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2
Discovering earth history and 

calibrating deep time

Nautilus ancestors: Mariners in ancient 
southern seas
First, a confession. Drawing and labelling fossils in undergraduate classes 
was the surest way to understand their structure and preservation, but for 
me it could be tedious. Thanks especially to the writings of George Gaylord 
Simpson, evolutionary theory and earth history and life history were 
exciting. But to really experience that excitement we had to understand the 
essential documents, the fossils, and the best way by far to see them was to 
draw them, and that was unarguable—but less than exciting as an exercise, 
nonetheless. My attitude reversed dramatically when Martin Glaessner 
hired me as a vacation assistant late in 1956 to work on fossil nautiloids, 
forerunners of Nautilus, the pearly nautilus of the South Seas. A somewhat 
dull undergraduate exercise in procedure was transformed by the prospect 
of real research and perhaps real discovery. Glaessner had recently written 
on the nautiloid genus Aturia, one of the two groups of nautiloids found 
in the shallow-marine limestones and clays in southern Australia, and he 
set me to work up the other group, known as Eutrephoceras and Cimomia 
(Figure 2.1).

The project developed into an honours thesis submitted at the same time 
as the Cambrian thesis of the preceding chapter. Both handwritten theses 
were thrust into an academic pigeonhole at 4 am on Christmas Eve, 1957.



SOUTHERN LIMESTONES UNDER WESTERN EYES

40

Figure 2.1. Nautiloids from the shallow seas of Cenozoic southern Australia.
These are internal moulds displaying the sutures, the junctions of the septa with the 
outer shell which, made of geologically unstable aragonite, is usually missing in porous 
limestones (some shell is retained on this Aturia clarkei clarkei ). Each septum began life 
as the back wall of the living chamber and became the wall between two float chambers 
(camerae) as the animal grew. The body chamber also is usually missing but preserved 
independently as an internal mould (upper left). Aturia cubensis entered the literature 
as Nautilus ziczac (as it is in Figure 2.12) and became widely known as Aturia australis. 
So now the evidence of the fossils is that there was but one species of Aturia navigating 
the Miocene global ocean.
Source: Photographs by the author.

Represented by today’s solitary genus Nautilus, the nautiloids once were 
the dominant members of the Cephalopoda, the group of highly mobile, 
predatory molluscs including the octopus, squid and cuttlefish, and the 
extinct legions, the famous ammonites. Like the ammonites, Nautilus has an 
external shell with chambers added in a spiral of growth. My fossil nautiloids 
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typically show the spiral exposed because the shell composed of aragonite 
(the geologically unstable form of calcium carbonate) did not survive after 
the chambers were filled with mud. Thus the fossils shown here are internal 
moulds. Compared to the clams and snails they are not common, but they 
are of striking appearance resembling large lobsters (as indeed farmers and 
others tend to identify them). They had been described and named hastily 
and illustrated poorly in 1915. Full of evolutionary biology (Chapter 3) and 
modern taxonomy, the science of taxa (singular: taxon), and with the brash 
confidence of youth, I could see that nautiloid taxonomy was in an archaic 
and reactionary state, exemplifying the ultimate putdown known as ‘stamp-
collecting’ among the physicists and the chemists.

The shell of Nautilus and its relatives varies little through their fossil record, 
the main varying character being the junction of the chamber wall, the 
septum, with the outer shell, giving a wavy line, the suture (Figure 2.2). 
Figure 2.2 shows suture lines arranged in a series, a typical reconstruction 
of transformational evolution through geological time (see Chapter 4), each 
stage being given the name of a genus.

The diagram looks neat and impressive, but it does not really inform us 
much as to the actual taxa. It seemed to me (it still does) that we had, in 
the shallow seas spread over large tracts of southern Australia, two clades, 
meaning two branches within this little sector of the great tree of life on 
earth. One clade is characterised by Aturoidea–Aturia sutures and one with 
Eutrephoceras–Cimomia sutures. Both clades survived for a long time; Aturia 
went extinct but the other clade, as the genus Nautilus, is still with us in 
the warm oceanic waters to our north. How many actual taxa, species, were 
coexisting in southern Australia was quite unclear. I concluded that I had 
two species in the Eocene and two in the Miocene but I cast a cold eye on 
the very existence of three distinct genera under the names Eutrephoceras, 
Cimomia and Hercoglossa.1

1	  The studies referred to are by Chapman (1915), Glaessner (1955), McGowran (1959) and Miller 
(1947). The suture lines for Nautilus are from Ward et al. (2016), who regard Nautilus praepompilius as 
the direct ancestor of Nautilus pompilius (and of the several other living species of Nautilus), even though 
there is a gap in the fossil record of 50 million years between the two species. I lean to the alternative 
hypothesis, namely that Eutrephoceras did not just go extinct along with Aturia when the shallow Miocene 
seas in our region were drained; instead, a remnant population of Eutrephoceras altifrons in our local seas 
survived by making an adaptive jump into the oceanic waters to our north and have formed several new 
species in the genus Nautilus. Nautilus is often cited as a living fossil, a hangover from the great days 
of the nautiloids hundreds of millions of years ago; but its modern blooming (speciation) implies the 
opposite. The main threats to this ancient and noble lineage now are (i) human—our non-scientific, 
unscholarly and all-too-human urge to possess these lovely shells as ornaments on the mantelpiece; and 
(ii) environmental constraints imposed by deep-water-pressure upon the chambers.
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Figure 2.2. Evolutionary succession in nautiloids.
The septa in nautiloid shells are corrugated, an adaptation both for strengthening as 
the holdfast for the strongly muscular body and for the overall strength of the external 
shell. The corrugations show in the suture, which is unwrapped onto a flat page 
from outer midline (left arrow pointing forward) to inner midline (right arrow) on the 
bilaterally symmetrical shell. The small line or lines indicate the suture passing through 
the umbilicus, the dimple on the axis of coiling. This reconstruction is adapted from 
AK  Miller, who presented it as an eye-catchingly grand sweep in nautiloid evolution; 
a morphological series like this became common in palaeontology after Darwin, but it 
says little about the evolutionary tree of the actual taxa, species and genera comprising 
the Cenozoic nautiloids. I thought this keenly in 1958 but lacked the spirit to say so 
clearly in print.
Source: Succession of sutures from Miller (1947) and Ward et al. (2016).

Meanwhile, this palaeontological project became an excellent lead into the 
bigger and broader panorama of fossils and strata of southern Australia, all 
displaying abundant evidence for extensive shallow seas spilling across the 
continental margin during the Cenozoic Era. The limestone cliffs looming 
400–600 feet above the sea in the Great Australian Bight (Figure 2.3) were 
painted by William Westall, Flinders’s landscape artist on the Investigator. 
Two units are shown clearly: the almost white lower part later named the 
Wilson Bluff Limestone and the brown upper part mostly comprising the 
Nullarbor Limestone. This ‘extraordinary bank’ (wrote Flinders) extending 
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as uniform cliffs for many leagues and evidently made up of limestone, 
‘would bespeak to have been the exterior line of some vast coral reef ’ which 
might separate a shallow ‘inland’ sea from the Southern Ocean.2

Figure 2.3. Limestone cliffs in the Great Australian Bight, painted by 
William Westall in 1802 (below) and by Alana Preece in 2010 (above).
The pale lower unit is the Wilson Bluff Limestone, of late Middle Eocene age. Above it 
are the Abrakurrie Limestone of Oligocene-Miocene age and the Nullarbor Limestone 
of Middle Miocene age. The surface, the Nullarbor Plain, represents the sudden 
withdrawal of the sea as the Antarctic ice sheets suddenly expanded and the basin 
tilted (Chapter 9).
Source: Westall’s painting (lower) is from Arcadian Quest (Findlay, 1998), and is one of 
the ‘Views on the South Coast of Terra Australis’ reproduced from A Voyage to Terra 
Australis by Matthew Flinders (1814, Plate XVII). ‘Bunda Cliffs, Great Australian Bight’ 
(upper) was painted by Alana Preece in 2010, and shown here with her kind permission.

2	  The quote is taken from Woods (1862, pp. 114–115: italics in original).
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Figure 2.4. Charles Sturt’s plate of Fossils of the Tertiary Formation, 
the limestone cliffs of the lower River Murray, as prepared and identified 
by James Sowerby in London.
Figures 1–15 display assorted bryozoans, echinoids, brachiopods and Bivalve molluscs 
(scallops), all retaining their shells of calcite. Figures 16–28 in contrast are all internal 
moulds of Bivalve and Gastropod molluscs, because their shells of aragonite were long 
dissolved.
Source: From Two expeditions into the interior of Southern Australia by Charles Sturt 
(1999).
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In 1829–1830 Charles Sturt and his crew voyaged down the Murray River 
and recorded the limestone cliffs (the ‘great fossil bank’) and the oyster 
beds above. After his later expedition, having failed to discover the inland 
sea postulated by Flinders (and dreamed of by himself ), Sturt dismissed the 
speculated coral reef as being no more than fossiliferous limestones ‘similar 
in substance and formation to the fossil beds of the Murray, but differing in 
colour’. Edward John Eyre inspected the fossil cliffs of the Bight in 1840, 
describing the Nullarbor as a hard limestone with some shells, and the Wilson 
Bluff as a gritty chalk, ‘full of broken shells and marine productions’.3

Sturt’s voyage between the Murray’s limestone cliffs exposing abundant 
marine fossils demonstrated that there had indeed been an extensive sea there 
in more ancient times. James Sowerby in London determined a collection 
of fossils submitted by Sturt to be of Tertiary age. Sowerby’s plate prepared 
for Sturt illustrated Tunicata (i.e. Bryozoa), Radiata (i.e. echinoids, or sea 
urchins and sand dollars), Conchifera (i.e. Bivalvia, clams) and univalved 
Molusca [sic] (Gastropoda, snails), referring to species known from England, 
Westphalia and the Paris Basin (Figure 2.4). On the basis of the specimens 
identified, Sowerby concluded that Sturt’s fossils were of Tertiary age.

These were the first published illustrations of marine fossils and the first 
identification of Tertiary strata in southern Australia, appearing in print 
during the decade of Lyell’s division of the Cenozoic into its epochs on the 
basis of fossil contents, of which, more below.

William Smith and fossils and 
geological maps
This was the first time that strata in southern Australia were dated by using 
fossils (biostratigraphy!). The event occurred during a time of great ferment 
in palaeontology, a time bracketed by Georges Cuvier demonstrating 
extinction in 1796 and John Phillips erecting the Palaeozoic, Mesozoic and 
Cenozoic eras —the fossil-based time scale—in 1844.

We begin with the English surveyor William Smith, at work when England 
was changing rapidly in the Industrial Revolution. Smith needed accuracy 
and precision in his work in coal-prospecting and canal-building, where small 
errors in surveying meant big problems in development and construction. 

3	  Taken from Woods (1862, p. 386).



SOUTHERN LIMESTONES UNDER WESTERN EYES

46

He needed geological structure in the broad eighteenth-century sense of 
the word: that is, three-dimensional structural analysis in large tracts of the 
country, where it was all too easy to confuse one low-dipping clay with 
another, one low-dipping limestone with another, and with displacement by 
faulting complicating the pattern still further. But as he went about his field 
work, miles and miles of it on foot, visiting natural outcrops, cuttings and 
other excavations, the fossils in the strata began to talk to him. First, Smith 
came to recognise a regular—an orderly and meaningful—succession of 
fossils through the stack of strata exposed, tunnelled or excavated, initially 
in a district in south-west England and then across most of the country. 
Second, he discovered that individual beds or formations of repeated, 
seemingly indistinguishable and easily confused lithologies (rock types) had 
its own characteristic assemblage of fossils. The fossil succession held true 
regardless of repetition of sediment types (clays, sands, limestones). Third, 
he could use those discoveries of his to compile a large-scale geological map 
of the whole country, the first such of any country and covering about 
65,000 square miles. Large (measuring 8 feet by 6 feet), the printed map 
was complex, accurate and beautiful. The achievement was essentially 
solitary (but he shared the results widely) and it was truly immense in its 
magnitude and originality.

Smith discovered his generalisations in the 1790s and produced manuscript 
maps in 1801 and 1802, which he discussed and demonstrated widely 
through the years until the map was published at last in 1815. Thus, well 
before the big map appeared, his insights and methods had become by word 
of mouth general knowledge among a large body of English geologists, thus 
contributing to the progress of the science.

But what was Smith actually doing when he so impacted the culture of 
English geology? When he was tracing the Secondary formations and their 
individual beds across country, was he using his fossils to identify often 
confusingly similar units, or was he correlating? Correlation has a special 
meaning in stratigraphy, the science of strata, as in this textbook definition:

Two units, belonging to two different local sections, are said to be 
correlative if they are judged to be time equivalents of each other, and 
correlation is the process by which stratigraphers attempt to determine 
the mutual time relations of local sections. Thus correlation is 
concerned with the synthesis of the data of established local sections 
into a composite time scheme applicable to a whole region.4

4	  Dunbar and Rodgers (1957, p. 271).
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Correlation means chronocorrelation and time-equivalence and coevality. 
Smith was not concerned so much with the temporal fourth dimension 
during his pioneering three-dimensional structural analysis and mapping. 
He was identifying, not correlating.

Biostratigraphy investigates the distribution of fossils in strata in space and 
time. As it invented and constructed the geological time scale, the discipline 
of biostratigraphy arose and grew (and still it grows) in three steps. The 
first step was recognising a succession of fossils. The fossils in higher strata 
outcropping in a district were found to differ from those lower down. Careful 
collecting, describing and identifying of the fossils produced a coherent 
pattern—it was not all jumble and chaos. In the second step, that pattern 
could be tested in another district. This enterprise was rather like solving 
a communal jigsaw pattern—everyone had something to contribute, some 
more than others, but very rarely did one practitioner hold all the pieces. 
All power and honour are due to William Smith for collecting so many 
of the pieces very largely by himself, achieving a composite succession of 
fossils and strata, and basing his magnificent map upon it. It was a huge 
accomplishment.5

Fossils and earth history: The spark that 
ignited global geology
Smith was less interested in the third step (publicly, at any rate), which 
was the perception that similarity among assemblages of fossils indicates 
similarity in geological age. (‘Step’ is rather insipid; the spark that ignited 
global geology is better.) We turn to continental Europe, to the great 
Parisians, Georges Cuvier and his colleague Alexandre Brongniart, and their 
advancing the building of a robust geological time scale. They constructed 
the succession of vertebrate fossil assemblages in the Paris Basin (Figure 2.5).6

5	  Simon Winchester’s popular The map that changed the world: William Smith and the birth of modern 
geology (Harper Collins, 2001) tells Smith’s story of struggle, pain and setback, and dogged persistence, 
but it does not place Smith accurately in the development of biogeohistory in the late nineteenth century 
and his grand accomplishment was not the birth of modern geology. SJ Gould spells out these matters 
persuasively in his review, ‘The man who set the clock back’ (New York Review of Books, 4 October 
2001). Rudwick’s 2005 Bursting the limits of time treats Smith clearly and fairly.
6	  See Martin Rudwick’s Georges Cuvier, fossil bones, and geological catastrophes (1997) and Bursting the 
limits of time (2005).
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Figure 2.5. Paris district, succession of fossil vertebrates.
Cuvier and Brongniart assembled the faunal succession in the Paris Basin, the solidly 
evidence-based, bottom-up guts of biohistory and geohistory overthrowing the old, 
speculative geotheories, which used to be known as ‘cosmologies’. The succession is 
punctuated by turnover or ‘revolutions’ (a stronger term then than now), because each 
fauna was found to be so distinct and different from the others. This implied wholesale 
extinctions and restocking from some vague source (but not from organic evolution). 
Older, below; younger, above.
Source: From McGowran (2013b, Figure 5).

This sounds simple when you say it quickly, but much effort was expended 
in discovering and excavating the bones and teeth, always with great care 
and diligence in recording precise levels in the strata and matching finds 
from different parts of the district; in reconstructing the skeleton, the 
animal and its affinities; and in defending the clear statement of a succession 
punctuated by ‘revolutions’ marking extinctions. Extinction, meaning the 
final disappearance of a species or higher taxon, had long been suspected, but 
people also suspected and hoped that ammonites or belemnites still lurked 
in uncharted antipodean oceans. President Thomas Jefferson cherished the 
hope that the Lewis-Clarke expedition would find terrestrial counterparts 
in the ‘pristine’ North American wilderness. But Cuvier once and for all 
established the reality of extinction and, with Brongniart, established the 
robustness of fossil-faunal succession. The Paris Basin as their canvas was 
local, and much more restricted than Smith’s canvas, which covered much of 
England, and their research was correspondingly deeper. They interrogated 
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their sedimentary rocks as to the ancient environments of deposition and 
what that might mean for the strange animals—the discipline that would 
be named ecology in due course. Where this particular line of enquiry 
might lead is best illustrated by the French geologist and palaeontologist 
Constant Prévost (Figure 2.6). His stratigraphic diagram for the Paris Basin 
is called ‘theoretical’ in the true sense of that often-pejorative word, for it is 
a coming-together, a synthesis, of an impressive array of observations and 
correlations expressing a dynamic balance in space and time. The sea comes 
in, the sea goes out, the climate changes; and the sediments and their fossils 
reflect all this (and the revolutions have been omitted).

Figure 2.6. Prévost’s stratigraphic diagram for the Paris Basin.
Constant Prévost reconstructed this theoretical section (or synthesis, or stratigraphic 
diagram) of the Paris Basin in the 1820s, building on the Cuvier-Brongniart efforts. Time 
runs up the page and the horizontal dimension spans the basin. Observe how the Coarse 
Limestone (left, marine) is replaced by sands (crosses) sideways and shoreward (right, 
freshwater). Note too that Cuvier’s new, soon-to-be-famous genera of mammals were 
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entombed in a marginal-marine lagoon. The overall effect is of environments changing 
dynamically in space and time. The geological structure of the late 1700s is becoming 
the geological history of the early 1800s!
Source: Prévost’s Thesis (1835), taken from Rudwick’s (2014) publication of the plate.

Cuvier returns in Chapter  3; for now, we focus on how fossils built the 
geological time scale, with the Cenozoic Era as the prime example. The story 
begins with the detailed study of excellently preserved shells of molluscs 
from the limestones under and around Paris, by the evolutionary biologist, 
Lamarck (also in Chapter 3). These shells had been collected for many years; 
I write ‘begins’ because their taxonomic monographing by Lamarck in the 
years 1802–1809 became the touchstone for biostratigraphic progress. 
The stratigraphers of Europe advanced Tertiary studies on two fronts 
in the 1810s–1820s. First, they did the hard slog of detail and accuracy in 
describing the local successions of strata and meticulously locating their 
contained fossils. That work, second, permitted comparing and correlating 
the various scattered stratigraphic sections in the other sedimentary basins. 
Alexandre Brongniart pioneered this enterprise of reconstructing the 
Tertiary with his extensive travelling, visiting, fieldwork and collecting, less 
difficult after the Napoleonic wars had ended.

The power of fossils brings with it the problem of competing variables—
how do we discriminate the age signal from the environmental signal and 
from the biogeographic signal in a fossil assemblage? This problem could be 
compared to solving a single equation containing more than one variable. 
The Italian Giambattista Brocchi found that fossil shell faunas in northern 
Italy were more similar to those far away in the Paris Basin than to those 
just across the Po Plain in the Sub-Apennines, his explanation for this 
anomaly being biogeographic, namely, a lateral or spatial climatic gradient. 
The above-mentioned Prévost proposed instead that the difference was not 
environmental but temporal, the Sub-Apennine faunas being the younger, 
like the faunas he studied in the Vienna Basin, both having more species in 
common with the modern seas than did Lamarck’s faunas from the Paris 
Basin. And then Gérard-Paul Deshayes, successor to Lamarck as the world’s 
leading conchologist, distinguished three natural assemblages of molluscs 
in succession, that is, through time, before the present day. This was the 
big breakthrough.

It was the breakthrough needed for subdividing Tertiary time using the 
fossils of shallow-marine organisms. While visiting field sites and museums 
in western Europe in the 1820s, the lawyer-turned-geologist Charles Lyell 
was privately nurturing a theory of species entering the stratigraphic record 
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and departing that record. He knew not whence they came or where they 
went, but he sensed some regularity in the pattern of their geological record 
that might become a kind of chronometer of geological time, whereby the 
percentage of species in a fossil assemblage that are still living in European 
seas today could locate that assemblage on a time scale. The stranger the 
assemblage of species, the older it was; the more familiar, the younger. It was 
this glimpse of a possibly cyclical pattern that caught Lyell’s imagination, 
not whence the species came and where they went. The enormous efforts 
by Deshayes, building on his antecedents’ work, maintaining networks of 
conchological colleagues across Europe, and handling more than 40,000 
specimens of molluscs, living and fossil, enabled the quantitative estimates 
in this method, the percentage method, and pioneered the fossil-based 
geological time scale—interpreting faunas assembled in stratigraphic 
order. Lyell from about 1829 adopted and actively supported (including 
financially) this Parisian conchological research program and he employed 
Deshayes’s faunal succession to erect Eocene, Miocene, Pliocene and in 
due course Pleistocene faunal units as the proportion of still-living species 
present increased (Figures  2.7 and 2.8). (The Oligocene and Palaeocene 
divisions came later.)

Figure 2.7. Deshayes’s molluscan assemblages for Eocene, Miocene, 
Pliocene.
By the late 1820s, after some decades of scientific description and classification by 
the conchologists of Europe, Gérard-Paul Deshayes found that the records of tens of 
thousands of molluscan fossils in the Tertiary strata could be sorted into a temporal 
pattern of three successive assemblages. Lyell seized upon this discovery as the key 
to subdividing the recalcitrant Tertiary Period (and paid Deshayes to round out his 
research). To illustrate the succession in Lyell’s Principles (Vol.  3, 1833), Deshayes 
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prepared these three plates of the few species that he selected as characteristic of 
the respective assemblage. Lyell believed that the assemblages—named by him 
Eocene, Miocene and Pliocene—were arbitrary slices of a smoothly continuous pattern 
of species coming into existence and species departing this vale of tears (by natural 
processes entirely unknown). But Deshayes himself saw the assemblages of species 
as real entities in nature and not merely artefacts of preservation; he would have 
appreciated the twentieth-century notion of chronofaunas.
Source: Lyell’s Principles of geology (1833, 1990–91), Volume 3, plates 1–3.

Figure 2.8. Deshayes and Lyell assemblage, Tertiary succession.
Fossils and strata are where you find them. This is the classical example of construction 
piecemeal by superposition and correlation, whence emerges biostratigraphic 
succession, thence a geological time scale. Lyell’s sketches, here labelled more fulsomely 
than nineteenth-century sketches ever were, trace the strata containing Deshayes’s three 
assemblages from Paris to the south-west, jumping across to Italy, and leapfrogging back 
to England. Superposition and correlation! The fossils missing from southern England 
give some perspective to the unconformity and hiatus in that district.
Source: Lyell’s Principles of geology (1833, 1990–91), Volume 3, redrawn and labelled.

Lyell had the wherewithal to visit the crucial field sites across Europe, charm 
the local experts in museum and field, and put in the long hours at the 
writing desk. Lyell the generalist never did the sheer hard footwork that 
Smith pre-eminently accomplished in the field and Deshayes pre-eminently 
accomplished in the museum or laboratory. But Lyell was what nowadays 
might be called a lateral thinker and risk-taker. We discuss such matters in 
the final chapter.7

7	  This was ‘Charles Lyell’s dream of a statistical palaeontology’ (Rudwick, 1978).
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So, well underway was the task of turning the more parochial rock 
(lithostratigraphic) succession of Primary, Secondary, Tertiary, Quaternary 
into the fossil-based (biostratigraphic) and hopefully international 
succession. The young-looking fossil shells of western Europe led the way. 
There was intellectual ferment in museums all over Christendom, but it 
is fair to say that the Paris of Lamarck and Cuvier, recovering after the 
Revolution, led the way in the first three decades of the nineteenth century, 
culminating in the palaeontological revolution of about 1830.

The British were lagging somewhat but they came into their own when 
focusing their attention in the 1830s on the two big systems below the 
Tertiary and the Secondary—the coal measures (Carboniferous) and the 
thick, dark and contorted rocks further down still, bearing the names 
Silurian System and Cambrian System. Insights into the Tertiary and 
Secondary fossils and strata were brought to bear upon their antecedents 
down below. There arose two famous controversies concerning succession 
and correlation—the Cambrian-Silurian, with the interpolation in 
due course of the Ordovician Period, and the Silurian-Carboniferous, 
with the interpolation of the Devonian Period. The two-highest-profile 
figures, the  Cambridge divine and academic Adam Sedgwick, and the 
fox-hunting ex-army playboy Roderick Murchison, were colleagues and 
friends until all was undone in bitter disagreement and prolonged falling-
out. The stories are well told,8 but here I want to hammer the essential 
message that biostratigraphy was decisive in resolving both cases, for only 
the biostratigraphers had the keys (the fossils!) to the chronicles of the 
problem. Indeed, Sedgwick was one of the sadder figures on the geologic 
stage, for he, a structural geologist with only belated and tepid appreciation 
of biostratigraphy, never could see that his descriptive Cambrian, a pile of 
rocks, was profoundly inferior to Murchison’s interpretive Silurian, another 
pile of rocks but with a characteristic assemblage of fossils demonstrably 
and uniquely powerful in achieving far-reaching correlations. Murchison, 
well-financed, army career and all, quickly grasped that difference while 
Sedgwick was stranded in structure and sedimentation.

The appropriate pinnacle of this narrative was John Phillips’s vision of 
the history of life (Figure  2.9). Boots on the ground, Phillips came to 
understand the geology of the English countryside with his uncle, William 
Smith. He accumulated along the way unrivalled experience of the marine 

8	  Rudwick (1985); Secord (1986).



SOUTHERN LIMESTONES UNDER WESTERN EYES

54

fossils distributed through the known fossil record. His own biostratigraphic 
research contributed resoundingly to resolving the controversy which 
gave birth to the Devonian System. Realising that a geological time scale 
applicable worldwide could only be based on the fossil succession, he 
proposed in 1841 the three great eras, Palaeozoic, Mesozoic and Cenozoic. 
His synthesis of the fossil record in Life on the Earth (1860), almost coeval 
with On the origin of species, included a compiled curve of fossil taxa through 
the three eras that markedly resembles modern Phanerozoic curves.

Figure 2.9. Phillips and Lyell: The three fossil-based eras.
Almost every geological problem perceived in more than half a century either was 
solved by fossils or had fossils in the thick of it. That applied especially to the grappling 
with deep time and the building of the geological time scale. But the old scale—Primary, 
Secondary, Tertiary, Quaternary—lingered on in the eighteenth-century minds of men 
until John Phillips could see (by the 1840s) a natural succession, three series of organic 
affinities, Palaeozoic, Mesozoic and Cenozoic life. Phillips had no chronometer; he knew 
the numbers of fossil kinds described by then, he knew the thicknesses of strata that 
had been measured by then, and he had vast experience of fossils and strata in the field 
and powerful geological instincts. The outcome in Phillips’s (1860) Life on the Earth is 
this unscaled but remarkably modern-looking curve. The inset is a brief tabulation of 
where some well-known British strata sit in the fossil-based divisions. To the left is the 
frontispiece of Lyell’s 1871 edition of his Students’ elements of geology.
Source: Left, frontispiece from Lyell’s Students’ elements of geology (1871) and also 
McGowran’s Biostratigraphy (2005a); right, from Phillips’s Life on the earth (1860) and 
McGowran’s Organic evolution and deep time (2013b).
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The Australian problem
But Sedgwick did one very good thing, palaeontologically speaking. 
He hired Frederick McCoy, a highly productive Irish palaeontologist, as his 
assistant, and McCoy could establish that Sedgwick’s pile of Cambrian rocks 
did indeed contain its own distinctive assemblage of fossils. Furthermore, 
McCoy could identify the level in the succession of strata where resided the 
great break, the major disruption in the faunal succession. McCoy emigrated 
to Melbourne in 1854 to become the first professor of natural history in this 
country; he came with compellingly strong references from both Sedgwick, 
who was forever grateful, and Murchison, who wanted him gone. McCoy 
soon recognised the Cambrian and the Silurian biostratigraphic ages of strata 
in this country and went on to do likewise with other European systems 
such as the Devonian and Cretaceous, thereby confirming unequivocally 
that the fossil-based geological column was a functionally coherent global 
entity. Put less magisterially: it worked, worldwide!

Anticipating the next chapter somewhat, I include here a tabulating of the 
development of natural history in this country (Table 2.1) and a gallery of 
four figures who struggled to make sense of the Tertiary record (Figure 2.10).

Table 2.1. A sweeping overview of natural history developing in Australia—
geology, palaeontology, botany, zoology.

Early 
twentieth 
century

Variational 
evolution 
revived

Evolution in deep time widely accepted in Australia but 
variational evolution not comprehended or accepted

Late 
nineteenth 
century

Anti-
Darwinian 
decades

Tate and Etheridge, then 
Howchin: first real leaders 
of Australian palaeontology

Leading anti-
evolutionists and last 
hold-outs against 
Darwinism (all respected 
natural historians): 
Tenison-Woods, McCoy, 
von Mueller, Halford, 
Macleay

1839: Rev William Clarke, 
our first geologist, and 
William Sharp Macleay, 
our first zoologist

First notions of Australia 
as a distinct biotic 
creation, a repository 
of living fossils or an 
evolutionary backwater

Mid-
nineteenth 
century

Darwin-
Wallace 
variational 
evolution

Arrival of McCoy and von 
Mueller

Establishment of museums, 
surveys and universities

Early 
nineteenth 
century

Deep-time 
fossil-based 
time scale

Pioneering stage, dominated 
by European thought and 
opinion, materials shipped 
to England and Europe

Late 
eighteenth 
century

Biogeohistory 
and 
biogeography 
perceived 
dimly

The age of Lamarck and 
Cuvier

Australian materials 
collected especially by the 
French and taken to Europe

Source: Author’s summary.
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Figure 2.10. McCoy, Tenison-Woods, Tate, Howchin: Australian Tertiaries.
Sources: Respectively, from: The Victorian Naturalist (October 2001; McCoy); Sisters of 
St Joseph Congregational Archives, with permission of the Trustees (Tenison-Woods, 
B4086); University of Adelaide (Tate, Howchin).

We left the limestones of southern Australia with the date of Tertiary, as 
determined on Sturt’s fossils by Sowerby in London right at the time that 
Lyell was erecting the subdivisions of the Tertiary Period—Eocene, Miocene, 
Pliocene epochs. Where were these divisions in this southern land? Did they 
even exist down here? Or was it a step too far, attempting to apply the global 
fossil-based column this far away at this level of resolution or refinement? 
Perhaps there were real limits to ‘global’? (After all, there are real constraints 
to the distribution of all living plants and animals.)

Many Australian Tertiary fossils, especially the molluscs, were described 
between 1865 and 1899 by several energetic palaeontologists including 
McCoy himself, Father Julian Tenison-Woods SJ and Ralph Tate. Beginning 
with McCoy, they attempted to recognise Lyell’s epochs in the fossiliferous 
strata, but it turns out that the biostratigraphers down under were still 
getting their Miocene confused with their Eocene, a full century after the 
conchologists of Europe took the lead in the palaeontological revolution.

Julian Tenison-Woods wrote Geological observations in South Australia: 
Principally in the district south-east of Adelaide (1862) (Figures 2.11 and 2.12) 
while based in Penola on missionary duties to a district of some 22,000 
square miles (~57,000  km2) from the Murray to the sea, pastoral duties 
leaving him ‘but little spare time’ (but much solitary and contemplative 
time on horseback) and no access to library or museum, nor ‘the aid of 
any scientific men nearer than England whose advice would have been 
most useful’.9

9	  Woods (1862, p. viii). Note: Father Julian Woods subsequently changed his name to Tenison-Woods.
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Figure 2.11. Limestone cave at Mosquito Plains (Naracoorte).
The South East district of South Australia, now known touristically, speleologically and 
viticulturally as the Limestone Coast, is dominated by the sheet of Gambier Limestone, 
of Oligocene and Miocene age. This was the pastoral territory of Father Julian Tenison-
Woods (1862). The caves of Mosquito Plains, now Naracoorte, have developed in the 
Naracoorte Limestone Member of the Gambier Limestone, of Early Miocene age, and 
are famous for the accumulation of Pleistocene fossils.
Source: From Woods (1862), Geological observations in South Australia.

Tenison-Woods grasped the notion of a vast package of limestone strata 
deposited along virtually the full length of our long southern continental 
margin, the limestones and fossils remaining essentially similar throughout 
in the lithology and palaeontology of the strata, perhaps a little more ‘tropical’ 
in some districts than others. Woods believed strongly in getting the fossils 
described because they were so important to geology and the economic 
health of the colony of South Australia. Two themes recur in Woods’s 
arguments on the Cenozoic limestones. One is their general similarity to the 
‘crag’, referring to the provincial English term for the calcareous Pliocene 
in south‑east England, intermediate in age and biogeography between the 
warmer Eocene and Miocene and the cooler Pleistocene. Woods could 
see variation in fossil content within the South Australian limestones but 
no fossil succession; he diagnosed the age of the Gambier Limestone as 
undoubtedly being Tertiary because it contained species known elsewhere 
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to be variously Eocene, Miocene, Pliocene and younger, up to the Recent. 
In the end he plumped for a Pliocene age, believing that the similarities to 
the crag were more than merely environmental. His second theme came 
from Charles Darwin’s book on the geology of coral reefs. One senses in 
Woods’s writing, in the recurring ‘coral reef ’, ‘coralline rock’ and ‘coral seas’, 
some real regret that Flinders’s speculative reef rimming Sturt’s hoped-for 
inland sea was never to be. He used the coral-words freely while warning 
the reader that ‘true corals’ are rare and coral structures absent. Instead, 
Woods suspected that the Bryozoa, especially the relatively massive Cellepora 
gambierensis (now Celleporaria; Figure 2.13), were capable of building reefs 
and atolls. He pointed to the close geological relationships in South Australia 
between granites, limestones and volcanic rocks and structures, and he drew 
parallels with Darwin’s theory of atolls based on volcanic pedestals. It was 
a stretch too far.

Figure 2.12. Tenison-Woods’s assemblage of fossils.
Julian Woods (1862) illustrated echinoids, brachiopods, bryozoans, shark teeth and 
molluscs from the Gambier Limestone. As for Sturt’s collection, the calcitic shells are 
intact but the molluscan aragonite has almost all disappeared (the ‘casts’ are actually 
internal moulds).
Source: From Woods (1862), Geological observations in South Australia.
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Figure 2.13. A thicket of the bryozoan Celleporaria gambierensis from the 
Middle Miocene shallow sea in the Murravian Gulf (Chapter 9).
This species grows very quickly on ‘finger sponges’ in waters too rich in nutrient and 
too muddy for the comfort of most bryozoans. Here, the sponge has long since gone; 
the tubular form of the bryozoan colony remains. The thicket is about 35 centimetres 
in width.
Source: Author’s photograph.

Two decades later, Woods could note with some satisfaction that the 
description of several fossil groups was making progress. But there was 
little progress in dating the rocks. It was a double problem, of regional 
sequence and of global dating. There were lots of limestones to be found 
and observed and collected, from river cliffs and sea cliffs, from caves and 
quarries and small outcrops. But, first, how to put all these strata and their 
abundant fossils into order, from lower to higher, from older to younger? 
How to translate the spatial to the temporal? And, second, how to relate 
(correlate) the local and the regional with the international and the global—
that is, with Lyell’s epochs? A well-known 1902 paper by Hall and Pritchard 
illustrated the uncertainties we were in by end-century, with this tabulation 
of estimated dates for a single little outcrop at Beaumaris on Port Phillip 
Bay, rich in significant fossils (see Table 2.2).
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Table 2.2. Estimated dates for Beaumaris outcrop.

Older Pliocene by McCoy 1875

Miocene by Hall and Pritchard 1897

Miocene (?) by Tate 1888

Oligocene (?) by Tate 1899

Eocene by Tate and Dennant 1893

Eocene by Pritchard 1892

Source: Author’s adaptation from Hall and Pritchard (1902).

We seem not to have made progress here, in addressing the scientific question 
of the age of the innocent little outcrop at Beaumaris. We have confusion 
instead, as Hall and Pritchard well knew. Outcrops with similar faunas could 
be clumped as fossil-based regional stages, a sort of halfway house en route 
to attaining the international holy grail of Lyell’s epochs. But the outcrops 
with their fossils were scattered across southern Australia, as I keep saying; 
there was very little superposition to behold. So there arose differences of 
opinion as to the sequence of these units when isolated outcrops in southern 
Australia were brought together, as shown in Table 2.3, which is from the 
same paper, where stages are shown in descending order from younger to 
older, in three attempts at ordering.

Table 2.3. Outcrop stages ordered by age.

McCoy Tate and Dennant Hall and Pritchard

-- Werrikooian Werrikooian

Kalimnan Kalimnan Kalimnan

Jan Jucian Jan Jucian Balcombian

Balcombian Balcombian Jan Jucian and Aldingan (in part)

Aldingan (in part)

Source: Author’s adaptation from Hall and Pritchard (1902).

By now, the reader would be justified in wondering just how fossils are being 
used to sort and date strata in southern Australia. The clearest statement is 
in a textbook by Walter Howchin, The geology of South Australia (1929; first 
published 1918), who outlined the two approaches of the later nineteenth 
century. He identified Tate, Hall, Dennant and Pritchard as following 
the Lyellian method of classifying the marine strata on the percentage of 
still-living molluscs to be found as fossils. Howchin severely criticised this 
method on two grounds. First, the data base was quantitatively too thin—
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the modern molluscan faunas off southern Australia were insufficiently 
sampled and too little known to be a reliable basis. Second, our knowledge 
of the fossil species was still too much a work in progress.

Howchin listed McCoy, Chapman and Gregory, to whom can be added 
Tenison-Woods and himself, as taking the other approach, which was to 
search for and identify certain fossil forms known to characterise a definite 
geological horizon in other parts of the world. But this too was very thin, 
and Howchin’s clear summary of what we knew of southern Australian 
palaeontology shows how thin, and so too does his conclusion that we 
could not recognise Lyell’s epochs in this part of the world. It was all very 
frustrating and the frustration boiled down to biogeography. Just as Lamarck 
recognised that our living molluscs had many counterparts in northern seas 
but not the same species, so too did the toilers among the fossil faunas 
know that there were simply not the species in common with the faunas of 
Deshayes and colleagues in Europe to recognise the epochs of the Tertiary 
Period in Australia.

A radically new approach was needed, but we are reminded that Darwin’s 
theory of evolution was several decades old. Where was Darwin, in this story 
of the building of the geological time scale and its application in southern 
Australia?
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