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ABSTRACT

Stratigraphic evidence points to a major
change in the sedimentary regime beginning in
the Middle Eocene, i.e. close to the inferred
onset of continental separation. Deep sea -
evidence for .an Antarctic ice-sheet overlaps
this event in time whereas Australian and New

. Zealdrid data indicate warm conditions in the
Uppet Eocene and (New Zealand) Lower to Middle
‘Eocené as well. It is concluded that diverse
lines of evidence do not integrate: convincingly
as yet. ' '

INTRODUCTION
Tertiary stratigraphy in all its aspects is basic to the
ramifying enquiries into the youngest thick slice of earth history,

and equally to attempts atﬁpheir'reconciliation. A firm foundation

'in correlation and age determination - in the cross-relationships

of biostratigraphy, geochronology and geomagnetic polarity reversal
chfonologywi-,is indispensable in the big quéstions of Tertiary
geology, such as continental drift history related- to bfogeny and
polar wondering, or téctonicsArelated to climatic changé on the

global scale. Stra%iéraphic correlationé and attempts at synthesis
in Austrélasia have ébviqus relevance to (and need;fréquent ré- ‘
assessment in the light'éf) attempts to write the region's climatic
and tectonic and geographic history; nor can .the studiesiclassified. as

"economic geology" (in this case, petroleum exploration) be kept

<
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neatly apart. The present paper looks from the stratigraphic
standpoint at some recent ideas on»and pertaining to the Australasian
region in the Eocene, | |
| STRATIGRAPHIC RECORD OF TﬁANSGRESSION

Tertiary strata around the margins:of southern Australié
were deposited in tﬁo major and successional sedimehtary regimes.
In the older of these regimes accumulated thick clastic units.which
are often éarbonaceous and contain little glaucpnitekor carbonate.
The environment was nonmarine to paralic, with arenaceous foramiﬁifera
and noncalcareous phytoplankton; periodic marine ingressioné (Taylor
1967, 1971), mostlybshortlived,.are evidenced by calcareous benthonic
and planktonic foraminiferal assemblages and shelly megafaunas,‘
but calcareous nannofossilg are absent or very'ralre_o This is~Bock
and Glenie's "Cycle'2" (196S§~figoﬂ;.also published as fig. 1@35 in
Brown et 5l. 1968). The age is Paleocene to Early Eocene (Bock &
Glenie's Cycle 1 in the Upper Cretaceous is rather similar in.- -
overaillaspect;, |

The second Tertiary "cycle" is very different, és may be
seen on inspecting the diagram by Bock and Glenie (1965). The .
sediments mostly ére highlj fossiliferoﬁs marine sheif carbonates
(mg?ls_and limestones) with ﬁ@riable, generally subordinate clastic
content. The transgressive lowest part:of this sedimentary phase
consists of the following elementslin,various combinations or - -
successions: éarbonaceous;clays and silts,‘limonite pellets and
iron-stained sands, glauconite which is often pelletal, and fine.
to COarse‘carbonate bioclastics. The glauconife-to-carbonate.za
sequence comprises Bock gng Glenie's Cycles 3 and 4, subsequently
modified (Glenie et al. 1968) to Cycle 3 introduced by Subcycle- 3a. The
age of thé bulk of .thée known sediments is Middle Eocene. to. @ ::
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Middle Miocene, but widespread shallow neritic Pliocene sediments
~ dndoubtedly belong to the phase as do the biogenic carbonates

accunulating now (Wass et al. 1970). The section is more complete

(o

offshore (zones erécted by D.J. Taylor are inciuded in McGowran
et al. 1971).,
| The contact between the main Tertiary phases of sedim-
eﬁtation is shown in the Eocene correlations outlined 'in fig.2. A
system of planktonic foraminiferal zones based on tropical faunal
. successions and placed against a radiometric scale (Berggren 1969)
is used as main reference. Local planktonlc foramlnlferal zZones
(Ludbrook and Lindsay 1969, sllghtly modlfled) are Telated to these
zones, other systems erected in southeastern Australla and problems
in correlation are dlscussed’ey McGowran et al. (1971). Correl—’ |
atioﬁs_shown in fig.2bvary considerably in precision and confidencegx
there is doubt about how some planktonic mrqrofeunal horizons relate
to tropical zones (McGowran et al. 1971) and evidence other than
planktohic.foraminifera must be used locally. Solid#lines in
fig.2 therefore indicate only relatively more confidence, but margins
C, of error above the earlier Middle Eocene do not matter greatly in

" the present context. Upper Eocene nautiloids (Cimomia, Aturia,

Deltoidonautilus) seem to occur within an important, shortlived

"ingressional interval" at about the same time as Hantkenina

primitiva ("alabamensis") and occurrences are shown for their

consequent, probably correlational value. Diachronism of local_
contacts is known but not shown here, nor is the marginal paralic
to nonmarine facies found coevally in several basins. Fig.3

includes New Zealand data and other data used in this'.discussion.

The heavy line in fig.2 marks the base of the Eocene



‘transgression and the onset of the second phase of Tertiary
sedimentation in southern Australia. This horizon is accepted

as an unconformity (Leslie 1967, Reynolds 1967, Wopfner 1969,
Richards and Hopkins 1969). The boundary is not a point of cyclic
reversal, in the usual sense of depositional cycles, but marks

a change in-basic sedimentational style. Relatively well dated
beds on either side of the contact are closest in the Gambier
Embayment of the Otway Basin. The Burrungule Member of the Knighf
Formation is dated as earliest Middle Eocene with the distinct
possibility that it is late in the Lower Eocene (McGowran et al.
1970). This unit is the highest marine ingression with

planktonic foraminifera (Planorotalites australiformis zone; fig.2)

known in the earlier phase of sedimentation. The base of the
second phase (Kongorong Sand and Lacepede Formation) extends down

approximately to the Globigerapsis kugleri zone of early Middle

Eocene age. In the Eucla Basin the base of the Wilson Bluff
Limestone onshore is close to this level (McGowran and Lindsay 1969)

and can be correlated with the Globorotalia centralis zone beneath the

Orbulinoides beckmanni zone in Italy (Baumann 1971). To the west

of the Eucla Basin, to the-east of the Gambier Embayment, and

toward more intracratonic situations (St. Vincent and Murray Basins)
phg_basg of the transgression, as known, moves upwards in time:
there is widespread evidence for Upper Eocene age but.no good evidence
for Middle Eocenéo Diachronism at the base of consistent facies
successions within the prer Eocene in the Otway Basin in Victoria
has been analysed by Taylor (1971). The base of the glauconite-

carbonate phase appears to extend as high as the Oligoc¢ene in the



-5-
Gippsland Basin as.manifested in the Lakes Entrance Formation

(Hocking and Taylor 1964): it is not clear whether Upper Eocene
‘marine sediments (Taylor 1965, James and Evans 1971) should be
classified as the basal part of the younger phase or as ingressions
near the top of the older. Oligocene units in the Otway Basin
(Compton Cohglomeréte; Nelson Formation) aré still younger evidence

of strongly diachronous transgression onto local highs, forming the
base of Cycle 3 proper, abo&e the Nirranda Group in-Subcyéle 3a,

sensu Glenie et al. (1968). It should be noted that the transgression
is not a simple phenomenon. Taylor (1967, 1971) has distinguished

a variety of patterns in Upper Eocene environment and transgressional
mode on the basié of detailed microfauﬁal anélysis° There.is ai
"puiSe" at the base of the Kongorong-Lacepede section in the Gambier

Embayment, where an ingression in the Globigerapsis index zone

precedes and is separated by a thin, almost barren .interval from the

main transgression at the base of the "Turborotalia" aculeata zone.

However, there is no doubt that the ingression.lies above the major
contact; the pattern is similar in ﬁpper Eocene ‘sequences (Taylor,
1967, 1971).

With reference to radiometric estimates (Berggren 1969 )
the transgression appears to have begun about 48 m.y. ago. Evidence
for the transgression became geographicélly widesprgad after about
45 m.y. ago.

CLIMATIC INDICAT@RS, SOUTHERN
AUSTRALIA AND NEW ZEALAND
Warm conditions in the Carnarvon Basin during the Upper

Eocene are clearly indicated by the tropical Indo—Pécific assemblage

of "larger" foraminifera: Nummulites, Discocyclina and related genera,
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Pellatispira, Biplanispira (Edgell, in McWhae et al. 1958; pere.

obs. ). Although these fossils were not known from the south coast of

‘the continent, evidence (McGowran and Wade 1967)wappeared to be

18/016

consistent w1th warm water conditions suggested by O data from

Ostrea in the Aire Dlstrlct (Dorman 1966). .Subsequently, the larger

foraminifer AsterocyoiinaAhas been found on the south coast of
Western Auetralia (Cockbain 1967). It is not.known further‘eaet,

but the genera Halkyardia and Linderina (Ludbrook 1961, Lindsay 1969)
indicate warm conditions. None or these foraminifera are known

from the Otway Basin, but the nautiloid Aturia and the planktonic

foraminifer Hantkenina have been suggested as possible warm water

indicators by Cockbain (1968) and Jenkins (1968) respectively; both
are present here, with the Aturia records being additional to -
Cockbain's list ©f Australian localities. Cockbain -(1969) has
identified the dasyolad alga Neomeris in southern Western'Australia
and suggested that this indicates, with referenCe .to Recent distrib—
ution, a southern shift of the 20°C 1sochryme of .at least 600 mlles
(about 10%at.) in the Upper Eoceneo

New Zealand evidencé has been assessed.353pointing_to
a Warﬁing from a "low" in the Porangan (earlngiddle_Focene) to a

‘Q.,‘8/O’]6 data (Devereux 1967), calcareoue;

"high" in the Upper Eocene:
nannoplankton (Edwards 1968) planktonic foraminifera (Jenkins 1968).
The curve shown in fig.>3 1s taken from an estimate-based mainly on |
benthonlc marine fossils but taklng account of all .other evidence
(Hornibrook 1971).

ﬁornibrook.judges the climate to have- been not less than
subtropical (éOOC at Wellington; 41°8) throughout:the Eocene.

Evidence for warm water conditions is stronger in New Zealand than
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in southeastern Australia. Thus, Asterocyclina occurs in the Upﬁer

and Middle Eocene and is abundant in the Mangaorapan (Lower Eocene)

18/016 values

(Hornibrook 1971), and the trans-Tasman difference in O
(Dorman 1966, 1968, Devereux 1967) has suggested to Cockbain that
there is a northward swing in his 20°C isochryme in the vicinity

of the Otway Basin. This is consistent with. the presence of the

nannofossil Isthmolithus recurvus in the Otway Basin (McGowran et
al,1971): according to Martini (1970) this species is "rare or not
present in the tropical region". Nevertheléss, if -the sparseness

of "tropicai indicators" in the known Middle Eocene of southern

Australia (with more in the Eucla than in the Otway Basin; McGowran

and Lindsay'1969) haé any meaning as negatiﬁe evidence, then the
Middlé—to—UﬁpérAEocene.warmihg trends heré and in New Zealand‘wduld
seem to be similar. Again, the Eocene-Oligocene drop in New Zealand
(Devereux 1967, Hornibrook 1971) is paralleled in southern Australia
(Dorman. 1966, 1968, McGowran and Wade 1967), and-Hamilton's (1968)
statement that the early Tertiary (including Eocene) was markedly
colder than the middle Tertiary in Australasia is rejected.
CONTINENTAL SEPARATION AND DRIFT

Sproll and Dietz (1969) have produced a quantitative. 3
morphological fit of Australia with Antarctica. They have suggested
that steplike downdropping of the thick offshore-sedihentary section
in the Otway Basin, presumably by normal faulting, ?9presents
"taphrogenic relaxation associated with rifting and continental
drift". Mesozoic faulting consistent with their time-sequence
diagrém.(see also von der Borch et al. 1970) is developed strongly
in marginal southeastern Australia (Richards and Hopkins 1969).

Griffiths (1971) has shown how this faulting might be interpreted as



-8-

an "Otway Rift Valley" opening between Antarctica and Australia
during the Jurassic to early Cretaceous (see also Carey 1970) and
acquiring a nonﬁarine clastic fill, and widening in the Upper
Cretaceous with marine influence coming from the northwest. The
Mesozoic éediment shown on the Australian plate margin by Sproll
and Dietz, von der Borch et al. and Griffith will include also the
Paleocene-Eocene sedimentary unit, i.e. Bock and Glenie‘s (1965)
Cjcle 2,

The actuall seﬁaration of Australia from Antarctica,
considered to be the latest episode in the fragmenfationldf
Gondwanaland, is dated as oééﬁrring at about the time of seafloor
magnetic anomaly 18 (Le Pichon 1968). Heirtzler et al. (1968)
show anomaly 18 lying at about 45 m.y. ago in their“time scale, or at
about the Middle/Upper Eocene boundary-(Bergg:en 1969). However,
Wellman et al. (1969) have found that their studies of palaeomagnetic
reversals in lava sequences in New South Wales, consistent in
frequency and timing with the Heirtzler et al. scale at around 34 M.y,
are not consistent at 52 m.y. They note that the time scale éhbws an
‘increase in reversal frequency at about 45 m.y., and they suggest
from their land-based Tesults that the oceanic scale loses detail
downwards at this time. This adds to the uncertainty in chronology
already noted by Le Pichon (1968) in revising the egtimatéd age of
anomaly %2 from 77 m.y. (Heirtzler et al. 1968) to 60 m.y.

Although this revision restores the frequency of reversals to
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something comparable to the post—45 mfy, level, the date of

continental separation based on the identification of anomaly 18

at the foot of the Australian continental rise is not fixed firmly.
The anomaly pattern over the south-east Indian Ocean

rise is interpreted to indicatepthat Antarctica and Australia have

drifted 500 apart aloﬁg an épproximately north—souyh line since

ﬁhé time of anémaly 18 (Lé Pichon and Heirtzler 1968). If the

ridge is assumed fixed,. the pre-drift (early Tertiary) latitude

of Canberra (presently about.55°S) was about 5008,-which is very

clﬁse,to an early Eocene (51.6 m.y.) figure of 52°8 (Weilman et al,

1969), A palaeolatitude closer to 6Qo is used in various rééonstruct—

ions (e.g. Irving 1967, Le Pichon 1968, Dietz and Holden ﬁ970, 1971,

- McElhinny 1970); the Eogene situation of Australia is similar in

Wegener's recbnstructioh (eaéo‘Carey 1970, fig.2). Tarling (1971)

has stated that Antarctica seems to have remained in polar latitudes

since the Permian; "it has remained almost fixed with the other

continents doing most of the dfifting" (Dietz and Holden 1971).

Lack of a subductionAzone around the Antarctic plate (Carey 1970) would

support this, requiring northWard migration of the rise and suggesting
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that a figure of 15° latitude drift for Australia is a minimum.
Irving and Robertson (1969, fig.?7) on the other hand have shown how
spreading rates and palaeomagnetic data might be consistent with a
northward movement by Australia of only about 10° during the ‘I‘e;*tiary°
Although this model includes a fixed rise and a Mid-Tertiary episode
of rapid polar Wanderingi since refuted (Wellman et al. 1969,
McElhinny and Wellman 1969)9'polar wandering of 10-15° since the
Eocene (McElhinny and Wellman 1969) can be accommodated. New Zealand
is also at a high latitude in pre-drift Gondwanaland configurations
(Le Pichon 1968, Dietz and Holden 1971, Jo\nes»’l97’|)° Caution in
reconstructing Gondwanaland and the motions of its fragments in
relation to each other and to the ridge systems rather than to the
geographic poles until adequate palaeomagnetic data are available

for east Antarctica (Veevers et .al, 1971), certainly is justified.
Hpﬁgvep,.high”latitudes and the mutual juxtaposition of Australia-
Antarctica-New Zealand are the inferences of importance to discussion

of early Tertiary palaeoclimatic evidence.

DISCUSSION
Smith and Hallam (1970) list geological criteria for
dating continental fragmentation, including ”the first appearance
of neritic marine sediments along the continental margin aftef a
long period of non-marine sedimentation or absence of sedimentation".
The change in sedimentation outlined here (fig.2) is such an évent,
and is the most ﬁarked change in the Mesozoic and Tertiary récord

in éouthern Australia. The Middle to Upper Eocene transgression
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probably is congruent with the Eocene transgression in North America
(Damon 1968, fig.ﬂ) and with the early Tertiary "kick" based on
widespread data (Falrbrldge 1967, flg 15)+ To postulate that the
transgression is tectono-eustatic rather than glacio-~eustatic would
be in agreement with recent inferences (von der Borch et al. 1970,
Jones 4971, Veevers et al. 1971) apart from:dating of the events.
There'are at least three possible variants of the:cause-and-effect
brelationship. Increased subcrustal convection might lead to formation
- of new oceanic crust in a mid-ocean rise which would displace water
from the ocean basins and be marked stratigraphically by transgression
(Russell 1968, Valentine and Moores 1970).  Frerichs (1970) has
suggested'seemingly in,epposition to this that deep water sediﬁentatioh
on centiﬁentai ﬁlates correSponds to periods qucenvective,qﬁieecence
and that convective activity is marked by regressien. This refers,
however, to piate margins rising or falling very close to a convection
axis. If this effect is significént, then the :transgression on the
'fraiiing,edge_ef the Australian plate took place: only when the water-
displacing influence of the new oceanic rige became dominant. In
a third modei (von der Borch et al. 1970) transgression occurs when
the trailing edge, thinned by erosion during.initial uplift, has
moved significantly away from the rise and sinks isoste‘tically°

The early Middle Eocene transgression in the Eucla Basin
and Gambier Embayment ie, as noted above, basically similar to the more
widespread Upper Eocene manifestation.. Therefore, the postulated
relationship to 1ntercont1nental tectonics requires that the onset
of drift about the southeast Indian Ocean ridge predate early Middle
Eocene, or about 48-49iﬁ.y. ago. And if anomaly 18 is the oldest

recorded in the new oceanic crust south of Australia, then it is
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perhaps 5 m.y. older than the 45m.y. suggested’b& Heirtzler et al.
(1968). The change in sedimentary stjle, which was rapid at least.
in the Gambier Embayment (fig.2), gives less control to a lower
limit oh drift chronology, because the paralic regime could have been
"carried" during early drift, as in the von der Borch et al. model.
A daté is not available but the compressing of anomalies 18 to 52A
into perhaps 10 m.y. suggésts that the transgression followed the
new episode of sea floor spreading rathef closely. In‘accepting a
late Eocene date for this set of é%ents Jones (1971) has not considered
the Middle Eocene stratigraphic record. Aiso, it would seem that
late Eocene—early Oligocene seaward slumping:in;the Otway Basin and
orogenic‘eyents in New;Gﬁinea (i.e. on Australia‘sfnorthern continental .
margin), which Jones ﬂas linked with the major tectonics/transgression,
are evidence instead of a distinctly younger hiStérical phase. The
diachronous base of the transgression (early Middle.Eoceﬁe to
Oligocéne) may support Russell's (1968) suggestion that transgression
depends on heating and expanding of a rise plus sea floor spreading,
and is slow compared to regression depending only on cooling and
retraction.

:According to Adams (1967) the larger foraminifera occupiéd
.a latitudinal belt roﬁghly 500N - 50 during:most of the Tertiary.
In Fairbridge's (1967) model neritic carbonate~sediments with lafger
foraminifera extend to.6OON in the nonglacial situation, i.e. when
shallow séas are most widespread and warmest (thalassocratic
condition)., These figures are acceptable more readily for the
Northern Hemisphere. Warm oceanic water is centred approximately
on the equator during the nofthern winter, but offset strongly to

the north during the northern summer (e.g. Meyerhoff 1970a). This
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asymmetry about the equator, and the influence of continental
configuration and the Gulf stream and Kuroshio current, are seen in
distribution maps of living planktonic foraminifera (e.g. B& 1969,
fig.1). | o
That evidence for variably warm water influence in the
Tertiary of New Zealand is paralleled but weaker in southern Australia
is in keeping with deflection of the south equatorial current. But
if Australia lay substantially further south during the Eocene than
it does now, then Meyerhoff's (1970a) conclusion.based on present
geographic configuration that "warm climate brought by equatorial
current systems cannot extend into higher southern latitudes" woudd
seem to bereinforced° Larger foraminifera-of‘early Eocene age
in northwest'Europe and Britain occur.at about the same high-latitude
as in Canterbury and on Chatham Island on the New Zealand plateau,
according to reconstructlons by Le Pichon (1968) - The high northern
records can be explained by warm water 1nf1uence from the Tethys sea-
way but an Eocene south equatorial current if it existed, Would
have passed more completely to the north of Australla than it does -
now. For water temperatures 1n New Zealand to be comparable in o
the Eocene and Miocene (Devereux 1967, Hornlbrook 1971) the Eocene
cllmatlc reglme must have been very warm wrth very weak horlzontal
and vertical thermal gradlents 1n the oceans. Slmllarly, in a more
tropical situation, the Eocene and Mlocene (poss1bly 1ncludlng Upper
Ollgocene) microfaunas in the Carnarvon Basin 1nd1cate similar
conditions but are' separated” by drift of up to 15 latitude in.
the interim,and this basin is on the southern side of any anti-
clockwise circulation system in the Indian Ocean. A flat statement

cannot be made yet on how far essentially ' nonquantitative climatic
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data from extinct organisms can be stretched to agree with
quantitative inferences on palaeolatitudes and crustal spreading
rates. The Palaeogene radiation in larger foraminifera, including
the Discocyclinidae, achieved a level of diversity not matched since
i /

]
the Middle Miocene, and: it is almost certain that niches occupied by

marginal, endemic forms like Asterocyclina speighti cannot be

‘circumscribed in actualistic terms. Even so, it would seem that the
evidence of fossils encourages conservative estimates of Eocéne
palaeolatitudes and post-Eocene drift to the north.

If there is difficulty in reconciling these lines of
evidence, then it is exacerbated by recent suggestions of a south
polar ice cap during the Eocene. South Pacific deep-sea cores
contain quartz grains with surface morphological features indicating
glaciai déri&ation and ice rafting (Geitzenauer et.al,1968, Margolis
and Kennett 1970). Different cores are dated as Lower Eocene

(Globorotalia rex and nannofossils) and Middle Eocene (Acarinina

primitiva with Globigerapsis index). The latter association defines

the Globigerapsis index zone in South Australia (fig;2) and thus

is no older than the base of the transgression discussed here. All

cores are estimated from sea-floor spreading rates to be no more than

3

be extensive enough for ice rafting to carry into present day sub-

© of latitude from their original positioné; and glaciation‘had to

Antarctic regions (Margolis and Kennett 1970). Similar conclusions
were reached for the Oligocene; there were no Upper Eécene data.

The inferred existence of a polar ice cap means that
thermal gradients in the oceans were strong in the Lower and Middle
Eocene - much stronger than is indicated above for the Upper Eocene.,

Its presence as late as the Globigerapsis index zone also is evidence

that the transgression in Australia was initiated by crustal tectonism
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rather than by ice-melting, but the latter effect may have contributed
to the increase in transgressional extent discernible in the strati-
graphic record at about the Middle/Upper Eocene boundary (fig,é);
Similarly, the Kaiatan transgression extends beyond the Bortonian
in New Zealand (Bro#nAetEal 1968). A suggested Ollgocene glaciation.
(Frerichs 1970) is not 1ncon51stent Wlth Margolis and Kennett's
observations, but its extension back through the Upper Eocene inferred.
by_Frerichs is not supported by the evidence discussed here. Glenie
et al. (1968) conclude thatjstratigrephic fluctnetions and palaeo-
climatic evidence in the Otway Basin. strongly support a eustatic origin
and climaticfcontrol of inferred.sea—level changes. This control
‘requlres an ice-cap; Glenle et al do not con51der tectonic control of
eustasy° A model of deglac1atlon from Mlddle to Upper Eocene requlres
that Australla-and New Zealand be furtheriremoved from Antarctlca at
the time than sea fieor spreading and palaeemagnetie eVidence'would
seem to allow. A better fix on an early Tertiarytposition of
Antarctica than is presently available would not resolve the conflict
between, on the one hand, evidence of glaciation contemporaneous with
fossil evidence of warm conditions particularly in the New Zealand
Lower Eocene (fig.3), and geophysical’evidence of rather high latitudes
and closeness to Antarctica on the other.

Unexplained inconsistencies aside, the data do not
contradict suggestions of some link in cause and effect between-
crustal tectonics (and tectono-eustasy) and climatic change (Irving
and Robertson 1969, Valentine ad Moores 1970, Crowell and Frakes
1970, Frerichs 1970). Curves of transgression—regression and
evaporite—glaciation are used to support different arguments but tend
to be.similer_(see Fairbridge 1967, Grasty 1967,~Damon 1968, Russell
1968,‘Meyerhoff 1970a,b, Frerichs ’19’70)° Questions such as the old.A

" "elimate (i.e. extraterrestrial cause) versus tectonics", or whether
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ice-cap formation and*thus glaoioeustatic”phenomena can be controlled
by and therefore relnforce tectono eustasy, prov1de adequate
stimulus for attemptlng to 1ntegrate palaeontologlcal - sedimentological,

palaeomagnetlc and plate tectonlc research
" "'_*SUMMARY |

1) ) The‘transgress1on beglnnlng ln(the Mlddle Eocene is the

main change 1n Mesoz01c—Tert1ary sedlmentatlon 1n southern Australla.
The reglme changes from nonmarlne—parallc,.wlth marlne 1ngres51ons,

to a nerltlc car*onate fac1es Wlth varlable clastlcs and a glauconltlc/
llmonltlc base Lo o -

(2) p Sea floor spreadlng data have 1mp11ed separatlon of -

Australia from Antarctlca before J’;‘ne magnetlc anomaly 18 An o

eplsode of. drlftlng i__tal;convectlon leadlng to
tectono- eustatlc sea‘levelnrlse would betcon51stent w1th ‘the" ev1dence
of major stratlgraphlc change but thls suggests that anomaly 18 if
it is the flrst record of new oceanlc orust 1s dlstlnctly older than
its estlmated 457w, y.iage.i:wutui' C | |

(5) There 1s good ev1dence for warm. water, though not troplcal
conditions in the Upper Eocene in - southern Australla and New Zealand.
To reconcile thls ev1denoe with" geographlcal conflguratlons derlved
from palaeomagnetlsm and pre—drlft assembly, accordlng to whlch
Australia has moved north 15 - or more 51nce the early Tertlary, the
Upper Eocene oceans must have been very warm w1th very weak thermal
gradients. Yet a Lower and Mlddle Eocene 1ce cap has been inferred
from deep. sea core data - at a tlme When New Zealand and Australla
were very close to Antarctlca. _ !. |

(u) A model.of.tectonoeeustatlcvtransgression in‘the‘Middle

Eocene, reinforced;by_deglaciationftowardfthe_Uppen'ﬁocene,,fits‘
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most data, iT not comfortably; it does not fit Lower Eocene records
ofﬁlarger féraminifera in New Zealand. . More study is needed to

integrate the results of various lines of enquiry. -

- i

BMcG:MFV:CH B. McGowran
24.,5,1971 ’
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TEXT - FIGURES

Australia-New Guinea, Antarctica and New Zealand Plateau -
New Caledonia (shading: shoreline to 2,000m). Australian
basins contain Eocene sections (fig.2). Southern Austraiia
also shown (dottedjlin apéfoximate early Tertiary (pre-Middle
Eocene) position assuming minimum subsequent latitudinal
drift of 15° (see text); this indicates a fit with the New
Zealand Plateau, before opening of Tasman.Sea, as préposed
by Jones (1971) (seé also Le Pichon 1968). Deep sea cores
with clastics of inferred glacial and ice-rafting derivation,
of Lower Eocene (open circles) and Middle Eocene (solid
circles) ages, after Margolis and Kennett (1970).

Correlation of Eocene strata on AuStraliah'margin (excluding
New Guinea)'o Data sources and symbols as shown.

Summary of biological and physical data discussed in text.
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