic state is clarified.



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.



