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ABSTRACT

The widening of the southern ocean and development of the circum-Antarctic current during

the late Eocene and the Oligocene had profound effects on global oceanic circulation and

climatic patterns. Environmental perturbations are 3rd order sea-level fluctuations reflected

in the Exxon eustatic-cycle chart and glacial cycles that are recorded in deep-sea stable

isotope studies, both are at level Itr timescales (0.5-3Ma ). Few palaeobiological studies

have attempted to track oscillations within these timescales on continental margins. Do

fluctuations in physical environmental parameters, many contingent upon the transformation

to a glaciated world, coincide with faunal changes?

This stgdy investigates a late Eocene to Miocene succession of diverse midlatitude

assemblages of foraminifera from carbonates and calcareous muds and sands on the

southern Australian margin It contasts foraminiferal profîles from the restricted St Vincent

and Murray Basins with the Ot'way Basin that was more exposed to oceanic conditions.

There are four prominent episodes of environmental change that can be detected using the

proxies of oscillations in the deep-sea stable isotope curves and the Exxon sea-level curve: i)

The terminal Eocene conesponds to a glaciation and a regression in the local Aldingan Stage,

ü) ttre early/taæ Oligocene has a second glaciation and a regession at the

willungan/Janjukian stage boundary, üi) there is a late oligocene to Miocene succession of

transgressions (fB 1), with associated regressions and a negative excursion in the oxygen

isotope curve, and Ð a glaciation and another regression at the Oligo-Miocene boundary that

is followed by a warm ingression in the ea¡liest Miocene'

The first and last appearances of some 450 benthic and 40 planktonic foraminiferal species

and the relative abundances of selecæd taxa were compiled from 12 logged and correlated

stratigraphic sections. Using graphic correlation techniques, composiæs of species ranges

were assembled for the St Vincent, Munay and Onvay Basins. These composiæs were then

used to construct a grand composite.

The strategy followed well defined steps:



i. Sections were correlated to palaeomagnetic chrons, tropical foraminiferal zones, Antarctic

zones and local forarniniferal events. The geochronology was then divided into Inærvals

based upon the local planktonic events, this fonned a framework against which the

composite pattern of faunal change could be matched'

ü. profiles of change in relative abundances and comings and goings were compiled for each

section and these were used to identify 3rd order sequence sratigraphic cycles.

üi. patterns of first and last appearances and cluster analysis identified faunal breaks that

were then compared to patterns of change in the sequence stratigaphy and the oxygen

isotope curve.

i. There is a major faunal break in the succession of benthic species at the Eocene-Oligocene

boundary and this is subsequently followed by a speciation and immigration of taxa. This

sweeping event is recorded in both the restricted St Vincent Basin and the more open marine

Onvay Basin.

ä. The Aldingan-Willungan Stage boundary Qower part of Chron Cl2r) coincides with

increasing faunal change beginning at the maximum flooding surface CIA4.4) in the earliest

Oligocene. This is clear from cluster analysis that shows signifrcant change in faunal

composition in all sections from the Otway Basin. This faunal break also coincides with a

lithological change to a chert-carbonate association in the St Vincent and Gambier Basins,

implying a nutient change as a forcing factor'

üi. Compared to ttre Eocene-Oligocene boundary, the middle Oligocene regression in the

Otway Basin shows less turnover and coincides with the appearance of prominent

dolomitization that can be traced further east and to the St Vincent Basin. There is major

faunal change at an equivalent level in the Murray Basin following a major regressive

episode.

iv. The late oligocene to Miocene in the onvay Basin records a major transgressive phase,

associated with another chert-carbonate association, and shows the incremental addition of

new species and a return of warmer water t¿xa. There appears to be relatively short episode

in the early Oligocene, where robust cosmopolitan faunas dominated that was succeeded by



increasing endemism, highlighted by increasingly dissimilar assemblages, in the late

Oligocene.

v. There is a relatively minor faunal change at the regression and glaciation close to the

Oligocene-Miocene boundary.

vi. Transgressive sequence tacts correspond to the alærnations of infaunal (for example,

Uvigerinidae, Bolivini dae, Pullenia , Cassidulinn, andunilocula¡ taxa) and epifaunal taxa

(Cíbicides, Cibicidoides, Anomahinoides, miliotds and Gyroidinoides) and were often

preceded by type I sequence boundaries, suggesting a recolonization with reorganised

benthic assemblages-

vü. Highstands, when preserved in the stratigraphic record and most often before minor

sea-level falls, have higher numbers of infauna and display reduced taxic overturn.





'To see a world in a grain of sand,

A heaven in a wild flower,

To hold infinity in the palm of your hand,

And eærnity in an hour.'

FromAuguries of Innocence - William Blake
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The Oligocenc of soutlurn Australia: ecostatigraplry and taxic overturn in nzritic foraninifera

Outline of thesis

Chapær 1 innoduces the problems that this research addresses within the context of recent

studies of the distribution of foraminiferal faunas in neritic environments, focussing on sea

level change. Chapær 2 outlines environmental perturbations involving climate and oceanic

ci¡culation change associaæd with the Eocene to Miocene global Eansformation that are

considered distal causes of extinction and speciation. In Chapær 3 the chronostratigraphic

fra¡nework is discussed to which observations of species comings and goings are anchored.

correlation is a key theme as the information comes from disparate sedimentary basins on

the southern Austalian margln. With this infrastructure in place Chapter 4 describes

biofacies changes, of taxa classified according to infaunal and epifaunal morphotypes, from

each of the studied locations and an interpretation of the sequence stratigraphic signals.

Chapter 5, starting from records of simple presence and absence of species in each sample

from each section, builds a composite succession of faunas from each basin that can finally

be marched to the sequence stratigraphy and the oxygen isotope curve. Composites are

constructed using graphic correlation and patterns are analysed using cluster analysis.

Finally, Chapær 6 concludes with a summaly of the findings of this study'

1



Thc Oligocenc of soutturn Australia: ecostraligraphy and taxic overturn in n¿rific foruninifera

CHAPTER 1

INTRODUCTION

1. THE PROBLEM

1.1 Introduction

Conelations of taxic overturn in foraminifera with changes in the physical environment have

mostly focussed on pelagic sections that tend to be comparatively complete and therefore

permit a closer Eacking of assemblages through time. The input from neritic studies has

been relatively poor, but wittr the combination of a firm ch¡onostratigraphy and advances in

understrnding of benthic assemblage succession, subsumed urder ecostratigraphy, recent

contrïbutions have provided valuable insights. This study describes patterns from the

benthic foraminiferal succession in the excellent Eocene to Miocene exüaüopical carbonate

record on the southern Australian margin at a crucial time in Cainozoic climate history. As

Miller (1gg4) has pointed out" the margins of continents afe recorders of the processes that

control sedimentation including sea level change. But, they also record the responses of

benthic foraminifera to processes occurring at a variety of different timescales in different

parts of the geobiosphere. These may include facies changes at the scale of Milankovitch

climatic oscillations (20400 kyrs) to environmental changes due to supercycle sea level

fluduations (3-50 Ma) (Arttrur & Ga¡rison, 1986; Vail et al., 1991). Matching biotic and

abiotic patterns of change may say something about the processes involved'

Biostatigraphy in the ma¡ine record depends upon the recognition of biozones (the

appearance, abundance changes and disappearance of ta,ra) but little is known about the

controls on the durations of biozones based upon the main groups of microfossils or why

there may be an 'average' duration. Another related and more long-ærm aim of closely

studying organisms through geological time is to address the gap between available data and

an extensive body of theory on causes of evolutionary change (for discussions see Van



The Otigocenc of soutlvm Australia: ecostrafigraphy and taxic overturn in ncritic loruninifera

Valen, 1973;Berggren, [978;Stenseth and Maynard Smith, 1984; Vrba & Eldredge, 1984;

vrba, 1gg5; Allmon and Ross, 1990). Can the timescales of turnover patterns in the benthic

foraminifera on continental margins say anything about the relative importance of change in

the physicat environment?

Charles Darwin n Origin of Species regarded ttre question of climatic change as a

dominant control in evolutionary change with scepticism, and said (p.140' 1964):

...But the degree of adaptation of species to the climates in which they live is often over-

rated...We have reason to believe that species in a state of nature are closely limited in thei¡

fanges by tbe competition of other organic beings quiæ as much as, of mofe than, by adapa-

tion o particular climates'

...but empirical testing of either proposition was hampered by a lack of experimental con-

straint. A pivotal question remains: Is it possible to exÍapolate mechanisms operating at

ecological timescales (e.g. industial melanism in European moths) to patterns of taxic

change at geological timescales?

The problem of accurately recording physical environmental and biotic change and to

chronologically correlate them was an obstacle. One side of the equation has been partially

solved by developments in the disciplines of geochemistry and geophysics that have enabled

a sophisticaæd estimation of past physical environmental parameters. Stable isotopes and

seismic sEatigraphy have become proxies for temperature, ice volume, productivity and sea

level change; though disenAngling which signal correlates with what requires further

refinement (Miller et al., 1991). The other side has benefiæd by advances in æchniques that

could æmporally isolate these events, such as, radiometric and geomagnetic correlation

(Prothero, 1994b).

Biotic change in this study means biofacies, cladogenetic and temporary migratory events'

The focus is at the level of 3rd order sequence stratigraphic cycles (0.5-3 million years).

Species are recognized æ individuals occupying discrete temporal and geographical domains

3



TIe Oligocenc of soutlurn Ausffalia: ecostaligraphy andtaxic overturninnzriticforaninifera

and records are the simple presence and absence of taxa, and so there is therefore no attempt

to investigate phylogenetic tansition (anagenesis)'

Questions addressed by this research include:

1. fue sea level and æmperature change prominent controls on the foraminiferal succession

in neritic environments at the scale of thi¡d order timescales?

2. l1 sealevel change is important, what parts of 3rd order sea level cycles afe most

significant?

proximate controls on biotas may be associated with oxygen crises and changes in substrate

forced by transgressions and maximum marine encroachment (Baird & Brett, 1991; Fürsich

et al., 1991; Sageman et al., 1991; Savrda et al., 1991; Vail et al., 1991). More significant

perturbations may accompany the reduction or expansion of available habitat during

regressions (Johnson, 1974; Iablonski, 1980, 1985)'

3. Do patterns of turnover, in response to sea level change, differ during times of warm

equable climates (,greenhouse') and times of steeper latitudinal temperature gradients with

increased seasonality and intensified oceanic mixing ('icehouse')?

1.2 Proximate causes of faunal change

A væiety of workers have argued that sea level change is a significant control on the faunal

succession on continental shelves (Newell, 1967;Berry & Boucot, 1973; Johnson,1974i

Buzas & culver, 1984; Färsich et al., 1991; Gaskell, l99l;Mancini & Tew, 1991; McGhee

et al., 1991; McGowran et al., lgg2). Others have argued ttrat sea level fluctuation had a

tiviat impact and proposed temperature as a more important proximate cause of extinction

(strnley, lgg4a,b; Raffi et al., 1985). A few studies have confronted specific aspects of sea

level cycles, such as the relative importance of transgressive and regressive events at the

scale of short-term (3rd order) fluctuations, as opposed to the effects of lower frequency

cycles, e.g. supposed 2nd order cycles (Rollins et al., t979; Jablonski, 1980; Halla¡n, 1987;

Ftirsich et a1., L99l;Oì6i.lzeta7.,Igg3). While some have investigaæd sea level change by

observing assemblages cha¡acæristic for particular depths (Vella, 1962; Berggren and

Aubert, 1983; Inoue, 1989; Bæbin & Keller-Grünig, 1991; Munay,t99la)' Investigations

4



Tlu Otigocenc of soutlurn Australia: ecostraÍigraphy and taxic overturn h ncrític fora'ninifera

of the coincidence of evolutionary events and sea level fluctuation have sometimes stnrggled

because of complications intoduced by differential rates of sedimentation, the presence of

hiatuses on continental margins and lack of chronological conEol (Loutit et al., 1988; Iæckie

et al., 1992).

Species-area effects have been key themes in discussions about the relative significance of

sealevel change æ a causal mechanism behind tæric evolution and many of the ideas have

been cloned from the seminal ecological work on island biogeography of MacArthur and

wilson (Lg67). Theories link diversity change with the reduction or expansion of available

substrate and resources. Hallam (1978, p.23) argued that 'times of low sea level or

regression increase environmental stess and cause extinction rates to increase'. While

Buzas and Culver (19g4) recorded shorter durations for species observed at shallower

depths and in a later study (Buzas and culver, 1989) they concluded that the geographic

distibution of foraminiferal species on a continental margin controlled their æmporal

distribution ; the more extensive the geographic distribution of a species the more likely it

would be to have a longer duration. Geographic isolation appears to be the precursor to

extinction or, as stanley (19gab) put it, the reduction of the disribution and abundance of a

taxon to zero. It is implied that there is a quantitative relationship between the magnitude of

environmental perturbation, ie. the absolute reduction of shelf space' and the number of

species that become extincl

Hlpotheses about adaptative sEategies of organisms have been frequently summariznd1f|l

tenns of the adaptive specialization and generalization (e'g' Jackson, 1974; Hallam'

1978,1987;Jablonski, 1980; Sjoerdsma and Van derZwaart,lgg2)' Jablonski (1980)

argued that species of molluscs adapæd to eurytopy (broad tolerance range) and having high

dispersal capabilities, as well as greater geographic ranges and geologic durations' a¡e

cha¡acteristic of the nearshore end of the nearshore-offshore gradient. McGhee et al. (1991)

echoed this assertion by suggesting ttrat shallow-water, nearshore communities seem to be

more immune to sea level change and, at the time of a regression, species inhabiting basin

5
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centes become fragmenæd and undergo allopatic speciation, while basin margin species

experience habitat expansion with consequent population increases and geographical

dispersal. Johnson (1974) apparently concluded the opposite suggesting that'perched'

faunas, stenotopic taxa uniquely adapted to equable and stable environments, \ryere

cha¡acferistic of shallow epicontinental seas and much more sr¡sceptible to extinction. They

may be extremely susceptible to even modest changes in sea level (Hallam, 1990). Perhaps

a general rule is too simplistic an argument for a explanation of extinction events in disparate

fossil groups from differing geographic localities. As Jablonski (1985) has pointed out'

tumover at times of global regression may be remarkably different in faunas occupying

shallow epicontinental seru rr¡¡ opposed to those from conical oceanic islands.

1.3 Preconditioning of the biosphere

Hallam (1g7g, 1gg7, 1gg0) argued that there is a strong correlation between the stasis of the

environment, ie. a prolonged tansgression or highstand in sea level, and the likelihood that

stenotopy (narrow tolerance range) is established in biotas within that environment, making

the ta,xa vulnerable to extinction during the next regressive episode. Earlier Bretsky (1969)

had concluded, from an analysis of Paleozoic benthic communities, that the frequency of the

abiotic pernubation is a dominant contol. He argued that nea¡shore species subjected to sea

level change had adapted to the labile conditions and therefore exhibited less community

turnover coincident with increasing abiotic or biotic perturbation. Offshore species or those

subjected to the 'monotonous outer sub-littoral environment' appear to compose the

susceptible stenotypic communities. This explanation is contingent upon communities being

subjecæd to frequent changes in abiotic perturbation (sea level change); in other words they

are preconditioned. Survival of ta¡ra is seen as hierarchical and higher tÐra persist longer

because of a larger genetic pool (Vrba & Eldredge, 1984). This is controversial , as it is

doubful whether ecological processes a¡e hiera¡chical themselves (Rahel, 1990)' and that

the turnover of species at geological timescales routinely occur within Gould's second tier

(Gould, 1985; Bennett, 1990) (table 1).

6
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some questions that emerge from this are: i) At what scale do far¡nal changes occur in neritic

environments?, ü) What is the relative importance of the frequency and magnitude of

transgressive-regressive cycles? and, üi) Is itpossible to identify the so-called

,preconditioned configtuation' of the biota and physical environment in these neritic

settings?

Table I Hypothetical responses of the biota to sea level change at different timescales, see

sections 1.3 & 1.4 for discussion.

If environmental stasis is rare, and consequently specializndtalG are relatively rare, then it

may be expected that the majority of species durations will be shorter, and populations much

7

PROPOSED BIOTIC RESPONSE

Phanerozoic supercycles - Mæs extinc-

úon events - Contol on the longevity of

'higher'taxa

mæs extinction periodicity hypotheses

some of above and below

contol of species longevity/species

durations (perhaPs resulting in

foraminiferal zonation), 2nd tier controls

(Gould, 1985), changes of diversity-

dominance süucture in biofacies of habiøt

specific species @iMichele, 199 4) perhaps

also occurring below...

species and community evolution, mass

killings, anoxic events and reef drownings

etc. - ecological processes (competitive

exclusion) especially imporønt at the

parasequence level, lst tier processes

1985 1

lst Order

tectonic events operating on a regional and

global scale - ie. ridge volume changes,

crustal extension

2nd Order (3'50Ma)

tectonic and ocean basin volume changes

resulting from subsidence/uplift, major

episodes of continental flooding

3rd Order (0.5-3Ma)

glacio-eustasy contolled by climate

change, resulting in; water volume

changes (3rd Order sequence stratigraphic

signals)

4 to 6th Order (0.1'0.5Ma)

eustatic changes resulting in

parasequences to sequence üacts and 3rd

order cycles

CYCLES AND PROCESSES
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higher. Given these æsumptions it is of some interest to observe pattems of taxic

abundance and duration within a variety of differing timescales. Many studies have

attempted to relate ecological to geological timescales, and as Moore (1955) has argued, it

may be that palaeontological studies will investigate causes of evolution via analyses of

succesional change because of the timescales involved. It may also be that ecological

models are a poor analogue for pæt relationships between the biosphere and the physical

environment because the present 'icehouse' mode is compæatively rare for the Phanerozoic

(Kauffman, t987 ; Halla¡n, 1990).

1.4 Sequence stratigraphic concepts

Sequence stratigraphy is based upon the recognition of genetically related packets of

sediment in outcrop and subsurface data, including seismic profiles. chæacteristic

isochronous deposits can be identified on sedimentilogical, biostratigraphical and

geochemical evidence that record facies changes and, by extrapolation' sea level change in

different paß of the sedimentary basin. Figure 1 shows an ideal representation of

chronologically equivatent packets labelled with sequence stratigraphic terminology' The

upper figure shows packets of sediment on a basin malgln with the vertical axis representing

depth and the horizontal axis by distance. While in the lower figure the vertical axis

represents time so that the packets are disarticulaæd into isoch¡onous levels' Gaps are

hiatuses that result from erosion or non-deposition at times of rapid sea level fall (SB1) or

times of maximum encroachment of the sea and therefore reduced sedimentation (MFS).

The packages of sediment afe each a result of changes in relative sea level, contingent upon

variations in ocean/bæin volume and continental topography, that in turn changes the

a¡nount of accomodation available for sedimentation. va¡iations in sea level also result in

base-level changes that determine the source of sedimentation to the continental shelf,

e.g.when the base-level is low, terrigenous supply increases and when it is high, offshore

marine supPlY increases.

8
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A. Lowstand systems Tract (LSÐ is produced when the relative sea level is lowest,

producing a low base-level, and therefore increased tenigenous input. characteristic

sedimentilogical features on continental margins include, incised valleys, sediment

slumping, turbidites and features chæacteristic of fluviaUdeltaic processes. The shelf is

expected to become more heterogeneous, faunas become patchy and provinciality is

favoured as topographic features may determine habitat variability. Hallam (1992) argues

ttrat brief lowstands do not appeil to correlate with prominent extinction events in the

Phanerozoic record.

A rising sea level raises the base level, terrigenous inputdecrea¡ies, accomodation increases

and marine sedimentation proceeds landward (retogrades). The result ß aTransgressive

sequence Trøct(TSÐ with sands, muds and carbonates deposited in ttre previously incised

valleys. The rocation of faunas on the sherf is cruciar; carbonates crose to the shelf margin

may be drowned while nearshore environments may expand vertically and landwa¡d'

Changes in faunal assemblages and abundance afe expected to show evidence of deepening-

upward (Annentrou! lgg2). Vail and colleagues (1991) contoversidy' ^ 
they do not

provide any evidence or explanation, suggest that this is typically ttre part of a 3rd order

cycle that coincides with stage boundaries and the most faunal change' The claim for faunal

change may be substantiaæd by Rey and others (1993) who provide some evidence from

Liassic deposits of the Aquitaine basin of 'faster species fenewaf in the TST when

compared to the highstand systems tracf If this is the case, one possible explanation may be

that this is related to the oxygen crisis associated drowning by deep waters (Hallam, 1992),

although Färsich and others (1991) attributed more importance to substrate changes during

transgessions and oxygen crises with regressions as conüols on a succession of Jurassic

molluscs. The former hypothesis has recently been supported by Brett and Baird (L992)

who concluded, from data collected from ttre Middle Devonian Ha¡nilton Group in the

Appalachian Basin, that major faunal changes were associated with condensed early

highstands while sequence boundaries appeared to have little effect contemporary studies

of the sea level change have focussed on fluctuations in oxygen and nutient supply as a

9
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dominant control on faunal change (McGowran & Beecroft" t987; Sageman et al, 1991;

Sjoerdsma and Van detZwaan,L992;Van der Zwaan and Jorissen' 1993)'

The rate of regression is suggested to be critical in determining the magnitude of the impact

on the continental shelf. Valentine and Jablonski (1991) could find no evidence that

pleistocene sea level fluctuations had a significant impact on extinction rates, and this is a

time according to Haq et al. (1987) when no 'major' sequence boundaries (type 1) are

recorded. The last was recorded close to the Plio-Pleistocene boundary where Raffi and

others (1935) suggested cooling, not sea level fall, w¿u¡ responsible for heavy extinctions of

bivalves on North Atlantic margins.

The common placement of stage boundaries at planktonic zonal boundaries means that

condensed sections and hiatuses often become the defining criteria, while in fact stages often

span sequence boundaries @aum & vail, 1983). Mancini & Tew (1991) concluded, from

studies on the on the eastern Gulf Coastal Plain of North America, ttrat planktonic

foraminifer alp Tnneboundaries generally match the early stage of transgressive sequence

üacts but ttrey could also correspond to any sequence stratigraphic surface depending on

local variables such as tectonics or distance from the shoreline. rWhile Loutit and Kennett

(1gs1) concluded that stage boundaries in the New Zealand Tertiary most consistently

conesponded to sequence boundaries of the the sea level curves of Vail et al. (1977).

Recently Maftin and others (1gg3) have attempted to match eÆostratigraphic and sequence

stratigraphic signals and concluded that ecozones were disributed at sequence bounda¡ies.

The definition of a stage, coinciding with the Global snatotype Section and Point (GSSP)'

more appropriaæly may include an inægration of the concept of an assemblage biozone, that

is, stage bounda¡ies coincident with episodes of fatural (æsemblage) turnover that are

correlatable to a regional (and possibly global) extent (Johnson, t9/2;Watethouse, 1976;

Miller, 1986;Whittaker et 41., 1991) (section 4'1)'

At the ma,ximum encroachment of the sea, the maxirrurnJtooding sutface (MFS)' the base

level is at its highest point and sedimentation rate is at its minimum on the continental shelf,
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such that sediment starvation results in a condcnsed section The condensed section may

result in a maximum in the diversity and abundance of fossils, a concenüation of

foraminiferal events, organic matter and authigenic minerals, particularly glauconite (Loutit

et al., 19gS). The concentration of events, due to a severely reduced rate of sedimentation or

the presence of an erosional surface, can clearly interfere with any investigation of turnover

of biotas in neritic environments coincident with climatic change, these problems may be

overcome by employing graphic correlation (see Macleod, 1991 for an example from the

deep-sea).

T\e Highstand Systems Tract (HSÐ is composed of the vertical and lateral buildup of

sediments during a decrease in the relative rise in sea level. Prograding complexes result

from upward and outward buitding fluvial sedimentation during a relative stillstand of sea

level (vail et al., 1991). Each 3rd order cycle is bounded on top and below by a sequence

boundary (SB). A type 1 SB results from subaerial exposure and erosion and a switch to

progradation in deposition. The canyon cutting and valley incisions that may mark a type 1

SB and may be directly overlain by deltaic or estuarine deposits. There is a rapid fall in sea

level such that eustatic fall fa¡ exceeds basin subsidence. A type 2 SB lacks evidence of

subaerial erosion and is suggested to be a result of bæin subsidence exceeding eustatic fall.

Although there may be no relative fall of sea level at the shoreline it is mæked by an episode

of basinward shift in facies (Van Wagoner et al., 1988). Gaskell (1991)' studying patterns

of evolutionary turnover in benthic foraminifera from the Gulf Coast of Texas, concluded

that extinction rates during the Eocene to oligocene were only significant at type 1 sequence

boundaries. These a¡e characterised by episodes of maximum offlap and ofæn complete

exposure of the continental shelf and prominent erosional surfaces (Haq et al., 1987). She

also argued that type 2 sequence boundaries, characteristic of a gradual regression, resulted

in incomplete exposure and did not produce increased extinction rates and that species-area

effects had ultimaæly had little impact. It is clear that the determination of the precise

location of sequence bounda¡ies, tansglessions and maximum marine encroachment is

crucial in estimations of possible impacts. Even with the hazards of fitting first and last

11
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appearances to a linear timescale, there seems to be ample evidence that the change in habitat

associated with transgressive and regressive sequences forces faunal firnover and diversity

change (Moore, 1954; Kauffm an, lg77iRollins etal., L979; Armentrout, et al' 1990;

Armentrout,1992).

Parasequences rfe4ttr to 6th order cycles occuning over durations of 0'1 to 0'5 Ma and

may be related to Milankovitch orbital forcing (vail et a1., 1991). During üansgressive

sequences p¿uasequences retfograde but during highstand they prograde basinwards (Fig'

1). Miller and Kent (19S7) have cautioned that the resolution of synchronous turnover

events at these durations is extremely difficult because of the lack of biostatigraphic control

in shallow water environments. The establishment of a 'solid' chronosEatigraphy allowing

correlations over a wide area is crucial to the premise that the signals are a response to

allocyclic phenomena- Though biostratigraphic co¡relations of individual parasequences ¿¡re

beyond the available data, the recognition and conelation of distinctive biofacies patterns

may assist interpretations of sequence statigraphic signals.

L2
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CHAPTER 2

TIIE PROGRESSION TO THE MODERN OCEAN

2.1 The Eocene-oligocene transition and oceanic change

îre foJus of ttris study is to compare patterns in stratigraphy and the foraminiferal

succæsion in neritic environments wittr climate and sea level. The Cainozoic is punctuated

by one of the most significant climatic revolutions since the end of the cretaceous. wolfe

(1978) coined the tenn the 'Tenninal Eocene Event' CIEE) to describe the climatic shift"

although it is now recognized to have been a tansitionary period involving a series of steps

lasting some 10 million years from the middle Eocene ttrrough the oligocene. As Prothero

(199aa) has suggested it may be more appropriate to call it the 'oligocene deterioration' as

there were only minor faunal and climatic changes at the Eocene-Oligocene boundary'

changes in a suite of physical envi¡onmental parameters resulted in a major resetting of

oceanic and terrestiar constaints. The paraeoceanographic transformation was ultimately

tectonically driven, coincident with widespread volcanism (Kennett et al" 1985), and was

contingent upon the isolation of the Anta¡ctic continenl with ttre increase in spreading rate

from l0mm/yr to 20mrn/yr in the late Eocene-early oligocene (around 44'5 million years

ago), the southern Ausgalian margin moved from around 60'to 55" south (Veevers et al''

1991) and a deep passage was established south of the south Tasman Rise allowing the

development of the circum-Anta¡ctic cunent (Murphy and Kennett, 1986) (Fig' 2'1)' As a

corulequence latitudinal thermal gradients steepened and oceanic circulation was invigorated'

Kennett and stott (1gg0) suggested that the transition involved a change from a two-layered

ocean in ttre early paleogene @roæus), with warrn sarine waters derived from low-latitudes,

to a three-layered ocean with surficial cool waters overþing intermediate warm saline waters

formed at low latitudes that in turn overlay cold and dense deep-water of Anta¡ctic origin

(proto-oceanus). Along with these changes the carbonate compensation depth is estimated

to have dropped by as much as 2 kilomeües close to the Eocene/oligocene boundary (Heath,

t969;VanAndelandMoore,tgTfi;Mallet&Heezen,|977).
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F1gure 2.L T\eseparation of Australia and Antarctica from the Paleocene to the early

Oligocene (After Haq & Van Eysing a,1987; Seibold & Berger, 1993; McGorwran' 1994)'

Figure 2.1 shows the development of deep and surface-water oceanic circulation patterns

resulting from Australia-Antarctic separation. With the closure of Tethys and the

development of deep-water passages south of the Tasman Rise and laær through Drake

Passage and the scotia sea, southern hemisphere oceanic circulation patterns $'ere

dominated by the circum-Antarctic cunent and deep-water production. The transfer of

wann-water masses from lower latitudes increased precipiøtion leading to the development
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of permanent icecaps on the increasingly isolaæd Antarctic landmass. During ttris inærval

the southern Ausüalian margin has been rapidly moving towæds lower latitudes and

consequently recording palaeoclimatic and palaeoceanographic change'

15

Mi[er årnd others (1gg7) ægued that global temperatures dropped from around 13'C in the

early Eocene to around 5.c in ttre early oligocene. At about the time of the earliest

oligocene the õ180 curye, derived from both benthic and planktonic foraminifera' shifted

rapidly to positive values signifying the decrease in bottom and surface watÊr temperatures

(Miller lgg2;Frukes et al., lgg4). More recent research has argued that deep-water cooling

occurred over a series of th¡ee steps from the middle Eocene, suggested to be an increase of

l.Mooin õ180 nea¡ the early-middle Eocene boundary (Chron C22n-C2ln), followed by an

increase of. L.Voonea¡ the middle-late Eocene boundary (timing not constrained,Chron C18n

to eæly CIln;around 42-4lwa),and finally benthic and most planktonic foraminiferal

records from the Atlantic, Pacific and Indian oceans show the largest increase of around

1.3%oin the early oligocene (Miller et al., lgg2). This may have involved influxes of

northern, derived from North Atlantic Deep water (NADVD from the Arctic ocean as the

Norwegian-Greenland sea opened in the early oligocene, and moderately nutrient-rich

southern cold-water ma¡¡ses (Miller, L992;Prothero, !994a,1994b). The early-middle

Eocene cooling conesponds to an inænsification of planktonic foraminiferal tumover, with a

replacement of thermophilic surface-dwelling forms with cold-adapted sub-surface tÐ(a

(Ke11er eral.,1992) (rable 2). Atæoundthistimeanepisodeof acceleratedextinctionin

bathyl benthic foraminifera occurred at Maud Rise in the Southern ocean, in the middle of a

trend of decreasing diversity and a relative increase in epifaunal species (fhomas' 1992)'

while Aubry íggz)suggests there was a 'profound' turnover in calcareous nannoplankton

at this imPortant boundary.

Hambrey et al. (1gg1) and Banon et al. (1991), citing the presence of ice-rafted debris from

ODP siæs on Kerguelen Plateau and in ttre Weddel sea, concluded (from diatom

snatigraphy) that there was evidence for a continental-sized ice sheet on East Antarctica in
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tfre hte-middle Eocene. They also suggesæd that eartest Oligocene glaciation had developed

into a major ice sheet in the 'mid' Oligocene. The timing of an established pennanent

Antarctic ice-cap has remained contoversial. Bartek and others (L992) ægued that a change

in the mode of sedimentation in the late Oligocene, along with the presence of an angular

unconformity recognized from seismic records from the Ross Sea area, was enough

evidence to corroborate a late Oligocene ice sheel They suggest the ice sheet was unstable

and has .wæred and waned' since then, implying that glacio-eustacy had from the late

Eocene-early Oligocene become the primary contol of globat sea level fluctuations. A point

suggested in an earlier work by Ken in 1984. This is supported by copious seismic and

subsurface data that suggests that the late-early Oligocene to early-late Oligocene records a

major fall of eustatic sea level (Loutit & Kennett, 1981; Greenlee & Moore, 1988; Bartek et

a1., 1gg1). Although quantitative estimates of the fall are contentious as records probably

depend upon continental margin physiography (McGinnis et al., 1993). The important point

is that there is a consensu¡i on the timing and that the fall, conesponding to a tlTe I sequence

boundary on the Exxon chart, has been recorded over a wide area including: on the southern

Australian margin (Carter & Landis, Ig7z),in New Txlaland (Field et a1., 1988), and in the

deep-sea (Miller et al., I99l; Schröder-Adams, 1991)'

2.2 ßxtrtterrestrial imPacts?

The resounding legacy of the work of Alvæez and others (1980) in their investigations of

iridium anomalies at the cretaceous-Tertiary boundary was the rejuvenated interest in rare

events in geology. This led to detailed investigations of shocked quarø phenomena that

provided further convincing evidence of episodic major bolide impacts (Owen & Anders,

19gg). Mass extinction was suggested to be linked to bolide impact at the Cretaceous-

Teniary boundary. A thorough scrutiny of possible bolide impacts coincident with faunal

turnover patterns failed to convincingly conelate evidence of impacts (iridium, microtektites)

with any extinction events (Asaro, L982; Ganapathy, t982; Glass, 1986; Keller, 1986; Hut

et al., 1gg7). Glass & crosbie (1982) argued that a North American microtektite layer,

based on K-Ar and fission-track dating, was a¡ound 34Nla and only corresponded to the last

t6
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appearance of several species of Radiolaria. And Keller and others (19s3) have suggested

that latest Eocene microtektites may in fact have concentrated at particular horizons due to

carbonate dissolution and selective winnowing, thus abrogating any confident chronological

correlation with any extinction events. The conclusion is that there is little evidence to

conelate faunal change to impact events at the end of the Eocene.

2.3 previous studies of faunal succession from the Eocene through the

oligocene: Migration, evolution and recolonization?

2.3.1 Deep sea studÍes

The maturing idea that the Terminal Eocene was not an event but rather a series of events,

reflecting the transition from a halothermal to thermohaline driven ocean and to the

development of the 'psychrosphere', was chiefly derived from deep sea studies' Corliss

(tglg,1981), corliss et at. (1984), Keller (19s3) and Keller (1986) surveyed the Eocene-

Oligocene boundary at several DSDP sites in the Indian, Southern, Pacific and Atlantic

oceans. Keller (1gs6) and Keller and others (1992) concluded that Eocene warm-water

fauna were progressively replaced by oligocene cool-water forms wittr key steps being the

end of the middle Eocene and early oligocene. Corliss (1979,1981) and Corliss and

Keigwin (19g6) concluded a drop in bottom-water temperature (of a¡ound 2-4"C) had a

gradual effect on deep-sea benthic foraminifera. And Boltovskoy and Guissani (1990)

reported a faunal break or turnover in unilocular benthic foraminifera between the Eocene

and the oligocene in both the Atlantic and Pacific oceans. But" from evidence provided by

deep sea foraminifera recorded frorg DSDP cores in the eastem Atlantic and western Pacific

ocearu¡ (that showed the most important correlatable episode of faunal tumover occurred

below the Eocene-oligocene boundary), they could find littte evidence for coeval episodes of

accelerated of faunal change afterwards @oltovskoy & Bottovskoy, 1988)' As Kennett and

Stott (1991) have suggested there appears to be a decoupling of the deep-sea benthos from

surface-water plankton patterns of change. The message is that it may be misleading to u¡¡e a

single set of data to investigate patterns of palaeoceanographic change'

t7
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Table 2 A summary table of some imporønt ma¡ine faunal changes
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Keller et al. (1992)

B oer smo&P rennli Silva ( I 9 89 )

Boersma et al. (1987)

McGowran &. Beecrofi (1969),

McGowran et al (1992), Gaskzll

(1991), FordYce (1989, 1992)

(Benson, 1975, Benson et al.,

1985)

B ottov skoy &B oltov skoY ( I 9 88 )

S chrö der-Adatns ( I 9 9 I )

Hansen (1987, 1992)

Keller et al. (1992)

Boersma et aI. (1987)

Keller et al. (1992)

SOURCE

Aubry (1992)

Aubry U992)

Thomas (1992)

Tumover in low-latitude Planktonic

foraminifera

Global tumover in calcareous n¡n¡¡fsssils

Peaks in the abundancP ofbiserial

heterohelicid species at high latitudes

'Homogeneous' cosmopolitan low diversity

foraminiferal faunas common.

Major turnover in benthic forasrinifera in

ne¡itic environments.

Ea¡liest appear:mce of filær fee.ding

mysticetes in middle to high latitudes.

Tumover of ostracods Farmas and the

appear:¡nce of complex cãiæace architecturc

The last episode of widespread tumover in

deep-sea foraninifera-

Extinction of hantkeninids

Long ranging benthic taxa established and

buliminids begin to dominate in the

Kerguelen Plateau region.

Extinction of molluscan species over entire

late Eocene in U.S. Gulf Coast

Inænsified tumover in Planktonic

foraminifera in the South Atl¡ntic

Largest tumover of planktonic foraminifera

for the Paleogene, warm surface water

forms replacæd by cooler, surface- and inter-

mediate-water forms.

Profound [rnover in calcareous

nannoplankton

Tumover in lower bathYal benthic

EVENT

at

Middle Oligocene

(28Nda)

Early Oligocene

(33lvla)

Eocene-Oligocme

boundary (34Ma)

Middle/late Eocene

boundary (nea¡ 37Ma)

AGE

Eocene-Oligocene transition.

characterising the
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2.3.2 Terrestrial agreement?

Clearly, correlating data from different realms will provide subsuntial evidence for secular

changes in climate. wotfe (1g7L,1978) from studies of vegetational æsemblage and foliar

physiognomic change have indicated ttrat the end of the Eocene marked a profound climatic

event at middle to high latitudes in the Northern Hemisphere. wolfe (1978) infened that

there was a critical shift in temperature equability and the r¿mge in the mean annual

Þmperature shifted dramatically from 3-5'C in the middle Eocene to around 2l-25" in the

Oligocene. Seasonality, accompanied by cooling, had become an imporønt constaint in

terrestrialhabitats globally (Kemp, 1978; Martin, 1989; Christophel' 1990;Martin' 1991;

Macphail et al., 1991; Leopotd et al., I992;Wo1fe, L992;Macphail et a1', 1993)' Interiors

were becoming more arid and the vegetation, that ma¡nmalian faunas were coadapted with'

changed with the physical environment (Collinson & Hooker, 1987il-egendre &

Hartenberg er,1992). A consequence of this was that land mammal faunæ (stehlin, 1909;

prothero, 19g5, 19g9; Hooker, t992;Legendre & Hartenberger, rgg2) and amphibians and

reptiles (Hurchinso n, 1992) suffered significant extinctions over the extended interval of the

middte Eocene-Oligocene transition. The African continent appe¿N to be an exception where

there is little evidence for significant floral or faunal change at this time (Rasmussen et a1',

lgg2). Prothero and Swishe t (1992) have summ anzedNorth American mammalian changes

(the best record) as major at the middle-laæ Eocene bourdary, minor in the late Eocene' an

increase in ttre eady Oligocene and absent in the middle Oligocene' In summary' the

tenestial mammal and floral records from North America, Europe, Asia and South America

can be relatively well conelated and these data provide convincing evidence of a global shift

in climate in a stepwise fashion from the laæ-middle Eocene to the eæly Oligocene'

2.3.3 Fluctuations in ocean productivity

Recently arguments have resurfaced proposing changes in resource supply as a major driv-

ing force behind taxic evolution (Hofünan and Kitchell 1984; Hallock and Glenn, 1986;

Hallock, 1987; Corfield and shackleton, 1988 ; McGowran, 1990; Hallock et a1'' 1991;

Loubere, 1991). In one study Stanley and colleagues (1988) investigated two clades of

19
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planktonic foraminifera differentiated by ttreir positions in the water column. They

concluded that ttre bottom dwelling globorotalid clade exhibited accelerated speciation and

extinction rates (shorter species durations) compared to the surface dwelling globigerinid

clade (possessing symbiotic algae). This was interpreted as evidence that globorotalids were

subjecæd to fluctuating resource supply and numbers were low, therefore distribution was

fragmented. corfield and Shackleton (1988) argued that taxonomic turnover in Paleogene

planktonic foraminifera \4/a¡¡ more a fr¡nction of flux in resource supply (evidence from ô13C

c'rve) than ,intervening' stable episodes. Eæter Vatentine (1971) had discussed the rela-

tionship between modes of selection (r & K selection) and the relative stability of resource

supply. He hypothesized variable resource supply as a determinant to diversity pattem¡i.

The connection between environmental stability and evolutionary stasis remains an

inæresting theory, but again this invokes the controversy whether an ecological paradigm

can be expanded to geological timescales.

Cooling of low latin¡de surface-waters had been less dra¡natic but there had still been

prominent turnover of benthic species (Keller, 1983; Boersma et al,1979; Hallock et al,

1991). Hallock (1937) and Hallock and others (1991) recently argued that eutrophic

conditions predispose to low diversities and elevated abundances, while oligotrophic

conditions result in higher diversities and lower populations (r and K selection respectively)

The conclusions stem from the concept of the Trophic Resource Continuutn(IRC) that

argues that as oceanic mixing increases so does the tendency towards mesotrophic or

eutrophic conditions. As a result opportunists dominate in rapidly fluctuating numbers

(Hallock et al., 1991).

The early oligocene is generally fepresented by decreæed diversity in calcareous nanno-

fossils foltowing an interval of intensified extincüon in the latest Eocene (Aubry, 1992).

Aubry also observes that the Eocene-Oligocene boundary is difficult to recognize at high

latitr¡des in the southern hemisphere, where there appears to be no significant difference

between late Eocene and early Oligocene assemblages. While Boersma et al' (1987)

20
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concluded that early Oügocene planktonic foraminifera formed a homogeneous and

cosmopilitan low diversity fauna- The record of calcareous nannoplankton are interpreted to

reflect a progressive eutophication of the oceans coincident with cooling in the early

Oligocene (Aubry, 1992).

Lipps and Mirchell (1976) ægued that changes in tophic resource supply explained

evolutionary pattems in marine mammals during the Eocene and Oligocene' And Fordyce

(1977,1980, 1992) summarized the evolutionary succession in mysticetes (baleen filter

feeding whales) and odontocetes (modern toothed whales) and concluded that the patterns

conform to increases in upwelling and productivity in the Ausfial region contingent upon the

development of the psychrosphere. It appears that marine mammal evolution during the

Oligocene points to changes in ocean circulation pattems that were catalytic in the increases

in oceanic productivity. Upwelling patterns that influence surface water primary

productivity may emerge ¿u¡ a forceful, if not dominant" evolutionary driving mechanism'

Mafty et al. (1988) investigating evidence for upwelling on the Pacific margin (on the

peruvian coæt) and laær McGowran (19s9 a,b) discussed the significance of silica-rich se-

quences coincident with the Terminal Eocene events. The disnibution of silica-rich facies in

the eastern pacific and in the Southern ocean (the Blanche point Formation in the st vincent

Basin and the oamanr Diatomiæ in the South Island of New Tnaland) was considered to be

evidence of silica enhancement due to oceanic suatification and an expanded oxygen

minimum zone. The following shift to steepened latitudinal then¡al gradients and intensified

oceanic circulation is interpreted to have occurred after this 'silica window' and resulted in

upwelling that promoted productivity in the photic zone. The hypothesis that upwelling is

driven by global oceanic circulation changes proposes inæresting ramifications for trophic

resource supply and productivity changes to neritic environments on the southern Australian

margin. If it can be established that faunal changes are linked to episodes of nutrient

upwelling, then this may conribute to explanations of a biogenic rather than volcanogenic

origin of silica occrrrence (Jones and Fitzgeratd, 1984). This may explain the change from
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calcareous to mixed siliceouvcalcareous oozes deæcted in the early oligocene in deep sea

cores in the southern Ocean (Shipboard Scientific Party, 1989; Aubry, L992). A question

that may apply to the present study is: Do ecosratigraphic patterns and faunal change in

neritic facies during the Eocene-Oligocene reflect changes in trophic suppty to the continental

shell?
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CHAPTER 3

BIOSTRATIG RAPHIC AND STRATIGRAPTIIC F'RAMEWORK

PART 1 . CORRELATION: GLOBAL AND REGIONAL
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3.1.1 Chronology: The Global Framework

Investigations of the coincidence of changes in the fauna and the physical environment

require both sets of infonnation to be constrained by an unambiguous geochronology. The

inægrated geological timescale for the late Paleogene has evolved through repeated cross-

conelations of biostatigraphic events, radiometric dating, palaeomagnetic polæity changes'

This chapter summarizes the global chronostratigraphy from the late Eocene to the Miocene

and describes the local stratigraphy within the established framework'

Swisher and Prothero (1990) and later Prothero and swisher (1992), dated Duchesnean

through to Whitneyan age volcanics using the +oArFsAr single crystal dating technique and

correlated the magnetic record to the Eocene-Oligocene boundary to neaf the top of Ch¡on

C13, close to 33.9Ma. As a consequence they forced a rethink of conelations of the Nonlt

American Land Mammal Ages with the Eocene-oligocene timescale and this hæ resulted in

an upward shift of dates by some 2 million years. Berggren and others (1992,1994) have

also revised the status of Paleogene geochronology and, based upon Ar-Ar isochron ages

obtained from the Appennines and North America and have proposed that the Eocene-

oligocene boundary conelates with Chron c13R.14 in the revised polarity timescale of

cande and Kent (lggz),at 34 million yeafs BP. This accords closely with previous

estimarions by Montanari et at. (1983) of 33.7t0.5 Ma , 33.710.4 by odin et al' (1991) and

odin et al. (1983) of younger than 34.5 Ma, from studies of the Massignano section in the

Umbria-MarcheBasin of the northeastern Appennines. This hæ now become the global

type section for the Eocene-Oligocene boundary. The Eocene-Oligocene boundary is nea¡

ttre bottom of chron c13n at33.7 Ma, the early/late oligocene boundary is cl0se to the base

of chron c10n1 a¡.28.6Maand the oligocene-Miocene boundary stays at the bottom of

Chron C6Cn2 around 24Ma.
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Figure 3.1.1 shows the magnetic polarity timescale of Cande & Kent (1992) and Berggren et

al.(1994) that has been used to consüuct a framework against which local and published

global biosnatigraphic events may be matched and used to position observations in this

study. Atongside the geomagnetic timescale are the nopical zonations of Berggren & Miller

(19gS), the only modem discrepancy is the position of the top of ZonePlT that has been

moved to conform with later studies and now marks the Eocene-Oligocene boundary at the

top rather than the lower part of Ch¡on C13r @erg gren, 1992). These are matched to the

Exxon sea level curye of Haq and others (1987) and recorded late Eocene and Oligocene

transgressions in southern Aust¡alia (McGowran, 1989). Adjacent to this are the conelated

oxygen isotope curye and Oligocene and Miocene glaciations (Miller et al.' 1991).

The Austalian and New Zealand Søges are matched to the nopical P Zones so thatthe

Atdingan correlates with the Kaiatan, Runangan (ZonePl6&17) and the lower part of the

Lower Whaingaro aa (ZonePl8). The Willungan Stage conesponds to the upper part of the

Lower Whaingaro an (ZonePtgt2)) and the Janjukian to the Upper Whaingaroan and

Duntoonian , ot Zonev2| to Zone N4a inclusive. The attempt to correlate stage boundaries

with sequence statigraphy has been attempted in New Zealand and in the Eocene-Oligocene

of North American Gulf Coast Plain. Loutit and Kennett (1981) managed to tie most of the

stage bounda¡ies to sequence boundaries, while in Alabama Mancini and Tew (1991) found

that stage boundaries occurred at sequence boundaries or within depositional sequences.

The Massignano section is truncated suggesting a sequence boundary that conesponds to the

top of the Priabonian and base of the Rupelian @erggren & Prothero,1992)'

Carter (1958) proposed that the southern Australian succession could be based on

foraminiferal associations. He established 11 foraminiferal zones ranging from the late

Eocene to the late Miocene, and called them faunal units identified on the basis of

associations of specific benthic and planktonic taxa- Faunal units 2 to 6 æe encompassed by

this study (Fig. 3.1.3). The faunal unít 2t3 boundary corresponds the Eocene-Oligocene

boundary at the top Zone P17 wittr the tast appearance of. Globigerinatheka index (Finlay)
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marking the top of unit 2 (Cuær,1964), the boundary between 3 and 4 conelates with the

top of Zonep21,and faunal units 4 and 5 are incorporated into tnb fan¡utian Stage.

From a combination of all of these zonal schemes and foraminiferal events the laæ Eocene to

Mioceíe dmescale has been subdivided into 9 biosnatigraphic interval zones (table 3.1).

Discussions of ecos¡atigraphic and faunal change are matched to these intervals æ they

provide the smallest available 'timeslices' (approximateþ 3rd order) that can be correlated to

the global chronosüatigraphic framework.

3.1.3 The Eocene-oligocene Boundary in south Australia

The Eocene/Oligocene boundary in the Willunga Embayment has been based on various

biostratigraphic criteria (Ludbrook,I963;Lindsay, 1967;Lindsay & McGowran, 1986) and

has recently been re-evaluated (Lindsay, 1981; McGowran et a1., 1992). Lindsay's

previous criæria had included the frst appearance of. Cassigerinella chipolensls (Cushman &

ponton) in the presence of continuing Cassigerinellawinniana (tlowe) and seemed to

coincide with the base of Subbotinalinaperta (Finlay), a previous Eocene-Oligocene

boundary marker, at the bæe of îhe Pseudohastigerina micra - C.chipolensis zone

(Lindsay&McGowran, 19S6). A cluster of events a¡ound this level, including the last

appearance of Subbotinø línaperta (Finlay) and the bæe of Turboroølia anpliapertura

(Bolli), appeared to agree quite closely to gtobal placement of the boundary (see tables in

McGowran ,l99l;McGowran et al., Ig92). There was a difficulty reconciling the tri-

umvirate of a type 1 SB on the Exxon cycle chart, ideas of climatic deterioration in the

vicinity of the Eocene-Oligocene boundary and a suspiciously unevenfril snatigraphic

succession. A major lithological and faunal 'event' at the unconformity recognized at the

base of the Chinaman Gully Formation, in the Willunga Embayment in the St Vincent Basin,

was identified as the type 1 sequence boundary between 3rd order cycle T44.3 and TA4.4

(McGowran etal.,Igg2). This statigraphic level had already been considered by Ludbrook

(1963) and Wade (1964) as a likely candidate for a Eocene-Oligocene boundary in South

Ausualia- The stratigraphic column (Fig. 3.I.2) higtrlights the marked change between the



z
f¡ì(,

23
MIOC.

E¡zo
N

b

co
ô.o
É

N4

zo
&
(J

Èú
J
R

Jáov
d¿
o

E
U

j
úo
l¡i

TROPICAL

Brpw 1969

BERGGREN. T969

Globi 6*irc iù: q¿ùrilotuts
Pñrrcditlt/

Globorotaliz (L ) htglztí

Ttwom¡øloi&s rclvi-
Gbbigerinitohæei

BOLtr '57'66
BOLLI&
SAI,'NDERS, 1985

G. tugleri

Ttuørctø\okþs mlvi

SOUTIIERN
AUSTRALIA

LTJDBROOK E
IJNDSAY,1969

Globqrdriru tldtiææ

Twborctoliz aoi¿øa

NEW ZE.ALAND

JENKINS,
'66',?t

ANTARCTIC

STOTT&KENNETT,
1990

BIOSTRATIGRAPHIC
INTERVAL

CARTER TI{IS
1958 STTDY

5

c6c a

Glúoqudtiød¿hircas
fubqdtíMddtisærú

Teslørinattlwttqù:ø
Aøhircællaæa APIO

f¡l
t<

J

25

26

n

?ß

29

30

3l

32

33

f¡l
É<

Pf
f¡l(J

Ê3
o
A

2

34

35

36

37

38

39
Pt4

j
d

o
Éo
bòÐr
E6
Ës

and for
at the top of EoPical
(Frnlay) is close
Mioc¿neinNew

--
'A

CI

c9

c8

cl1

cr0

ct2

ct5

cl3

cl6

cl1

Y¿2

b

P2t-1-

P19

P20

P18

Pl6

Pl5

Gtobigcriø øgtlírúurulit/

Gbbomtalia (1.) oPim s.s.

fubig*itø ugulkøurdís

Globi7eñru sellül
P s udolwti geiø fu ,fubaÉit

C'lobigeñtø ürtPlioP edw

Globi&tiø trywiqßk

ùibmhntkmùø itfuta

Gø go rt uü/G(L) centrulìs

Globigerapsb maicøø

G. cþemewis

G, ØtpliqPeíwa

Gbbomtalit(L)
opfuna opitrø

Cu si geríreIh chíPolzr il
Pseufulustigerîrunicru

P ott bulqlv¿ ru s øüttwhta

Gbbigøimcuqelm

Globigairulobimda
- u|iporcùbs

G.lìrupeíø

Gbbigeñnteuqertw

Globigcri^a ( S) tgt7omid2t
øginmides

Globigcrínt brcvit

Globiged,a(S) linq.tu

Chibgrenblirc cttb*sis

Gbbigqiøcuqcra.tu

Suüotfiø øgiPorcides

Gbbigerinztln*a ùùt

fubomtùifussut¿ri

b

-APl4-
a

,|

a)
API6

API3

APII

API2

4

3

G

H

E

F

D

c

B

A

o
d

N0\o\

cl8



TIæ otigocene of southcrn Australia: ecostrafigrapþ and taxic overtufn in ncritic forwninifera 26

cha¡acteristically grey-green to almost black silica-rich ca¡bonates of the Blanche Point

Formation to the yellow-red-brown calca¡enites to sandy and cherty bryozoan-rich

calcæenites of the port willunga Formation. This sequence can be taced in subsurface

bores in the Willunga Embayment as fa¡ as Mclaren Vale, some 13 hns inland (Cooper,

lg1g),and also subsurface in the Adelaide Plains (Lindsay, 1981). The break is interpreted

to mark the beginning of the ventilation of the St Vincent Basin at the end of the Eocene

consistent with the development of psychrosphere (McGowran & Beecroft, 1986;

McGowran, 1989; McGowran et a1., lgg2) (see chapter 4 for a detailed discussion).

Biostratigraphic criteria for the demæcation of the boundary are complicated by discrepan-

cies between topical and temperate zonal schemes (Fig. 3.1.3). The significant uopical

index species Turborotalia cerroazulensis (Cole) is rare in southern Ausralia where only a

few badly preserved specimens have been observed coincident with the Tortachilla 'warm

ingression' from subsurface Adelaide Ptains (Lindsay, 1981) and from Browns creek

McGowran, 1989). CribrohøntkeninainJtata Howe is absent, so the last appearance of

both these species, as criteria for delineaûng the boundary, is more reliably based upon other

events. Hantkenina disappears well below other significant events in South Australia but

the last appe¿¡rance in the northem hemisphere is recorded in the top of Chron C13r in the

Massignano section in Itary (coccioni et a1., 198?; Brinkhuis, 1992). Some planktonic

foraminiferal events appef¡r to fit well with the calca¡eous nannofossil events, particularly the

global last appearance of the rosette-shap ed Discoaster barbadiensis Tan and D. saipanensis

Bra¡nlette & Riedel at the base of NP21 in Chron C13r. Gbbigerinathel<n index (Fnlay)

disappears close to this level and there seems to be no evidence of diachrony at high latitudes

in this useful event (Berggren, 1992)'
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3.1.4 Reconciling global correlations: establishing relations with New

Zeailainú and beYond

There are obvious taxonomic similarities with New TnaLandfaunæ and thus conelations

have been attempted at various times using planktonic foraminifera (Finlay,1947; Cæter,

1958; Hornibrook, 1961;Jenkins, l97l;Ludbrook, L97l; Hornibrook, 1989)' Previous

work has attempted to coru¡truct 'local' southern Australian zones using material from basins

with differing environments of deposition and limited exposure of coætal sections. This is

complicated by inconsistent biostratigraphic conEol from drill-core samples in subsurface

sections. Ludbrook and Lindsay (1969) noted ttre slight discrepancies that existed in the

ranges of imporøntplanktonic species from southern Ausüalia and New 7æalandbut recog-

nized the importance of building a regional scheme to furtlrer correlations with East Africa

and Trinidad.

Figure 3.1.3 shows the conelation of some of the zonal schemes from low to high latitudes'

In southern Australia, the lower boundary of the G. (S) Iínaperta zone is marked by the last

appeamnce of.Tenuitella aculeata (Jenkins) while the top was the equivalent of the Eocene-

Oligocene boundary and correlated with the top of the tropical planktonic Zone Pl8 and the

last appeæance of Subbotina linaperta (Ludbrook & Lindsay, 1969)' Ifi this study the

boundary is defined by the last appearance of Globigeritutheka ind¿x ' an event common to

both New Znalandand southern Australia, and very close to the upper boundary of Jenkins'

G.brevís zone in New Zealand. As the G. brevís zone is not recognized in southern

Austatia there is some disparity with New Zealand in the early Oligocene' The ba'se of the

G.euapertura zoieis marked by the læt appearanc e of. Chitoguembelina cubensis @almer) at

the Zone Pzlalbboundary, while in New Tnalandit is malked by the last appearance of

G.(S) angiporoides at the base of zoneP2l. Ludrook and Lindsay recorded the

Guembetitria stavensis Bandy (=G'triseriara (ferquem)) zone occuning between the final

appearance of ch. cubensis and the last appearance of G. triseriata. This zone is not recog-

nized in New Zealand. Finally, the top of the G.euapernrazor\e is correlated to the first

appeafance of. Globoquadrina dehíscens (chapman, Parr & collins).
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In summary; the planktonic foraminiferal zones corresponding to the New Zealand

Whaingaroan Stage, the Gtobigerinabrevis zone and the Globigerittn angiporoides angi-

poroideszone, overþ with the Duntoonian Gbbigerina euaPertura zone (Jenkins, 1971)'

These are the equivalents of the South Austalian Aldingan, Willungan and Janjukian Stages

respectively (Figure 3.2). T\eLAD of Gtobigerinathekaindex (Finlay) conelates with the

base of zonepll , close to the FAD of G. euapertura Jertkins and close to the top of chron

c13r at the Eocene-origocene boundary (Jenkins, r97t;Hornibrook et 41., 1989). The last

appearance of. s. tinaperta occurs at the Runangan-whaingaroan boundary in chron c13r

but in South Australia at aboutthe middle of Chron Cl2r. Apart from this discrepancy most

of these datums fit well with those from South AusEalia and in the case of. G.index with the

deep sea record of Berggren et al. (lgg2). Subbotina angiporoides (Hornibrook) disap-

pears at the Australian \Millungan-Janjukian Stage boundary and appears to correspond to the

top of ZoneP2} at the bottom of Chron Cl1n2'

The oligocene of New Tnatandis described as a period of widespread transgression with

deepening facies in the Te Kuiti Basin in the North Island and extensive limestone deposition

in the Canterbury Basin (Homibrook et al., 1939). Eæly Oligocene (Lower Whaingaroan)

shallow water benthic foraminiferal faunas a¡e dominatedby NoøroøIia-Gyroidinoides and

smaller rotalid assemblages after the disappearance of wann water species that survived from

the Eocene . Lateoligocene faunæ include such distinctive benthic species asVictorielln and

pararonliaalong with many lagenid and polymorphinid taxa- The plankton includes species

cornmon to the early late Oligocene in southern Australia such as Tenuitelinitaiuvenilis

(Bolti), Tenuitella rund4(Jenkins), Glabigerha euapefrur7 and Guembelitriø triserian

(Ierquem). G.triseriata, an important index species in southem Australia, has a continuous

range from the early Eocene to the early Miocene. A similar range applies to the cha¡acteris-

tic Janjnkian benthic species Víctorietta conoidea(Rutten); in New 7*alandthe range extends

beyond the Oligocene-Miocene boundary into the Altonian (late eæly Miocene, N7) while in

southern Australia it is not recorded above Zone N4. These differences suggest that l0cal
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B 2.5Mt
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Table3.lstlmmarychaftoflntervalsAtolcorrelatedtotherevisedgeochronology,foraminiferal

events in southem Australia and significant benthic taxa chafacteristic for each Interval' DuratioDs of each

interval a¡e calculated and estimated from Berggren et al. (194). LAD = læt appearance datum' FAD =

iust appearance datum.
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palaeoenvironmental constaints wereimportafit in ttre distribution of these species in the

middle Tertiary

The conelation of low- and high- latitude zonal schemes suggest the bæe of Turborotalia

cenoaiulensis can be the matched to the last appeuanc e of. Globigerinathelca index n

southern Austalia. The top of the G. labiacrassata-angiporoides zonecorrelates with the

Zonep2latbboundary while the base of the G. angulísuturalis zone conelates with the top

of the G. tríserian zone providing some correlation of low- and mid-latitr¡de zonal schemes.

3.l.5Localchronologicalintervalsdefined(Table3.1)

The base of interval zone A is proposed to be the equivarent of the base of the Tortachilla

Limestone in ttre late Eocene Blanche Point Formation in the St Vincent Basin' while the top

is tied to the prominent facies change from the opar-cr-rich Gull Rock Member to the opal-

A rich Perkana Member, estimated to be cl0se to the bottom of chron c16n1' Biostrati-

graphic control for this inærval zone boundary is very poor but it appears above the last ap-

peafance of Hankeninøl Figure 4.1 shows ttrat this zone marks the onset of a 'warm in-

gression, and commences with the transgressive sequence tfact of cycle TA4'1' Zone B is

equivalent to the upper part of Carter's faunal unit 2 (Carær, 1958) and ranges up to the

Eocene-Oligocene boundary at the top of Chron C13r. The top is mæked by the last

appearance of G.indexand P. insolítø (Jenkins)'

The inærval zonecfDboundary, recognized by the locar first occurrence of. G. triseriata and

the local last appearan ce of Subbortnø linaperø (Finlay) just below theZone P18/19

boundary in the lower paft of chron cl2r. The c/D boundary also corresponds to the first

occruïence ofthe chert-carbonate association characteristic ofthe oligocene southern

Australian stratigfaphic record occturing in the Ruwarung Member of the Port Willunga

Formation on the eastern side of the st vincent Basin and in the Gambier Limætone in the

onvay Basin. The top of interval zone D corresponds to the top of chron cl1n and is

marked by the the last appearance or. s. angiporoides. This is close to the level of inflection
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point in the major increæe in the õ18o curve (oi2) of Miller and Kenr (1997) and Miller and

others (1991) (Fig 3.1.1)

If the Zonep¡latbboundary is placed at the bæe of Ch¡on C10n2 @erggren & Miller,

1988), ihen according to the revised Otgocene timescale it is slightly older than 28'5 myrs'

The biostatigraphic criterion is the rast appearance of the biserial heterohelicid planktonic

specieschi loguembelina cubensis and the sporadically occurring cassigerinellawinniana

(Howe). The costate morphotyp e of. chiloguembelina can be consistently identified in each

of the basins. Bechnan (1957) commented on the presence of. chiloguembelina in both re-

stricted facies, with very low planlCon, and more open ma¡ine facies and suggested that the

genusmaybeanimporuntconelativetool.Thelastappeafanceof'Ch.cubensjshasbeen

confirmed as a isochronous tropical and temperate datum by Jenkins (1966). This useful

eventmarks the boundary between zones E and F. The last appearance of Guembelitriø and

the first appearance of the distinctive planktonic speciesG/obigerínø angurisuturaris Bolli

heralds the onset of the 'thin' G.angulisuuralis zone. This is followed by the first

appearance of. Paragloborotaliø kugleri sensu tnø (Bol\) and marls the bases of zones G

and H respectively. Spezzafeni (1991) argued that the fust appearance of P' kuglerí sensu

strictooccus at the origocene/Miocene boundary and that the ancestar form of P. fugleri

first appears in Zone P22. lfithis study there has been no attempt to discriminate between

forms in the tansitional series and therefore the first appearance of P' pseudokugl¿n (Blow)

is used as the middle zonev22datum. Intervar zone I, equivalent to a partial range zone, is

marked by ttre first appearance of Gtoboquadrina dchíscew sensu stricto at the Zone N4a/b

boundary that crosely follows the rast appearance of Gbbígerina euaper-tura at the oligocene-

Miocene boundarY.

According to these correlations the Eocene-oligocene boundary is interpreted to conespond

to the type I sequence boundary at the top of Chron C13r that accords with the zone B/C

boundary.Followingthiseventtheuansgressivesequenceüactof3rdordercycleTA4.4

should occur at the top of Zone p18 in Chron C12r (interval zone C) and a sequence
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boundary (1A4.4t4.5type2 SB) is in the middle of zone D and planktonic foraminiferal

ZonePl9.

Sequence stratigraphic surfaces allocated by Haq and others (1987) to the laæ Oligocene

have btbn: the MFS of T81.1 at the late/early Oligocene boundary (Chron C10n1)' a

sequence boundary between TB 1.1 and 1.2 at the top of Ch¡on C9 at the base of P22 (tttis

shoutd occur very close to the interval zone F/G boundary), the MFS of T81.2 at the top of

Chron Cgr in the lower part of interval zone G, theTBl.2tl.3 SB nea¡ the middle of interval

zone G, the MFS of TB 1.3 at the base of interval zone H at the base of Chron C7, and the

tlpe 1 SB near the middle of interval zone H at Chron c6cn3.

PART 2 . LOCATIONS AND STRATIGRAPHY

3.2.L Overview

The St Vincent Basin began to form in the middte Eocene following the reactivation of

paleozoic faults during the separation of Australia and Antarctica (Falvey &Taylot,I976;

Cooper, 1935). The Willunga Embayment began to accumulate Tertiary sediments at this

time with the deposition of the non-marine and marginal deltaic facies of the North Maslin

sands on top of permian rocks. There is a relatively continuous Tertiary record accessible

from outcrop until the middle Oligocene where there is an angulæ unconformity between the

Ruwarung Member of the PortWillunga Formation and the overlying late Pliocene Hallen

Cove Sandstone, afær this Oligo-Miocene sediments are represented in sub-surface bores in

the Willunga Embaymenr and the Adelaide Plains Sub-basin (Lindsay, 1981' 1985).

The Munay Basin is a saucer shaped, intra-cratonic shallow ma¡ine sedimentary basin that

extends from western Victoria and New South Wales to southeætern South Australia.

Lower Cretaceous sediments of the Otway Group æe overlain by a series of Paleocene and

Eocene sands and carbonaceous deposits that represent succession of shallow ma¡ine incur-

sions since the late Paleocene/early Eocene. The latest Eocene deposits are glauconitic,

3T
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shelly, and æe dominaæd by grey pyntic calcarenites and sands; this represents Buccleuch

Formation and their equivalents. The most prolonged of these invasions, that resulted in

shallow water ma¡ine deposition, began in ttre Oligocene and continued into the Miocene

(Brown et al., 1968; Lindsay, 1973;Brown & Radke, 1989). The Ettrick Formation

(=.Ettlck Marl,) of oligocene age overlies these sediments and consist of glauconitic, fossil-

iferous mæls and clays overlain by bryozoal limestones and calcarenites representing the

oligo-Miocene Duddo Limestone. The Ettrick Formation is easily recognized from electric

logs showing lesser resistivity than overlying Duddo Limestone (Lawrence, 1975) and is an

imporuntpermeability barrier in the Munay Basin aquifer system (Brown & Radke' 1989)'

The thickest sequence of the ma¡ine component of otgo-Miocene Murray Group is on the

eastern side of the basin, while the western equivalents are represented by the marginal

marine winnambool Formation and the Geera Clay @rown & Radke, 1989)' Palynological

studies have suggested that towa¡ds the end of the oligocene and into the Miocene' floras

changed from Nothofagøs dominated assemblages, characæristic of year-round rainfall

conditions, to assemblages dominated by Myrtacea and Casuarinacea mofe typical of

seasonal climatic conditions (Macphail & Truswell, 1989; Martin, 1989), these observations

are consistent with a global shift to a drier and more seasonal climaæ' The more equable late

oligocene conditions seemed to have persisted in New T/Jaland as Nothofagus brassi fOrests

covered most of New Zealand until the late Miocene (Mildenhall & Pocknall, 1984)'

A hiatus is recorded in the early to late Oligocene but this is much more prominent in the

western or south Ausnalian pal't of ttre Basin. The Munay Basin is separated from the

otway Basin in the south by the physiographic banier of the cambrian to ordovician gran-

ites of the padthaway Ridge. There is a contrast in palaeoenvi¡onments: the otway Basin,

that was more open to oceanic conditions; and the relatively resEicted environments of the st

vincent and Murray Basins. The otway Bæin contains pennian deposis at the base, that

are overlain by Lower Cretaceous interbedded mudstones and sandstones of the Otway

Group, followed by upper cretaceous sandstones and glauconitic siltstones of the

Sherbrook Group. These are overlain by a reasonably continuous Tertiary sequence of
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fora¡ninifera and bryozoa-rich limestones. The onvay Basin is reratively undeformed and

there a¡e few exposures, as a consequence most of knowledge of the sequence is derived

from sub-surface bores.

es a part of a Munay Basin hydrogeologicat survey commenced in ttre 1980's Mines and

EnergySouthAustralian(MESA)undertookanextensiverotarydrillingprogfÍtÍme.

Material from this survey (from locations in shown in Fig' 3'2'l) was obtained from

MESA's storage facilities in Adelaide. These sarnples are suppleme¡ted with previously

investigated materiar (for biostatigraphic studies) from observation bores drilled in the last

three decades.

3.2.2 STRATIGRAPHY IN THE ST VINCENT BASIN

The sfiatigraphic succession in the St Vincent Basin is largely a function of the localised

structural and tectonic contols. Silica-rich and calcæeous clays to calcarenites, calcilutites

and bryozoal limestones outcrop at Maslin and Aldinga Bay, 3zkrfl south of Adelaide' these

are the middle to rate Eocene Blanche point Formation to tlie rate origocene type section of

the Port wiltunga Fonnation within the willunga Embayment of the st' vincent Basin' The

package of sediments thickens basinwards and towards the Willunga Fault in the south

(cooper, lg1g). The section forms basinward facing cliffs and are the most complete in the

st vincent Basin though oligo-Miocene coast¿l exposures do outcrop on the westem side on

the Yorke Peninsula (Stuart, 1970)'

In the wilrunga Embayment the coastar expos.oes incrude middre Eocene fluvial deposits of

the North Maslin sands at the base to the late Eocene silica and organic-rich Blanche Point

Formation (Fig. 3.1.2). The silica-rich Blanche Point Formation are probably part of a

global late Eocene 
.silica window' that includes the oa¡nanr Diatomiæ in the south Island of

New Zealand and the yumaque diatomite from the East pisco Basin of peru documenting a

particular configuration of environmental and physiographic parameters (Marty et al'' 1988;

Marty et al., 1989; McGowran, 1989b). Lindsay (1967) summarized the biostratigraphy
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from the Chinaman Gully Formation to the middle oligocene. The Port Wiltunga Formation

is subdivided into the lowermostAldinga Member of the Australian Aldingan Stage and the

characteristic chert-bearing Ruwarung Member (cooper, 1977)' at the top, that partly

encompasses of the late Oligocene Janjukian stage. This interval includes the lower of the

chert-carbonate ¿u¡sociations in the early Oligocene (Fig. 4.1).

3.2.3 Previous correlations with 3rd order sea level cycles

In figure 4.1 the Tortachilla tansgression is correlaæd with TA4'1 3rd order cycle and a

W'2SB separates the Tortachilla Formation and the Tuketja Members of the Blanche Point

Formation. The hard opal-CT bands of the Gull Rock Member a¡e the result of transgres-

sive sequence tr¿rct of 3rd order cycle T!4.z,while the opal-A dominated Perkana Member

correlates with a highstand sequence tracl Another type 2 SB marks the boundary between

the Perkana Member and the next Eansgressive sequence uact of the Tuit Member' In these

rate Eocene units there is a conspicuous corïespondence between the occurrence of the hard

opal-cT horizons and the proposed positions of transgressive phases in the third order

cycles.

The Chinaman Gully Formation has been identified as the type 1 sequence boundary cone-

sponding to boundary of 3rd order cycle sTA4.3t4.4 on the Exxon global cycle scheme

(McGowran eI a7.,lgg2). The overlying Aldinga Member is the equivalent of the Lacepede

Fomration in the Otway Basin and corresponds to transgressive sequence tract for TA4'4'a

prominent and ubiquitous event that occurs across all basins. There is a striking contrast

with the underlying Blanche Point Formation. The lowermost unit of the Aldinga Member

consists of cross-bedded sands that are intensively burrowed at the top, the opal-A-CT

alternation is absent, sediments are red-brown bryozoal calcarenites and calcilutites'

interbedded with occasionar cray-silt and carbonate-nodule horizons. The top of the Aldinga

Member is a lithological boundary most obviously characterised by ttre appeafance of chert-

nodure horizons in the Ruwanrng Member and can be correrated with the lower member of

the Gambier Limestone in the onvay Basin. These nodule-rich horizons alternaæ with the

34
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nodular/arborescent bryozoa horizons dominated by the Cheilostome bryozoan Celbpora

that afe today characteristic of deep-water and low energy environments (Bone & Ja¡nes'

1gg3). It is proposed that the chert-nodule horizons conespond to increæed carbonate to

clay ratios and that bryozoal chert-free horizons represent increased clay content during

relatively quiet depositional cycles. The port willunga Fonnation represents the ventilation

of a previously mofe stagn¿lnt Embayment ttrat is probably an allocyclic signal of the

developing psychrosphere (McGo\ilran et al', 1992)'

Lindsay (1981), from borehole studies, recognized the occurrence of the Aldinga Member

beneath the Adelaide city a¡ea and described a 'typical' Aldinga Member planktonic

foraminiferal æsemblage that included Cassigerinella chipolensis (Cushman & Ponton) in

the presence of c. winniana , subbotina linaperta , Praetenuitella insolita (Jenkins) and T

aculeata (Jenkins), with the latter species being mostly resficted to the lower sandy facies.

A sequence of events are recognrsed close to the base of the Janjtrkian Stage consisting of

the lower range of the distinctive benthic species Vicørietla conaidea (Rutten)' followed by

the last appearance of Ch. cubensß,closely followed by the la'st appearance of the fiserial

planktonic Guembelitria triseiata (Ierquem). Ludbrook and Lindsay (1969) found the

succession of the heterohelicid datums with rare globigerinids an important tool to help

conelate sequences in the Munay, St Vincent Basins and more open marine sequences in the

otway Basin. The succession could be identified in both the St vincent Basin in South

Australia and the Torquay Basin in Western Victoria (Lindsay, 1981)' These events are

succeeded by the last appearance datum of the benthic species Bolivittopsis cubensis

(Cushman & Bermudez) (McGowran' L97l;Lindsay' 1981)'

Guemberitria triseriatø hæ been suggested to be a cold-waær indicator that made its last

appeafance early in the late oligocene at the top chron c9 in zoneP2lb,conelating with the

beginning of the warming trend towafds the end of the Oligocene (McGowran & Beecroft'

1gs5). It is thus an important index species in southern Australia and its pattern of

distribution in the Oligocene may go some way to distinguishing a significant step in



Tlu Otigocenz of soutlwrn Australia: ecostraligrapþ andtaxic overturn inncriticÍoraninifera

separation of Antarctica and Australia and the development of the circum-Anta¡ctic current

(Jenkins, L97};McGowran & Beecroft, 1985). Subbotina angiporoides disappears close to

the top of the Ruwarung Member and is interpreted to be equivalent to ttre last 'solid'

appearance in the Otway Basin in the middle of ttre Lower Member in the Gambier

Limestone. This correlates with ttre top of.ZoneY2} atthe bottom of Chron C10 that is

designated the interval zone DÆ boundary.

Lindsay (1981) suggested that the '30 million year event' ( the Exxon TA4/TB1 supercycle

boundary) is reflected in the change from the chert-rich Ruwarung Member to the sandy,

coarse-grained quartz-rich 'upper Janjukian unit'. He could not recognize the'expected'

major regional unconformrty. This event is recorded by Holdgate and Sluiter (1991) in the

Gippsland Basin and they suggest that this is followed by five Eansgressive events in the

late Oligocene, contrary to the four predicted by Haq and others (1987) in the Cenozoic

Global Cycte curve. They go on to suggest that the Gippsland Bæin may be more sensitive

to sea level rise due to low continental topography. Accordingly, with minor caveats, they

conclude a reasonable correspondence between Gippsland Basin cycles and Exxon 3rd order

cycles for the late Oligocene.

3.2.3 STRATIGRAPHY IN THE MURRAY BASIN

SADME MBT 5' Wirha

Bore MBT 5 is located at Wirha around 170 lsn east of Adelaide in South Awtralia on ttre

western margin of the Murray Basin. The bore, drilled by Mines and Energy South

Australia in eæly 1990 as a part of a hydrogeological suryey, intersected sandy non-ma¡ine

facies with plant macrofossils at around 190m. After a non-marine sandy unit there appears

to be a hiatus as the ma¡ine deposits show a sequence of foraminiferal events suggesting the

section spans the late-early Oligocene to end of late oligocene. Foraminifera were present

from close to 190m at V/irha but assemblages became depauperate at the top of the cored

section. Ch. cubensls makes its last appearance close to the base of the section near 189 m

about a meEe above the last appeafance of. c. winniana. Tlrc last appearance of G. triseriata
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is recorded at 182m and this is the inærval zone F/G bounduy. Bryozoa and shell

fragments are a common feature and a sandy, glauconite/faecal pellet-rich horizon occurs

around 177m. G. euaperura ranges almost to the so the section is considered to range at

least as far æ interval zone H with no biosüatigraphic evidence for the zone GÆI boundary

Lindsay and Bamett (1989) reported woody material from the base of the Monæh 1 well, is

equivalent to the sandy-shelly carbonaceous unit close to 160m depth at Waikerie (Lindsay

& Bonnett, lg1l),and is inærpreted as the the Moorlands Lignite Member (=Moorlands

Coal Measures). Samples from shallower depths show facies changed to glauconite-rich

and faecal-pellet-rich bryozoal calca¡enites with abundant shelly faunæ that appear to be

marginal marine. The event is well represented in this part of the basin as the 'middle-

regressive rmit' of the Buccleuch Formation (Lindsay, 1981), where Zone P18 and part of

Zonep!9 are unrecorded. From the township bore at Coonalpyn Ludbrook (1957' 196l)

recorded the last rrre occurrence of G. indexclose to 3I2ft.(95m) and the last appearance of

S. Iinapertaabove this at 257ft.(77m), so the earliest Oligocene is represented by a hiatus

somewhere between these events in 'Buccleuch A' above a glauconitic 'marly'limestone and

some 66ft (20m) above carbonaceous clays. More late Eocene deposits appear to be

presenred at Coonalpyn than the above locations'

SADME Waikeríe, Dunstan Road(p/n 26508)

Drilled in 1990 the bore intersected early to laæ oligocene Ettick Formation between 184 to

120 metres. The stratigraphy consists of calca¡eous muds and sands changing to dark grey

calcilutites and calca¡enites at aroun d 142m. The Oligocene succession is confirmed by: the

last appearance of 
^S. 

angiporoides (Homibrook) at the base, the last appearance of

Guembelitriatriseriata at 150m, and (althoughChibguembelina is absenQ the Iæt appear-

ance of tlre benthic species B. cubensis above these events at 142m. Vicøriella conoidea

makes its last appearance at the 130 meüe level after a short interval' The top of the bore

may have intersected Miocene Mannum Formation but the boundary is difficult to identify

with sparse planktonic faunas though there is a rare occrurence of Glaboquadrina dehiscens
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(chapman, Pa¡r & collins) at the 132m level. This may be due to some downhole

contamination and reworking at the top of the section. The tithologies penetrated consist of

sands at the base grading up to fossiliferous and glauconitic carcareous sands and clays with

occasional chert, particularly in the lower part of the section, to fossiliferous calcarenites at

ttre top. Evidence from an biosratigraphic and stratigraphic data suggests ttrat this section

ranges from Zone P20 to ttre top of.ZoneY22 or interval zone D to possibly zone I'

SADME Waikerie, Bore WAK t''2W'

h 1965 SADME drilled an observation bore to a depth of around 235m' some 3'5 kms

south-southwest of the town of waikerie. Published biosratigraphic work by Lindsay and

Bonnett (1971) suggested that the interval between 155 and 86m intersected oligocene

Ettrick Formation and the early Miocene lower Mannum Formation' Their early study was

of the biosüatigraphic succession using a composite of three bores (2W, 27W and 28W)

drilled within 2 kms of each other. 2W was seen as particularly useful as it was extensively

tube-cored during drilling, so biostratigraphic contol was substantially improved'

The inærval of interest intersected, at the base, lithologies of 'typical' Ettrick Formation

ranging from glauconitic and limonitic calca¡eniæs with fine-grained sand but around l42m

grey chert appeared in the core (Lindsay & Bonnett, 1971). An indication of the presence in

the Murray Basin of the chert-nodure marker horizons chæacteristic of Ruwarung Formation

of the St vincent Basin and the Gambier Limestone in ttre otway Basin. It is proposed that

the interval investigated ranges from the base of interval zone F into zone I or from Tropical

planktonic zoney2rato the top of Zone N4. Because the succession sampres a l0cation

close to the inner basin mægin it is considered to be sensitive to fluctuations in sea level and

condensed compared to coeval sections in the onray Bæin (Lindsay, 1973)'

SADME bore Magrath Flat 1 (p/n 23074)

Located in the southwestern part of the Murray Basin in south Australia the bore was drilled

in 1990 by the South Ausualian Deparünent of Mines and Energy' Drilling intersected

Permian calcareous, clay and silt close the base grading up to sandy marls and glauconitic



Thc oligocerc of southcm Australia: ecostraligraplry and taxic oveftum in ncritic foruninifera

calcarenites with a graduar increase in sand and silt from around the r00 to 90 metres inter-

val. Following this there is a tansition to grey sandy marls with bryozoal fragments'

co'ectivery the units comprise the permian cape Jervis Formation and the late Eocene to

eæly Oligocene Meningie Marl, that is the equivalent to the Buccleuch Formation in other

paltsofthebæin,andtheseoverlythesedimentsoftheRenmarkgroup.Thelocationis

imporønt as it sarnples the sequence south of the Padthaway high and thus conüasts well

with the northern bores. The foraminiferal succession indicates typical late Eocene assem-

blages (intervar zone B) at the bottom of the investigated interval with the characteristic

plarktonics Globigerinathel<ø index, Praetenuitetla insolin and Pseudoløstigeinn micra

(Cole).

G. ind.ex makes its last appef¡fance at a¡ound 96 metes and this event is followed by the

first appearance of Guembelitria atlhe 87 metre level. The Eocene-oligocene boundary is

locaæd between these nvo events. Above this event the stratigraphy consists of a dark marly

limestone to 84m, close to the last appearance of' S' linaperø andthe first appearance of G'

triseriata. The statigraphy alters to an off-white limestone with occasionar bryozoal and

blackflintfragments(Beecroftetal.,inpress)andthismarksthebaseofintervalzoneD'

equivalent to the top of Atdinga Member in the willunga Embayment and ttre Lacepede

Formation in the otway Basin. G. triseriata and ch cubensis make final appearances

around the 60m level and this appears to be within zoneP2l or zone E'

3.2.4 STRATIGRAPHY IN THE OTWAY BASIN

INTRODUCTION

The Gambier Basin of the onray Basin in southeastern south Australia wfN a more open

ma¡ine basin (Fig. 3.2.1),with atl sarnples investigated showing much higher planktonic to

benthic ratios. Ludbrook (1g71) reported that the Lacepede Formation is typically developed

on the padthaway Ridge and is present in all wells on the western side of the onvay Basin.

It is of early Oligocene age and is overlain by Oligocene to Miocene Gambier Limestone'

Taylor (1971) reviewed the depositional history of cainozoic facies in the otway Basin in
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Victoria from subsr¡rface data, and mapped the geographical extent of lower and upper

Oligocene sediments. He suggested that there was a diachronous transgression that ex-

tended over most of the otway Basin and for the first time in the Tertiary extended to around

the northern margin of the otway Ranges High. The maximum üansgression occurred in

the earliest Miocene and oligocene and lower Miocene equivalents could be detecæd in the

Bass Bæin. The .thin' local range zone of Gbbigerína angulisuturall,s identifred by Lindsay

and Bonnett (1971) in the Munay Basin, suggesting more open ma¡ine influence, correlates

with this maximum ransgression. These observations in turn correspond to one of the

seven warming/transgressive episodes in the Adelaide city area recognized in the Port

willunga Formation (Lindsay, 1g81) and the increasing open marine influence exerted in the

Otway Basin at this time (McGowran, 1979)'

Gtenie and others (196g) attempted to fit estimated pattems of sea level fluctuation with the

palaeotemperature estimates from southern victorian Tertiary molluscs' The major trans-

gressive phase appeared to coincide with a general warming trend except for a 'minor'

regression in the middre oligocene. The rate of sedimentation suggested for the Gambier

Limestone wus 2.3cms per kyr (James & Bone, 1989), which is within the range predicæd

by Nelson (1978) of I 5 cmvlryr and close to the 1-2 cmylcln of the oligo-Miocene

carbonates of New zealand(Nelson, 1978). This contrasts with the much lower rate of

sedimentation (0.g cms/kyr) suggested by Jarnes and Bone (1991) for the equivalent to these

rocks in western Australia the laæ early Oligocene to early Miocene Abrakurrie Limestone

in the Eucla Bæin. There is sedimentological evidence for periods of non-deposition,

particularly the lower writ 1=1¿1e Oligocene), that conesponds to a gradually rising long term

sea level cycle punctuated by oscillating short tenn cycles.

SADME Observation Bore 2 (ROS 10)' Robe

observarion Bore 2 (ROS 10) near Robe (Lat. 37'11'S and Long. 140'03'E) wæ drilled in

1970 by the south Australian Deparlrnent of Mines and Energy. samples were obtained

from 1.5 to 2m intervals and four open tube cores were taken. The samples contain evi-

dence of a wide variety of bryozoan depth-rerated assemblages that are dominated by delicate
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branching cyclostomes. The variations suggest palaeodepttrs through ttre Oligocene of shelf

to deep-shelf edge and estimates of around 10 to 200m (James et al., L992). The section

spans the late Eocene to the latest Oligocene, though firm establishment of bæes wæ

hampered by the relative lack of core material obtained at the time of drilling so that sludges

comprised most of the material. The Eocene-Oligocene boundary is located close to the

13lm level (core material), matching McGowran's (1971) original placement, and

corresponds to the last appearance of G. index and the calcareous nannofossil Discoaster

søipanensisBramlette & Reidell (Shafik, 1983), these events are immediately followed by an

unconformity.

The top of the Lacepede Formation is marked by a lithological change from glauconite- and

limoniæ-rich marls to bryozoa-rich limestones with chert-nodule horizons. This facies

change is close to the last appearance of. subbotina linapertaand the triserial planktonic

Guembelitria triseriatamakes an appearance very close to the distinctive benthic species

Vicøriella conoidea (Rutten). Aragonitic species, such æ Cerobertina lcalcahoicø Finlay and

Hoeglundina elegans (d'Orbigny) disappear and the assemblages became dominaæd by

Cibicid,e s spp., GIob o c as s i dulina and small globigerinids'

The planktonic foraminiferal succession conelates well with the generalized succession

recorded for the Oligocene (Fig. 3.1.1), with the last appearance of. S. angiporoides f.ot-

lowed by ttre last appeæance of. ch. cubensis and above this at æound the 57m level the last

appearance of. Guemb elitria trís eriata-

SANR \ryMC 507' Kingston

McGowran, Moss and Beecroft (1992) compiled presence/absence and abundance profiles

for a section drilled through the Eocene-oligocene boundary at Kingston in the southeæL

The section spans the earliest Oligocene to the latest early Oligocene. Waghorn (1985)

recorded the first appearances of the calcæeous nannofossil species Helicospheara rectaHaq

and Sphenolithus ciperoensis Bramlette & Wilcoxin,lvhile he reported the absence

ofChiasmolíthus oamrruensis (Deflandre) that disappears at high latitude towa¡ds the top of

Chron C13 (Wei &'Wise, 1990). Approximately I or 2m above this Guembelitria tríseriata
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makes a fhst appeatance close to the last appearance of. subbortna linaperta, and this marlts

the top of.ZonePlS near the top of the Lacepede Formation in the Otway Basin.

.Table 3.2.2 Summary of the geographical and temporal distribution of samples based

upon biostratigraphic criteria. Section locations, number of samples, snatigraphic thickness

in metes, estimated duration in P zones and local stages. T: Not included in cluster analysis.

location

Waikerie 2W (SADME) - WAK1 (6829-æ442)

Waikerie - Dunstan Rd (SADME P/N 26508)

n Samples (depth in metres) ranges'

stages

23 (155.4-85.3m) P21- toP N4

Janjukian

13 (182-120m) P2 1 -toP P22l?N4

Aldinean-Janiukian (Willungan+¡qþtigÐ--

Wirha, MBT 5 42 (192.3 - 165.4m) P20 -P22

Aldingan - Jan

Magrath Flat (SADME P/N 23074)

Maslin Bay - Blanche Point Formation f

Aldinga Bay - Port Willunga Formation

(McGowran & Beecroft, 1986; Moss, 1989)

10 (102-45m) P18-toP P21a

Janjukian (Willungan) - Janjukian

39 (33m) Pl5-bottom P17 (Chron C13r)

Aldingan

4a (55m) bottom P18-P21, PW and R series,

Aldingan to Janjukian

Browns Creek Formation - Aire Distict t
Robe OB2 (SADME) - ROS10 (6923-01566)

Mt Gambier RR65, RR66 (SADME)

DangerPointMG6 (SADME) - CAR1O (7021-

01099)

Abele's E series

Kingston, WMC507

Millicent E&WS T

1968

P15-P17 (Chron 13r) Aldingan

n 035.6-9.1m) Pl7-topP22 Aldingan -

Janjukian

(235.2-192.5, 127 .5-110.5m) PI7-P21, P22-

top N4, Aldingan - Longfordian

(126-20msampled in this study) P2l-top N4

,?N5, Janjukian - Longfordian

12 samples, Janjukian

25 (37 .5-22. 8m) P 17-P2lalb Aldingan :

Janjukian

(182.9-68.6m) ?P1 8-N4,'Willungan -

E&WS bore 3, Millicent (Earty oligocene to Miocene)see Appendix D
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At Millicent in the southeast an Electricity and water supply bore intersected cream coloued

limestones typical of the Gambier Limestone containing assemblages characteristic of

inærval zone C, including benttric species Kaneria pseudoconvexa (Pan) at the bæe'

through limestones with frequent to abundant chert containing the large distinctive Janjukian

species vícørieua conoidea ßutten) to a characteristic assemblage for interval zone I (rable

3.1)withchertabsent.ThesEatigraphyandthesuccessioncorroboratemanyofthe

observations from other localities'

There is a transition from theWillungan Stage with the top of interval zone D to the

Janjukian stage. McGowran (unpublished data) documented an interval of around 30 metres

of .crea¡n rimestone, with chert absent sandwiched between an 'upper cherty unit' of greater

than 40m and a .rower cherty unit' of around 21 mefres. At Robe the middte unit (=middle

member) is 26.5m and the lower member marginally thicker at 36m but the lateral persis-

tence of these units is conspicuous throughout the otway Basin' The base of the lower

member, at l34m,is close to the first consistent appearance of Victoriella conoidea and

marks the beginning of the Janjukian Stage'

Stratigraphy of SADME bore RR65' Mt Gambier

As pa¡r of the developing hydrogeological survey, in 1989 MESA (SADME) drilled bore

RR65 adjacent to the rakes at Mt Gambier. The drilling inærsected late Eocene arenites and

fossiliferous calcarenites at the base, with G.index present, above this a thick sequence of

calcarenites grade into calcæenites with chert (unpublished SADME report)' Eæly

origocene fossiliferous bryozoal carcarenites and carcilutiæs continue to a¡ound 192m, after

which extensive dolomitization interlayered with calcareous sand and clays make sampling

for foraminiferal studies difficult, and so biostratigraphic conEol is lost until close to the

r2'mrevel in the rate oligocene. These conerative doromitized carcarenite and calcilutite

horizons can be traced in the Otway Basin and is suggested to be present at a similar level in

the subsurface willunga Embayment (wLG 38; Cooper,lg79) and as far as west æ the

Heyword in victoria (Reed, 1965). This important interval appeafs to conespond with the
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onset of tlre type 1 (TA4.5/T81.1)SB. The upper paft of the section has chiloguembelina

cubesis and Guembetitria triseiata absent at the bæe but a few metres above this

G.angulisuturalis andT.pseudokugteri / kugleri are encountered, although the diagnostic

benthic species vicørielln conoideais absent" characteristic interval zone D species are

present including Kanería moaria(Finlay) andrexturariavertebraris (cushman). up section

the sequence of bryozoal limestones with common chert grades into Miocene fossiliferous

calcæenites and calcilutites with Gq. dehiscens present. The bore is capped by sub-recent

basalt and volcanic tePhra'

Otway Basin E series samPles'

Appendix D (Fig. 3.2.2fot locations)

Abele (1961) collected 180 samples from from quarries (e'g' sample E50) and outcrops

exposures in the otway Basin are deposiæd at the Deparünent of Geology and Geophysics at

The university of Adelaide. A selection of 12 samples with victoriella conoídeø present, a

characæristic Janjukian species, were examined and the absence or presence of benthic and

planktonic species were recorded. These data were included in ttre cluster analysis to

investigate similarities with assemblages from other intewal zones and locations (chapær 5)'

Browns Creek

The Browns creek Formation outcrops at Browns creek in the Aire District in the eastern

pafi of the Otway Basin (Fig. 3.2.1). The stratigraphy consists of the dark grey car-

bonaceous sands of Johanna River sands overlain by dark spiroculpus -rich clays and silts'

glauconitic , Notostrea-rich sands and above this bryozoal calca¡enites and calcilutites' and

sandy clay at the top that was considered by McGowran (19?8) to be the Chinaman Gully

equivalent in the otway Basin. The biostatigraphy indicates that the base of the Tortachilla

Limestone equivalent occurs close to the top of the Joha¡rna River Formation and the litho-

logicat transition to the sandy clays at the top of the Browns Creek Formation marks the

Eocene-oligocene boundary. In summary, the section spans the equivalent of the Tortachilla
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Limestone to the Chinaman Gulty Formation of the St Vincent Basin (Shafik' 1983;

McGowran, 1gg7) and it is therefore considered that the section includes interval zones A

and B.

3.3 CALIBRATING THE LOCAL STRATIGRAPHY

Figure 3.3 shows the conelations of each individual section with the chronostratigraphic

timescale. The Oligocene is spanned by 9 sections and by the E series samples of Abele

(1960) in the Janjukian of the otway Basin. The laæ Eocene is encompassed by the the

Blanche point Formation in the restricted st vincent Basin and the Browns creek Formation

in the more open ma¡ine Otway Basin. The critical aspect of the conelations in this study

are the synchronization of biological events, lithological changes and comparing them to

sequence statigraphy. Three stages characterise the late Eocene to the beginning of the

Miocene in southern Australia. The Aldingan Stage, redefîned by Ludbrook & Lindsay

(1966), stretches from the middle Eocene to the early Oligocene (mid P15 to P18), the

Willungan (near top of P18 to P21a) as proposed by Lindsay (1935) conesponds to the

New ZealandWhaingaroan Stage and this is followed by the mainly late oligocene @21a to

the top of N4) Janjukian stage. Biostratigraphic criteria suggests the top of the Aldinga

Member in the at Aldinga Bay and the Lacepede Formation in the O'nvay Basin coincides

with the last appear ance of s.linnpertct lnsouthern Austalia and close to the local first

appearance of. G.triseriatn,bulthese events are clearly preceded by the last appearance of

G.index in the upper paft of Chron C13r (Berg gren, 1992), therefore the fonner datums are

suggested to coincide with the top of Zone P18 in the middle of ch¡on cl2f.

The Janjukian Stage is refened to the upper Oligocene and lower Miocene by Singleton

(1941) and laær by Glaessner (1951). It has been divided by carær (1958) into faunal units

4 and 5 incorporated within theVicøriella conoidea Zone. Taylor (197t) reviewed the de-

positional history of Cainozoic facies in the Otrray Basin in Victoria from subsurface data

and mapped the geographical extent of lower and upper oligocene sediments. Evidence

began to indicate that the Janjukian Stage conesponded to the major transgression in the late
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oligocene and the early Miocene that could be correlated to the global late oligocene Eans-

gressive phase. carter (1g5g) proposed ttrat the latest Eocene and earliest oligocene was

absent in ttre port campberl Embayment and Martin (1991) suggested that dinoflagellate

evidence points to only a minor marine influence in the western paft of the Munay Bæin

fror tt e late Eocene to the Oligocene but was at its greatest in the early Miocene' The

durations and the boundaries of the l0cal stages appear to fall within the 2nd order sea level

timescales.
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3.4 Interregional correlation

correlation of oligocene southern Ausüalian sedimentary sequences with regional

stratigraphic patterns are constnrcted from a composite from the three sedimentary bæins.

The northwest Munay Basin has early Oligocene absent and there is a hiatus in the

HeytesburyGroup,attheendoftheearlyoligocene.Thisfollowstheequivalentofthe

Aldinga transgression in the eastern otrruay Basin (Glenie et a1., 1968)' The record of the

Oligocene in the Munay Basin hæ to be conshrcted from composiæ of sgatigraphic

sequences but the otway Basin has relatively complete sequences (Fig'3'3)' The st vincent

Basin has a well preserved record in the outcrop and subsurface sections. In neritic facies,

stratigraphic breaks can be conelated on a broadly regional extent' The oligocene record in

New Zealand is complicated by a complex of disconformities in the Notth Otago

stratigraphic succession and paft of the'G'. angiporoídes zone and the overlying G'

, euaperfina.zone is absent (Homibrook et a1., 1989) but the Gbbigerinølinapertazoîeis

correlated to the southern AusEa1ian T. aculeøta zone and is approximately equivalent to

interval zones A and B in the late Eocene while the G'euaperturTzone is intenegionally

conelaæd and represents zones.F to I. Quilty (1977) reports an hiatus over much of western

Australia between the late Eocene to rate early oligocene and the 'Ma¡shall Paraconformity'

is suggested to record the late-early oligocene type 1 sequence boundary in the New Zealand

region (Ca.rter et al., 1981). This is interpreted to be coeval with simila¡ erosional

unconformities in other deep-sea sections (carter & Landis 1972, Schröder-Adams' 1991)'

This apparently regional event ttrat is followed by a prominent oligo-Miocene transgression

that can be raced over a considerable regional scale that includes Africa (Brun et al', 1984)'

the Gulf Coæt and the middle Atlantic coastal plain of North America (Olsson et al', 1980;

Miller et al., tgg3),and can also recogni zednthe deep sea (Carter & Landis' 1972; Keller'

1983). In New Tnaland,the deposition of oligo-Miocene limestones equivalent to Gambier

Limestone, and perhaps Ettrick Formation, is recorded throughout the canterbury Bæin and

eastwafd along the chatham Rise (Hornibrook et a1., 1989)' The transgression'

commencing in the laæ Oligocene, culminated in a maximum in the eady Miocene in the

Otway Basin (Taylor, tgll) and is recorded as a major sea level high (in Zone N4) in the
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Latrobe Valley Depression in the Gippsland Bæin of eastern Victoria (Holdgate & Sluiter,

1991)

3.5 sitica and dolomite occurrence and their significance

Silica 
jch units are common to the late Eocene and Oligocene. Table 3.3 catalogues the

extent of silica occurrence in some southern Australian basins. Silica occurs as bands of

opal-CT in the Gull Rock Member of the Blanche Point Formation in ttre late Eocene and as

chert-nodule horizons in the Ruwarung Member and the Gambier Limestone of the

oligocene. Chert-nodule occturence has been used as a distinctive marker for recognition of

the ,Janjukian equivalents' in southern Australia (Lindsay & Bonnett, 1973; Lindsay &

Williams, 1977;Lindsay, 1981), and though valuable correlative tools, to date there has

been no comprehensive geochemical study of these enigmatic chert-carbonate associations'

There is a distinctive break in chert-bea¡ing sediments in the Gambier Limestone and this ties

in with expected sea level fluctuation for the Oligocene in the Otway Basin (Fig' 4.1). The

implications of widespread silica deposition (in the form of chert) across the southern margin

during the Oligocene as been discussed by other at various times (Heath, 1974; Brewster'

1980; Lindsay, 1981). Baldauf (lgg2) reported that the middle Eocene' latest Eocene to

eæliest Oligocene and laæst Oligocene to Miocene corresponded to an expansion of

biosiliceous sediments in southem high latitudes that most likely represented the floral

response to the development of the Antarctic cryosphere. Turnover in diatoms reached its

minimum in the middle of the oligocene with only l0% of thetotal æsemblage and first

appearances absent. There is a salient coincidence with these events and the sequential

occtnrence of chert-cæbonate associations on the soühem Ausüalian margin, even though

no siliceous tests have been reported from these horizons. The explanation of the precise

mechanism of chert-ca¡bonate altemation is seemingly complex and involves va¡iations in

the productivity of botfr carbonate and calcareous organisms (Decker, 1991)' Butthe ttrree-

part coincidence of the wide disnibution of the associations, excursions of the oxygen

isotope curve to lower values, and tansgressive events suggest allocyclic rather than

autocyclic causes.
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The conelatable dolomite rich horizon that intemrpts the süatigraphic succession in the

Otway Basin and can be traced, at a simila¡ level, from a sub-surface bore in the St Vincent

Basin to the orrvay and Gippsland basins, and is a marker for the late/early oligocene. sarg

(19gg) proposed a mechanism for similar episodes of extensive dotomitization (mixing or

hypersatine), suggesting there was a basinwæd migration of meteoric waters during a late

highstand preceding a type 1 sequence boundary'
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LATE OLIGOCENE-

MIOCENE

earlyLATE

OLIGOCENE

EARLY OLIGOCENE

Occasional chert nod-

ules in sub-surface

sections, Pt Willunga

Formation (LindsaY,

1981)

Abundant sandY

dolomite (e.g. 195-

I44m in WLG38,

late

Inærbedded chert-

nodule horizons in the

PortWillunga

Member;in outcroPs

on the western side of

St Vincent Basin on

the Yorke Peninsula,

e.g. Rogue Formation

(Stuart, 1970; Pers.

comm. B.

Occasional chert nod-

ules in the Ettrick

Formation (eg.

Waikerie WAK-I,

'2W')

Non-deposition or

erosion

Abundant chert-nod-

ules in the

Gambier Limestone

zone of intense

dolomitization and

chert absent (e.g.

RR65)

Winnowed bryozoal

limestones with chert

absent e. .oB

Abundant interbedded

chert-nodule horizons

(e.g. OB2, RR65)

LATE EOCENE Opal-A and oPal-CT in

the Blanche Point

Formation

Tlu oligocenc of souttwm Austalia: ecostratigraphy and taxic overTum in rcritic Íorantinifera

Table 3.3 Geographical and temporal distribution of silica- and dolomite-rich lithologies in
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CHAPTER 4

ECOSTRATIG RAPHY AND SEQUENCE STRÄ.TIGRAPHY

4.1 \{hat is ecostratigraPhY?

Marine organisms are constrained by controls such æ: salinity, the availability of light and

oxygen, water turbidity, tempefature, changes in nutrient supply and competition'

Ecosnatigraphy attempts to teat multiples of species simultaneously such that a change in

.community st¡ucture' becomes an ecostratigraphic event and the biofacies changes are the

focus of investigation. Boucot (1983) considered biofacies ¿u¡ community groups or

associations of taxa persisting through intervals of species-level community evolution

inæmrpted by episodes of 'quantum evolution'. They are correlatable benthic æsociations

(including abundances) or recurrent assemblages that survive over some period of time only

to be replaced by another association (waterhous e, I97 6; DMichele , t994). Ma¡tinsson

(Igl3)called this approach ecosystem statigraphy or a 'synecological-sedimentological'

synthesis. And according to Kauffman et al. (1991) ecostatigraphic events may be rapid,

short-term variations in assemblages that may occttf over wide geographic areas due to

envi¡onmental shifts that favour the proliferation and survival of species. Simple abundance

and diversity changes have been used to recognise sequence boundæies (Armentrout et al"

1990) but a more detailed investigation of patterns of change in benthic associations is

expected to identify more precisely specific and varying environmental conditions involved

in sequence stratigraphy (Kauffman & Sageman,1992)'

4.2 Methods

Raw abundance data a¡e the counts of taxa from27L late Eocene to Miocene samples from

10locations. Where necessary, sarnples were prepafed by disaggregating material in boiling

,water and detergent (counts were then obt¿ined from the resulting dried material)' A

minimum of 300 specimens of all genera were counted from each fraction. Percentage

abundances and planktonic:benthic and (infaunal plus cyclindrical):epifaunal ratios were
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calculated for genera according to the criteria described in Table 4.1. rWoronow (1991) has

warned that percentage abundances may be misleading as they are components of a closed

system and may lead to false correlations when analyzed statistically. All taxa are considered

and percentages are directly compared to a ratio of counted specimens (lE). They are not

subjected to secondary statistical analysis. All percentage abundances and the raw

abundance data are presented in appendix C.
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evolutionary unit
(Boucot, 1983)

ecostratigraphic event

úme

trigure 4 A schematic diagram of the bounding of an association by ecostratigraphic

events. Contemporary taxa form a 'community group' with concunent time ranges' Taxa

b, d and f have ranges restricted to the community group while taxon c and e are transient

members; their ranges are not restricted to the defined interval. EcosUatigraphic events are

defined by anomalously higher numbers of simultaneous first and last appearances. Taxon

a, the descendent of b is a product of the radiation following an ecostratigraphic event.

Associations of members of the community group may be indicative of the prevailing

environmental conditions. Adapted from Boucot (1986)'

Samples were floated using the heavy tiquids teta-bromo-ethane or alternatively sodium

polytungstate and the recovered float was dried. These were then sieved into fine (<75p)'

medium (75pcx<150p), and coarse (>150p) fractions. Specimens were picked from each

fraction and simple presence and absence matrices or range charts for each section were

compiled (appendix D). In some cases counts of important individual species were under-

b
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taken. Representative specimens were photographed using a Siemens ETEC Autoscan and a

Philips 505 scanning electron microscope

4.3 Morphotype and microhabitat: the infaunal/epifaunal ratio

T'fre uså of the relative abundance of taxa based upon morphotype criteria, æ an

environmental indicator, has numerous advantages. There is general agreement on the

specific contols that determine test morphology and wall sur¡cture that are independent of

species level taxonomy, and therefore negate inevitable differences that occtu between

workers (severin, 1983). Ta:ra have been separated into ecological groups based upon the

criæria of test morphorogy and microstn¡ctue of corliss and chen (19s8) , Thomas (1990)

and Munay (1991a) (Table 4.1). Linke and Lutze (1993) have warned that there is evidence

that some of the demæcations are somewhat æbitrary and that vagile tÐ(a may be more

opportunistic and flexible in their behaviour than previously understood' particularly in their

occupation of diverse habit¿ts. some authors simply disagree with the generar employment

of morphological criæria (sen Gupta & Machain-castillo, 1993). That said, it is clear that

the abundance changes of morphologicar groups show patterns that match clear lithological

changes. Distinct patterns can also be associated with changes in depth (corliss and chen'

1988; ArmenEout, lggz).It Seems reasonable to afgue that biofacies changes are responses

to shifts in the benthic environment. More work is necessafy and ongoing, for example' one

sfatagem investigates variations in õ13c in infaunal tests that enables an alternative method

of identification of habitat for extinct ta",ra (Munay, 1991b)' A múti-faceted approach must

ultimatety provide more convincing interpretations'

Infaunal species appe¿¡f to adapt to high-organic carbon and low-oxygen conditions by

increasing surface pore density over the entire test and increasing surface area relative to

volume (corliss and chen, 1988). These taxa tend to have tapered, cylindrical, spherical'

planispiral and flattened ovoid morphologies (Corliss, 1985)' Such taxa include

Cassidulina, Gbbocassidulina, (Jvigerina,Trifarina, Fissurina ' 
uniserial lagenids and

pullenia.@lates 5,7 , g,9, 10, ll(puttenia)). Coccioni and Gateotti (1993) suggested that
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taxa that adopt an infatmal sEategy often possess cylindrical and elongate tests because they

can easily move towa¡ds the more oxygenated sediment-water interface. And Bernhard

(1936) argued that small test size may be an important adaptation to low-oxygen levels in the

sediment but she also warns that as high levels organic carbon cannot be isolated from low-

o*ygen either maY be the control.

Epifaunal species, that occupy habitats ranging from above the sediment-water interface

(e.g., epiphytic or epizoic; sessile or motile) to within the upper 1cm of subsEate, generally

have planoconvex, biconvex, milioline and tochospiral morphologies and æe associated

with relatively elevated oxygen levels and decreased organic flux to the sea floor (corliss &

Chen, 19gg; Coccioni & Galeoni, 1993). These species tend to resfict the disEibution of

test pores to surfaces not exposed to the relatively oxygen-rich bottom waters (corliss &

chen, 1988). Examples of epifaunal taxa categorised according to functional morphology

include cibicides, cibicidoides, Hanzøwaia, Eponides, Gyroidinoides, and milioline species

(Plates 4,6,11-16). Some genera may have more ambiguous morphologies, so some

chafacters are weighæd. Corliss and Chen argued thatl¿nticulinais categorised as an

epifaunal genus because of its biconvex shape and imperforate test surface although it has

ptanispiral coiling. clades have been grouped into component genera in Table 4'2' Most

are illustated in ptates 3-16. Planktonic to benthic ratios @:B) have been used to estimate

the depth of assemblages ar¡ the relative abundance of planktonic tests are suggested to be

indicative pelagic influence (e.g. Grimsdale & Morkhoven, 1955; Munay, 1976; Gibson'

1989; Murray, 1991a). It is important to note that taphonomic processes may have had

considerable influence of the preservation of planktonic relative to benthic tests (Haynes,

1981). Although the values ate more useful in the more open marine otway Basin, ttrat have

consistently higher numbers of planktonic foraminifera, values for the resüicted st Vincent

and Munay Basins (too low to be a reliable bathymetic indicator) are mainly included for

interb asin c omP arison.
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INFAUNA + CYLINDRICAL
rounded planispiral

Astrononion

unkeeled Elphidium

Melonis

Nonion

Pullenín

flattened ovoid

Cassidulinø

Fßsurina

Parafissurina

spherical or globular

Globocassidulina

tapered and cYlindrical

Amphicoryna

Bolivinella

Bríznl,inn

Bulimina

Dentahina

Nodosariø

frifarinn

Uvigerina

uniserÍal lagenids

biconvex trochosPiral

Ammonia

Hoeglundina

EPIFAUNA
rounded trochosPiral genera

Gyroidínoides

planispiral

keeled Elphidium

planoconvex trochosPiral

Paiellina

Pwaronlia

Valvinulineria

discoidal
Planorbulina

Spüllina

biconvex trochospiral and planispiral

Alabaninn

Anamalína

Anomalinoides

Cancris

Cerobertira

Cibicides

Cibicidoides

Discorbís

Gavelínella

Hmzawaia

Eponides

Lenticulina

all miliolids

agglutinated
Gaudryina

Texrularia
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Table 4.1 - Taxa grouped ecologically on morphotype criteria (Corliss & Chen, 1988;

Thomas, 1990; Murr¿y , tgg2). Note: Corliss & Chen (1988) argue that Elphidiurn spp' are

infaunal while Munay (1gg1a) propose that keeled fonns are epifaunal and unkeeled are

infaunal. See comments in appendix A'



Elphidiidae
Dßcorotalia

unkeeled ElPhidium

Notorotalia

Parrellira

Porosorotalia

Uvigerinidae
Angulogerina

Kolesnil<ovella

Trifarina

Uvigerina

Bolivinidae &

Buliminidae
Bolívinø

Bolivinopsis

Lartbolivina

uniserial lagenids

Cushmanína

Favulinø

Físsurina

Lagera

Oolina

Palliolatella

Parafissurina

Cassídulina

Cassidulina

Globocassídulina

Nodosariidae

Atnphicoryna

Astacolus

Chrysalogonium

Dennlbta

Frondicularía

Lingulina

Maryinulina

MarginulinoPsß

Nodosaria

PlØillnria

PIecøfrondicularia

Søacenariø

Vaginulínø

agglutinated
Gaudryina

Siphatexulnria

Tenularia

Discorbidae

Discorbis

Trochulina

Cibicididae
Cibicides

Cibicidoides

Dyocibicides

miliolids
Bibculina

Massilina

Quinquebculina

Tribculina
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Tabte 4.2 - Important genera that have been used to compile biofacies profîles grouped

according to clades.

Measures used in biofacies profiles are:

1. Planktonic to benthic ratios. P:B can be used to estimate marine influence' Rapid

increases in the percentåge of pranktonic foraminifera result from increasing depttrs in outer

shelf environments but salinity and turbidity effects may become important in ttre inner shelf

when there a¡e restrictions on oceanic influence (Gibson, 1989)'

2. Percentage abundances of taxa'

3. (Infauna plus cylindrical) to epifaunal ratios (tE )' This is a ratio of the counts of

individual specimens of the morphotype groupings discussed above'

4. Appearances and diSappeæances of taxa obtained from range cha¡ts (appendix D)

resulting from: i) Rapid sample-by-sample reversible events of comings and goings

(temporary migrations), and ü) Irreversible evolutionary change marked by 'final' first and

last aPPeæances.
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Figure 4.1 shows the geochronological timescale and magnetic polarity changes correlated to

planktonic foraminiferal zones and local planktonic foraminiferal events, constructed

intervals (from A to I based upon these events), recorded transgressive events, Exxon third

order såquence stratigraphic cycles, chemofacies changes on ttre southern Australian margin

and a smoothed composite oxygen isotope curve compiled from data from Norttr and south

Atlantic siæs witrr oligocene and Miocene graciations (oi, Mi) identified by Miller et al.

(1gg1). McGowran (lggg) summa¡ized the series of local ma¡ine transgressions that can be

recognized from the late-middle Eocene to the early oligocene: the wilson Bluff

transgression in Chron C18r, the Tortachilla in the upper part of Chron C18 (Zone P14)' the

Tuketja in chron c17n (upper paft of Zone P15) and the Aldinga tansgression in chron

cL3 (ZoneP18). All transgressions correlate with extratopical excursions of larger

foraminifera and palynological zonations. The Jan Juc transgression follows the late-early

oligocene regression and is named after the Jan Juc Formation with the type section of

glauconitic and fossiliferous calcarenites outcropping at Bird Rock near Torquay in the

Onvay Basin. These deposits are interpreted to correspond to the TB1 supercycle' The

inærval concludes with the clifton transgression in the ea¡liest Miocene in chron c6c

corresponding to the first of the four major Miocene upwelling events recorded in

southeastem Australia (Li & McGowran, tgg4). Added to this framework are chemofacies

changes identified from a composite of the St Vincent and Onray Basin statigraphic

successions (McGowran & Beecroft, 1986; McGowran,L987;McGowran et al" 1992)'

chert-carbonate associations typically appear as rhythmic chert-nodule horizons interbedded

with clay-, silt- and bryozoan-rich carbonates, they occur in three prominent packets: at the

wilson Bl'ffhighsund; and in the late-early and late Oligocene. The second and third may

be conelated to swings to negative values in the oxygen isotope curve'

The fonowing section refers to Figures 4.2 to 4.11 in enclosure at the back of this thesis.
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4.4 Biofacies patterns and third order sequences in the late Eocene

Biofacies corerations with reversibre events show abundance profiles of key planktonic taxa

from the late Eocene TortachillaLimestone and the Blanche PointFormation (Fig. 4.2). The

pattems are matched to those from the coeval Browns creek Fonnation some 600 kms to the

southeást in the otrruay Basin. The Tofachilla/T'ketja unconformity,theT¡4.ll4-2

sequence bounda¡y, is followed by the glauconitic clays of the Tuketja Member in the St

Vincent Bæin and the Turritetta clays in the otway Basin. There is a parallel succession of

(a) an increase Pseudoløstigerinø followed by (b) nGtobigerinatheka and (c) rise in

chibguembelinantmbers preceding the appearance of (d)sphaeroidina followed by (Ð a

peak in Robertinacea and frnally another peak in chitoguembelina (Ð. This correlation

shows that the top of G. index(i) at Blanche Point precedes (ü) at Browns Creek. Level (p)

is a correlatable horizon, identified from biofacies patærns in figures 4.2 and 4.3, that

probably represents a pafasequence cycle in the TST of TA4.2. This homotærial succession

invites ecostratigraphic correlation'

4.5 Chemofacies and biofacies changes within the Blanche Point Formation

and Browns Creek

Blanche Point has essentially a four-part stratigraphic succession: the intensely burrowed'

honey-combed and highty-fossiliferous Tortachilla Limestone unconformably overlain by

the glauconitic Tuketja clays; the banded grey to black spírocolpus-dominated opal-cT-rich

Gull Rock; ttre opal-A-rich sponge spicule-dominated Perkana; and a return to grey to black

opal-cT-rich deposits in the Tuit Member. changes in biofacies patterns closely follow

changes in the lithostratigraphy. The change from the glauconite-rich, silica-free Tuketja to

the Gull Rock deposits also match a change in macrofossils from epifaunal bivalve-

dominated to infaunal gastropod-dominated molluscan assemblages @uonaiuto ' 1979)'

This marches (p) at Browns creek (Fig. a.a) as the LE ratio plunged sharply close to the 9m

Level Cibicides and Cibicídoid¿s reached their peak at about the level of a thick-soft

calcareous layer. uvigerinidae numbers rose as the ha¡der silica-rich layers became more

frequent. Nodosa¡üdae and Lagena profiles show relatively little activity, while elphidids

are absent and bolivinids are in much higher numbers. So there a¡e considerable parallels but
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also there are coruipicuous differences. Miliolids, for example, became an import¿nt

component of assemblages at around (p) and just before a rapid rise in the P:B ratio, the fall

in cibicidids and a sharp rise in uvigerinids'

McGoívran and Beecroft (1986) have highlighted the comparatively high numbers of

uvigerinidae in the units beafing opal-cT while observing that the opal-A horizons are

dominated by Borivinidae (Fig. 4.3). Expranations of these patterns æe complex. Mullins

et al. (19g5) have argued that the oxygen tension in interstitial fluids present in the substrate

could have specific controls on the abundance s of uvigerina and Bolivina spp', with

Bolivinaspp. altematively more abundant in sediments with lower concentrations of oxygen

in the oxygen minimum zone (OVIZ). Employing this reasoning, it appears the Perkana

Member was deposiæd in a uniformly oxygen-stressed deeper-water environment' where

Boliiinaspp. and plankton numbers reached their ma,rima, while the opal-CT-rich Gull

Rock and Tuit Members record rapid swings in oxygen concenüations' The alternating

aerobic.dysaerobic parasequence cycles of the Gull Rock TST may have also controlled the

cycling of the hard siliceous levels, as redox reactions at the 'anoxic-oxic' boundary are

suggested to be a key process in flint formation at the time of silica deposition (Hesse' 1990;

Savrda et al., 1991). These pattems' of the episodic deoxygenation events that accompany

para¡¡equence flooding in the TST typical of the Gull Rock and TuitMembers, draw a sharp

contast to the uniform character of the Perkana Member (Uvigerinidae lodplanktonics'

Bolivinidae and rexrularids high). Interestingly, Tada (1991) argued that the post-

depositional transformation of opal-A to opal-CT is catalysed by high carbonate content and

is reta¡ded by the presence of clay, that affords little oppornrnity for silica nucleation' This

model provides a explanation for the ca¡bonate- and opal-cT-rich tansgressive sequence

f.act of the GuIl Rock and Tuit Members and the clay- and opat-A-rich highsund sequence

tract of perkana Member. The sequence boundary separating 3rd order cycles TA4'2 and

TA4.3appearstoconelatewiththebaseoftheTuitMember.TheTSTof3rdordercycle

T44.3 is recorded in ttre Tuit Member, with organic-rich facies repeating patterns simila¡ to

those observed for the Gull Rock Member. A marked escalation in infaunal numbers'
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summ¿¡dzed by a rapid increase in the I:E ratio, is ür¡ncated by the essentially non-marine

facies of ttre Chinaman Gully Formation, ttre T44.3/4.4 rype 1 sequence boundary. The

highstand sequence tact of cycle TA 4.3 appeæs to be absent.

paraleí ecostratigraphic profiles in these St Vincent and Otway Basin sections suggest that

taxa have responded to a common process. Figure 4.4for Browns creek shows the

tansgressive sequence Eact of T44.2 conesponds to enatic alternations in infaunal and

epifaunal clades that appear to record parasequence cycles' A sequence boundary

(1A4.U4.3) is inærpreted to conelate with the base of the Tuit Member at Blanche Point,

and the TST of TA4.3 is ma¡ked by the return to the banded, opal-CT, Spiroculpus facies.

At the top of the section conelation with Maslin Bay is obscure, but it is tempting Ûo interpret

the sharp fall in uvigerinidae preceding the pair of sharp jumps n cassidulina and

Bolivinidae numbers, separated by a rise in miliolids in interval zone B, æ roughly coeval

with the sequence boundary at the base of the Tuit'

It has been ægued ttrat silica accumulation in ttre Blanche Point Formation has been the result

of the semi-isolation of the basin from the southern ocean. This resulted in sluggish

circulation patterns and stratification of the water column- while silica appears to have been

flushed from the open-neritic Browns creek section (McGowran & Beecroft' 1986)' But

this appears to be pafi of a geographically widespread episode of resticted ventilation in the

southern ocean ftom the middle to early-late Eocene. Thomas (1990) reports high percent-

ages of infaunal taxa at these times at high latitudes in the Maud Rise area and local neritic

facies appeff to show similar biofacies similæities. There are rapid changes in abundances

of taxa resembling the occupation or desertion of infaunal and epifaunal habitats: at the top of

the Tortachilla Limestone $A4.1t4.2), a prominent emergent hardground; the TA4'24'3 SB

between the perkana and Tuit Members; and the type 1 SB at the top of the Blanche Point

Fonnation in ttre St Vincent Basin (Fig' a'6)'
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4.6 The Eocene-oligocene transition in the st Yincent Basin : evidence of

environmental change from ecostratigraphic profiles

There are striking lithological and biofacies changes at the level of the Chinaman Gully

Formation. Biostratigraphic data for the recognition of the Eocene-Oligocene boundary (see

section'3.l .2 andFig. 3.1.1) corresponds well with this major lithological change at the

chinamn Gully Formation or the type 1 SB. McGowran, Moss and Beecroft (1992) have

shown that ttris event had a parallel impact on foraniniferal faunas in both the restricted

environment of the St Vincent Basin and the open-neritic Otway Basin'

Abundance profiles in the st vincent Basin (Fig. a.5) are interpreted to show:

i). planktonic to benthic ratios are generally much higher in the late Eocene with the peak of

0.3 at 2l.Lmin the lower part of the Perkana Member of the Blanche Point Formation and

this is interpreted to be the HST of 3rd order cycle TA4.2, following the MFS at the Gull

Rock-Perkana bounda¡Y.

ä). Uvigerinidae numbers consistently alternate with Cibicides and Cibicidoides in the

Blanche point Formation as the faunas appear to be responding to changing oxygen and

nutrient supply controlled by 4 to 6 order parasequence cycles' Uvigerinidae numbers

collapsed afær the Chinaman Gully regression with the ventilation of the St Vincent Basin in

the early Oligocene corresponding to the T44.3/4.4typ 1 sequence boundary' This

significant biofacies event is conelated between the relatively resüicted St Vincent and the

more open-neritic Otway Basin. Though the impact was dramatic in the St Vincent Basin as

shown by the spectacular fall in the I:E ratio'

4.7 Biofacies patterns and third order sequences in the early Oligocene

Bolivina, Buliminn, cassídulina, Gbbocassidulinn, sphaeroidína, Fissurina and uniserial

Lagenids fall spectacularty in ttre Pt Willunga Formation. wittt the reduction of' Cassidulina

numbers after the Aldinga transgression and an increase in Cibicides and elphidids, the

onset a chert-carbonate association ma¡ks the HST of 3rd order cycle TA4-4 in the

61
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Ruwarung Member. The change also marks the c/D interval zone boundary. There is a

ma¡ked contrast between the biofacies in the HST of the oxygen st¡essed Blanche Point,

with high numbers of infaunal taxa, and the well ventilated Ruwanrng Member (low

numbers).

The Ruwan¡ng Member shows three-part cyclic alternations of shell-beds followed by

burrowed horizons and chert-nodule horizons overlain by abundant bryozoa-bearing strata.

The rhythms appeaf to record par¿Nequences (possibly Milankovitch cycles) that coincide

with the highstand in T44.4 and the excursion in the oxygen isotope curye'

4.T.lEvidencefor3rdordercyclesinWMC50TKingston

Biofacies pattems are presented for western Mining corporation bore 507 in Figure 4'6' lt

can be seen from a comparison between the Port Wiltunga Formation (Fig. 5) with WMC

507 (Fig. 4.6) ttrat infaunal tåxa appeafed to do much better across the chinaman Gully

regssion in the otway Basin. A maximum flooding surface is closely followed by a

sequence boundary in the middle of the wMc section. Cibicides-Cibicidoides numbers

decreased and Bolivin^a, uvigerinidae abundances increased closely followed by a sharp

decline in ttre p:B ratio and a rise n Cibicides-Cibicidoid¿s immediately followed by a rise in

Cassidulinanumbers. The biofacies patterns appear to conelate with the MFS of TA4'4

followed by the TA4.414.5 SB. A peak in bolivinids is followed crosely by a rapid fall and

then a rise in cassidulinacan be matched in oB2 (Fie. a.10) and Magrath Flat (Fig' 4'7)'

The sharp rise to a¡ound 0.4 in the p:B as well as highs in infaunal clades and lows in

cibicidesis interpreted to mark the MFS of rA4.5. Other conelations include: Ð The

Elphidüdae abundance profile shows a sudden burst to around l07o of. the total benthos at

about the level of the Aldinga-Ruwanng boundary equivalent in the St vincent Bæin (zone

c/D bowrdary). This event appears to be detayed at Robe where, as seen in sADME bore

oB2 (Fig. 4.10), Elphidüdae do not reach large numbers until well into zoîeE, or close to

the base of.zonev2la.If these events are coeval then sedimentation rates are reduced in the

HST of T44.4 or a hians at the TA4.4t4,5 SB in wMc 507, and ii) Miliolids disappear
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$,ell below the base of the Etphidüdae highs at around 30m and appeü to coincide with the

last gasp of the robertinids in both WMC 507 and OB2 in the Otway Basin'

4,7.2 Sequences in Magrath Flat 1

Fig're 4.7 shows profiles for SADME bore Magrath Ftat 1 in the south west of the Munay

Basin. planktonic to benthic ratios and the relative abundance of 11 prominent ta)(a are

arranged against I:E ratios, and the number of benthic species coming or going per sample.

A ma,ximum fooding surfaçe at the bottom of the section is marked by a peak in P:B and lE

ratios that is followed by a sharp rise in epifauna signalting a sequence bowrdary. These

events correspond to the MFs of T!4.4and the TA4.4t4.5 SB. At around 64m the P:B ratio

and Uvigerinidae numbers are elevated as Elphidüdae and discorbid species became an

important component of assemblages. This is interpreted to be near a ma,ximum flooding

surface (of TA4.4). As discorbids rise sharply the top of the section is truncated by an

unconformity with Pleistocene deposits. This is interpreted to mark the TA4/TB1 SB.

Conclusions from the above discussion are that Magrath Flat 1 records: i) The highstand

sequence t,act of TA4.3 to around 94m, ü) A sequence boundary GA4.3l4-4) between 94-

92m atthe base of interval zone C, üi) A SB (T44.4/4.5 ) is recorded at the base of interval

zone D at around 81m, iv) The maximum flooding surface of TA4.5 at around 64m near

the top of interval zone D, and vi).The highstand systems nact of T44.5 to around 50m'

4.8 Ecostratigraphy and 3rd order sequences in the late Oligocene

4.E.1 Biofacies and 3rd order sequences in MBT 5 at l{irha

Abundance profiles obtained for SADME Bore MBT 5 at Wirha are presented in figure 4.8.

It is immediately clear that planktonic to benthic ratios are consistently very low, with values

at around 0 to 0.2. A mærimum flooding surface close to 184m is signalled by synchronous

abundance peaks in all infaunal taxa, agglutinated species and miliolids. Bolivinidae

remained relatively stable in the highstand as Cassidulin¿ numbers fell sharply. A sequence

boundary GB1. lll.z)corresponds to rapid decrease in all infaunal at 179m. The rise in the
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the diverity curve, the disappearance of agglutinaæd taxa and a relative increase in the

Cibicidcs-Cibícidoides, afær the disappearance of the miliolids marks the beginning of the

TST (of 3rd order cycle T81.2;IanJuc). There is a lithological change from glauconite-rich

marls with abundant shell and bryozoa fragments ûo red-brown sands with bryozoa

fragmeírts and poorþ preserved foraminifera. The Jan Juc tansgression shows a gradual

build-up in infaunal and Elphidüdae numbers. There is a tentative identification of the

TBI.ZMFS with a small peak in infauna near to lTfimthat is closely followed by a rapid

loss of species suggesting theTBL.2ll'3 SB.

4.8.2 Biofacies and 3rd order sequences at Waikerie

Figure 4.9 shows assembled biofacies profiles from the Dunstan Rd. section at Waikerie.

Biostratigraphic contol is poor in this marginal marine sequence but sequence süatigraphy is

estimated from general Eends. Rapid abundance changes occur in the middle of the section

with a cluster of biostatigraphic events. Last G. triseríata,fust G. eurrperturt and last Cft.

cubensis follow in rapid succession with a peak in Cibicides-Cibicidaides and '*ømalina

followed by a rapid increase in infauna. The events are condensed but patterns can be

correlated to bores 2W (Fig. 4.9a) and MBT 5 at Wirha (Fig. a.S). A maximum flooding

surface (of T81.1) followed by the TBI.ltl.z sequence boundary and a the onset of the Jan

Juc transgression.

Comparisons with profiles of bore '2til' (Fig.9b) show some overlap and support for the

above observations. The sequence of biostratigraphic events are the last appearance of such

key species as Ch. cubensis followed by last G. trßeriata. The conelation of the latter

event in both sets of profiles suggests that level 1 in figure 4.9a could correspond to the an

interpreted sequence boundary close to 13ûn. This fits with the TBl.lll.2 SB. The ng-zag

pattern in the incoming-outgoing curve at 149.3m apperirs ûo mark the MFS of TB1-1.

Miliolids declined rapidly and there is an increase in infaunal numbers excepting Cassidulinn

spp., planktonic to benthic ratios provide little evidence of relative changes in oceanic

influence. Here, as at Dunstan Rd., 3rd order cycle T81.3 appears to be condensed. A
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maximum flooding surface (possibly T81.3) is interpreted to be near 1l0m . Uvigerinidae

are rare but increases n Cassidutina and Bolivinaresult in a peak in the I:E ratio and there

tvas a prominent influx of a¡ound 20 species. This event was immediately followed by a

collapse in infauna, a gain in miliolids and a rapid loss of a¡ound 50 species; this is

inærpreæd to be the TBl.3tl.4sB. The uppermost samples in 2w are Írccompanied by high

abundances or Cibicides, Bolivina,Elphidüdae and Cassidulina and a slightly increased

planlconic to benthic ratio (though this remains very low). This is interpreted to record the

..wam ingression' (Fig.a.1) in cycle T81.4 in the early Miocene. This is supported by the

recorded the top of the 'lower Amphistegina peak' at around 109m from core together with

a very thin P. htgleri zone (Lindsay and Bonnett, 1973)'

To summari ze:1) A,maximum flooding surface CIBl.l) is inærpreæd to be close to the

150m level, in interval zone F, ü) A sequence boundary (r81.1/1.2) is interpreted ûo occur

at a¡ound 130m in the lower part of zone G, iü) Cycte T81.2 appeârs to be relatively

condensed within zone G, iv) a sequence boundary is recorded at around 108m at the base

of zone H, and v) 3rd order cycle T81.3 apperirs to be condensed and the TB1-3/1.4 SB is

obscure but the onset of the Clifton wafln ingression in the earliest Miocene appears to

conespond to rapid abundance changes and temporary migfations of species at around the

110m level.

4.8.3 Biofacies and sequences in sADME Bore ROS 10 ',OB.2" Robe

The OB2 section at Robe are shown in figure 4.9 provides the most complete survey of

Oligocene sequence stratigfaphic succession. The recorded sequence begins with the TST of

TA4. (Aldinga transgression) following the equivalent of the chinarnan Gully regression.

Bolivinidae rose sharply to reach a peak in the HST and then nr¡mbers fall rapidly at the

TA4.4!4.5SB, as do Cassidutina. Dvtng this interval Cibicid¿s spp., Nodosarüdae and

Cassidulinaspp. dominated the benthic assemblages. Species ænded to rapidly migrate in

and out of assemblages, probably responding to the abrupt changes in environment

associaæd with retrograding pafasequence cycles, this pattern appeafs to be repeated in the

nextTST of cycle TA4.5. The HST of T44.4 heralded the onset of chert-ca¡bonate
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association in the onvay Basin. Agglutinated numbers reached around 87o of. the fauna in

concert with highs in Bolivinidae, Uvigerinidae and planttonic to benthic at the top of zone

D and this is interpreted to be close to the level of the MFS of T44.5. The big fall in all

infaunal taxa and highest peak in Cibicídes-Cibicidaides numbers at the zone DÆ boundary

marks the major supercycle TA4ITB1 type 1 SB. The onset of T81.1 corresponded to the

introduction of increasing numbers of Elphidüdae (dominaæd by Panellina spp') that

contributed to a consistently high and stable I:E, these changes suggest a significant change

in benthic environments at the beginning of 2nd order cycle TBl-

The lithostatigraphy abruptty changed to a winnowed bryozoal-carbonate with the

disappearance of the chert-carbonate association. The MFS of T81.1 is suggested to be

signalled by a minor peak in the P:B ratio, elevated numbers of infauna a fall in epifauna

and a peak in diversity. The TB 1. 1/1.2 sequence boundary at the base of interval zone F is

ma¡ked by elevated cibicides-cibicidoides numbers and a sharp loss of species at around the

65m level. The low p:B ratio and relatively low abundance of Bolivinidae seem to suggest a

low relative sea level in the middle of the section. As Cassiùtlinabæame the dominant

infaunal genus. With increa^sing relative sealevel Cassidalha became less important as

Bolivinidae, Elphidüdae, Nodosarüdae and uniserial lagenids became more abundant'

The MFS of next 3rd order cycle (TB 1.2) and the beginning of the Jan luc transgresslve

pha,se is interpreted as a sharp peak in Etphidüdae corresponding to a small increa^se in

Bolivina and Bulimina spp. and agglutinated species' This is closely followed by a

sequence boundary regisæred by an increase n cibicidoides and cibicid¿s spp. and a high

number of outgoing species per sample (at around 55m). Near the level of the la^st

appearance of G. triserian andthe first aPpeafÍInce datum of Globigerina angulisuturalß

there is repeated alærnation of cibicidids , Cassidalilø and Elphidüdae that in turn result in a

rapidly increasing LE ratio. The late oligocene records the highestl:E values at around 45 to

30 metes, and planktonic to benthic ratios reach close to 507o plankton in interval zone H in

the late oligocene There is maximum open-marine influence for the oligocene synchronous
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with third order cycle T81.4 and marks the onset of the wann ingression and the clifton

ftansgression. This interval correlates with the so-called 'thin' local range of G'

angulisutural¡s in both the Murray and Otway Basins'

Sequenôe statigraphic surfaces and tracts in oB2 match the 3rd order cycle chart for the

Oligocene (with a few misfits in the laæ Oligocene)'

Biofacies pattems are interpreæd to show sequence stratigraphic events:

Ð At the base the section records the Aldinga transgressive phase' a MFS (IA4'4) and a

sequence boundary between 110 and 115m (TA4'4/TA4'5)'

ü) Amajor sequence boundary G44.5/T81.1) is interpreæd to be close to the 95m level

near the top of zone D and is ma¡ked by a rapid fatl in all infaunal clades and a rapid rise in

cibicides-cibicidaid¿s. This event possibly corresponds to a decline in the deep-sea

heterohelic id chiloguembelina,an event that has been recorded in North and south Atlantic

sections @oersma and Premoli Silva, 1989)'

üi) The first 3rd order cycle (f81.1) in the laæ Oligocene ushered in high numbers of

Elphidädae, particularly of. Panellinøspp. andNo ørotaliaspp', suggesting a fundamental

change in environmental conditions,

iv)PatternsatthebeginningoftheJanJuctransgressionshowtheTBl.l/1.2SBis

fo[owed by the MFS of rBr.zand r81.3/1.4 SB crose to the top of zone F that is closely

followedbythesecondoligocenechert-cafbonatea^ssociation.Thismaycorespondtoa

warming tend, if this is the meaning of the excursion in the oxygen isotope curve (Fig'

4.1) to lower values,

v) The beginning of the clifton transgression (T41.4) follows the sharp fall in the

Cassidulina, an increase Cibicides and Cibicidoides, anincrease in the number outgoing

species per sample, all clustering around the 25m level in the middle of interval zone H'

This event is immediaæly followed by the peak in the P:B curve and increased infaunal
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4.S.4BiofaciesandsequencesinRR65rMtGambier

profiles shown for SADME core RR65 from Mt Gambier (Fig. a.l1) show the dominant

infaunal and epifaunal clades arranged adjacent Ûo the P:B and I:E ratio cr¡ryes' Many of the

samples from the lower part of the section are depauperate and specimens are badly

preserved so consequently the sequence stratigraphy is obscure. TheTA4.3l4'4 is marked

by the rapid falt in infaunal numbers and the P:B at the base of the section. This records the

last appearance of high numbers of Gtobigerinathet<a indcx. The lithostratigraphy changes

from brown to black glauconitic,limonite-rich arenite to fossiliferous calcarenite. Though

foraminiferal test preservation is poor and the planktonic component of the a'ssemblage is

dominated by G. index and subbotin¿ spp. A sequence boundary is interpreted to be

around rhe middle of zone D (TA4.4/TA4.5) and is marked by a low in infaunal numbers as

discorbid abundance began ûo increase. At tÌre top of the lower part of the section lithologies

show inænsive dolomitization and lithilication so sampling wa,s abandoned with the

continuing presence of. G.triseriaø and Ch. cubettstr' This change marks the impact

TA4/TB1 type 1 sequence boundary in this part of the orway Basin.

The increas en cibicides -cíbicidoides, 
siphanin¿ numbers and the drop in all infaunal

tÐ* near l24mis interpreted to be a record of the TBl.2tL.3 SB at the top of inærval zone

G. There appears to be a good fit of the MFS of 3rd order cycle T81.3 with the peak in the

P:B ratio at around 119 metres showing an increa^se to arcund 1'5 and a parallel' but

somewhat smoother, increase in the I:E. These pattems again match a Eough in the

cibicid¿s and cibicidoides spp. abundance curye and a marginal increase tn cassidulinn

numbers, Bolivina,and particul atly IJvigerin¿ abundances. Following the parallel plunge in

the p:B and LE ratios immediately above this level comes an influx of. Siphonina austrahis

Cushman to account for around lOVo of.the benthos. This matches a slight increa'se in

cibicides -cibicidoid.es numbers. These sequence of events mark the TBI-311.4 type 1 SB

and the onset of 3rd order cycle T81.4. The last appearance of Globigerina' euøpertura

followed is followed by a very high P:B and the rapidly increasing I:E ratio marks the

beginning of inærval zone I. These patterns record the warm ingression and the clifton

Transgression in the early Miocene'
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Interpretations of sequence tfacts and surfaces in RR65 can be summarized as:

i) A sequence boundary GA4.4t4.5) is inærpreted to be between the22O to 210m (lower

part of interval zone D) in SADME bore RR65 at Mt Gambier,

ü) Thdpoor faunas in the lower part of the section mean that estimates of sequence

stratigraphy are poorþ constrained but it is suggested that the Eough in the LE resulæd from

the T Ã4.4t 4.5 sequence boundarY,

üi) The late-eafly Oligocene (IA4/TB1) type 1 sequence boundary' at the top of zone D' is

ma¡ked by intensive dolomitization. Dolomitization can be correlated at similar

biostratigraphic levels in sub-s'rface sections in the st vincent Basin and in the Gippsland

Basin,

iv) The upper paft of the section begins with the Jan Juc transgression followed closely by

theTLI.2tl.3 sequence boundary at around the 124m level. This matchies a high in

cibicidids and aggtutinated abundances and a low in infaunal clades'

v). The maximum flooding surface of T81.3 occnñ¡ around 119m and is closely followed

by a sequence boundary (TB 1'311'4) in zone H'

vi). The next 3rd order cycle (181.4), corresponding to the Clifton transgression' is

marked by increasing I:E values as the P:B ratio became extrcmely high towards the top of

the section.

4.9 Comparisons between biofacies patterns in the late Eocene and the

Oligocene

Biofacies patterns record 3rd order sea level changes in the more restricted Stvincent and

Murray Basins as well as the more open-neritic Onvay Basin. There is a prominent contrast

between biofacies fluctuations in the late Eocene and those in the early Oligocene' Infaunal

numbers are much higher in the Blanche Point and the Browns creek Formation, notably

Uvigerinidae (2G40Vo of the benthos) and Cassidulinaspp' (20-507o) while abundances of

equivalent taxa in the early oligocene @t willunga Formation,'!ñ'/Mc5ü/ and oB2) are

generally lower, particularly in the st vincent Basin- Epifaunal abundances' chiefly
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cibicicides-cibicidoides, appear to have dominated the early oligocene. unkeeled

Elphidüdae became more common from the late-early Oligocene onwards and in the late

Oligocene regularly constituted a¡ound l}Vo of.the benthos. This may reflect increased

nutrient supplies to neritic envi¡onments as a result of upwelling coresponding to the Jan

Juc trarisgression in the late Oligocene.

Sequence stratigraphic surfaces and tracts in the late Eocene can be convincingly matched

between the Blanche point Formation and the more open-neritic Browns Creek Formation in

the otway Basin. In the oligocene attempts to correlate sequence sratigraphic surfaces

between basins of a¡e less successful. Sequence boundaries are more confidently identified

and appear to have the most significant impact on biofacies, while ma¡cimum flooding

surfaces may be obscured by individual parasequence cycles.

In the Oligocene the Eansgressive systems tract of 3rd Order cycle TA4.4, the Aldinga

Eansgression, can be identified in the otway Basin and the St Vincent Basin but appart from

being recorded at Magrath Flat, south of the Padthaway Ridge, it is not recorded in the

Munay Basin. The facies change from the silica- and organic-rich late Eocene to the well

ventilated siliciclastic-dominated oligocene appear to reflect marked changes oceanic

circulation patterns in ttre early oligocene. The top of the Lacepede Fonnation (interval zone

CID) conesponds to the the loss of milioline and æagonitic species from the Otway Basin

and the appearance of a chert-carbonate association in both the Otrvay and St Vincent Basins'

The late-early Oligocene sequence boundary, conelated with the supercycle TA4/TB1

boundary, is marked by a hiatus in the Munay Basin, an unconformity in the st vincent

Bæin and significant lithological changes, to winnowed limestones and the disappea¡ance of

the chert-carbonate association in OB2 and dolomitization in RR65, in the Onvay Basin.

Biofacies profiles in OB2 show a collapse in abundances of all infawral ta,xa and the P:B

ratio and a sharp rise in agglutinaæd followed a Cibicides-Cibicidoides'

The onset of supercycle TB1 and the Jan Juc tansgression conesponds to a restoration of

increased abundances in all infaunal taxa in the Munay and Onvay Bæin' In OB2 the lE

ratio climbs with the introduction of Elphidüdae that become a component of assemblages in
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a' sections. Thfud order cycres appear to have much more significant impact in the Murray

Basin marginal marine sections but can be recognized in all sections and, bæed upon inærval

zone correlations, appear to approximate the Exxon TB1'1 to TB1'4 3rd order cycles' The

Clifton transgression and wafïn ingression is recorded in the Otway Bæin' This event is

obscuré in the Murray Basin but appears to be recorded at Waikerie with increasing

abundances of infauna and the presence of the distinctive lvam-water species Amphistegina

at the top of section 2W.
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CHAPTER 5: FAUNAL CHANGE

5.1 Introduction

Patterns of species overturn at the Eocene-Oligocene boundary are described from

compilations of fi¡st and tæt appe¿uances and diversity changes in the st vincent and oway

Basins. These patterns a¡e then compared to records of turnover at the late-eady oligocene

regression from section OB2 in the Onray Basin' Then a study of all species ranges

documents significant episodes of species turnover in the oligocene' Pattems of faunal

change are established from composites of species ranges using graphic conelation' The

results of graphic correlations are presented as ranges ordered by first and last appearances

in each basin, frequency histograms of the numbers of incoming and outgoing benthic

species against interval zones, and species survivorship curves' These data are analysed in

the context of the ecosüatigraphic changes discussed in chapter 4 to identify episodes of

faunal change that accompany changes in lithosEatigraphy,3rd order sequence stratigraphic

cycles and excursions in the stable isotope curve. The multivariate technique of cluster

analysis and ordination have been used to further analyse patterns of similarity betrveen all

assemblages (samples) in the oligocene to identify significant changes in æsemblage

composition through the studied successions'

5.1 The st vincent and otway Basins: paratlel response to the chinaman

Gully regression

A detailed investigation of species turnover (non-reversible events) in the snatigraphic

successions reveal contrasts and simila¡ities. A detailed comparison higtrlights the

differences in sEatigraphy in the late Eocene: the St Vincent Basin contains richly

fossiliferous prominently banded silica-rich sequences and shows cleæ chemofacies changes

with prominent opal-A/ opal-cT alternations; chemofacies changes are absent in the sandy'

clay-rich and glauconitic calcarenites of the otway Basin. The foraminiferal succession does

not show such a contrar¡t - patterns of faunal change and abundance profiles generally

correlate between basins at significant ch¡onost¡atigraphic levels'
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The Tortachilla-Tuketja hiatus at the end of the middle Eocene shows a significant gain of

species at Maslin Bay and Browns creek (Fig.5.1 ). The Simpson similarity index starts off

relatively low and rises in the late part of the Zone P15, perhaps reflecting a gain in

cosmopolitan benthic species towards ttre Gull Rock-Perkana boundary. The number of

flrst and last appearances reached their lowest at the level of the maximum flooding surface

of 3rd order cycle TA4.2. Following this, there is a rapid loss at both locations. The

simpson index shows that assemblages began to become more dissimilar. significant

species turnover appears to correspond to sequence bounda¡ies. Initially there is a gain of

species with the Tuketja transgression with very few disappearances then the type 1

sequence boundary, corresponding to the Chinaman Gully Formation, records the most

significant loss of species for the late Eocene, of around 4O to 50 species from each section'

Following the Chinaman Gully regression, there is an across-the-board gain of species and a

rapid rise in the Simpson coefficient.

5.3 Faunal turnover: end-Eocene contrasted with the mid'oligocene

A comparison between patterns of tumover atthe Chin¿Iman Gully regression and the 'mid'-

oligocene regression recorded from sADME bore oB2 atRobe in the otway Basin show a

striking conEfr{¡t (Fig. 5.2). The prominent episode of turnover at the Chinaman Gully

regression is not repeated at the 'mid' Oligocene regression in at least this one study in the

Otway Basin even though a significant sequence boundary (TA4/TB1) is prominently

recorded in biofacies and lithological changes (Chapær 4, section 4.8). This seems a

surprising response of taxa to such a prominent sea level fall. Benthic species in this part of

the Otway Basin appeil to be much more robust in the face of this second Oligocene

glaciation. Faunas may have become preconditioned in the intervening time of inænsified

oceanic mixing with increased ventilation and perhaps nutrient supply to these neritic
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5.4 Faunal analysis of the Oligocene

5.4.1 Graphic correlation ' Introduction

Shaw (1964) described a method of comparing sections by ananging them perpendicularly

and plotting events, such as first and last occunences of species' The method' as a tool in

biostratigraphy and sequence stratigraphy, has been refined by numerous workers (Miller'

1977;Edwards, 1984; Gradstein and Agterberg, 1985; Edwa¡ds, 1989; Macleod, 1991;

Martin et al., 1993). First occuïences (bases) are marked as solid circles and last

occufrences (tops) are open circles. The worker using as much evidence as possible (e'g'

biosgatigraphic events, marker horizons etc.) fits a line that hypothetically represents the

Line Of Correlation (LOC) (Edwards, 1934). It can be seen that the maximum number of

first occurrence daû¡ms (FAD) lie on or below the line and the maximum number of last

occr,,ïence datums (LAD) are on or above the line. Observations of the slope of the line at

any point on the LOC results in the approximation of the relative rates of sedimentation at

any point during the total elapsed time encompassed by the stratigraphic sections. Theo-

retically, the use of this method should help to identify hiatuses and changes in the rate of

sedimentation. More relevant to this study, it is also possible to adjust species ranges to fit a

new series of maximised ranges on the Composite Reference Section (CRS) in a series of

steps (Fig. 5.3a): tops and bases are plotted as depths in compared sections, points may plot

to the left and right respectively of the hypothesized LOC; by tracing down or up the ordinate

to the LOC and along the abscissa onto the CRS for each added section in turn the range can

be adjusted to find the new 'ma¡rimized' range for each individual species (Shaw, 1964;

Miller, 1977 iEdwards, 1984).

5,4.2 Construction of composite sections

Raw data are first and last appeafances of tura against depth in individual sections (range

charts, appendix E). The sections are correlated to the chronostratigraphic framework using

biostratigraphic events, so that they can then be scaled to Composite Standard Units (CSU)

(see chronostratigraphy versus stratigraphy Fig. 3.3). The scale in CSU's is arbitra¡ily con-

structed from 0 to 9 with increments of 1 marking the interval zone bounda¡ies- The Tor-

tachilla Limestone at Maslin Bay is allocated 0 and the youngest sample in the study from

MG6 at Danger point is 9. observations of bases and tops can then be correlated to specific
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levels such that" for example, the last appeflrance of. ch. cubensis marks interval zone E/F

boundary and has a csu value of 5 and s. angiporoídes LAD has a csu of 4' Datums that

occur within this interval can be calibrated between these values' In this way' episodes of

$mover will be recorded for each interval regardless of apparently varying sedimentation

rates uid apparent diachrony between sections. csu varues are presented in appendix F.

SADME bore OB2 (ROS10)' Robe
versus

E&WS Bore 3, Millicent
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constn¡cted for the Otway Basin, for example figure 5.3a shows SADME bore 3 from

Millicent plotted against Bore OB2 from Robe, as the latter is considered to be the most

complete and therefore is regarded the standard reference section (see Edwards, 1984 for a

discussion of the SRS). Ranges of the species that have bases falling to the left of the LOC

ot toprio the right have their ranges extended. This operation has been repeated for each

additional section in the Ofway Bæin and the whole process was repeated for the Munay

Basin. The composite from the Otrvay basin was then graphically conelated with the

Blanche Point and Pt Willunga Formations in the St Vincent Basin (Fig. 5.3b) and the

resulting composite wæ correlated with the Murray Basin composite (Fig. 5.3c). From

these the ranges of taxa are then be assembled against intervals zones (Figs. 5.4a-c).

5.4.3 Ranges ordergd by first and last appearance

The succession of intervals zones are scaled against CSU values such that, for example,

zonegß (ZoneP2latb ) boundary is ma¡ked by a CSU value of 5 and the a value of 8

marls the base of tropical planktonic Zone N4b. Species first and last appearances are thus

calibrated to these values. Species ranges have then been ordered by first and last

appearances for each individual section and composite for each basin. Durations of inærval

zones are calculated from the chronostratigraphic chart (Fig.3.1.1) and are given in Table.

3.1.

5.4.4 Benthic species ranges in the Blanche Point and Port Willunga

X''ormations (Figures 5.4 to 5.6; enclosure)

Figure 5.4 shows that in the Willnnga Embayment frst and last appearances rapidly increase

in interval zone B, but ttrere was also a concomitrnt loss of species towards the zone B/C

boundary. There was continuous gain of species through zone C but very few losses up

until the middle of zone D, with only 3 species disappearing. In the later part of zone D the

rate sharply increases with about 6 species lost per million years. There is apparently a high

rate of species loss at the top of zone E but this records the loss of available section.
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5.4.5 Benthic species ranges in the Murray Basin

The pattern of first and last appearances from the Munay Basin are presented as a composite

of all sections. First appearances (Fig. 5.5) show a burst in interval zone c, with a rate of

22 species appearing per million years (sp/myr). This slows down considerably to around 6

in zone'D and then increases rapidly close to the E/F boundary to 42 sp/myr. The remaining

Oligocene continues to show high rates of disappearance of 22 and 17 sp/myr in zones F and

G respectively but ttre high rates may also include pseudoextinctions due to the tn¡ncation of

studied sections. MBT-5 and waikeri e 2w show a burst of flust appearances that contribute

to the peak in zone F in the frequency histogram for the Murray Basin (section 5.5).

5.4.6 Benthic species ranges in the otway Basin Gig. 5.6)

Interval zone B in the Otrvay Basin probably shows anomalously high rates of füst

appearances due to the combination of artifac! from the beginning of the record, and true

first appearances. In interval zone C (earliest Oligocene), the rate of fîrst appearances is 12

sp/myr and 11 following the Aldingan/Willungan Stage boundary. In interval zone E the rate

fatt to g with the onset of the late early Oligocene regtession in the otrray Basin. In the

taæ Otgocene species accumulate atarate of.I2.5 in interval zone F to around 27 species per

million years in zone G. Last appearances show a higher rate at ttre C/D interval zone

boundary (g.6 sp/myr) that parallels first appearances, declining to a low at the latest early

oligocene. Last appearances stay relatively constant across the interval zone F/G boundary.

Interval zone H show a very high rate of disappearances before zone I that records the

truncation of available sections.

5.5 Frequency histograms of frrst and last apPearances

With composite ranges established for each basin, non-reversible first and last appearance

events can be shown as frequency histograms. This should higtrlight pronounced episodes

of turnover. Figrue 5.7a presents the patærn in the Willunga Embayment of the St Vincent

Basin. Here there is a mæked gain and a loss of species at the Eocene-Oligocene boundary

and a lull in activity in the beginning followed by an increase in last appearances in the
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second half of interval zone D, the equivalent to the lower part of the Ruwanrng Member in

the Port Willunga Formation.

Munay Basin histograrns show an increase in first appeafances in the early Oligocene' col-

lapsing in the laær part of interval zone D and the early part of interval zone E corresponding

to is a slight increase in last appearances. The late early Oligocene' æ expected' appeafs to

be a time of dra¡na in the Munay Bæin. There is a major turnover of species with close to

30 species appearing in the later part of interval zone E and over 30 in early interval zone F'

Outgoing reached a peak in interval zone F and the decline in outgoing is almost monotonic

towards the end of the oligocene. There is a stight increase in ttre number of incoming

species in ttre upper part of interval zone G'

patterns for the otway Basin suggest a sharp increase in appearances close to the Eocene-

oligocene boundary that generally decreases towa¡ds the early-late oligocene boundary'

This trend is intemrpted in early interval zone D with a burst of around 25 incoming species'

The peak is accompanied by an increase of close to 30 species disappearing in interval zone

D. Interval zone E shOwS very little fi¡rnover, there æe few first or læt appearances and

from zones F to H there is a gradual gain of species but again few last appearances' The

oligocene-Miocene boundary records an increase in fi¡st appearances from less than 10

species in ttre early part of interval zone H and around 12 species in the later part'

Figure 5.7d shows the composite of all benthic species fìrst and last appearances from all

basins. Three prominent episodes of turnover can be identified:

i. The Eocene-oligocene boundary conesponds to a large gain of species in ttre later part of

interval zone B and C of a¡ound 100 species'

ü. There is an increased raæ of disappearances in the later part of interval zone D compared

to the earlier Parl

iü. In the second hatf of zone E and earty zone F there is a major gain of species, most new

species are recruited in the Otway Basin sections, and a prominent peak in outgoing
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reflecting disappearances from the Munay Basin. composite data show a steady addition of

species throughout the late Oligocene but many of the new species appearing in the Munay

Basin (Interval Ð are already extânt in the otway Basin and therefore negate this apparent

bursl Disappearances afe still prominent in the late Oligocene, in the composite of last

appearáncæ, and most of these appear to have been lost from the more restricted Munay

Basin

5.6 Species survivorshiP

Species survivorship curves have been constructed from range data that track groups of

simultaneously tana originating through successive intervals during the laæ Eocene and

oligocene. The groups of species originating at selected levels a¡e described æ cohorts and

percentages a¡e those surviving. If the resistance of species to environmental perturbation is

contingent upon the time of origination in the the Munay and Otway Basins then it may be

expected that some may be more resistant than others'

Figure 5.8a (enclosure) shows a series of cohorts originating in panicular zones in the

Munay Basin. cohorts Bl-D are derived principally from samples obtained from Magrath .

FIat and waikerie due to the late Eocene to early oligocene hiatus through much of the

Murray Basin. cohort 81, steady through through the early oligocene, was substantially

pertufbed in zone F as the survivorship curve plunged ftom9}vo to around 757o' Tltercwas

then a slower decline for the rest of the Oligocene untit the top of the recorded sections

truncate real ranges. A simila¡ pattem is disptayed by cohort B2' Cohort C' originating at

the base of Interval c, shows an almost monotonic decline throughout the oligocene with no

conspicuous episodes of pern'bation. cohort F ferl rapidly from the middle oligocene but

recovered briefly in Intervals F and G where the rate of attrition substantially declined.

Survivorship curves for the otway Basin reveal substantially different patterns (Fig.5.8b)'

The middle to late oligocene is strikingty devoid of drama. cohorts A and B substantially

effected at the interval B/c boundary, where around 257o ofthe species a¡e lost from cohort

A and l}Vo fromB. Cohort A does not show a comparable loss (around I57o) atthe base of

zone D, about the Ievel of the middle oligocene regression. cohort B registers a rapid fall
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with aroun d20vo of the species lost. cohorts c and D display rapid loss of species

immediately following origination consistent with the impact of the sequence boundary of

3rd order cycle TA4.5. cohort c losing crose to 40vo of.rts species up until the zone D/E

bourdary but the remaining speciæ (607o)pæs through the late oligocene relatively

unscathed. cohort D originating at the bæe of zone D displays immediate, but less

substantiat loss, and the swvivors are unperturbed through zones E to the top of G'

Summary:

cohorts originating in the late Eocene are substantially affected by the chinaman Gully

regressive episode but there appears to be no similar respolN¡e in zone D where the late-early

oligocene regression should show its impact. The survivors of these two episodes, that is

both type 1 sequence boundaries (Tv4.3t4.4and T44.5/TB1'1), appear to gradually decline

through the late Oligocene.

5.7 CLUSTER ANALYSIS

5.7.1 Introduction

cluster analysis was used to analyse similarities between assemblages from different

stratigraphic levels and geographical locations. Patterns in the resulting dendrogram and

ordination plots were then compared to ecostratigraphic patterns in the oligocene (chapær

4). Cluster analysis has been used on a very broad scale by Boltovskoy and Boltovskoy

(198S) to detect simila¡ities between assemblages and faunal breals between locations

immediately prior to and foltowing the Eocene/oligocene boundary in ttre deep-sea' It has

also been used by Scon (1970) and Hayward and Buzas (rg7g) to interpret the distribution

of fossil assemblages from the Miocene in the waitemata Basin in northern New Zealand.

And in a palaeoecological study, Lockley (1983) used the technique to detect similarities

between Ordovician brachiopod assemblages in an attempt match facies preferences for

related palaeocommunities. In conjunction with a robust measure of compositional

dissimlarity, it is capabre of handling targe couections of multivariate data aranged as an
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object-by-attribute matix (presence or absence of species in each sample) and allows

simultaneous comparisons of samples.

A data matrix consisting of.259 species from 248 samples was analysed, by initially

consfir¡cting a conelation matrix (a sample-by-sample correlation using an æsociation

algorithm) and then performing a cluster analysis to produce a final dendrogram of the

results. The spreadsheet matrix (appendix) was analysed using PATN software developed

by Belbin (1991).

The æsociation measure selecæd was the Kulcrynski association coefficient. Expressed æ:

81

in an asymmeEic form: Dij= 5.1

5.2

The algorithms (5.1&5.2), originally designed for presence and absence data, was used to

compute a correlation matrix specifically concentrating on common occurences rather than

absences of species per sample. Dissimilarity between samples i and j @ij) results from the

function of the minimum values between Dik and Djk divided by (tDi) the sum of values in

tfre i th row. 'Where Dik is the data value for the í th object (row) and k att¡ibute (column)

and is the sum of all values in the ith row. The asymmetric form ignores mutual absences

that, if otherwise considered, would inüoduce unnecessary noise into the results' Positive

data (mutual presences) are recognized as more valuable and absences may be due to other

than palaeoecological conuols, for example; a missed identification of a tð(on or differential

preservation of tæra. This mefic, in various forms, has proved to be a robust and effective

association measure (Cheetham &Hazel,1969;Faith et al', 1987; Belbin' 1992)'

Due to the data handling limitrtions of tlie softwæe a matrix was selected ttrat included the

most ,information-rich' species, this included taxa with taxon codes l-259 (appendix 82

lists the species with corresponding t¿D(on code (t.c.)). The reduction of the database to an

1.0- (min(Dik,Djk))

>(DÐ

1
Dji=and rDj
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amenable size has removed increasingly rare species. Samples from the Millicent section

were eliminated as many of the taxa had been identified to genera level only and some late

oligocene sampres from oB2 were omitted because ro,o, *ótr suspected to be contaminated

by downhore contamination. The computed coneration matrix wæ subjected to a flexible-

LIPGI'1A (Unweighted Paif Group using AritlMetic-Averaging) clustering mettrod with a p

value of -0.1, thereby extending the multivariate space and increasing cluster definition

@elbin, 1975; Belbin & McDonald, 1993 for a complete discussion)'

5.7.2|nterpretationofdendrogram(Fig.5.9;enclosure)

The cruster anarysis run using the asymmetric form of the Kulczpski coefficient (5.1)

resulted in 4 major cluster groups that had been selectedby PATN based upon a critical

dissimilarity value of around 1 (appendix Gl lists sarnples according to groups)' Most

importantly, breaks in clusters forming groups indicate prominent changes in assemblage

composition that may be coincident with rapid shifts in the physical environment'

Inspection of the dendrogram has been interpreted to show the major clusters that have

further subdivided into seven groups according to a dissimilarity value of around 0.92.

Group 1:

Reasons for the clustering of a few samples from the otway and Munay Basins in group 1

are unclear as most are from different snatigraphic levels. They atl show very low

diversities (l 10 species) and therefore appear to cluster predominantly on the basis of a few

common species. They constitute an outlier to the larger clusters forming the rest of the

dendrogram.

Group 2:

Group 2 is lægely composed of samples from the late Oligocene to Miocene from MG6 at

Danger Point in the Otway Basin but also includes some of the younger sa'mples from

waikerie and MBT 5 at Wirha in the Munay Bæin, e.g.2W\3t'1 and MB 168' Some of

the lower (euly oligocene) low diversity samples from RR65 at Mt Gambier cluster with

late Oligocene MG6 samples, again apparently due to the presence of some shared key

species. The group clusters at a dissimilarity value of around 1.0.
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Group 3:

Samples from the Munay Basin dominate group 3. Most come from MBT 5 at Wirha but

the upper part of bore ZW atWaikerie also form a major component of this group. Included

within this cluster are early Oligocene samples from bore RR65 at Mt Gambier and a few of

the E series samples from the Kongorong region in the Otu'ay Basin (see fig. 3.6). There is

a smaller cluster of samples from the laæst Oligocene-Miocene at MG6 ttrat show the highest

dissimilarity for the group. Group 3 clusærs at a dissimilarity value of a¡ound 1-0.

Group 4:

This very large group can be subdivided into four smaller clusters cut at a dissimilarity value

of close to o.gz4with clusærs beginning and ending at the lines dividing samples M8190.1

and oBg2. 6,8163 and RRl15.5, M8185 .2 and2w109.1. The first cluster is composed

mostly of samples from the late Oligocene from bore 2W and afew samples from the early

oligocene of MBT 5. Assemblages appear similar on the basis of a few common species

and specifically species common to shallow marine envi¡onments associated with the very

earty stages of a TsT (RR196.5, M8191.1, 190.1 all immediately follow a sB).

cluster 4b is dominated by samples from the Ruwarung Member at Aldinga Bay,afew from

the lower to upper par.t of oB2 and the upper paft of 2w in the Murray Basin. These early

Oligocene samples, apparently reflecting similar facies associations in quite disparate

localities have dissimilarity value of less than 0'924'

Samples from group 4c come from the late-early to late Oligocene sequences in the Onvay

Basin (particularly OB2), a few of the later samples from Aldinga Bay in the St Vincent

Basin, a wide scattering of E series sanples and the laæ Oligocene of 2W atWaikerie' The

group clusters at a dissimilarity value of very close to 0.924.

The final large group (4d) is dominated by eæly Oligocene samples from the Otway Basin

with most of the early Oligocene sequence at Magrath Flat Included within this group are

many of the younger sarnples from Waikerie. The lower part of 4d shows a close similarities

between samples in the early Oligocene in WMC at Kingston' Samples from group 4

especially 4d show lower dissimilarity values (are more similar) and are clearly quiæ

different to those in ttre late Oligocene to Miocene (in groups 2 and3). E-series samples
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cluster within groups 4b,c and show similarities with mostly early and late-early oligocene

samples from St Vincent and Otway Basins, with a few outliers in groups 4a (8L32) and3

(873, E150).

5.7.3 Ordination

The dendrogram appears to show a Eend to increasing dissimilarity between sarnples

increasing upwards in Fig. 5.9 (towards the late oligocene to Miocene)' To check this

appafent pattern distances were subjected to analysis by ordination' Ordination' using

Detrended Conespondence Analysis @CA), a method commonly used in ecology to study

ecological gradients (see Gauch h., t9ï2;Faittr et al, 1987; Minchin, 1987) 
' 
was employed

to help better define clusters interpreted from the dendrograrn. Figure 5'10 shows the

original two dimensional configuration of points (eigenvectors) with distances between

sample pairs proportional to their compositional dissimilarity. Each sample is allocated a

class based upon its stratigraphic inærval and these are represented by symbols' classes are

circred according to a90vo density contour. Figure 5.11 shows that samples that fall within

the time-range of inærval zones B and c cluster quite ctosely while intervals D and E have a

wider scattering of points. After interval zone E rheg}vo density ellipses expand indicating a

much wider scattering of points in zones F, G, H and I showing increased dissimilality in

late Oligocene-Miocene samples. The change follows the TA4Æ81 sequence boundary'

Increasing dissimilarity develops with the beginning of the Jan Juc Eansgression and

becoming most pronounced in interval zone H'

Figures 5.12a,b. show that if points are circled (with a 907o density ellipse) according to

location rather than age, there tends to be a tighter grouping of points at each location than

for successive zones and groups do not overlap in any consistent way' This may indicate

dissimilarity between sepafate locations. As may be expected sections that encompassed a

greater time-range show a wider scattering of points, for example the clustering of points is

much tighter in the early oligocene section wMC 507 in the otway Bæin, the PtlVillunga

Formation in the St Vincent Bæin and late Oligocene MBT 5 at Wirha in the Murray Basin
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than in those for RR65 or MG6 in the Onvay Basin. Plots that show a well defined linear

trend, such as the pattern of points shown for OB2, suggest a 'gradient' or a spectrum of

similarity where points at one end of the array are considerably dissimilar to the other end

wittr transitory assemblages in bet'ween.

5.7.4 SummarY

Cluster analysis show about seven more obvious clusters if the dendrogram is cut at a¡ound

the}.g2|dissimilarity level. From the analysis of all Oligocene samples the dendrogram

and ordination patterns show that assemblage compositions are much more alike in the early

Oligocene. Samples show increasingly dissimilar assemblages towards the laæ Oligocene

and Miocene. This change has a prominent step in interval zone E corresponding to the late-

early Oligocene TA4/TBl supercycle boundary as the late Oligocene assemblages (zones F

to H) appear to become increasingly more dissimila¡. Are these early Oligocene assemblages

dominated by preconditioned cosmopolitan taxa? They were apparently more simila¡ and

appear to have been more resistant to the second Oligocene glaciation (Oi2) and the 'mid'

Oligocene sea level fall (Frg. 5.2). There pattems in neritic environments parallel the

,homogeneous, low diversity-high abundance'faunas reported from the early Oligocene in

deep-sea (Boersma et al., 1987).
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CHAPTER 6

CONCLUSIONS

Ecostratigraphy and taxic overturn on the southern Australian Margin

Biofacies profiles from three disparate bæins have identified 3rd order cycles of sea level

change on the southern Austalian margin from the late Eocene to Miocene. These

sequences have been maóhed to Eocene to Miocene Exxon 3rd order cycles and the oxygen

isotope curve and Oligocene glaciations. The most significant impact on biofacies and the

temporary comings and goings of taxa are summa¡ized as:

i) Biofacies profiles responding to 3rd order sequence stratigraphic cycles in the late Eocene

show convincing conelations between the more 'restricted'-neritic facies of the Blanche

point Formation and the more 'open'-neritic Browns creek Formation, some 600lsns to the

southeast.

ü) Ecosratigraphic correlations suggest that foraminiferal faunæ were more sensitive to 3rd

order sea level fluctuations in the late Eocene than in the early oligocene.

üi) The Chinaman Gully regression conesponds to a striking change from the infaunal-

dominaæd biofacies and partly oxygen-sfiessed chemofacies of the late Eocene to ttre

apparently well ventilated epifaunal-dominaæd early oligocene. It is the most profound

change in the late Eocene-Oligocene succession and correlates with a rapid swing in the

oxygen isotope curve to higher values and the first of the Oligocene glaciations (Oil) in

Chron C13 (T44.314.4).

iv) Epifauna dominaæ early Oligocene sequences in the St Vincent and Otrray Basins and

infaunal abundances increased sæadily from the late Oligocene to Miocene in the Otway

Basin. The switch followed the late-early oligocene type 1 TA4/TB1 sequence boundary

(glaciation oi2) and corresponds to the beginning of the 2nd order TB 1 supercycle'

v) The first Miocene glaciation (Mil) correlates wittr a sequence boundary at the end of the

oligocene in the upper pal'r of inærval zone H. There is a rapid shift in biofacies with a

decline in all infaunal abundances followed by much higher planktonic: benthic ratios
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signaling maximum oceanic influence and a return to high infaunal abundances in the Clifton

transgression.

Significant episodes of taxic overturn can be correlated with ecostratigraphic pattems with:

¡ e raþiO gain of species after the Tortachilla-Tuketja hiatus matches the influx of infauna in

the early parr of ¡heTA4.2TST at the base of interval zone A (in the middle of Ch¡on C18).

ü) The largest episode of faunal change is at end of the Eocene between interval zones B and

C at the Tç4.3t4.4type 1 sequence boundary corresponding to glaciation Oil and late in

Chron C13n. It conesponds to the major biofacies change St Vincent Basin.

üi) The end of the late-early Oligocene TA4ÆB 1 regression with glaciation Oi2 at the top of

zone D (Chron Cl1).

iv) In the Otway Basin first appearances colrespond to transgressive sequence tracts in

interval zones c (T44.4), D (T44.5), G (T81.2), H (T81.3) and appear to be responding

to interglacial cycles or warming episodes; if this is the meaning of the oxygen isotope curve

in Figure 4.1.

Tumover at the third event is much more subdued in ttre Onvay Basin when compared to

taxic overturn at the Chinaman Gully regression in both the restricted St Vincent Basin and

the oceanic Ofway Basin. One explanation is that early Oligocene faunæ in the Otway Basin

were much more robust in the face of this second major environmental pernubation. It may

be, as Corliss and Keigwin (1986), Berggren and Prothero (1992) and Prothero (1994b)

have already argued, that warm-climate tæca had been eliminated at earlier events and had

been replaced by cold-adapted tæta that were able to tolerate subsequent cooling events. It

may be that the biota had been 'preconditioned' in an earlier wÍIrm and perhaps equable

period and taxa had become vulnerable to envi¡onment perturbation. The evidence shows

relatively higher simitarity between assemblages in the early Oligocene (Figs. 5.1' 5'9)

compared to the latest Eocene or the late oligocene. The taxa that survived into the early

Oligocene appear cosmopolitan. Cluster analysis suggest that ta,ric change across the

TA4/TB1 supercycle boundary in the Oligocene appeafs to be more a fesponse to change
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closer to the scale of 2nd order cycles (sea level change and warming) and most often at type

1 sequence boundaries. There apperirs to be restocking that accompanied the late Oligocene

warming, resulting in decreasing similarity between assemblages, this may have increased

the proportion of warm-water ta;ra that resulted in increased endemism.

Sequeíce boundaries are recognizndby rapid shifts in reversible (ecostratigraphic) events

involving changes in the I:E ratio and æmporary comings and goings of taxa per sample.

Ma¡rimum flooding surfaces are more obscure. This is most appafent in the early Oligocene

in both the St Vincent and Onvay Basins, where infaunal numbers a¡e lower than the Eocene

and the I:E profiles much'flatter'perhaps responding to increased global ventilation..

By default rather than design local stage boundaries have corresponded to sequence

statigraphic events. This study detaits the correlation of the top of the Aldingan Søge to a

ma:rimum flooding surface within the warming trend following the first glaciation (Oil) in

the early Oligocene. The top of the Willungan Stage is marked by a type 1 sequence

boundary that conesponding to the oligocene glaciation oi2. The Janjukian Stage reflects a

major transgressive event and warming in ttre laæ Oligocene.

If high resolution conelations of ecostatigraphic patterns can be extended to a wider

regional scale it will add weight to than any single study and help resolve signals of third

order cycles that can be more confidently matched to the Exxon global cycle chart. It may be

that the promise that sequence sEatigraphy is the tool that will revolutionise

chronostatigraphy is yet to be realised.
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The Otigocene of southern Australia: APPENDICES

'Nly nnmz is Alice, but...

'Its a stupid narre enough!' Humpty Dumpty

intemrpted impatiently.'What does it mean?'

'Must anasrcmean something?' Alice asked

doubúullY.

'Of course it must"' Humpty Dunpty said with

a short laugh: 'tny name means the shape I am

- and a good handsome shape it is, too' \ilith a

name like yonrs' you might be any shape

almosL'

Lewis Carroll Through The Looking Glass

APPENDD( A: SYSTEMATIC INDEX

All the species recognized are grouped into

initiatly families and then genera in

alphabetical order, according to Loeblich and

Tappan (1938). Importrnt referenc¿s are cited

where possible.

Synonyms are usually restricted to prrimary and

conective studies only. All photographed

sp€cimens are deposited in the Department of

Geology and Geophysics at the The Universiry

of Adelaide.

1. Species tnbold accomPaniedbY

synonyms rrølix.

2. T\enumber in brackets is a taxon code

(T.C.) used in this studY.

Farrily ACERWLINIDAE Schultze, 1 854

Genus GYPSINA Caræt, 187 7

Gypsína howchíní ChaPman, (496)

GypsinasP. Howchin,1892' in Hall &

Ilitchard (eds.), Proc. Roy' Soc' Vic', (N'S')'

4(1):10

Gypsina howchiniChapman, l9L0' Proc' Roy'

Soc. Vic.,22(2):297,292, pl'Z, figs' 4ab'

p1.3, figs.3-5

Facrily ALABAMINIDAE Hofker, 1951

Genus ALABAMINA Toulmin, 1941

Alsbaminø tenuímargínata (Chapman'

Par & Çsllins), (63) Plate 13: Figures 4 b, c'

Homibrook, 1967. Smithsonian Contribulions

to P aleobiolo gy, 36:163, pl. 17, figs.365, 366-

The compressed biconvex trochospiral test t€st

with an Írcute margin differentiates this species

from the typical Eocene form A. westraliensis

(Pan). Widely distributed in small numbers in

all basins throughout the Oligocene'

Genus SVRATKINA PokornY, 1956

Svratkína austrøIiensís (Chapman, Parr

and Collins), (270) Plate 16: Figures t' u'

D iscorbis tuberculata (Balkiwill and Wright);

Heron-Allen and Earlan{ 1924. J. Roy' micro'

Soc, ,169.

Discorbis tuberculata @alkiwilt and WrighÐ

vu. australiensis Chapman, Parr and Collins,

7934. J. Linn. Soc. ,38(262):563, Pl'8,

figs.9a-c.

Svratkina australþnsis (Chapman, Parr and

Collins) ; Pokorny, 19 56.Univ. Caro lina

Ge olo gic a, 2(3): 257, figs.1 -3'

Alabamina ustraliensis (Chapman, Parr and

Collins); Carter, 1964. Mem. geol' Sun'

Vict., 23:Ll5' P1.1 1, frgs.2l7 -279'

svrotkina australiensis (chap'nnn' Parr and

Collins); Loeblich and Tappan, 19Ø' Treat'

Inv e ft . P al aeo nt., C2(2):C7 50, fr 9'6 1'4, 8a-c'

Loeblich and Tappan, 1988. Foraminiferal

genera and their classification. Van Nostand

Reinhold, New York' p.628,p1.706, frgs'1-3

Widely distribuæd but not abmdant' Small

Eochospiral biconvex test covered with pores

opening at the center of n¡bercles over the
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entire surface but more numerous on the dorsal

side.

Svralkinø perlata (Andreae), (385)

Pulvinulina perlata Andreae, 1884' Abh' geol'

SpezXartg EIs.-Loth.,2;216, pl' 8, frg' 12'

Atabarnina perlala Bages, 1958. Mem' Inst'

Roy. Sci. not. BeIg.,743:157, pl' 8, figs'8,9'

Svratkina pertøfa S$art' 1970' Trans' Roy'

Soc. S..Azsú., 94:L72, 773.

Svrathínø sp., (386) Plate 16: Figures r, s'

IÆge tesq four angular charrbers in the final

whorl; ventral surface has an increased number

of tubercles than seen on specinens of S'

ustraliensß.

Family AMPHISTEGINID¡E Q6hman, 1927

Genus AI\4PHISTEGINA d' Orbigny, 1826

Amphístegínø lessoní d'Orbigny, (42)

Plaæ 4:Figure t.

d'Orbigny, 1826. Annals. Scr'. Naf', Ser'l,

7:3M, modèles no'98.

Loeblich and Tappan, 1988. Foraminiferal

gen€ra and their classification. Van Nostand

Reinhold, New Yorþ Pl.677,frg'2'

Most specimens of ,4- lessoni examined were

poorly preserved however the multiple

chambers in the final whorl and the short

aperhÍe gene,lallY discernible.

Family AUSTROTRILLINIDAE Loeblich and

Tappan,1986

Genus AUSTROTRILLINA Pa¡r, 1942

Aus tro trillína ho w c hini (S chlumberger),

(4) Plate 4: Figure P.

Trittinø Inw chini Schlumberger, 1893. B ull.

de tn SociÉté Géologique de Fratrce, sêt.3,

2l:119,123.

Austrotriltitu tnwchini (Schlumberger), Pa¡r,

7942. Mín. &. Geol. JnI.,2:36\.

Extremely ra¡e in the late Oligocene. The

elongate quinqueloculine test and the coarsley

alveolar inner layer forrr distinctive cha¡acters'

Figured specimen ft'om 142m (W142) at

Dunstan Rd. bore atWaikerie.

Family BOLIVINIDAE Glaessner, 1937

Genus BOLIVINA dOtbiPY, 1839

Bolívína ilecussata Brady, (611) Plaæ 10:

Figure x.

Brady, 7887. Qtty. Jnl. Microsp' Sci., 21158

Bolívína elongøta Hantken, (310)

Hantken, 1875. K. Ungar. Geol' Anst., Mitt'

Jahrb,,Budapest, Ungara 8d.4, Heft 1, p' 65'

Bolivína gørdnerøe Cushman, (311)

Cushman, 1926. Contr. Cuslanm Found'

Foran Res., 2(2\ no. ?jl:31 Pl.4 frg. 7'

Bolívína finlaYí Hornibrook, (16)

Hornibrook, 7961. N.Z Geol. SumeY

Palaeont. BulI., 34(1):75, pl. 9 frgJ69-17 L'

BolÍvína íntermeilía Hallryard' (312)

Halþard, 1978. Lit. Phil. Soc. Mem- Proc',

62Q) no.6:52 Pl. 3, fig. 10.

Bolivína iøcksonensís Cushman and

Applin, (10) Plate 10: Figure i.

Cushman and Applin, 1926. Attt, Assoc' Pet'

Geot. Butl., l0(l) no.2:167 Pl.1 , frg' 34'
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Bolívína lapsus Finlay (19) Plate 10:

Figure l.

Finlay, 7939. Trans. RoY. Soc' N'2"

69(1):98, P1.11, fig. 9.

Bolívina,maculata Cushman and Stone'

(480)

Cushman and Stone, 1947, Cushm'att Lab'

Forwru Res., Spec'Prb. No' 2O,p'17'Pl'2'

fi9s.21,22.

Bolívína pontísFinlay, (210) Plate 10:

Figure j.

Bolivina pontis Finlay, 1939'Trans' Roy'

Soc. N.2.,69(3):32O

Bolivina pontis Finlay & Marwick' 1940'

Trans. roY. Soc. N'2,70(1):111'

Bolivina pontis Finlay, 7946' Trans' roy'

Soc. N.Z, 7 6(2):2A0,24t,243 (hst)' 2M'

Bolivina pontis Finlay & Marwick' 1947'

N.Z I. Sci. Tech.,828(4):232'

Bolívínø pseudoplicaf¿ Heron-Allen a¡d

Eårland, (1Ð Plaæ 10: Figure P'

Heron-Allen and Earland' 1930' Roy' Micr'

Soc. foum., ser.3 Vol.50:81 pl' 3 , fig' 36-

40.

Common late Oligocene-Miocene species but

never abundanl

iolívina retículat¿ Hantken (185) Plate

10: Figure q'

Hantken, 1875. Mitteitungen Jb' K' ungarische

geologisclrc Astalt.,4:65, pl' 5 fig' 6a'

Bolívína targetensís Hornibrook' (13)

Hornibrook, 196l. N.Z' GeoI' Surv' Pøl'

huil.,34(l):74, Pl. 10, fig' 182, 183

Genus BRZALINA O.G'Costa 1856

Brizalina spøthulalø (Williamson)' (201)

T e lulari a v ariab ili s v ú. s Wtluluta

Williamson, 1858' On the Recent foraminifera

of Greæ Britian. London: RaY Soc'

Brizntinn sparhulala (Williemson), Hedley et

al., 1965. N.Z. Dep. Sci. Ind' Res' Bull',763:

147, pl.l-1.

Genus LATIBOLIVINA Srinivasan, 1966

L¿¡tìbolívína byramensís (Cushman)' (45)

Plate 10: Figure k.

Bolivbø caelalaQsshmen vat. byramcnsß

Cushman, 1923. U.S. Geol. Sum', Prof' Pap"

No.133, p.19.

Lat ib o tiv in a by r amen s i s (Cushman)'

Srinivisan, 1966. Roy. Soc. New 7¿aland'

Tr an s., 3 (L1 ) :240, ?]tl.

Family BOLMNELLIDAE Haywarrd' 1980

Genus BOLIVINELLINA Cushman, 1927

Bolívinella australis Cushman, (568)

Cushman, L929. Contr. Cusluntn I'ab' Foran'

Res., 5(2):28-34.

Quilty, 1974. Papers and Proceedings of the

Royal Sociery of Tavmnia, 108:31-106'

Botívínelta elegøns (Pa¡ker&Jones)' (107)

Plate 10: Figure m.

Tenulnria etegans (Pa¡ker & Jones), Brady'

7884ß.eP. VoY. Challenger, Tnol',

9 :3 57,p1.42,Trg.3,3b, 4,5

Bolivinetta elegans Parr, L932' Proc' roy'

Soc. Vict. , M:223, ?4.
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Botívínella folía (Parker & Jones), (176)

Plaæ 10: Figurer.

TelutariafoliumParker & Jones, 1865' Phil'

Trans., 155:370, 42O, Pl. 18, frg' 19'

Botivinetla folium (Patker & Jones), Parr,

7932. Proc. RoY. Soc. Vic¡., (N'S')'

M(7):223, Pl.Zl, frg. 23

Bolivinellafof¡¿ Garker & Jones), Albani'

L978. Aust. J. Mar. Freshwater Res',29:377 '

Family BULIMINIDAE Jones, 1875

Genus BULIMINA d'OrbignY, 1826

Bulímína bortoníca FinlaY, (6)

Finlay, 1940. Trøns. RoY. Soc. N'Z',

69(1): 100, P1.64, frg.25, 26.

Bulímina puPula Stache, (170)

Stache, 1864. Novara-Expedition, Geol',

l(2):265, Pl.Vt, frg.l3.

Family BULIMINELLIDAE Hoflrer, 1951

Genus BULIMI\IELLA Cushman, 1911

Bulímínella browni Finlay, (282) Plate

10: Figure v.

7939. Trans. Roy. Soc. N.2,69(3):321,

p1.21, fi9.85,86

Bulímínella semínuda (Terquem), (414)

Plate 10: Figure z.

Bulimina semi-nudo Terque'm, 7882' So c'

Géol. Frønce, ,rtcrn., Sér 3, 3(3):117, pl' 12'

frg.2l.

Butimirctta semitwda (ferquem), B oltovskoy

et al., 1980. fl,tles of Benthic Forarrinifera of

S.W. Atlantic.p.2l-22' pI.6, fig' 11-15'

Farrily CANDEINIDAE Banner, 1982

Genus TENLIIIELLA Fleishec 1974

Tenuítella aculeala Jenkins, (132) Plate

1: Figure e.

Jenkins, 19(F.. N.Z. J. GeoI. GeoPhYs.,

8(6):1 1 18 frg.13 no'119-125

Very small spinose and perforaæ tesL

Tenuítella gemma (Jenkins), (130) Plate

1: Figure l.

Jenkins, 19lf,, N.Z. J. Geol. GeoPhYs.,

8(6):1115 fig.11 no. 97-L03.

Intergrades with T. mundn (Jenkins) but

smaller and with more chambers in the final

whod, greater then four and usually six.

Genus PRAETENUIIELLA Li, Radford and

Banner, 1992

Prøetenuitella ínsoliø (Jenkins), (129)

Plaæ 1: Figure i.

Globorotalio insotita Jenkins, 1966. N'Z I'

Geol. Geophys., 8(6):1120 frg.13 no'113-118'

P raetenuitella insolita (Jenkins), Li'

Radford&Bann et, 1992. ln Proc. ODP, Sci'

Results,Wise, Schlich et al. eds., 72AQ):569-

594, pl. 1, frgs. 1-3.

Tenuítelha mundø (Jenkins), (131) Plate 1:

Figure k.

Jenkins, 796f,. N.Z Journ. Geol. Geophys',

8:1121; frg.14, nos.126 133; frg. 15'

nos.152-166.

According to Jenkins (196ó) this species

inærgrades with T. iuvenilis. It is larger than

T. gemmabut has fewer whorls. Common in

Oligocene sequences.
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Glaboquødrínd dehßcens (Chapman, Parr

and Collins), (127)

Globorotalia dehiscens Chapman, Parr &

collins, lg34' Jt' Linn' soc' (zool') 3E:569'

p1.11, fig.36a-c.

Globoquadrina dehiscens Finlay, 1947 ' N'Z

Jl. Sci. techn. 828(5): 29O'

Diaposed by flauened inner surfaces of the

final wall and incised suhres. There is often

some difficulty differentiating ftom G4'

praedehiscens Blow but the latter forn is

usually distinguished by the more inflated

chamb€rs. The first appearance of Gq'

dchiscens s.s. is a preferred datum to identify

the N4a/b (Ml a/b) boundary in the ea¡liest

Miocene @erggren et al., 1994 in press)'

Globoquøìlrína dehíscens

prøedehísce¿s'Banner & Blow, (478) Plate

2: Figures h, i'

Banner & Blow, l962.lnEames et al',

F mdn ÌtÊ rrt at s of M ià-Te rt iary Str ø i g r aphic al

Correlation, p. 116, pl. 15, figs' Q-S'

Family CASSIGERINELLIDAE Bolli,

I-oeblich and TaPPaa 1957

Genus CASSIGERINELLA Pokorni, 1955

Cassígerínellø Chipolensis (Cushman

andPonton), (111)

Cushman and Ponton, 7932. BuIl' Fla' St'

Geol. Surv., No.9:98 P1.15, figs'2a-c (Fide

Fllis&Messinu 194O et seq)

Cassígerínellø wínnìøn¿ (Howe), (113)

Pla¡€ l: Figures a' b.

Cas si/¡ulitt¡a winniann Howe, 1939' Geol'

BulI. La'14:82, P1.11, frgs.7-8.

Cassigerinello winniana Blow, 1979. The

Cainozoic Globigerinida EJ' Brill, Leiden.

pp. 828, 1363 4, pl.5 1, frgs.6- 8; pl.?.46, frgs' 8-

10.

Distinguished ftom C. chipolensis by the

planispiral arrangement of chambers in the

early part of the final whorl. The figured

specimen from the base (?IntervalE) of MBT 5

in the Murray þesin is close to the top of its

local range.

Pnmil y CATAPSYDRACIDAE B olli'

Loeblich, and TaPPan 1957

Genus CATAPSYDRAX Bolli, Loeblich, and

Tappan 1957

Catapsydrax ilissímílís (Cushman and

Bermudez), (236)Pl^tÊ 2: Figure g.

Globigerim dissimilis Cushman & Bermudez,

l93TContr. Cuslanan Lab. I^ab. 13(l\:25,

p1.3, figs. 4-6.

Catap sydrax dis similis Jenkins 1964. Nature,

203 (49 4L) :r81, frg. 1 (list).

Four chanrbers in the ftral whod and a single

umbilical brlla with nr¡merous openings.

Cha¡acæristic of more oceanic deposits

(Homibrook et al., 1989). Rare specimens

have been recovered ftom MCr6 æ Danger Point

and OB2 at Robe in the Gambier Basin'

Fanily CHILOGUEMBELINA Reiss 1963

Genus CHILOGUEMBELINA Loeblich and .

Tappan 1956

Chiloguembelína cubensís (Palmer),

(114) Plate 1: Figure P.

Palmer, 1934. Men Soc. Cub. Hist. Nat.

" Felipe P oeY", 8:73'7 6 frg.l

Populations of. Chiloguemb¿li¿¿ exhibit wide

variation in morphologies. Very fine
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longiûrdinel costae interdispersed with fine

pores are ofæn visible using S.E.M' In this

súdy Chilo guenbetina ototøra (Finlay)

cha¡acteristically delineated by the finely hispid

t€st surface is regarded as a morphological

va¡iation or possible ancestor of Ch' cubensis'

Chíloguembelína ototara (Finlay), (114)

Plate 1: Figure o.

Guenthelh.o ototora 194O, Trans. Roy' Soc'

N.2., 49(4):453, P1.63, fig.50-62'

Chilo guenbelifla ototora Hornibrook, 1985'

N.Z. Geol. Sum. Record,9:67-69.

Homibrook (1990) suggested that the non-

costate morphotype rÍmges from the upper

middle Eocene to the lower Oligocene and that

Chiloguembelina cubensis s.s' continues into

the lower Miocene in New Zraland' The last

appeanmce of Ch. cubensis is consistently

registered as the niddte Oligocene in southem

Australia and this coincides with observations

ftom the majority of deep-sea sections' With

the possible caveat of the New Zealand region

the last appeårance of Ch. cubensis ß

considered to be a reliableZnneP2l,afzlb

dafiJm.

Family CIBICIDIDAE Çushman, 1927

Genus CIBICIDES dé Monfort' 1808

Cíbícides cYgnorum Ca¡ter, (206)

Carter, 7964. Geotogical Suwey of Victoria

Meruoir,no.23, p.98, p1.7, ñgs.139-144'

Rare in the latest Oligocene. C-ar1ff $96y'')

suggests that C. cygnorumintergrades with C'

thiors (St^che) in the upper part of the laüer

species' range the distinction is made as eady

as the laæ Oligocene.

Cíbícídes kørreríformis Hornibrook, (249)

Plzts 12: Figures u, v.

Hornibrooh 7961. N.Z. geol. Sum' paleont'

Butt. 34(l):164, P1.26, fig.512-514

This key Oligocene species is common in the

Janjukian Søge in the Otway Basin ftom

Interval E onwa¡ds. Distinguished by a large,

densely perforated flarened test. Homibrook

(1939) records the species mainly in the

\ilbaingaroan Søge inNew Zealand' The

figur€d specimens are appear to be a

úansitional form ¡o C. luneriformis sensu

stricto.

Cíhícíites lobatulus (Walker and Jacob),

(73) Plate 12: Figures r, s.

Nautilus tobøulus rtralker & Jacob, 1798' In

Adam's Essays on the Microscope, Kanmacher,

F. ed., London, Dillon & Keating, p.642,pt'

74, frg.36.

Cibicides lobatulus (Walker & Jacob), Ba¡ker,

1960. pl. 92,frg.10; PI.93, frg. 1.

Cibícídes meiliocrís Finlay, (78) Plaæ 12:

Figure t.

Cibicides mediocris Finlay, 1940. Trans' Roy'

Soc. N.Z, 69(4):46/, Pl'67, figs.198.199

Cibicides nndiocris Finlay & Ma¡wick' 1940'

Trans. roY. Soc. N.2, 7O(l):115,122'

Cíbícides molestus Hornibrook, (162)

Hornibrooþ 1961. N.Z Geol. Sunt. Pal'

B ult., 34(l):163 Pl'24 ltgs.4l 8,47 9,483

Hayward & Buzas (Lg7g)regardthis species as

morphologically indistinct from C.perforatus

in New 7ßal2ûd. Both species have coarsley

perforaæ test walls but C.perforøus has a

clearly distinct final whorl.
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Cibícídes perþralus (Ka¡rer), (70) Plate

12: Figures n, o.

Rotal ia pe rfo r atu s KaÍe\ 786y''. N ov ar a

Exped, GeoI. Theil.,1(2):81 P1.16 frg'13

Cibicide s perfo ratus 6,âfivr),

Finlay&Marwick, 194O. Trans'Roy'So c'N'Z',

70(1):111-119

C ib ic ido idc s p erfor atus (Kaner)'

Hayward&B rzes, 1979' Smithsonian

Contributions to P øIe obiolo gy, 36:49'

Cíbícídes Pseudolobøtulus

Perelis&Reis s, (72) Plate 12: Figure c, 4 e'

Perelis&Reiss, Israel Journ. Earth Sci.,

"4(314):77-78 
Pl.4 frgs. 1-7'

Cíbícídes praecípuus Copeland' (74)

Copeland, 1964, Bult. Amer. Pal.,47Ql5\:77-

78 P1.14 figs. 1-7

Cíhícídes refulgens de Mondort" (278)

Cibicides refutgens de Monfort' 1808'

Cottchylio gie sy stemntique et clas sification

nt¿tlw diq,ß de s c o quille s., 123:L22.

Cibícides thíara (Stache)' (25)

Rosalina thi¿rt Slmche, L8ø. Novara-Eryed

geol., lQ):T79, P1.24, frg.29a-c.

Cibicides thinrø (Stuche), Hornib'rook , 7967 '

N.Z Geol. Suney Palaeont. Bull.,34(l):159,

p1.25, frg.495,497.

Cíbícídes vortex Dorreen, (77)

Done€n, 1948. Jnl. P aþont., 23(3):299, pl'

47, frg. 5.

Cíbicídoídes brevorølis (Carter), (69)

Plate 12: Figures t, j.

Cibicides brevoralis Carter, 1958. Geol. Sun.

Vict. BulI.,55:4746 Pl. 6 figs. 54-56.

Cibicidoides brevoralis (Carter),

Hayward&Buzas, 1979. Smithsonian

Contributions to Paleobiology, 36:49.

Cíbícídoídes temperatus (Vella)' (527)

Plate 12: Figures f, g, h.

Cibicidcs temPerata Vella 1957.

N.Z.Geol.Sum. Pal.Bull., 28:40, P1.9,

frgs.Z0l-203.

C ib ic ido ide s temp e ratu s (Vella)'

Hayward&Buz as, 1979. Smithsonian

Contributions to Paleobiology, 36t49, pl.ll,

frgs.135-1.37.

Cíhicíitoíìles sp. l, (322) Pla;¡Ê \2i Figure p'

q'

Biconvex test coars€ly perforate on dorsal side.

Suhtres obscure. APPean simila¡

toCibicidoides sp. 15 Morkoven et al' (1983)'

a bathyal ftom the East and rù/est Pacific

occuring from middle Miocene.

Fanily CORNUSPIRIDAE Schuløe, 1854

Genus CORNUSPIRA Schultze, 1954

Cornuspíra ínvolvens (Reuss), (659)

Operculinø involvens Reuss, 1850. K- Acad.

Wiss. Wien, Math-Naturw. Cl., Denkschr.,

Wien, Õsterreicb, 8d.1, P.370.

Genus DYOCIBICIDES Cushman and

Valentine, 1930

Dyocíbíciiles híseríslís Cushman and

Valentine, (80) Plaæ 12: Figure w.

tzt

Genus CIBICIDOIDES Saidova 1975
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793O. Contrib. Dept. geol. Stanford Uni',

1(1):5-51.

Genus IIETEROLEPA Franzenau, 1 884

Heterolepø subhaìdíngerí Pa¡r, (779)

Plate 12: Figures f, g, h.

Cibicidc í subhaidingeri Parr, 1950'

B.A.N.Z.A.R.E. Rep.' Ser. B, 5(6):364' pl'

15, figs. Ta-c.

Heterolepa subtøidingeri (Pa¡r), Leoblich &

Tappan, 1962. Contrib. Cush' Found' Foram'

Res., p.57.

Family ECTGERELLIDAE Cushman, 1937

Genus ARENODOSARIA Finlay, 1939

Arenoilosøría øntípoda (Stache), (254)

Plate 3: Figure j.

Ctavutirc anÍipoùtm Stache, 1864' N ovara'

Exped. geol. tQ):l6l,pl.2l, frgs' 3-8'

Ar erc do s aria anÍip o da (Stache), Homibrook'

197L. New Zeøtand Geological SumeY

palaeontological butletin 43:32,p1' 5, figs'

77,78.

Genus DOROTHIA Phmmer, 1931'

Dorothía minímø (Karrer), (152) Plate 3:

Figure a.

Finlay and Marwick,lgß, Trans' Roy' Soc'

N.2., 70(l):113, l2l.
TeÍilaria minÙ¡u Ka¡rer, 186/.' Novarø-

Expedit. geot. l(2):79, p1.16, frg' 9'

Dorithia minit¡to Hornibrook, 7971' N'Z

Geol. Sum. paleont. Bull.,4316, pl' 1' fig'

76-20.

DorothÍa pørri Cushman, (23O) Plaæ 3:

Figure b.

Dorothia parri Cushman, 1936. Spec. Publs.

Cushman I'ab',6:29,30., P1.4, figs. 19ab'

Distinguished fuomD.minima by possessing a

larger and more elongate test. Both populations

a¡e often cont€,nporaneous.

Family Fr r.PSOLAGENIDAE A. Silvestri,

1923

Genus CUSHMAÌ{INA Jones, 1984

Cushmanína ilesmophora @ymer-Jones)

var., (301)

Lagera vutgaris'Wilhanson var. desmoplnra

F.W. Rymer-Jones, 1874. Linn. Soc', Lond',

Trdns.,P. 54, Pl. 19, figs' 23-U.

Cusfunaniru dc smoptnra (Rymer-Jones),

Jones, 1984. Rev' Espan De Micropaleont',

16:105, PI.2, figs. 70-72.

Cushmanína plumígera (B¡ady)' (530)

Plate 7: Figures t' u.

Lagena ptumigera Btaly, LB8y'' Rep' Voy'

Clnllenger, 7no1.,9"465, pl' 58, figs'25-21'

C. plumigera is morphologically similar to

LagennluciaePut (Plaæ 7: Figure k) but the

latær aprpean !o possess fewer costae and is

consideredhere tobe a synonym' Abele (1961)

recordedrare specimens with r¡p to 12 costae

from the Ganbier Limestone'

Cushmanína bsmaníae (Quilty)' (33)

Plate 7: Figure v.

Ingena tosmaniae Quilty, 797 4' Roy' Soc'

Tas., papers &. proc.,108:70, pl'3, fig'107'

Cushnnnina tasmaniac (Quilty); Patterson &

Richa¡dson,l 987 . Jnl. Foram" Res',17 :217,

p1.1, fig. 1.

Test covered with raised perforated and spirally

arranged costae. Perforations obscrre in the
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specimen figured but clearly visible with

increased magnification.

Genus FAWLINA Patterson & Richardson,

1987

Favulína squomost (Montagu), (648) Plate
t

7: Figure c.

Vermiculum squaflta sum Monøgu, I 803.

Testaceøs Britannica, p. 526' pl. 14, frg' 2'

Enfosoleta sqwûwsa Montagu) var hcmgona

'Williamson, 7M8. Ann. Mag' Nat. History,

Ser.2, 1:20, Pl. 2, frg.23.

Genus FISSTIRINA Reuss, 1850

Físsurína alveol¿ta Brady var., (628) Plate

9: Figure n.

Brady, l&M. Rept' Challenger Etped,

London, 7ao1.,pt.22,9;487, pl' 60, figs' 30,

32.

Físsurinø annectens @urrows & Holland),

(L77)Platþ 9: Figure m.

I4gerut üttcctensBwtows & Holland' Mongr'

Crag, Foram,, Pt. 2, P.103.

Fissurina afiLectens @urrows & Holland)'

Jones, 1895. Pt. II Palaeonlogr. Soc., London"

Englan( p.203.

Fßsurína qertt Sequenza' (14) Plate 9:

Figures a, b.

Sequenza, 1862, Messiw, Italia, T. capra:60

Pl. 1 fltg. 60.

Físsurínø crassíaiulafz Collins, (11)

Plat€ 9: Figure P.

Collins, 1974, Vic. Nat. Mus. Men

No.35:28 Pl.2 frg. 17 a-b.

Físsurína furcata Collins var', (38) Plate

9: Figure w.

Collins, 7973. Mem. Nat. Mus. Vic'

Melbourne,l5:161.

Çsllin5, 1974. Vic. Nal Mus. Mem.

No.35:28 Pl. 2 frg. 18 a-b.

Físsurìna cf. globosocauilata Albani &

Yassini , (639) Plate 9: Figure r.

Albani & Yassini, 1989. Aust' JnL of Marine

and Freslrwater Res.,4O;369401, fig. 6c,d.

Fissurínø kerguelenensis Pa¡r, (205)

Pa¡r, 1950. B.A.N.ZR.E., 1926-1931, Ser. B,

5(O:305.

Físsurína nargìnab (Walker and Boys),

(149) Plate 9: Eigure q.

Serpula (Lagem) margitnta Walker and Boys'

1784, Testacea Minuta Rariora, Nuperrimz

detecta in Arenn Lixoris Sanvicencus.Zípp-

London: JMarch.

Fissuritw margbrøta (Walker and Boys)'

Albani AustralianJnl. of Marine ond

Fre shwarer Res., 29:.1978. 379, fig. 8C.

Figure f is considered to be a variation of

F.marghnta with a distinctive broad rim

aromd aperure.

Fìssurinø orbígnyana Seguenza (418)

Fissurina orbignyana Seguenz4 7862. Dei

teneni Tenia¡ä del distretto di Messitn, p. 66,

pl. 2, frgs. 25,26'

Morphotypically variable. Test compressed'

central part of test appeañi circular, smooth

wall, entosolenian aperture' F. orbignyana var

þ1. 9, fig. m) has a an extended aperh¡ral end'
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thick costae parallel to lateral margin, may be

synon)lnous with F. quadricostulu¿ (Reuss)'

Físsurína orbígnyanø (Seguenza) var'

bíca¡ínala Terqueur, (196)

Fissurino orbignyana Seguenza' 1862' Dei

teneniTåniarä del distretto diMessina, p'66'

pl. 2, figs. 25,26.

Fissurina orbiganyøa (Seguenza) var'

bicarinata Terquenr' 1878. Soc' GeoI' France

Mem., ser.3 tome 2(3):3lPlJ ftg'24a-b'

Físsurína orbígnyana (Seguenza) vutr'

Flíntíi Cushman, (418) Plate 9: Figure l'

Cushman, 1922. U.S' Geol. Sum., Prof' Pap"

'\ilashington, D.C.,no.129F, p' 129, pl' 29'

fig. 11.

Físsurínø parøluciìlø Jones, (502) Plate 9:

Figure u.

Jones, 19M. ReYista EsPañola De

M icropaleontolo gía, 16.114, pl'3, figs' 21'22'

The test is compressed and hns a rounded

periphery. The wall is smooth' Similar to F'

lucida (l'lttliamson) buthas a shorter test and a

longer entosolenian t¡be. Common in the laæ

Oligocene in the Gambier Basin'

Físsurtnø quadrata (Williarnson), (195)

Plaæ 9: Figure h.

Ettlo solcnia mar gbnn (Monøgu) var'' Etndrata

Williamson, 1858. On Recent Foraminifera of

Greu Britiatt London, Ray Soc., p'11, pl'l'

figs.27,28.

I ogena qndrataç14lilliarrson) var. Millet'

l9}l. JnI. Roy. Micro. Soc', 1901: 496' pl'8'

frg.18.

Físsurína semimargín¿úø (Reuss), (208)

I-øgeru semimar ginat¿ (Walker&Boys) var

semimarginalaReuss, 1870. K. Acad' Wiss'

Wien, Math-Naturw. Cl., Sitzber., lilien, Bd'

62, Abt.1, p. 468.

F is suriru semina4ùnlo (Reuss),

Loeblich&Tappan, L953. Smith. Misc. ColI',

l2rí\:78.

Físsurína seguenzíana (Fomasini), (536)

Lageru se quenzianaFomasini 1886' BolL

Soc. Geol. Ital., 5:350.

Físsurina submarginafa (Boomgart),

(1e1)

Ento soleniß submor gfuatoBomgart' 19t9'

Smaller foraminifera fiom Bodjonegoro (Java)'

uüecht univ., Ph.D. thesis, p.149'

Fissurinn submarg futata @oomgart), Baúker,

1960. Soc. Econ. Paleonl. Min., Spec' Pub'

No. 9, p.124, Pl. 59, frgs. 21, 22'

GenusGALWAYELLA

Patærson&Richa¡dson' 1987

Gatwayella trígonornata Albani&Yassini'

(ffi)
Albani&Yassini, 1989. Aust. Jnl' of Mar' and

Freshwtr. R¿s., 40:390, fig. 4L.

Genus IIETEROMORPHINA Jones, 1984

Heteromorphìnø calomorpha (Reuss),

Q37)

Nodosaria calonorplø Reuss, 18(f,' K Afud

Wiss.Wein, Math.'N alurw. Cl', Wein

Osterreich,25(Abt.l):729, pl' 1, fig' 15'

H eteromorphina calonørpla (Reuss), Jones,

79M. Revista Espan. De MicropaL, 16:99, pl'

1, frg. 3.
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Regarded by Loeblich and Tappan (1988) as a

juvenile of Dentalina this species is placed here

into genus Heteromorqhitut.

Genus HOMALOHEDRA Pacerson and

Richardson,1987

Homølo$eilra øcutícostal¿ (Reuss), (35)

Pl^tþ7: Figure q.

lngena aßúicostata Reuss, 1862. Alud. Wiss.

Berlin, Math. Naturwiss., Kl., Abh.,

46(1):305, pl. 1, f,rg.4.

Genus LAGENOSOLENIA McCulloch, 1977

I-agenosolenía lørgíco stata Albani &

Yassini, (632)

Albani & Yassini 1989. Aust. Jnl. of Mar.

atd Freshwtr. R¿s.,40:395, fig. 58.

Lagenosolezrø sp. 1, (586) Plate 9: Figure

oÞ.

Test ovate, compressed with narrow marginal

keel; wall surface smooth, imperforaæ; æerntre

on the end of a slende¡neck.

Lagenosolezrø sp. 2, (587) Plaæ 9: Figure

w.

Flanged and rornded main body chamb€r,

apern¡re with rim on end of a long neck.

Genus LAGNEA Popescu, 1983

Lagneø foliþrmís (Buchner), (585)

Lagena foliþrmis Buchner, 7940. Nov a Acta

Iz opoldina, 9(62):454, pl. 8, figs. 128-32

Solenin"a fo liþrnris (B uchner), Jones, 1984.

Revista Españala,16:122, pl. 5, figs. 6-8

Oolina cf. øpíopleu¡ø Loeblich and Tappan,

(638)

Loeblich&Tappan, 1953. Smithsonian Misc.

Coll.,l2l(7):59, pl. 10, figs. 14-15.

Oolína colldrípolygonab Albani &

Yassini (631) Plate 7: Figure q.

Albani & Yassini, 1989. Aust. Jnl. of Mar.

and Fre shwtr. Re s., 4O:386, fig.3T,U.

Oolína contluentt McCulloch, (631) Plate

7: Figure p.

McCulloch, f977. Qualiøtive observations on

Recent foraminifer¿l tests with emphasis on

the eastern Pacifrc, Univ. S. Calif., Los

Angeles, Spts:17, p1.54, ftg.l.

Typically possess very thick reticulate costre

as in figured specimen.

Oolinø globosa (Montagu), (52)

Venniculum globo sa Montagu, 1803. Te stac ea

Britannica, 606 pp., Ransay, England, J.S.

Hollis.

Oolim globosa (Monøgu), Barker, 1960.

Society of Economic Pøleontologists and

Mineralogists , Tulsa Spec. Pub. no.9.,

p1.56, figs.1-3.

Oolína hexagona (Williamson), (31) Plate

7: Figure a.

Entosolenia squano sa (Montagu) var.

hemgona Williamson, 184,8, Ann. Mag. NaL

Hist., ser.2(L):20 Pl.2 frg.23

Oolinn hemgona (Williamson); Albani, 1978.

Aust. Jnl. Mar. &. FreshwÛ. Res.,79:79, frg.

7N.
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Oolina melo dOrbignY, (285) Plate 7:

Figure b.

Oolinamelo d'Orbigny, 1839. Voyage dans

t'Anérique Méridionale ; Forwniniféres, 5(5): 1-

86.

Genus PALLIOLATELLA Patt€rson &

Richardson,1987

PallÍolateth radíata (Rhumbler), (610)

Lageno radiataRhr¡mbler, 7922. Planbon'

hped. Humboldt'Sifiung, Ergeb', Bd' 3, L'c"

Teil 1, pl.22, frgs.16-17'

Lag ena r adiafa Rhlmtbler, 19t9.

Micropaleontlogist (Amer. Mus' Nat' Hist')'

3(2): expl. P1.22.

Test small, compressetf distinctive costae

radiating from central part of test within carina'

Aprpears very similar and may be synonomous

the Oligocene species lag ena distinctøvat'

arborealvlafues.

Pøllíolatella røilíøta (Rhunbler) var"

(656) Plal€ 9: Figure i.

Test larger then P. radiata and more elongaæ;

multiple radiating costae. Very similar to fig'

17 (Rumbler, 1922) with a distinctive notch in

the carina at the base of the æst.

Pøtlíolatella braityiþrmís (McCulloch),

(6,+0) Plate 9: Figure c.

Fissurina bradyiþrmis McCulloch, 1977 ' 54'

pl. 61, frg.14.

P allio tat e lta b r ady iþ rmi s (McCulloch), Albani

& Yassini, 1989.,Ar¡sf. Jnl. Mør. & Freshwtr'

Res.,40:394, figs. 5D, E.

PøIliolatelh bevis (Montagu), (199)

Plate 7: Figure f.

Vermiculum laevi s Monøgu" 1 803. Testacea

Britannica or a nahral history of British

Shells, Íutrine, land and fresh-waær, including

the most minute. Romsey, England' p.524.

Pallíolatella cf.. L. pulcherríma

Cushnan and Jan¡is, (551) Plate 9: Figure k'

Cushman and Jarvis, 1929. Contrib. Cushtnan

Lab. Foran.R¿s., Sha¡on, Mass., USA, v'5

pt.l (72):8, Pl. 2, fig. 10.

Large test, central area regulady pitæd'

peripheral area covered with elongate slits

radiating outwards; aperture slightly elongate'

Genus PARAFISSIJRINA Pa¡r, 1947

Parøfrssurina cuínala (Buchner), (581)

Plate 9: Figure t.

Lagena lateralis Cvsfuan forma ca¡inata

Buchner, 1940. Nova Acta lzopoldina,

9(62):52L, PL.23, frgs. 497-500'

P arafi s suriltn sub c arþtat a Prr, 1950'

B.A.N.Z.A.R.E' 1929-7931, repL ser' B,

5(6):318, Pl. 10, f,rg.9.

Parafissurína costuldta Jones, (650)

Jones, 1984. Rev. Espan. De Micropaleont',

16:128, pl. 6, fig. 15.

Genus PSEUDOFISSURINA R.Vy'' Jones'

1984

Pseud.ofis s urinø muc cullo chae Jones,

(516) Plate 9: Figure v.

Jones, 1984. Rev. EsPañ. De MicroPal',

16:119, pI.4, figs. 16-18.

Family ELPHIDIIDAE Galloway, l'933

Genus ELPHIDIFT I A Cushman, 1936

Elphidíella sp., (453) Plate 15: Figures d' e'
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I-arge, planispiral test with ten charrbers,

single row of openings along sutures'

peripherl' rounded. Smooth surface' Multiple

inæriomarginal forarrina. Very rare, specinen

from OB2, OtwaY Basin'

Genus ELPHIDIUM de MonÚort, 1808

EþhilIíum chaPmaní Cushman, (607)

Cushman, L936. Contr. Cushmut Lab' Foram'

.R¿s., 12:80, P1.14, figs' a b'

Etphidíum crisPum (Linné), (214)

Nautilus crispus Linne, 1758. Systemø

Nalurae,l0th ed. vol.l Holmiae, (Stockholm):

L.Salvü, p.709.

Tlwm¿on rigafus MonÚort' 1808. Conchyl'

System, et Clossifrcot. Méthad. dcs Coquilles'

Vol.1, Pa¡is: F.Schoell, P.203.

Potystomella crispus (Linné), l-amarclç 1822'

Hist. natur. des animaux sans vertèbres, V'7'

Paris: L'autev,P.625'

Etphidium crispum (Linné), Cushman, 1933'

Spec. Publ. Cush. Lab. Foram' Res, 4t47 '

pl.4l, fig.4.

Eþhítlium crassatum Cushman, (601)

Cusbman, 1936. Contr. Cush Løb' Foram'

Res.,72(4):81, 82, Pl. 14, figs' 8ab'

Figured specimen (Plaæ 15: Figures q¡) is

int€rpæted to be va¡iation of E. crøssatum

Cusbma¡u showing acute margin on an

rmusually inflated test. Sutures are raised and

recr¡ned.

Etphídíum pseailonodos¿nr Cushman'

Q02) Plate 15: Figure a.

Cushman, 1936. Contr. Cushman Lab' Foram'

Res.,12(4):82.

Elphidíum subrotatum Hornibrook, (454)

Plaæ 15: Figure b.

P oty stotttclla sibirica Goës, Cbapman,

7926N.2. Geol. Bull. 11:89, p1.17, frg.14

(not of Goës).

Elphidium subrotatum Hornibrook, 1'961'.

N.Z. Geol. Sumey Palaeont. Bull,34(l):129,

pI.18, figs. 384,385.

TN

Elphitlíum s¿.l

Elphiilíum sP. 2

(4s3)

(342)

Subfamily NOTOROTALIINAE Homibrook

1961

Genus CRIBROROTALIA Hornibrooh 1961

Cribrorotalía dorreení Hornibrook,

(4s7)

Homibrook, 1961. N.Z Geol. SuneY

Palneont. BuIt.,34(l):139, p1.18, frgs. 396-

398, p1.28, ftg.556.

Genus DISCOROTALLA Homibrooh 1961

Díscorotalía te,nuissíma (Karrer), (256)

Plaæ 15: Figurej.

P oly stotncllø tenuis simø Ka¡rer, 1865' Novara-

Frçed. Geol. Theil, 1(2):183, p1.16, fig' 16a-c'

Notorotaliø tenußsinlø (Ka¡rer) Finlay &

Marwick, Trans. Roy. Soc. N.2,70(1):114'

D i s c o r o t alia t e iui s s itnt (Kaner), Homibrook,

lg6t. N.Z. GeoI. Sumey Palaeoflt. Bull',

34(7):141, pl.1'8, figs. 387, 388, pl'28,

rrg.547.

Common throughout the laæ Oligocene'

distinguished by small, flattened test with

irregular ribs.
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Díscorotalía sP cf. D. tenuíssìma

(Karrer), (440) Plate 15: Figure k.

$mall test simila¡ to D. tenuissim¿(Ka¡rer) but

larger and less discoidal.

Genus NOTOROTALIA FinlaY, 1939

Notorot¿lía cl'athrata (Brady)' (173) Plate

15: Figure f.

Rotatia ctathrataBrúy, 1884. Rep. scient.

Results Voyøge H.M.S. Clnllenger'

9 (7nol) :7 O9, Pl. l'07, fig.8

Notorotalia cløthrala(Brady), Fmlay, 1939.

Trans. Roy. Soc. N.2,68:517'

Notorotalía howchíní (Chapman, Parr &

Collins), (247) Plate 15: Figures g, h.

Rotatia howchini Chapmau Pa¡r & Collins,

1934. Jnt. Linn. Soc. Lottd. hol.,38:566,

p1.9, frg.20a-c.

Notorotalia løwchini (Chapman" Pan &

Collins), Crespin, 1943. Pall. Bull',no.4,

p.82 (list).

Genus PARRELLINA Thalmann, 1951

Pørrellína centrílugølís Ca¡ter, (4ó3)

Plafe 15r Figure l.

Elphirtium (P anellina) centrifugalis Cartsr,

1958. Geot. Surv. Vict., Bull. No. 55, p' 63,

pl. 9, hgs. 98-100.

The large test is rmrbonate on both sides' Less

corrmon tban P. crespinae (Cushm¡n).

Parrellína crespinae (Cushman)' (85)

Plate 15: Figure m, n.

Etphirtium crespinae Cushman, 7936, Contr'

Cushman Lab. Foramin- Re s., 72;7 8, PL14

figs.1ab.

Common to abundant from the late eady

Oligocene in southern Australia onwards

(Janjukian), and is both súatigraphically and

geographically widespread occuning in alt

basins. The test is comp'ressed and bas an

acute periph€ry. Depending upon the quality of

presenation, arow of Pores maY be

distinguished at the base of the apertural face.

Genus POROSOROTALIA Vololoshinova'

1958

Porosorotalía crøssímurt (Czrtel), (92)

Plate 15: Figure i.

Notorotalia crøssimura Carter, 7958, Bull.

Geol. Sum. Vict.,55:64, p1.10, frgs.101-103

Porosorotali¿ crassimuraLindsay, 1967 . Trans.

Roy. Soc. S.Aust., 91:107.

Common in the Oligocene Pt Willunga

Formation, St Vincent Basin. Epifamal

species characteristic of inner shelf (Murray'

1991).

Family EPONIDIDAE Hofker, 1951

Bponiiles lornensís Finlay, (61) Plaæ 16:

Figure h l.
Finlay, 7939, Trans. RoY. Soc.

N. 2,69 (l\: 127 -122 Pl73 f i gs. 52-5 3

Eponídes repanìlus (Fitche[ and Moll),

(62) Plate 16: Figure m, n.

Nautilus repatdus Fiæhell & Moll, 1798.

Testo microscopica etc., p.35, p1.3, figs a-d.

Eponidcs repandus (Fitche[ and Moll)

Cushman, 1946 Cush' I-ab. Foram. res.,

Spec.Publ. No.17, p.6, pI.1, figs.5,a-c.

The dorsal surface is much flatter than E

lornensis and the aperffre does not expand
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ventrally. Tends to be tbe more common of

the two species in the Oligocene.

Family FURSENKOINIDAE Loeblich and

Tappan, 1961

Genus SIGMAVIRGULINA Loeblich &

Tappan,1957

Sígmavírgulína lortuosø (Brady), (174)

Plat€ 10: Figure o.

Bolivinatortuoso Brady, l88l' Qtly' JnI'

MicroscoP,,Soc., new ser., 19:57'

Signnvirgulina tunuo sa Loeblich & Tappan'

1957. Butt. U.S. natnl. Mus., 215:227 '

Fanily GLABRATELLIDAE Loeblich and

Tappau 1964

Genus GLABRATELLA Dorreen" 1948

Gtúratella ctøssr Dorreen, (60) Plaæ: 15:

Figure d.

Dorreen, \948, J o um' P alae ont., 22(3)229 4

P1.39 figs 1a-c.

Genus GYROIDINOIDES Btoaen, 1942

Gyroídínoùles allaní (Finlay), (59) Plate

11: Figures P, q.

Gyroidina atlaniEintzy, L939, Trøns' Roy'

Soc. N.2.,69:323, P1.28, figs. 134-136'

Gyroidinoide s altani @inlay), Finlay, 194ó'

Trans. Roy. Soc. N.2., 7 6(2):244(bs¡)'

Gyroidinoides allani Reed" 1965' BulI' Am'

Paleont.,49Q2O):77.

Common Oligocene species found in all

basins.

Gyroidínoídes zealanilicø (Finlay), (164)

Plaæ 11: Figures m' n' o.

Gyroídinø zelandicaFinlay, 1939, Trons' Roy'

Soc. N.Z, 69(3):231 P1.28 frgs' 138-140'

Gyroidircide s zelandica (Finlay), Hornibroolq

196l. N.Z. Geol. Surttey Palaeont. Bull.,

34(1):113, pI.16, figs.339, 34.r'..

Gyroidínoídes sp., (633) Plate 11: Figure r.

Very rare. A few specimens obøined from the

Gambier Basin section OB2'

Family GLOBAI'IOMALINIDAE Loeblich and

Tappan,1984

Genus PSEUDOHASTIGERINA Barrner and

Blow, 1959

Pseudohøstígerína mícrø (Cole)' (159)

Plaæ l: Figure d, h.

Nonion micrus Cole,l9Tl ' Bull. Atn'

Paleont., 74(5):22, P1.5, frg. 12.

Gbbigerinctta micr¿ Homibnook' 1958'

Micropal,4(l):34, Pl. 1, frg. 22-U'

Pseudohastigerina micra (ColÐ, Banner, 1982'

ln Aspect s of M icr oP alaeontob gY,

Banner&Lord eds., London, GÊorge,

Allen&Unwin, PP. 185, 186, frg. 5'64'

Family GLOBIGERINIDAE Carpenter, Pa¡ker

and Jones, 1862

Genus GLOBIGERINOIDE5 Ç¡6hmen, 1927

Globigerinoíiles Prímordíus

(Blow&Banner), (182)

Globigerinoides quadrilobafrs (d' Orbigny)

subsp. primordius Blow &Banner, L962'

Earres etal., Fundn¡untals of Mid'Tertiary

S n ø i gr ap hk al C on e lation. Cambridge

University Press):115, pl. 9, figs. Dd-Ff'

Globígerinoídes tríIoba (Reuss), (474)

Globigertna ñIobøReuss, l85O' Iç Alud'
.Wiss. 

Wien., Math-Nat. Denkschr., l:37 4,

p1.47, fig.l1

L29
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Gtobigerircides triloba (Reuss), Blow, 1956'

M icr op al., 2(l): 62, figs. 36a-c

Genus GLOBIGERINA d Orbi gnY, 1826

Globígerína anguliolficínalís Blow,

(261) Plate. 2: Figure b.

Blow, 1969. Proc. lst.Int. Conf. Plar'kt'

Microfossils, Geneva, EJ' Brill Iæiden,

l:799422.

Globígerina ciPeroensís

angulísuturatis Bolli, (121)

Bolli, 1957. BulI. U.S. Naln. Mus'275:109,

P1.22, frgs.lla-c.

GIob i g erin a c iPe r o en s i s B ol\

subsp.anguli suturølis Jenkins, 1960.

M I c r o p øle o nto lo gy, 6(4) : 350, pl. 1, fig'4a-c'

Globígerínø angulísuturaüs Blow and

Banne,î, (?jl3)Plxe:2: Figure e.

Blow & Banner, 1962-InEames et al.,

Fmdanetals of Mid-Tertiary Stratigraphical

Conetation.Cambridge University Press):M,

p1.9, Aa-Cc.

Gb b i g erina c ip e r o e n s i s ønguli s utur ali s

Jenkins 79ff,', Contr. Cushman Fdn.,l7(l):4,

p1.1., fig.6a-c.

The deeply incised and angular suhres are

clearly illustrated in the figured specimen' A

member of the G. ciPeroenesis'G.

an g u st iutnbilic at o gr oup.

Globigerína angustíumhíIícøta Bolli,

(518) Plate 2: Figure d.

Bolli, 1957. Bult.. U.S. Naln. Mus., 215:109,

P1.22, ftgs.l?a-l3c

Bolli, 1957, BulL U.S. Natn. Mus.,215:108,

PL.22, figs.4a-7b.

Globígerina brazíerí Jenkins, (125)

Globigerina brazþri Jenkins, L966' N.Z.

Journ. Geol. Geophys., 8(6): 1098, fig.6'

nos.43-51.

Globígerína brevís Jenkins, (346)

Jenkins, 196É,, N.Z Journ. Geol. Geophys.,

8:1100 frg.7 nos.58-63.

Globígerína cíperoensís Bolli' (121)

Plaæ2: Figure a.

Bolli, 1954. Contr. Cush. Fouttd. Foratn

R¿s., 5(l):1-3.

Globígerína bulloídes d'Orbigny, (1'20)

Plate2: Figure q.

Cushman, 1941. Contr. Cushman Lab. Forw¡t

Aes., 17:38, PI.10, figs.l'-l3.

Globígerína euøperlura Jenkins, (122)

Pla¡e2: Figures k l.

Jenkins, 1960, Micropal., 6(4);351, Pl.l,

figs.Sa-c.

Tenuítellínata iuvenílís (Bolli)' (275)

Plaæ2: Figure c.

Gtobigeina juvenilis Bolli, 1957. Bull- U.S.

natn. Mu*215:110, Pl.U, fig. 5a-c.

Tenuitellinita juvenilis (Bolli), Li,

Radford&Banner,1992. ln Proc. ODP, Sci.

Results, Wise, Schlich et al. eds., l?ß(2):569-

594, pI.2, figs. 3-6.

Common the late early Oligocene and late

Oligocene, often with intermediates in the

mnsition fr,m T. munda (Jenkins) to T.

130

Globigerína amplíøperturø Bolli, (119)



The Otigocene of southern Australia: APPENDICES

juvenilis. Very small test' narrow ap€rtural

lip, wall finely perforaæ and hispid'

Globígerínø officìndlís Subbotina' (126)

Subbotina 1953. Truþ W{IGR4 76(N'S'):78'

PI.11, frgs.la-7c'

Globigerínø ouachitaensis

Howe&\ilallace, Q87)

Howe&Wallace, 7932. BulI' La' Conserv'

geol. Sum. 2:74, Pl.lO, figs' 7a-b'

Globígerínø praebulloìdes Blow and

Banner, (116)

Blow and Banneç 1962. Fundam MidTert'

Strat. Conel', Camb. Uni. Press'

Cambridge, Pt.2, pp'61 - 1 5 1, Pls' 8- 1 7' frg'20'

Gbbígerínø wooilí Jenkins, (Ll7) Plate 2:

Figures h, i.

Globigeina w oodi I enitmq 1960'

Mic r o p al e o nt o I o gy, 6(4) :3 52, pl'Z fig2a- c'

Gtobigerina woodi JerIt<ns, 197 1' N'Z Geol'

Sun. paleont. bull., 42;159,160, pl'18'

fig.548-550.

Globigerinø (Zeagtobigerilu woodi) Kennec

& Srinivasan, 1983. Neogene Planktonic

Foraminifera Hutchinson Ross, pp'42'43'

pI.7, figs.4-6.

Globígerìnø woodi connecta Jenkins'

(513) Plate 2: Figure s.

Jenkins, 1964. M icr o p aI., 7O(L) t7 2, text-fi g'

1a<.

Genus SUBBOTINA Brotzen & Pozaryska

1961

Subbotína lindperb (Finlay), (109) Plate

1: Figure f.

Globigerim tiaaperta Finlay, 1939' Trans'

Roy. Soc. N.2., 69289-128 Pls.11-14

Globigerûø aff . G'liwpena McGowran'

1965. Proc. R. Soc. Vict.79:9-74, 60, fig'9

(2,3, in pa¡t).

Gbbigerino tiruperta linapertø Finlay; Blow

& Banner, L962. lnEames ed.l962,Fwtd' of

midTert. sffat. Conelaf. Camb' Uni' Press'

Canbridge pt.2,pp.61- 15 1, pls'8-17, frg'20'

Subbotina linaperta Srinivasan' 1968' Contr'

Cushman Fdnforwnin. Res' L9:749, pl'16'

figs.7,10.

Differentiated ftrom S. angip oro ide s

(Homibrook) by the characæristically

compressed final chamber althougb this is

often extremely difficult to.confirm in

overþping populations. Intermediaæs are

colnmon.

S ubb o tinø an gíp o r oídes (Hornibrook),

(110) Ptate 1: Figure g.

Stache, 1865. Novara Exped' Geol' Theil"

lQ):761-3MPls.21-24

Hornibrook" 1965. N.Z Joum' GeoI'

GeophYs., S:834-838

Genus GLOBIGERINATHEKA Brönniman'

1952

Globígerinatheka index (Finlay), (118)

Plate 1: Figure c.

Gtohigerinaide s hdex Finlay, 1939' Trus'

Roy. Soc. N.2., 69(7):L25 PL'14 frgs'85-88

GIob i ge rap sis indcx (Ftnlay} Hornibnmk'

1967. N.Z geol. Suw. paleont' Bull'

34(1):152.

131
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Gtob i g erirnthz c a ( Gto bi g er ap s ß ) inde x

Jenkins, N.Z geot. Surv. paleont' Bull',

42:187, P1.22, frgs'64l -ils .

Atthough specimens range tbrougb a wide

morphological spectrum investigated sarrples

contqined forms that confomr to the criterion of

Blow (1979) and Loeblich and Tappan (1988)'

tbar Globigerinath¿ka possesses a spinose wall

whtle Gtobigerinap sis is muricate'

Genus GLOBIGERINELLA Cushman, 1927

Globígerínelb obesa (Bolli), (235) Plate

2: Figures tr, o, P.

Globorotalia obesaBo\li,1957 ' Bull U'S'

N atl. Mus., 215119, P1.29, figJa-3

Globigerhctta obesa KenneE and Srinivasan'

1983. Neogene Planlfonic Forasrinifera

Hutchinson Ross. pp.234-236, pl'59, fig'2-5'

The frgured specimen may be a transitionary

form between Gtobigerin"a bulloide s

(d' Orbigny) md Globigerinclln obesa's's'

Family GLOBOROTALIIDAE Cushman'

L927

Genus PARAGLOB OROTALIA Cifelli 1982

Parøgloborotalia kugleri (Bolli)' (265)

PlaÌa2: Figure e'

Globorotøtiakugleri Bolli, 1957' BUII' U'S'

natn. Mus., 215: 118, P1.28, fig'5a-6'

Globorotalia kugleri Jenkins, 1963' Nature'

200(4911):1087.

Parøgloborotalia opima (Bolli)' (479)

Plate 1: Figure m.

Globorototia opima subsp .opimt Bolli, 1957'

U.S. Natnt. Mus' BuII.,2l5:ll7

Pangloborotaliø opima (Bolli), Cifelli, 1982'

Jnl. Foran Res', 12;114

Pøragloborotalía opíma r¡ør¡ø (Bolli),

(724) Pl^te 1: Figure q.

Globorotalia opima nanaBolL, 1957' Bull'

U.S. natl. Mus.,215:718, pl. 28, figs' 3a-c'

Genus TURBOROTALIA Cusbman &

Betmú&2,1949

Turborolalía íncrebescens (Bandy),

(133) Plate 2: Figure m.

Bandy, 1949, Bull. Am Paleont.,

32:(731)t120-121, P1.23, figs.3a-c

Genus GLOBOROTALOIDES Bolli, 1957

Globorotaloídes testørugosus (Jenkins),

Ql4)Pl^tE 1: Figures r' s.

Gtoborotatia testarugosus Jenkins, 1960'

M icr o p øIe o nt o lo gy, 6(4) : 368, pl'5 figs'8a-c'

Globorotaloidcs testarugo sus Jenkins, 1965'

N,Z Journt. GeoI. Geophys., 8(6):1092, fig'

2.

Globorotaloídes labìacrassata (Jenkins)'

(123) Plat€ 1: Figure j.

Jenkins, lg(f,, N.Z Journ. Geol. Geophys',

8: 1 102, fig.8, nos'64-71.

Globorotaloídes suterí Bolli, (189)

Bolli, 1957. Butt. U.S. Nat[ Mus', 2|5:ll7 '

pL.27, frg.9a-13b.

Genus IIANZAWAIA Asano, 1944

Hanzawaì¿ scopos (Finlay), (242) Plate 16:.

Figures g, h.

Discorbis scopos Finlay, 1940' Trans' Roy'

Soc. N.2.,69(4):466, p1.67, figs' 212,213'

t32

Hanzawøia turgídø (Finlay)' (447)
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Discorbis turgidus,1942. Trans' Roy' Soc'

N.2' 69 (4):467, Pl.67,frgs.2l4-216.

Dßcopulvinutinn tur gidaHornibrook, 1961'

N.Z Geot. Suruey Palaeonl. Bull',34(l):105,

p1.14, figs.287, 297, 295 '

Family I{AUERINIDAE Schwager' 1 876

Genus MASSILINA Schlunberger, 1893

Massìlína torquayensís (Chaprnan),

(150) Plate 4: Figure e.

Spiroloculinn lorquayensis Chapnan, 1921,

Rec. Geol. Surv. Vict., 4:375-3?A Pl'51'

Massilinn torquayensis Crespin, 1950, Contr'

Cushmøn Fdn foramin. Res., l:70-7 5'

Genus NUMMOLOCULINA glpinmann, 1.881

Nummoloculinø contraría (ð'OrUigny),

(588) Plate 4: Figure j.

Bilocutino contrario d Orbigny, 1846'

Foraniniftres fossíIes dtt BassinTeniaire de

Vienne (Autriche), Pa¡is:Gide et Comp',

p.266.

Nummoloculína irregulørús (d'Orbigny),

(655) Plate 4: Figrne f.

Biloculiru ine gularis d' Orbigny, 1839' Voyage

dans I' Anérirye Mérídionale ; ForatniniJères'

Strasbourg, France, Levr¿ulÇ tome5(5):67'

Genus PYRGO Defuarrce, 782z1

Biloculína bulloídes d 'Orbigny, (481)

Plate 4: Figure i.

dOrbigny, 1826, Ann. Sci. Nat., t(7):297 '

Genus QUINQUELOCULINA d'OrbignY'

1826

Quínqueloculínø crøssícostatq Terquem'

(9) Plate 4: Figure l.

Terquem, 7882. Soc. Géol' France, Mém,

Paris, sér. 3, tome 2,no.3, P' 185.

Quín qu elo c ulinø cfhíc o rnís

(rüalker&Jacob), (652>

Serpula bicornis W alJr;er & Jacob, 1798. In

Adams' Essays on thc M icro scope, l(arrmacher,

F.,H.z, London, P'633,

Quínqueloculína ínÞícøfø Terquem var.'

(659) Plate 4: Figure o'

Terquem, 1878. Mém. Soc. Géo\., sér.3, pt.

1,p.73, pl. 8, figs. 16-27.

Quínqueloculína laevígata (d'Orbigny)'

(1)

dOrbigny, 1826, Ann. Sci. Nal.,1(7):301

no.6

Quínqueloculinø l¿marckíanø d' Orbigny,

(412)Pla¡e 4: Figure o.

d' Orbigny, 1 839. Foraminifère s. ln Histoire

physique et nalurelle dc I'lIe de Cuba" Ramon

de la Sagra ed., A. B€rEand' Paris, p.189'

Quínquelo culína cL semínulum

(Linnaeus), (ó23)

Serpula seminulumlinnaeus, 1758. Systema

nahrae. 8d.10 Hotmite, Suecia (Sweden),

impensis L., Salvii, tomus 1, P.786'

Quínqueloculína weøv¿ri Rau, (405)

Plaæ 4: Figure b.

Rau, 1948, Joum. Pabeont.,22:759-160 Pl'28

fig.1-3

Quínqueloculína zealandica Srinivasan'

(407) Plate 4: Figure

t33
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Srinivasan, 7966, Trans. Roy' Soc. N'Z',

3(17):235

Cænus TRILOCULINA d'OtbignY, 1826

Tríloculína hrochits Carter, (175)

Carter, L964. Men geol. Sum. Vict',23, 59'

pl.l, figs.3,4.

Triloculinø brochita Ree4 1965' Bull' Am'

Paleont.,49Q2O),73.

Tríloculína cf tricarinøta d'Orbigny,

(4oe)

dOrbigny 1826. Ann. Sci. Nat',lQ):299

Tríloculína gílboeí Beck, (413)

Beck 1943. Joum. Palaeont-, 17 (6):594

PI.101 fig.1-3

Triloculínø trígonula (Lamarck)' (538)

Plaro 4: Figure g.

Miliolite s trigonula Lama¡ck" l8M. Ann'

Mus. natn. Hist. nat.,5:351, (f,rgs' vol' 9, pl'

17,figs.4a-c.

Trilocutina trigonula (LamarcÐ, d' Orbþy'

7826. Annts. Sci. nat., ser.1,7;299, pl' 16,

figs. 5-9.

Family HERONALLENIIDAE Loeblich and

Tappan,1986

Heronallenía lÛnguhta (Burrows &

Holland), (90) Plaæ 14: Figures o' P'

Dßcorbis lingularo Burrows & Holland' 1895'

in Jones, Pølaeontogr. Soc' Land.1895, pl'7'

figs.33a-c.

Heronallenia lingulata @urrows & Holland)'

Chapman, Pa¡r & Qsllin5, 1934. Joum' Linn'

Soc. Lond. (bot.), Vol.38, p.564, pl'8, figs'

11a+.

Heronøllcnia paní Carter, (89) Plaæ 14:

Figure q.

Discorbis w ilsoni Heron-Allen & Eâriand'

l9A. Journ. Roy. Micr. Soc., 1924, p.172.

Heronallcnia wilsoni (Heron-Allen &

Earland), Chapman & Pa¡r, 7931. Proc. Roy.

Soc. Vic., Vol. 43, Pt.Z, Pl'9, flg.1.

Heronalleniø wilsoni (Heron-Allen &

Ea¡land), Chapman, Pa¡r & Collins, 1934.

Journ. Linn. Soc. Land' (7nol.), Vol.38,

p.564, p1.8, figs. 11 a-c.

Cafiør, L958. Geol. Surv. Vict' BulI., 55:43-

MPl.s frgs.4345.

Heronallenia sp. Parr, 1950. B..A.N.Z.A'R'E'

Reports, series B. Vol.5, PL6, P.357.

Family HETEROHELICIDAE Cushman, 1'927

Guembelìtría trìseríata (Terquem), (115)

Plate 1: Figure n.

Tenitaria triseríataTerquem' 1882, M en Soc'

Geol. France, s€f,'3, 2:L-193 Pls.1-28

Guentbetitria triserinta (ferquem); L{alvez,

1970. Cah. Paléont., p.171, p1.36, fig'6'

Previous identifrcations in southern AusEalia

are interpreted to be synon)tms ie' G' stavensis

Bandy, G. samwelli Jenkins.

Farrily KARRERIIDAE Saidova 1981

Genus KARRERLA Rzehalç 1891

Karrerìa murís (Finlay), (71) Plaæ 16:

Figure c.

Vagocibicides nuoriøFinlay, 1939. Trans'

Proc, Roy. Soc. N.2,69(3):326, P1.29,

frgs.148-151.

Kaneria maorio @rnlay), Hayward æd Buzås,

197 9. Smithsonian Contributiofl s to

P ateob ioto gy, 36:61, pl'19, frgs. 233,234'

t34
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Karrería pseudoconvexa (Parr), (98) Plate

16: Figures a b'

Cibici^des pseudoconvents Parr' 1938' Inl'

Proc. RoY. Soc. West Aust', 24:86, Pl'3'

figs.5a-c.

Knrreria þ seudoconvexß McGowran, 1!)65'

Proc.Roy. Soc. of Vict',79(l):56, pl'5'

figs.9,10.

Common in assemblage zones B and C'

Faurily LAGENIDAE Reuss 1862

GenusLAGENAWalker & Jacob 1768

Lagenø c urvícostats Heron-Allen&Eadand'

(636) PlatÊ 7: Figure h.

Heron-Allen&Earland' 1924' Roy' Micro' Soc'

Lond., Jour., P. 148, Pl. 9, frg' 36'

Lagenø gíbbera Buchner, (178)

Buchner, 7940, Novø Acta lzopoØina" n'f "

96Ðta?3

Lagena hírtshølsens¡s Anderson' (194)

PlalÊ7t Figure r'

Anderson, 1971. In Knudsen et aI', Denmark

Geol. Soc., Bull. (Dansk Geol' Foren''

Meddel.), 2lQ-3);206,201, pl' 4, frg' 2' pl'

16, figs. 10,11.

I-agena hisPìita Reuss, (32)

Reuss, 7863, Sber., Akad', Wiss,lYieh

46(L) :335 il.6 rrg.7 7 -7 9'

Lagend sp. cf. L. hexøcostøta McCulloch'

(425) Plaæ 7: Figure m.

McCulloch, 1977. Quølitative obsemations on

Recentforaminiferøl tests with an emplusis on

úe easterî Pacific.University of Southern

California L.4., U.S.A., p' 36, pl. 53, figs'

5a b.

Lagena .nebulosa (Cusbman), (560) Plaæ 7:

Figure g.

Iagemhøvis (Montagu) vu ntbulosa

Q¡shman, 1923. Bull. U.S. natn. mus',

1M'29, pl. 5, figs.4-5.

Lagena spírølís (BradY)' (584)

Brady, 188Ø,.Rept. Clallenger Expd, London,

England, 7¡o1., P¡. 22, Vol. 9, P' 468'

Lagena sÞíata (d'Orbigny), (36) Plate 7:

Figure s.

Ootþn striatad'Orbipy, 7839. Voyage dats

l' Amc rþu e M ería dio rcte - F o ramin ifer e s, Yttars

Levr¿ult & Co, Paris.

Lagena stríalo Chapman & Parr, L926' I'

Linn. Soc.,36:374, Pl. 17, fig' 5'

Itgena substríataWilliamson, (34) Plate

7: Figure n.

Williâmson, l8/;8, Ann. Mag, Nat. Hist',

ser.2(1):15 ftg. LZ.l

Figured specimen similar to the Holocene

subspeciesl. substriata ornuicollis Jones but

with the neck showing ahexagonal

develoPm.ent of closs-ban.

Lagena sulcata\ilalker & Jacob, (280)

S e rp uta ( I'a geru) s ulc ata'N all<çt & Jacob,

1798. b Adnm's Essøys on tIæ Microscope'

Kannacher, F. ed., London, Dillon & Keating'

p.634, Pl. 14, frg' 5'

Lagena sulcaraWalker & Jacob, Cusbman'

1913. U.S. natl. Mus' Bull'71.22, pl' 9' fig'

a
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Lagena sulcataWatkfi & Jacob, Ludbrook,

1967, Butl. GeoL Sum. S. .Ársf., 36:19'

Lagena sulcata (Walker & Jacob) var'

spí.cala Cushman & McCulloch, (594) Plate

7: Figure d.

Lagena sùtcata Walker & Jacob, 7884. Rept'

Voy. Chailenger, hoL, V.9, p1.58, hgs'4,17'

Lageru sulcata (Walker & Jacob) var. apiculata

Cushman, 1913. U.S. Nat. Mus., Bull.

7 l(3):23, p1.9, figs.3-4.

Lagera suhaÍa (Walker andJacob) var' spicata

Cushmsn & McCulloch, 1950. Southern

Caliþrnia(Jniv., PubI., Allan Hancock Pacific

Exped., L.4., Calif., 6(6): 360.

Genus PROCEROLAGENA Pui, 1954

Procerolagena cylínilrocostatø Albani &

Yassini, (636) Plate 7: Figure i.

Albani & Yassini, 7989. Aust. J. Man

Freshwøter Res.,4O:387, fig. 3a

Procerolagena dístoma @arker&Jones),

(625) Plate 7: Figure e.

Lagerc distoma (Parker&Jones), In Brady'

l8(/,. Linn. Soc. I-ondon, Trans.?A(3):467

Ingeru gracillina(Seguenza) var. mollis

Cushman, 1944. Cush. lnb. Foram' Res,

Spec. Publ. 12:21, Pl' 3, frg.3.

Procerolagena elo ngatø @hrenberg), (559)

Miliota elongallEhrenberg, 1884. K' Preuss'

Akad. Wiss., Berlin, p.274, pI.25, fig' I

lngena elongalø (Ehrenberg), Albani, 1978'

Aust. Jnt. Mar. Freshwater Res.,29:376, frg'

7H

Proc erolageno ebngan (Ehr€nb€rÐ'

Albani&Yassini, 1989. Aust. Jnl. Mar'

Fresltwaler Res., 40:83, ftg. 3H

Proc erolagena gracillímø (Seguenza),

(168)

Amptnrina gracillinto Seguenz4 1862.

Messina, T. Capra,l,2,p.5l, p1.1, frg. 37.

Lagena gr aciltina (Seguenzz) ; Brady. 1884.

Challenger Expedition Reports, hol, 9:456,

p1.56, figs. 79-26.

Procerolagena gracillina Albani & Yassini

1989. Aust. Jnl. Mar. Freshwater Res.40t4l4,

ftg.3J.

Fusiform test, lacking orn¡mencation.

Proc erolagenø gracílís (Williamson),

Qe4)

\ryilliamson, 1848. Ann. Mag. Na4 Hist.'

London, England Ser.2, V,1, P.13.

Proceroløgenø merídíozølis (Weisner),

(605)

Lagena gracilis Williamson var ruridionalß

Weisner

Weisner, 193L. Deutsclw Sudpolar Eryed

I n Lß03, herausgegeben von Erich von

D ry g aI ski, 20, 7ñ1. 12, 53 - 165' ?Apls'

I-agena gracilis Williamson subsp.

meridionalis Weisner, Jones, 1984' Revista

Espaflola dc Micropal., 132, p1.7, frg'3'

P roc er olagerø tncridion"alis (Weisner), Loeblich

& Tappan, 1994. Cush'Foun'd. Foram' Res',

3l:79, p1.743, figs.7-l 1.

Genus PYGMAEOSEISTRON Patterson and

Richardson, 1987

136
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Pygmøeoseistron sp., (654) Plate 7: Figure

o.

Test free, globular and r¡rilocular. Wall

smooth, apefture circular.

Fanily LOXOSTOMATIDAE Loeblich and

Tappan 1962

Genus LOXOSTOMUM Ebrenberg, 1854

Loxostomum lobatum (Brady)' (192)

Bolivina lobatum Brady, 78M' Rep' Sci' R¿s'

Voy. H.M.S. Clnllenger, 4(Zool')

Inxn stomum lobøtum (Brady), Cushman'

1937. Cush.lnb. Foran- Res', Spec' Pub'

No. 9, p.188

Family MISS$SIPPINIDAE Saidova 1981

Genus STOMATORBINA Dorreen, 1948

Stomatorbínd concentrìcø (Parkerand

Jones), (108) Plate 14: Figures w' x'

Pulvinulina cotrcenlrica Parker and Jones in

Brady, 7864Trans. Linn. Soc. (Lottd') hoL

Y oL.?A, pP. M347 5' Pl. 48.

Eponides concentiricus (Pa¡ker & Jones)'

Chapmen, Parr & Collins, 1934. L Linn' Soc'

(Iând.) 7not. Yol-3$ p.565, pl'9, figs'l7 a-c'

Stomatorbino concentrica Carter, 7958' Geol'

Sum. Vict. Bull. 55'.4A, p1.4, frg' 37'39' pl'4'

fis.75.

Stomatorbína todilae Haque, (600)

Haque, 196O. Geol. Suw. Mem, PaL ,

P aki st an, 2(2):32, P1.2, frg. 6.

Stonatorbín¿ sp. (600) Plate 16: Figure e'

Biconvex t€st; suhres thickened by secondary

layers on spiral side, rormded periphery'

Genus AIvIPHICORYNA Schlumberger, 1881

Amphícoryna cf. A. halkyønlì Cushman,

Q79)Plate 5: Figure e.

Cushman, 1933. Cuslt Lab. Forant Res',

9:pt.1, p.9.

Test sr¡rface covered with fine hispid spines

indispersed with broken or intemlpted

longitudinal costae. Abele (1961) ¡eçefled this

species ari lare in the GanbierLimestone and

suggested variable morphologies with

specimens similar to lt hirsutø (d'Orbigny).

Amphícoryna scaløirís (Batsch)' (225)

Nautilus scalaris Batsch, 1860. S¿ct¡s

Kupfertafetn mit Conchylien de s Seesandes,

gezeichnet und gestoclrcn von A.J.G'K Balsch'

Jen4 6 pls.

Nodosaria scalalir (Batsch), Brady, 1884'

Rept. on the Scientific results of tltc Voy'

HMS Challenger , hol',9:510, pl' 63, frg'

16

Antphicorye scala¡ß (Batsch), Parr, 1950'

Brit. Aust. N.Z An'tarct. Res' Exped' Rep',

Ser.B, 5:328, Pl. 11, frg' ?4.

Amphicorynø scalarts @asch) var', (?A0\

Plate ó: Figure s.

Some variation noted with neckbroader and

fla$er than the narrow, slender neck of A

sc¿J¿ris s.s.

Genus ASTACOLUS de MonÚort' 1808

Astøcolus crepìdulus (Fitchel & Moll)'

(613) Plare 5: Figure n.

Cristettarit crepidula Fiæhel&Mollç 1798'

Te stacea micro sco pica aliaque mhúa ex

t37

Farrily NODOSARIIDAE Ehrenberg, 1838



The Oligocene of southern Australia: APPENDICES

generibus Argonauta et Nautilus, Wien,

Österreich, Cauresina' P. 107.

Astacolus crepidulus (Fiæhel&Moll), Barker,

1960. Soc. Econ. Paleont. Min., Spec' Pub'

No. 9, p. 140, Pl.67,lrg.20

Astacolu's neolatus Vella, (590)

Vella 1957. N.Z Geot. Suw. Pølaeont' Bull',

28:30, gl7, fig.143, 146-8

Genus CHRYSALOCONIUM Schubert' 1908

Chrysalogoníum verticale (Stache)'

(138)

Dentalina verticaleis Stache, 1865. Nov ar-

Epedit ., GeoI.Th¿i\., l(2):202, pl'Z,

fig.38,39.

Nodo saria (Denfathø) Iornciatn d'Otbigny;

Chapnan, 1926. N.Z geol. Surv' palaeont'

BuIl., lL.49, Pl.3 fig.28.

ChrysøIo gonium verticalis Finlay, 1946'

Trans. Roy. Soc. N.Z, 76Q):2A3 (ltst)'

Chrysata gonium verticalz Hornibrook, N'Z'

GeoI. Survey P alaeont. Bull., 34(L):48 Pl'6

frg.L02

Genus DENTALINA Risso, 1826

Dentalinø dvena (Cusbman), (161)

Nodo sario advenaCushman, 7923' U'S'N'M'

BulI.,lM(4):79

Dentalitu adveno(Cushman), Barker, 1960'

Soc. Econ. Palaeont. Min., Spec' Pub' No' 9'

p.132, pl. 63, fig.1

Dentalína soluta Reuss, (12)

Reuss, 7851, Deutsch, Geol., Zeitschr', Berlin,

Bd.3:60

N o da s arin ( D e talinc ) obliqm Lhne v at

subcostata Chapman, 1926. N.Z Geol. Suney

Palaeont. Bull.,ll:S\ Pl. 11, fig.3

Detalina subcostata Finlay, 1946. Trans. R.

Soc. N.2.,76Q\:243.

Dentalina subcostala Honibrooh 7967. N.Z

geol. Sum. paleont. Bull. 34(L):45, p1.6,

fig.88.

Dentalína subsolula (Cushman)' (420)

Plaæ 5: Figure q.

Nodosa¡ia subsoluta Cushman, 1923. BuI[

U.S. natn. Mus., lM(4);74, pl. 13, fig' 1'

Dentalino suh soluta (Cusbman), Crespin,

7943. Palaconl. Bull., 4, 7 8.

Dentølina kaícherae Mclæan, (331)

Mclean, 1956. BuII. Amcr. PaI.,36(160):

328, pl. 38, ñgs.14,15, 18,19.

Dentalínø mutata Costa (140)

Costa" 1894, R. Accad. Sci.Inst. Bologna

Mem. Sci. N¿f. ser.5 tsme 4t209, P1.1, fig'28'

Dentalìna sP. 1 (492)

Denblínø sp. 2 (506)

Genus HEMIROBULINA Stache, 1864

Hemirobulíttø sp., (552) Plate 5: Figure j'

Elongate unornamented smooth t€st, sutures

oblique, chamb€rs added at slight curve at the

base. Rare in the eady Oligocene in the Otway

Basin.

GenusLINGULINA d OrtúgnY' 182(í

I)ngulína butrumí ChaPman, (423)

Chapman, 7926. N.Z. geol. Surv. palaeont'

Butl. 17:54, Pl.ll, tig.12

138

Dentalínø subcostøta Chapman, (417)
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LÍngulína semíIíneata Chapman, (2)

Chapman, 1926. Lingulina semilineata

d'Orb., var. semilineato ; N'Z' Geol' Surv'

Palaeonl. Butt. l7;54,pl'12 fltg'1'

Iingulína sp., (604) Plate 5: Figure r'

Test elongate, depressed; smooth surface'

suûJfes sharply cr:wed owards an elongate

þrminal aperture in plane of compression'

Genus NODOSARELLA Rzehalc 1 895

Noilosarella sp., (148) Plate 5: Figure g'

Elongaæ t€st, appears circular in cross-section'

Inflated chambers are separatedby sraight

suhres.

Crenus NODO5¡¡¡¡\ l¿6¿¡çþ 1 812

Nodosarìa vertebralß (Batsch) vat, (257)

Plate 5: Figure h l.

Brady, 1884 (not Batsch). ReP' YoY'

Challenger, 7nol.9:5l4,pl' 63, frg' 35'

Test elongate onramented with longinrdinal

costae; nr¡merous charnbers, distinct with

initial cbarrber inflated; short stout spine at

base of t€st.

Noilosarìt facíle Franzenau

Franzenaq 189O, Math Natutw' Ber' Ungam'

Budapest, Ungarn, Bd.7 (1888-1889) art5

P.72.

Noilosøú¿ longßcata d'Orbigny, (497)

d'Orbipy, 7846. Foraminifères Fossiles du

BassinTertaire de Vienne. Paris, p'32' pl'l'

fig.10-12.

Nodosaría mutabílís Costa (136) Plate 5:

Figures b, c.

Costa 1855. R. Accad. Sci. Napoli, Mem,

2:134.

Fig. f is interpreted to be a variation of N'

mutabilis, with thicker neck distinguishing

charact€r.

Nodosaría sepetons (Brady)' (303)

Nodosaria scalaris (Balsch) vu seperansBndy'

1884. Rept. on thc Scietific results of thc

Voy. HMS Challenger,Tnol.,g:510, pl' 63,

frgs. 16-19

Anphicoryw sePerans (Brady), Pa¡r, 1950'

B.A.N.Z.A.R.E., 1929-1931, Ser. B, 5(6):328

Nosaria sepaflms (Brady), Quilty, 1974' Pap'

Proc. Roy. Soc' Tas.,108:77, pl' 4, frg' 125

Nodosøria símPlex Hantken, (246)

Hantken, 1868. Magyørh. FöldL Tórs', Mutk,

Pest, Magarorszdg,köt.4,p.87, pl' 1, ftg'

11.

Genus PLECTOFRONDICULARIA Liebus'

1902

Plectofroni!ícularía awomoanq Finlay'

(461)

1939. Trøs. Roy. Soc. N'2., 69(1):100

Ptectofrondicularía proparrì Finlay'

(221)Platþ 6: Figure v.

1947. N.Z Jnl. sci. tech.,828(5)tTI6, pl'4,

f,rg.4648.

Genus PSEUDONODOSARLA BoomgaarÇ

t949

r39
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Pseudonodosaria c oro nata (Grzybowski)'

(30) Plate 5: Figure u.

Lageta ( Cidaria) coronotaCrrzybowski" 1896'

30(ser.2, v.10): 292,pl' 10, fig' 6a-b'

Famify NUMMULfIDAE de Blainv tlle' 1827

Genus OPERCULINA d' OrbignY, 1826

Operculinø vìctoríensis Chapman & Pa¡r

(79) Plate 4: Figure s.

Chapman & Parr, 1938. Pall' BrlL' No'4'

p.82(lisÐ

Family PATELLININAE Rhumbler' 1906

Genus PATELLINA \ililliamson, 1858

Patellinø corrugatørililiasrson' (250)

Plate 13: Figure i.

'Williamson, 1958. Roy. Soc', London'P'ß'

p1.3, frg.86-89'

Family PLANORBULINIDAE Schwager'

L877

Planorbulinella roseannø Lindsay' (450)

Lindsay, 1981, Q. Geol. Notes Geol" Suttt'

S.Ausf., 78:13

Family PLAIIULINIDAE Bermrldez 1952

Genus CRFSPINELL A Pan 1942

Crespinella Paní QuilrY, (539)

Cr espinetla sP. nov' Ludbrooh 7961 Bull'

geol. Surv. S..Arsf., 36, pp'74,87' pl'3'

frgs.7-9.

Cre spinello parri Quilty, 7980' Alcluringo"

4:3O2, figs.4-6.

Genus PLANULINA d'OrbignY, 1826

Planulína evoluta LeRoy, (44) Plaæ 16:

Figure n.

LeRoy, 1939. Natuurk. Tiidschr. Nederl' -

hdië, Batovia, Javt, dl. 99, aft. 6,p'266,pL'

7, frgs. 16,L7 .

Planulína wuellerstorfi (Schwager), (283)

Schwager, l8fi6. Novara'Eryed' geol',

2Q):258,259, P1.7, frg. 5, 6'

Family POLYMORPHINIDAE d'OrbiSpy'

1839

Genus GLOBULINA d'OrbignY, 1839

GhbulÍnø gíbba (d'Orbigny), (30) Plate 8:

Figure j.

Potynorphina (Globulin¿) gibba d' Otbrgny'

L8?,6. Ann. Scí. tttt.7t266,lO, Modèles 63'

Globutino gibba Crespin, 1943' Palaeont

Brll., Canberr¿ 4:80.

Globulínø ínaeqaølís Reuss, (293) Plale

8: Figure i.

Reuss, 1850. K. Akad Wiss' Wien, Math' '

Nat. Cl., Denluchr.,Bd. 1, p' 377,pL' 48' frg

9a b.

Genus GUTTULINA d' OrbignY, 1839

Guttulínø communís (d'Orbigny), (422)

Plate 8: Figure a, ü ?o.

P o ty no rph ina ( Guttulina) c o ttmun is

d'Orbigny, 1826. Annls. Sci Naû wr' L'7'26'

Guttulina problena Pa¡r & Collins' 1937'

Proc. R. Soc. Vict.,50:191, pl' 72' fig'l'

Guttulitn cotwtwnis Quilty, 1974' Pap' Proc'

R. Soc I¿s., 108:79, p1.4, figs' 128'729'

Guttulína ftankeí Cushman and Ozawa'

(353) Plate 8: Figure e.

Cusbman and Ozawa 1930, U'S' Na¿ Mus'

Proc.,77(6)228 PI.4, fig. 1'
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Guttulína írregul'arß (d'Orbigny)' (421)

Cushman & Thomas, L929 Journ' Palaeont"

3:177 PL.23, frg. ?a-c.

Guttulína otíshensís Hornibrook' (354)

HomibrcÉ¡K 1961. 55, N'Z' geol' Sum'

paleont. Butt. 34(l):55, pl'7, fig'L2l

Guttulína pacífica (Cushman & Ozawa)'

(355) Plate 8: Figure l'

Sigtnoidetla pacificø Cushman &' Ozawa"

L928. Contrib. Cush' I-ab' Foram' Res"

4(57):19, Pl. 2, frg. 13'

Guttulina pac¡¡1ca (Cushman & Ozawa)'

Cushman & Ozawa, 1930. Proc' U'S' nat'

Mus.,77(6):50, Pl. 37, figs' 3-5'

Guttulina problemø d'Orbigny, (27) Plate

8: Figure c.

Guttulino Problema d' OtbiPY 182ó'

Ann. Sci.nnt., 7 :266, 14'

2 Polyrcrphina problent (d' Orbigny)

Chapman 1926, N.ZgeoL Surv' palaeont'

Bull., 11:68, P1.5, fis. 10-12'

Guttulina probtenn Cushman & Ozzvta' Proc'

(1.5. naf. Museun\ 77(2829):79' pt'2' frgs'1-

6; p1.3, fig.l.

Gumilina problenu Pa¡r & Collins 1937'

Proc. Roy.Soc. Victoria (n's'), 50(1):191'

pl.l2, figl.

? Gunulirusp' Dorreen L948, J' Palaeont"

22(3):?89, Pl. 37, frg' 8'

Guttulína regína (Brady, Parker & Jones)'

(426)Plzitþ 8: Figure b'

Polymorphina re gina Brady, Parker & Jones'

187O. Trøs. Linn' Soc.,27',?At, pl' 41' ftg'

32.

Guttutitt¿ regirc @rúy, Pa¡ker & Jones)'

Cusbman &.Oz'avtu 7930. Proc' U'S' twt

Mus.,77(2829):34, Pl. 6, Írg' 1,2'

Gßtulint regiru @ndy, Parker & Jones)'

Hornibrook, 796L. N.Z GeoI' SumeY

Palaeont. BulI',34(7):55, pl' 7, frg' 123'

Guüulína Yúei Cushman and Ozawa'

Q33)

Potymorphina oblonga Brady, 1884' Rep'

Voy. Challenger, 7no1.,9, 569, Pl' 73,

fi9s.2,3.

Guttulinayøåei Cushman &' Ozavta, 1929'

tap. J. Geol. Geogr.,6:68, pl'73,frg'2;pl' 14'

frg.6.

Genus PYRULINA d'OrbignY, 1839

Pyrulína fusíþrmís (Roemer), (207)

P olymorhirn ( Gtobulincn) Íusiþrmis Roemer'

1838. N eue s Jatubuch fttr M inzralo gie'

Geo grw sie, Geolo gie und P etrefaben'Kundc'

p.386, P1.3, fig.37

þrutina fusiþrmls @oeiner), Cushman &

Ozawa,793O. Proc. U.S. NaÍn- Mus"

7 7 (6):54, Pl.l 3, figs.3-8

Pyrutina fusiþzrus (Roemer), Ba¡ker' 1960'

Soc. Econ. Palaeont. Min', Spec'Pub' no' 9'

p. 148, pl. 77, frgs. 17-19

þrulinø gutta d'Otbigny, (24) Plate 8:

Figure f.

d Orbigny, L82Á. Ann¿ls des Sciences

N aruralle s, 7'.267, no,?Å, "Modele" 30'
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Genus SIGMOIDELLA Cushman & Ozawu

7928

Sìgmoídella bortoníca Finlay, (380)

Plate 8: Figure P.

Finlay, 1939(b), Trans' RoY' Soc' N'2"

69(3):318 Pr.25 fig.4344

Sígmoídella elegantíssímø (Parker &

Jones), (231)

Potymorphina elegantissintt Parker & Jones'

7865. PhiI. Trans. R. Soc" 155,438'

Sigmoidella elegøntissima Cushman &

Ozavta.7929' Jap. I. Geol' Geogr',6:76'

p1.16, figs.l'0,1L.

Sigrøidello elegantissima Quilty, L974' Pap'

Proc. R. Soc. Tas.,10E:85, pl'4, fi9'142'

Genus SIGMOILINA Schlumberger 1887

Sigmoítína lspert (d'Orbigny), (626) Plate

4: Figure m.

QuinEt¿toculina aspero d' Otbtgny' l8?Á'

Annls. Sci. nat., ser' 1,7:301'

Quinqrctocutina asperaPa¡ker & Brady' 1871'

Ann, Mag. nat' Hist., ser' 4, 8, pl' 8' fig' 11'

Sígmoílínø obesa Heton-Allen & Earlan{

(435) Plate 4: Figure h.

Sigmoitim obesa Heron-Allen & Earland'

1932. "Discovery" Reps.,4:320,pl' 7' figs' 1-

4.

Genus SIGMOILOPSIS FinlaY, 1947

Sígmoílopsís schlumbergeri Silvestri'

Sigmoilina schlumbergeri Silvesti' 1904'

Accad. Pont. Romona Nuovi Lincei, Mem"

Roma Iltatiu 22:267,269.

Sigmoilopsis schlumbergeri (Selvestri)'

Barker, 19û. Sociery of Economic

Paleontologists atd Mineralogísfs , Tulsa'

Spec. Pub. no.9, P.16, Pl. 8, figs' 1-4

Genus SIGMOMORPHINA Cushman &

Ozzwa,1928

Sìgmomorphínø lornensís Hornibrook,

(134)

Sigmomarphina brncnsis Homibrooh 1961'

N.Z. Geot. Suney Pølaeont. BuIl',34(l):59

Pl. 7 frg. 130.

Sígmomorphína obesa Hornibrook, (435)

Plaæ 8: Figure h.

Hornibrook, 7961. N.Z Geol. SuneY

Palacont. Butt.,34(l):59, pL.7, figs' 122, L28

Sígmomorphinø wynyørilensis Parr &

Collins, (167) Plate 8: Figure g'

Sigrømorphina wynyardensis Parr & Collins'

1937. Proc. roy. Soc. Vict., 50:2O3, pl' 15'

fig.3a-c.

Genus REUSSELLA GallowaY, 1933

Reussella finlaYi Dorreen, (4O5)

Doí€en, 1948. J ourn, P alacont', 22:292,

P1.38, frg.4

Hornibrook, tg6l. N.Z Geol' Surr' PaL

Bull.,34(1):78.

Famity ROTALIIDAE Ehrenberg, 1'839

Genus SHERBONINA CbaPman, 1922

Sherbornìnø atkínsoní Chapman, (637)

Plate 14: Figure q.

Chapman, 1922, J. Linn. Soc', Tnol',34:501-

503. P1.32, frgs.l-5.

Sherhornind cuneímørginøta Wade,

(634) Plate 14: Figure s.

142
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V/ade and Carter ,lg57 . Micropal',3: 155-164,

pp.158-159, pl'1, figs.6,7; p1.2, figs'7-11;

pI.3, figs.7-10.

Genus PARAROTALIA YIe Calvez, \949

Parøroblía verrículata (Howchin&Pa¡r),

(83) Plaæ 12: Figures o' P.

Rotalia veniculata Howchin&Par¡, 1983'

Trans. Roy. Soc' S'¡{rst., 62:310, pl'19,

figs.8,9,11,15

C alc arina v enic ulal a (How cbm&Parr),

Ludb,rook, 1961. S"Ar¡st Dept.of Mines and

Ener gy, B uII., 36:50,59,'l 9,87, pl'4, fig s'6,7

P ar ar ot alia ve rriculnl a (Ilowchin&Par)'

Lindsay, 7969' Bull. geol' Sun' S' 'At¡st',

42:23.

Common to restricted facies in the Murray and

St Vincent basins. Oligo-Miocpne'

Pararotalía mtckøyi (Karrer), (455)

Rosalina nnclcayi KaÍ€r, 18Ø' Novara-Eryed

g e ot., 7(2):82, P1.76, frg.\ 

Pararotalia urackayi (Karrer), Hornibrook,

Lg7l. N.Z. Geol. Surv. pat- Bull',43"19,20'

p1.3, figs.55-57.

C:enus AMMONIA Brünnich, 1772

Ammonis beccarü (Linné), (65) Plate 13:

Figure e.

Nøutilus beccaríi Linné, 1767. Syst' Nat',

H.lz,p.ll62.

Ammonía nunus (Hornibrook), (465)

Streblus ¡¿n¡¡s Hornibrook' 1961. N'Z' geol'

Sum. paleont. Bult. 34(l):128, pl'20, figs'

425427.

Farnily SPIROLOCTILINAIDAE Weisner,

1920

Genus SPIROLOCULINA d' Orbþy, 1 821í

Spiroloculína angulata Cushman, (51'7)

Spirobculina grøta Blad,y, LBM. " Clnllenger "

Expedit., Sci. R¿s., 7nol.,9'.155, pl. 10, figs'

16,77,22,23,

Spiroloculina grata Brúy var. angulata

Cushman, 1917. BulI. U.S' twtn. Mus.,

71:36, pl. 7, frg.5.

Spiroloculittø angulata Cushman & Tod{

1944. Spec. Publns. Cushman Lab.,ll:50.

Spiroloculinn angulato Cusbman & TodG

Quilty, L974 PaP. Proc. RoY. Soc. Tas.,

108:4243, Pl. 7, frg.23.

Spíroloculínø sp. 1, (515) Plaæ 4: Figure a'

Fusiform test with flattened sides,

porcelaneous, imp€rforate, planispirally wound

ftbular çhqmhers, shut neck. Figued

specimen is from a depauperaæ asse'mblage of

miliolids in the lower part of Interval D in

oB2.

Spíroloculinø sP. 2, (509)

Family SPIROPLECTAI\{MINIDAE

Cusbman, 1927

Genus BOLIVIOPSIS Yakovlev, 1891'

Bolivínopsís cubensís (Cushman and

Bermudez), (5) Plat€ 10: Figure t'

Spiroplectoides cubensis Cushman &

Bermudez, 1937 . Contr. Cuslu¡nn Lab' foran'

R¿s., 13(1):13, P1.3, ftg'44,45

Finlay andMa¡wick, L940.Trøs. Roy' Soc'

N.2.,70(l):107.

t43
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Ilayward and Buzas, 1979. Smithsonian

Contributions to P aleobiolo gy, 36:33' Pl't,

frg.72.

Lindsay, 1981. Tertiary stratigraphy and

foraminifera of the Adelaide city ar€4 St'

Vincent Basin, South Australia- Masters thesis

(unpubl.).'University of Adelaide' Adelaide,

2:554, p1.37, figs.2,3.

Lindsay considered this to be the microspheric

form of B. cubensis, while the distinctive

raised¡ibs and evoluæ planispiral a¡e considered

here to be diagnostic of a separate species'

Fanify TÐ(TULARÍIDAE Eb¡enberg, 1838

Genus BIGENERINA d'OrbignY, 1826

Bigenerína nodosaría d'Orbigny, (599)

Plat€ 3: Figure e.

d'Orbigny, 1826. Ann' des Sci. Natur',7:261

Genus SIPHOTEXTULARLA Finlay, 1939

Síphotextutaría awømoana FinhY ,

(1s3)

Finlay, L939. Trans. RoY. Soc. N'Z,

69 (7):92, Pl. 14, fig.89,90.

Síphotextutaria gladíze¿ (Finlay)' (49)

Plate 3: Figure c'

Tenularia gtadizeaFinlty, 7947' N'Z J ourn

Sci. Technol., sec' B, 28(5):267.

Tegularia gtadizea Homibrook, 1968' N'Z

Geot. Surv. Handbook Info. ser',2:35'36,7\-

72,table H, fig. 13'

Sip ho te xtularía c o nc av a (Karrer)' (27 2)

Plate 3: Figure d.

P le canium c o fl c av unl Karer, 1 868'

SitzungsberichÍe der Kaiserlich Akad' der

Vr i s s ens cIøfi e n, 58(l) :L2l -193'

Tenularin canc(Nø (Karrer), Brady' 18M.

Clallenger" Expedit,, Sci. À¿s., 7nol.,9,pl,

42, Írgs.13,14.

Siphotelularia cortcavo (Karrer), Finlay, 1938'

Trans. Roy. Soc. N.2.,68:510.

Genus TEXTULARIA Deftan ce, \SVL

Textubria cuncazeo 1¡e¡¡iþeeþ (143)

Homib'rook, 1961. N.Z. geol. Sum. paleont.

Bult. 34(l):19,P1.1, figs. 4, 5'

Textuluia løYí Karre\ (6ó2) Plate 3:

Figure n, o.

KaÍ€r, l8(/,. "Novøra" Eryed, Geol. Tluil,

1:78. pl. 76, frg.7 .

Textularia jutsoní Quilty, (490) Plate 3:

Figure u.

Quilty, 1981. Iourn. RoY. Soc. W.4.,

64(3):85, frg.S,13

Textularía magøllaníca Todd and Kniker,

(389) Plate 3: Figure m.

Todd and Kniker,7952. Cushman Found'

Forant Re s., spec.pub., lVa.shington

13., no.l p.7

Textularía marsdení FinlaY' (54)

Finlay, 1939. Trans.RoY' Soc. N.2.,

69(1):90, pI.14, fig.67.

Textularía nanatupensis Quilty, (390)

Quilry, 1981. Roy. Soc' Western Australia,

Jnl.,64(3):82-M

Textularía semicarínøta Hornibrook,

(511) Plaæ 3: Figure k.
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Hornibrook, 1967. N.Z geol. Surv. paleont'

Buil. 34(7):19, P1.1, frgs.2-3.

Textularít sp. 4 , (661) Plate 3: Figure i'

krge biserial æst, coarsely afenaceous, inflated

final chanber. Similar to a late Eocene species

Telularia sp. 2, pl. 7, frg.2 of Beecroft

(1e80).

Family VERNEUILINIDAE Cushman, 19 1 I

Genus GAUDRYINA d'OrbignY, 1839

Ctaudryínø attenuata Chapman, (181) Plate

3: Fig. L

Cushman, 1913. U.S' NaL Mus., Proc.,

Washington, D.C., USA, 7M(1973):636, pl'

80, frg. 3.

Gøuilryínø crespínøe Cushrnan, (53) Plate

3: Figure p.

Gaudryina rugo sa Cushman, 1926. N'Z' geol'

Surv. Paleont. BulL,ll:35, Pl. 8, fig' 7'

C'uùy ítw ( P se udo Sailùyitw) cre s p itwc

Cushman, Spec. Pubt. Cushman Lab.,6:14,

pl. 2, fig. 15.

Gauùyina crespirue Hornibrook, 196l' N'Z

geol. Surv. pøleont. Bull- 34(l):26, pl' 2, frg'

29.

Common with a wide geographic distribution

through the Oligocene.

Ctøudryina conYett (Karrer), (569) Plate 3:

Figure h.

Tenularia convexnl(arra, 1865. " Novarø"

Expedn. Geol. Theil.,l:78, pl. 16, frgs' 8a-c'

Gaúryina conveu, (Ka¡rer), Br¡rdeu et al',

1963. /V. Z Jouri. Sci., 6(4):513-530'

Gatdryiru convext (Kaner), Hornibrooh 1971

N.Z Geol. Sum. Palaeont. Butl.43:16, pl. 1,

frgs. 8-15.

Gaudryina cf. re¿ssi Stache, (569)

Stache, 78&. Novara-Exped. geol. 7(2):17\,

pl. 21, fig.l1.

Genus TRITÆilA Reuss, 1860

Tritaxía víctoríensís (Cushman), (200)

Plate 3: Figure f.

Clavinuliru angularis Chapman' 1907. J.

Linn. Soc., 30:29, P1.4, figs.68-73.

Clavinulþnidc s szøåoi Qlantken) var.

victoriensis Cushman, 7936' Spec. Publs.

Cushman Lab., 6:22, Pl. 3, frgs.l9,22.

Ctavinutircides victoriensis Ree4 1965. BUIL

Atn Paleot., 49(220)273, pl.l 1, frgs.2,9

Tritaxia victoriensis (Cusbman), Quilty' 1974'

Pap. Proc. Roy' Soc. Tøs., 108:40, pl. 1, figs.

16,17

Genus VERNEUILINA d OrbþY' 1839

Verneuilínø browní FinlaY, (404)

Finlay, 1939. Trans. RoY. Soc. N.2.,

69 (2):9 L-92 Pr. 14 frg.l 2-7 3

Fanily CHAPMANINIIDAE Thalman, 1'938

Genus SHERBONINA CbaPnm' 1922

Sherbonína cuneinarginøb'Wade, (634)

Plate 14: Figure s.

Wade, in V/ade &.Catter,1957.

M icro paleontolo gy, 3(2) : 1 58, 159, pl. 1, figs.7-

11. P1.3, figs.7-10.

Family VALWLINIDAE Berthelin, 1 880

Genus CRIBROBULhIINA Cushman, 1927

145



The Oligocene of soutlßm Australia: APPENDICES

Críbrobutímína míxta (Parker & Jones),

Qn)
Cushman, L927. Cush, Inb. Foram. Res.,

p1.11, frgs. 1-5.

Lindsay, 1981' Tertitry Statigraphy and

Foraminifera, Adelaide, Sáøst. Masters

Thesis, Adel. Uni., p. 559, pI.40, fig. 1.

Family MILIOLIDAE Ehrenberg, 1839

Genus OPHTHALMIDIUM Zwingli & Kilbler

Ophthalmidium sp., (406) Plate 4: Figure

k.

Smnll fl¿6s¡ed test, rounded in outline;

globular proloculus, planispiral coiling of

Ebular charrbers; wall porcelaneous'

imperfor¿te.

Family POLYMORPHINIDAE d OrbþY'

1839

Genus GLANDULINA d'OtbignY

Ghndulínø symmetrica (Stache)' (51)

Plaæ 8: Figure k.

Pseudonodosaria syranetrica Ståche, 1864.

Novara-Exped. Geol., 1(2):787 , pl. ?2, frgs.

9ab.

Gtandulitu rynanctrica (Stache), Homibnook,

196t. N,Z. geol. Suttt. paleont. Bull.

34(1):61, p1.8, fig.132.

Fanily CASSIDULINIDEA d'Orbigny, 1839

Cænus CASSIDULINA d'OrbignY' 1826

Cdssídulína carapítanø Hedberg, (188)

Plate 8: Figures w, x'

Hedberg, 7937. Jounal of Palzontology,

11(8):680, pL.92, frg. 6.

Common in late Oligocene. The biconvex test

bas a sbarp periphery; and an elongate aperffe'

Cassidulínø cuneøta Finlay, (135) Plaæ

8: Figure r.

Finlay, 1940. Trans RoY. Soc. N.Z,

&(4):456, p1.63, figs. 62-6ó

Hornibrook et al., 1989. N.Z Geol' Sum' Pal'

BulL, 56:88, fig. 18:23.

Occurs in the Dunüoonian of New Zealand has

a similar range in South AusEalia Occassional

appeårance in the Gambier Ba.sin and very rare

in the St Vincent or Murray Basins.

Cassidulína laevígata d'Orbigny, (415)

Plaæ 8: Figure t.

Cassidalino laevigata d' Orbigny, 1826' Ann.

Sci. nat. Sér. L,7:282, pI.15, f,tgs.4,5.

Cas sidulina laevigata Cushamn" 1925. Contr.

Cushman Lab.l (3):52, P1.8, fig.1,2.

Cas sidulina laevigata Finlay, 7946. Trans.

Roy. Soc. N.2.76(2)2V13 (list).

Cassiiulina lacvigøra Homibrooh 1967. N.Z.

Geol. Survey Paløeont. Bull.,34(l):85, pl. 10,

fig. 199.

Genus EVOLVOCASSIDULINA Ezdre, 7967

Evolvocassidulinø oríentølis

(Cushman), (165) Plate 8: Figure s.

Cassidutina bradyi Norman; Brady, 78&4. Rep.

Voy. Clnllenger, hoL 9:P1.54,fig.10.

Cassidulina orientalis Cush¡rim, 7922. U'5.

noÍ. Mus. Bull., lM:729.

Evolvocassidtliru orientalis (Chaprnn) Eade'

7967. N.Z i. Mar. Freshwater Res.,l(4):421'

454.

Genus GLOBOCASSIDIJLINA Voloshinov4

1960

Globocassídulína crassø (d'Orbigny), (15)

Plate 8: Figure v.
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Cassidulitu crassa d Orbigny, 1826. Ann' Sci'

N¿r., sér 1,7:357, pl. 9, figs. 26-33.

Gtobocassidttlina cras sa Barker, 1960'

Taxonornic notes - on the species figured by

H.B. Brady in his report on the foraninifera

dredged by H.M.S. Ctøllenger during the years

L873-1876. SocietY of Economic

Paleontologists and Mineralogists , Tulsa

Spec. Pub. no.9, P1.54.

Råre in the eady late Oligocene in the Otway

Basin.

Globocassìilulína subglobosa (Brady)'

(8) Plate 8: Figure q.

Cassidutitø globosaBrady, 1881. Quart' Joum'

Micr. Sci., London, 21:60

Glabocassidulim sub globos¿ (Brady),

Hornibrook et al., 1989. New Tzaland

Geological Survey, Buil'56, p'93, fig' 15:33'

Globoc assídulínø P s eudocrassa

(Homibrook), (137) PlatÊ 8: Figure u'

C as s idltina p s eudo cr as s a Hsmibrook" 19 6l'

N.Z. Geot. Survey Palaeont. Bull',34(l):86,

pl. 11., fi9s.202,203.

Family VICTORIELLIDAE ChaPman &

Crespin 1930

Subfamily VICTORIELLINAE Cbapn'an &

Crespin 1930

Ger¡us MASLINELLA Glaessner and rffade,

1959

Illaslinella chapmøni Glaessner and Wade,

(462)

Glaessner and Wade, 1959, Micropal.,5Q)2203

Pl. 1 figs.7-8.

Wadetla globþrmís ChaPman, (154)

Plate 4: Figure r.

Carpentaria globþrmis Chapnan, 1926. N.Z'

Geol. Sumey Palaeont. Bull.,lll.87, pl. 16'

fig. 6.

Wadella globiformis Srinivasan, l%6. Trans'

Roy. Soc. N.Z. geol., 3(17):249,250.

Genus VICTORIELLA Chapman and Crespin

Víctoríella conoídea (Rutæn), (145) Plate

4: Figures q, u.

Carpeilføria corcideo Rutlen, 1914. U itk ned.

N.-Guinea Exped. 1903, 6(Geol .) (2):47 , pl.l '

ftg.3.

Carpentaria proteiÍormis @s var. plecte

Chapman, 1927. Geol. Suw. Vict. Rec.

4(3):320, p1.51, fig.3'

Victorietlo ptecte Chapmr^ & Crespin, 1930.

Proc. roy. Soc. Vic. n.s.42(2\:att.14, 111'

Victorietta affplecte Finlay & Marwick,

1940. Trans. roy' Soc. N.Z. 7O(7):95, 17 '

Victorietta plecte Crespin' 1943. Dep'

Suppty Shipp. Min. Resour, Surv. Conbena,

paleont. BuIl. 4:13,56, 65, 67,70, U'

VictorieUa corcidea (Rutten); Glaessner &

Wade, 1959. Micropaleontob gy 5(2):199,

p1.1, fig.l-S; p1.2, frg.l-5, 7-10, pl.3; Text

frg. 14.

Distinguished by the distinaive large

Fochospiral t€st with a thickly layered wall

covered in reguhr ube'l'cles and coarse pores'

This key species is comnon to the Janjukian

Stage, abundant in the Gambier Limestone.

Genus HOFI(ERINA Chapman and Pan, 1931

Holkerinø semíornøta (Howchin)' (157)
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P ulvinulino semiornata Howchin, 1 889'

Trans. Roy. Soc. S.Aust', 12'.14, pl'L,

figs.12a-c,

Hoflc,erina semiornala Qlowchin), Crespin,

1943. Pal. Bull., No.4, P.80 (list)'

Family SPHAEROIDINIDAE Cushman, 1927

Genus SPHAEROIDINA d'Orbigny 1826

Sphaeroídina bulloìdes d'Orbigny, (410)

Plaæ 10: Figure Y'

dOrbigny, 1826. Ann. Sci. Nat., ser' 1,7:267

Modeles 65

Sphaeroidína varí¿bìlís Reuss, (226)

Reuss, 1851. Z. dtsch. geol. ges., 3:88, pl'7,

frg.61-64

Hornibrook, 7961. N.Z. Geol. SurveY

Palaeont. Bull' 34(l):89 H.n frg'534-535'

Genus VIRGULINA d OrbignY

Vírgulínø schreihersiand Czizek, (512)

Virgulina schreibersiano Czjzelç 7848'

Haidinger' s Naturw. Abh. 2:ll, pL'13, fig'1 8-

2L.

Virgulina schreibersiana çushman, 1937'

Spec. PubI. Cushman Inb. 9:13, frg'11-20'

Farrily TRICHOTIYLIDAE Saidova 1981

C.ænus BUCCELLA Anderson, 1952

Buccelb lotellt Hornibrooh (234) Plate

13: Figures h, i.

Hornibrook, 796l' N'Z' GeoI. Sum' PøL,

BuIt., 34(7):110 P1.15 f,rgs'3 14-31 5'

Farrily BAGGINIDAE Cushnan' 1927

Genus CANCRIS de Montfort' 1808

Cancrß íntermedius Cushman and Todd"

(534)

Cancris ruricula (Fitchell&Moll), Chapnnn,

Parr&Collins, 1934. JnI. Linn Soc. Lond.

hol.,38:567, Pl. 10, frgs. ?/la-c

Cøncris inlerrudius Cushman&Tod4 1942.

Contr. Cush. Lab. Forant R¿s., 18(4):88, 89,

pt.22, figs.11,12

Cøncrís bevínflatus Hornibrook, (264)

Plaæ 13: Figu¡es f, g.

Hornibrook, 796L. N'Z Geol. Sum. Pal,

Butt, 34(l):120, pl. 15, Í19.328,311,332

Genus VALVULINERLA Cusbman' 1926

Vølvulínerìs kalímnensis (Parr)' (620)

Plate 14: Figures r,s.

Planulina tcalimn¿nsis Parr, 1'939. Min. &

Geol. Inl., 1(4):69, P1.1, figs.l9a-c

Valvulircria lulinnensis Carær, 1958'

Geol.Sun.Vict. Mem.no.23, p.101, pl'8,

figs157-167

Family DISCORBIDAE Eh¡enberg, 1838

Genus COLONIMILESIA McCullocb' 1977

Colonímilesia sp., (570) Plaæ 13: Figures

f, g, h'

Small trochospiral æst has a circular outline'

Six broken final chambers show small rotmded

openings at tb€ cent€,î of chamber; test wall

covered with small pushrles, ñnely perforaæ;

periphery limbate. Rese,mbles D iscorbitina

Sellier cf. D. pusnlan Heron-Allen and

Earland. Rare specimens are identified fuom

MBT-5 at Wirha - the laæ Oligocene in the

MurrayBasin.

Genus DISCORBIS I¿rnarck' 1804

Discorbís balcombensis Chapman, Parr

& Collins, (56)
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1934. Jnt. RoY' Soc. Lottd' 7nol.,

38:562,563, Pl. 8, figs. 10a-c'

Discorbís cycloclypeus Howchin and

Pan, (91)

Howchin a¡d Pa¡r, l93&,Trans. Roy' Soc'

S.A¡¡sf., 62:287'317, Pls. 15-19

Díscorbís pseuilodíscoídes van Bellen,

(57) Plate 13: Figures l, m'

van Bellen, 7946. Geol. Stichting, Meded',

Haarlem, ser. C, 5(4):53, pI.6, frgs' 10-12'

p¡mily DISCORBINELLIDAE Sigal, 1952

Crenus DISCORBINELLA Cushman and

Martin, 1935

Discorbínellt biconcøva (Jones and

Parker), (203) Plate 13: Figure d, e'

Carter, 1964, Geol. Suw. Vict.'

Mem.nô.23:86 Pl.5 figs.97-100

Díscorbínellø pøpiltatt (Carter), (93)

Plate 16: Figure g, h.

Discorbis betheloti var papillata (Chæman'

Par&Collins),7934. Journ. Linn' Soc' Lond'

7no1.,38:561, Pl. 9, figs. 14a-c.

Dis co rbinelln pap illøta (Chapman'

Parr&Collins), Carter, L964, Geol' Sun'

Vict., Mem. no.23:87-88 Pl.5 figs'105-107

Díscorbinella ratescens (Bndy), (277'l

Discorbina rørescens Brady, l8M' Rep' Voy'

Challenger, hot. (9):657, pl'90, fig'2'3

Ínonf D i s c o rbin a r ar e s c en s C}rapnan, 19?ß'

N.Z. geot. Surv' paleont. Bull' 11:76, pl'15'

frg.8

Planodiscorbis rørescensYellu 1957 ' N'Z

geol. Sum. paleont. Br¡ll. 28:10 (list)'

Discorbfuwlla rarc scens (Brady)' Homibrook'

7961. N.Z. Geol. Surv. Pal, BuII.,34(l):117,

pl.l4, Frg.292-29 4, 298

Crenus LATICARININA GallowaY and

Wissler, 1927

Løtíeørinínø altocønerøta (Heron-Allen

& Earland), (95) Plate 13: Figure a-

Tranc atulint tenuimar go Brady, L8&4. Rep'

Voy. Chaltenger, 7nol., 9:662, pl. 93, frg' 2'

Trwrcatulþn tenuimargo v at alto-cømerala

Heron-Allen & Earland, 1922. Brit. Antarct.

(Tena Nova) Exped. Rep., hol.6Q):2t9,pl'

7, figs.24:27.

Truncatulina tenuimargo Chapman, 1926'

N.Z geot. Sum. paleont. Bul[ 11:78, pl'16,

fig.1..

Parvicarinirc altocatn¿rata Finlay, 194O'

Trans. Roy. Soc. N.Z 69(4):467, Pl'62,

fis.30-34.

P anic arinina alto c amerata Finlay &

Marwick, l9/[.. Trøs. RoY' Soc. N.Z.

70(1):111.

Boersma (1985) suggested tha¡ l-alicarinino

alto cam¿r at a and H e ro nalle nia sp p. migrat€d

into the Atlantic by about 7-oneY2l during the

Oligocene. This species and more typically

L.coronala occurs occasionally in the

Oligocene in the all basins.

Latícarìnínd coronala (Heron-Allen &

Earland), (94) Plate 13: Figure b' c.

Discorbis coronata Heron-Allen & Eadand'

1932. Discovery Rept. 4:416, pl.l4, frg'25-30'

Parvicarinina coronafa (Il€ron-Allen&Earland)'

Hornibrook, 1967' N.Z Geol. Sum. Pal,

Bull.,34(7):118, pl. 15, frgs. 311,310' 318
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Farrily ROSALINIDAE Reiss, 1963

Genus GAVELINOPS$ Hoflrer, 1951

Gavelínopsís pukeuríensis Hornibrook,

(44e>

Homibrook, 7961. N.Z. Geol' SurY' Pal,

Bull., 34(l):104, p1.13, frg'267, 270, 27 7

Cænus NEOCONORBINA Hofter, 195 1

Neoconorbína terquemí (Rzehak)' (229)

Rosalina orbicularis Terquem, 1876' Essai sur

Ie classem¿nt des animaux qui vivent sur la

plnge et dans les environs de Dunkerque,Fasc'

2. Paris, p. 75

Di scorb ina terErcmi Rezhak, 1 888'

Verhandlungen dcr Geotn gischcn Bmdesanstalt'

p.228

Genus PLANODISCORBIS Berm(tdez, 1952

Planodíscorbís írregulans Ca¡ter, (519)

Cute'.,1964. Geot. Sum. Vict., Mem' 23,

p.88, pl. 6, figs. 108-112.

Genus ROSALINA d'OrbignY, 1826

Rosølína t ugur Hornibrook, (458)

HornibrooK Lg6l. N.Z. Geol. Surv' Pal'

BuIl., 34(l):702, pl. 73, fig. 263, 265, 268

Rosalinø concínnø (BradY), (101)

Rosaliru concinna Brady, 1884' Rep' Voy'

Challenger, Tnol., 9:646, pl. 90, fig' 7-8'

Genus TROCHIJLINA d'OrbignY 1839

Trochulínø ilímídiatø (Jones & Parker),

(62A>

Discorbis dimidiataParker & Jones, 1862' In

'Introduction to the südy of foraninifera',

Carpenter, W.B., Parker, W.K' & Jones, T'R'

London:RaY Soc., P. 201'

Faurily EPISTOMINIDAE rüedekind' 1937

Genus HOEGLUNDINA Broøen, 1948

Hoeglunilìnd elcgans (d'Orbigny), (156)

Plaæ 16: Figure f.

Rotalø (Turbiruline) elegans d'Orbigny'

1826. Ann. Sci. Nat. Ser., L,7:276.

Högtundiru elegans Brotzen, 7948. Sverig'

geol. Undcrs. Avh., Set.C,493:92.

Fanily SIPHONINIDAE Cusbman, 1927

Genus SIPHONINA Reuss 1850

Síphonìna austrølís Q¡5hman, (139) Plate

13: Figure u.

Siphonina øustralis Qushamn, 1927. Proc'

(1.5. nat. Mus.72(2716):8p1.2, frg'6, pl'3

fig.7-8.

Family IIETEROLEPIDAE Gonzales-Donoso,

L969

Genus AI'{OMALINOIDES Brcvnu 7942

Anomølínoídes pínguínglabrø (Finlay),

(67) Plaæ 11: Figurel.

fuwnntina pinguinglabrøFinlay, 7940, Trans'

Roy. Soc. N.2., 69(4):460 P1.66 frgs'160-165'

Anomølìnoides gronost (Hantken), (307)

Plate 11: Figure e.

Tnncua grano.c¿ Hantken' L875.Mitt' lalrb'

Ung. Geol. Anst.,4:74'75, p1.10, figs' 2a-b'

Anomalina (Anomalittu) grailo sa (Hantken)'

Fursenko & Fursenke, 1961. Pal' Strat'

BSSR, sbornik,3;289, pl. 6, figs' la-c'

Attonwlinoides grorto sa (HantkeÐ, Saperson &

Janal, 1980. Micropø\.,26(4):398, pl' 1, ftgs'

4a-c,5a+.
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Anomalínoídes macralaárø (Finlay)' (66)

Plate 11: Figures c, d'

funnalino ide s macralabra Finlay, 1940,

Trans. RoY. Soc. N.2,69(4):460 Pl'66

figs.141-143

Arcnûliiloides m.acralabro Finlay & Ma¡wick'

194O. Trans. roy' Soc. N.Z.,7O(l):114, 122'

Anomølínoídes nonionoLdes (Fursenko &

Fursenko), (198) Plate 11: Figures 4 b'

Attottulittt (Anorulina) nonionoide s Fursenko

& Fursenko, 1967. PaL Strø. BSSR, sbomik,

3:290, pl. 6, frgs. 7a-b.

Anamalinoide s noniono ides (Funenko &

Fursenko), Saperson & Janal, l98l' Micropal''

26(4):399, Pl. l, figs. a-c.

Anomølínoídes procollìgera Caræt, (241)

Plate 11: Figure i.

Carter, 7958. BuIt' Geol' Sum. Vict', No'55,

p.49, p1.6, figs. 60-63.

Anomølínoídes umhonøta Cushman,

(180)

Cushman, 1925, Amer, Assoc. Petr' Geol'

BuII.,9(2):3t0 Pl' 7 frgs.5-6.

Family CERATOBULIMINIDAE Cusbman,

1927

Genus LAMARCKINA Berthelin, 1881

I-smørckína aírensís Carter, (469) Plaæ

16: Figures. i, j.

Carter,1958. Geot. Sun. Vict. Bull',55:65,

pI.10, figs107-709.

Lamarckína glencoensß ChaPman &

Crespin, (104) Plaæ 16: Figures lc l'

Lamarckina glencoensis Chapman & Crespin'

1930, Proc. Roy. Soc. Vict., 43(N'S.):99'

100; Pl.5

I-amarckina glencoensis Cbapman & Crespin,'

Crespin, 795O. Contr. Cush. Forom Res.

Vol.l pts.3&4,p.74. p1.10, frgs. 13 a'b.

Lamarckina glencoensis Chapman & Crespin.

Raggac & Crespin, 1955. Proc. Roy. Soc.

Vic. (n.s.) Vol.67. pt'l. p1.7, ñgs. 13 ab.

Family NOMONIDAE Schultze, 1854

Genus ASTRONOMON Cushman and

Rlwa¡ds,1937

Astrononíon øustrale Cushnan and

E¡lwa¡ds, (276)PlarÊ 1l': Figure g.

Cusbman and Edwa¡ds,1937, Cotr. Cuslannn

Lab. Foram" ^R¿s., 13(1):33 Pl.3

figs.13-14

Astrononíon centroplax Carær, (86)

Plate 1l: Figure f.

Carter, 1958, BuIt. Geol. Surv. Vict., 55:67-

63, Pl. 9, figs. 95-97.

Genus NONIONELLA Cushman, 1926

Noníonellt ercøvøta (d'Orbigny) va¡

runmaliensis Haque (452)

Haque, 7956, Geol. Surtt, Mem, PaI'

P akistanico, Quetta 1 : 1 1.

Genus PULLENIA Parker and Jones, 1862

Pullenb bullaídes (d'Orbigny), (81) Plate

11: Figure u.

Nonionina bulloide s d' Orbigny, 1 846'

Foruniniftres Fossilels du BassinTertiaire de

Vienne. Gide et Comp., Paris, p.107, pl'5,

frg.9-10.
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Pullenia spløeroides d'Orbigny, 1926'

Chapman, N.Z geol.Sun. palaeont' Bull',

11:74, pI.1.5, f,rg.1.

Pullenia bultoides Finlay, 1946' Trans' Roy'

Soc. N.2, 7 6Q):243 (\st).

Putlenio sphaeroides Dorteen, 1948' J'

Palaeont.,22Q):298.

Pullenia bulloides Veuâ' 1957' N'Z geol'

Surv. palaeont. B ull.,28:10 (list)'

d'Orbigny, 1826, Ann. Sci. Nat',7:293'

Putlenía quinqueloba (Reuss), (82) Plate

10: Figure s,t

Nonionina quinqueloba Reuss, L85l' fu itschr'

deutsch. Geol. Ges.,19(l):71, pl'5, fig'31"

Puttenio quinquelobo (Reuss) Chapman and

Tod4 1943, Contr. CuslunanLab' Forun'

À¿s., 91(1):10-11, P1.2, fig.5, Pl'3,

fig.8.(NB.Carær, AN. 1958. Tertiâry

foraninifera from the Aire District, Vicoria'

Geologicøl Survey of Victoria, Bull'No'55'

p.32)

Pullenia quinqueloba Finlay, 1946' Trans'

roy. Soc. N.2.,76(2):A3 (list)'

Puilenia bulloides Vella 1957' N'Z geol'

Surv. palaeont. Bull. 11:10 (list)'

Figure 10s appears similar tD P- elegøns

Cushman & Todd with six chambers in the

final whorl but has been combined with P'

quinEtcbba in this studY.

Genus æAFLORILUS Vella 1962

Zeaflorílus stuchei (Cushnan), (269)

Nonion stachei Ç¡shrnâD, 1936. Contr.

Cushman Lab., 72(3):66, Pl. 12, frg' 7 '

fuafbritus stachei Homibrook et al', 1989'

N.Z Geol.Surv., Bull.56, p.103, fig' 20:9

Zeaftorítus víctorìense (Cushman), (268)

Plaæ 16: Figure m.

Nonion victoriense Cushman, 1936. Contr'

Cush. Lab. Forant Res., L2(3):67, 68, pl.l2,

figs. 10 a b.

Fanily ROBERTINIDAE Reuss, 1850

Genus CEROBERTINA FINLAY, 1939

Cerobertína børtrumí Finlay, (495)

Finlay, 1939. Trans. RoY. Soc. N.Z,

69(1):118, Pl. 11, frg-2,3

Cerohertínø kakahoica Finlay, (105) Plate

16: Figures o, P.

Finlay, 1939. Trans. RoY. Soc.N.Z.,

69(1):120, Pl. 13, fig. 59.

Fanily SPIRILLINIDAE Reuss, 1862

Genus SPIRILLINA Ehrenber g, l8/.3

Spíríltínø decorøtø Brady, (64) Plaæ 3:

Figure t.

Sp irittiru decorato Btaiy, 1 884, " Cltøllenget "

Exped. Sci. Results, 7nol.,9

Spiriltina decorataBrady. Chapau Pan &

Collins, 7934. J. Linn.Soc. Land' Tnol',

38:558,559, P1.8, fig.l'

Spirillim dccorata Brady. Pan, 1950'

B.A.N.Z.A.R.E. Repts. Ser. 8., Vol'5(6):348

Spíríltína medíoscabra Carter, (635) Plate

3: Figue q.

Carter, 1958. Geol. Sum. Vict., Bull' 55, p'

3ó, pl. 3, figs. ?J4,25

Spirillína striato granulosa Terquem,

(446)

Terquem, 1882.Mem Soc' Geol. dc France

Ser. 3, lome2, No' 3, P' 33.
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Very rare. A single specimen identified ftom in

Magrath Flat 1 in the MurraY Basin.

SpiríIlína tuberosa Catter, (212)

Carter, 1958. GeoI. Surv. Vict., Bull. 55, p'

38, pI.4, figs. 30, 31.

Spírillína uníløtera Chapman, (259)

Spirilliru dccorala Brady var. wilatcra

Chapman, L902. Jnl. Linn. Soc, Lottd.

(7nol.),28:410.

Spiriltbn unilateraBrady, Carter, 1958. GeoL

Sum. Vict., Bull. 55, p.38, pl. 4, frgs.26-29

Spíríllínø cf.. grosseperforatø Zheng,

(218) Plate 3: Figures r, s.

7hs¡g,lg7g. Studia Marina Sinicø, 16:174,

222, p1.79, fi5. 12.

Planispiral, inegularly perforated test. Has

depressed spiral sutue both sides of tesL

Undivided tubular chamber with increasingly

enlarged later walls.

Family STILOSTOMELLIDAE Finlav, 19 47

Genus STILOSTOMELLA GuPPY, 1894

St'llostomella antípoila (Stache), (227)

Nodosa¡ia onfipoùm Stache, 1865. Nova¡a-

Exped, GeoI. Tlrcil,l(2):194,pL.22, fig' 19

Nodo saria radiculaLinnaeus, Chapman, lY'Z

geol Sum. Palaeont. Bull',lL:52, pl. 3, fig'

19.

Stilo stomello antipoda (S tache), Hornibrook,

196l. N.Z. geol. Sun. paleont. Bull.

34(l):49, pl. 6, fig. 98'

Fanily TRUNCOROTALOIDIDAE Loeblich

and Tap'pan, 1961

Genus ACARININA Subbotina 1953

Acarínìna colbctea (Finlay), (286)

Gtoborotalia collacteaFinlay, 1939. Trans.

Roy. Soc. N.2., 69(3):327, pt.29, frg. 164-

165

Family TMGERINIDAE Haeckel, 1894

Genus ANGULOGERINA Cushman, 1927

Angulogerína camagüeyørø @ermudez),

(556) Plate 10: Figure h.

Uvigerim canugtlcyana Bermudez, 1937 . Soc.

Cubana Hist. Nar. Mus.,7t14/, pl. 17, fig.

10.

Angutogerina carínata Cushman, (209)

Cushman, l9Tl. Bull. Scripps Inst. Oceanogr.,

Caliþnia Univ.,Tæh. Ser., 1:159

Angulogerína ellíptícø Dorreen, (305)

Dorreen, 19 48. I o unt P ahc ont., 22(3):293

P1.38 figs.9a-b

Angulogerína esurícns Hornibrook, (18)

Hornibrooh 7961. N.Z Geol. Surv' PaI.

BuIl., 34(7):69 P1.9, frgs.154-155

Angulogerìna tenuíst¡ata (Reuss), (58)

Ptate 10: Figure d.

Reuss, 1870. KÃkod. Wiss. Wien, Math-

N at urut, CI.,S ilzb e r.,W ien, B d.62

Abt. 1 :485, P1.22 frgs.34-37

Genus KOLESNIKOVELLA N.KBYkova

1958

Kolesníkoyella austrølÍs (Heron-

Allen&Earland), (20) Plaæ 10: Figr:res a' b.

Uvigeriru canarieuis vu, ustrølß Heron-

Allen&Ea¡land" 1924' Jnl. Roy. Micros. Soc.,

p.64, pl.ll, frg.67-70
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Angulo gerùu ustralis (lleron-Allen&Eårlând)'

Hornibrook" 796L. N.Z. Geol. Surv' Pal'

BulL,34(l):67, Pl.9 ftg. 157

Ko lz snil<ov ella u str al i s (Heron-

Allen&Earland), Hornib'rook et aI', 1989' N'Z

Geol.Sum', Butl. 56, P.94, frg'77 :4'

$mall 5666¡þ sub-cylindrical test' aperture on

lipped neck. Very common species in all

basins in the Oligocene.

Genus NEOUVIGERINA Th atme¡, 19 52

Neouvìgerinø porrecta (Brady)' (596)

(tvigeriru ponectaBrady, 18M. " Clnllenger"

Exped. Sci. Results, Zool.,9

Neowigerina porrecta(Brady), Hofker, 1951'

Siboga ExPed., Foram. PL 3, P' 213

Genus SIPHOTIVIGERINA Parr, 1950

Síphouvígerínø proboscidde (Schwager)'

(21) Plate 10: Figure g.

Uvigerinø proboscidea Schwager, 1866' Novara

Exped. Geol. Theil.,Bd.z' Ab¡"2i250, Pl'7'

ftg.96

Sipløuvigerhn prob o sc idea (Schwager),

Hayward&B vz.a's, 7979. Smithsonian Contrib'

to Pdleobiology, No.36, p.74, pl'Tl, fig'334'

Very common to abmdatrtthroughout the

Oligocene, particulady the Gasrbier Basin'

Genus TRIFARINA Cushman, 1923

Trífarína bradyí Cushman, (22) Plaæ l0:

Figure e.

Rhabdo gonium tric arinoturn (d Orbigny)'

Brady, 7884. Rep. hol.,9:525, pl'67, frgs'1-

3.

Cushman, 1923. U.S. Nat. Mus' Bull',

LM:99, p1.22, frgs.3'9

Trífarína costornab (Hornibrook), (219)

Angulogerinø costornata Hornibrook' 1961'

N.Z geol. Surt. paleont. BuIl. 34(L):68, pl'9'

frgs.149.150.

Trifarhø costorrlata (Ilomibrook), Hayward &

Buzås, 1979. Smithsoniøn Contributions to

P aleo b io lo gY, 36:7 6, P1.28, frg.345'

Trífarínø pørva Homibrooh (370)

HornibrooK L961. N.Z GeoI. Sum. Pal'

Ùuil.,34(l):71 Pl.9 figs. 16l-162

Tríførína tortuosa (Hornibrook), (147)

Plate 10: Figure f.

Angulogerina co stornata Hornibrooh 1961'

N.Z geot. Sun. paleont. BuIl. 34(1):68, pl'9,

figs.151, 152.

Trifarirc tortuo so(I{omibrook), Hayward &

Buzas, 1979. Smithsonian Contributiofls to

P ateob ioto gY, 36::7 6, P1.28, frg'345'

Genus IJVIGERINA d' Orbi gnY, 18?'6

Ilvígerína abbreviata Terquem, (400)

Terquem, 1882. Soc. GeoI. Mem. Ser',3(2)

no.3:120, Pl. 12 0ig. 33.

(Jvigerína øl.abømensís Cushman and

Ga¡req (a01)

Cushman and Garrett, 7939. Contr' Cuslanatt

I-ab. Forom Res.'

15(4):83.

lJvígerínq cushmaní Tod4 (352)

Tod{ 1913. A llan Hanrock Pacific Eryed',

6(5):257.
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Hopkinsinø bortotora Finlay, 1939' Trsns'

roy. Soc. N.Z. 69(7):lM, pl.l2, frgL2-?A'

Hopkinsina bortotora Finlay & Marwich

194O. Trans. roy. Soc. N.Z 70(l):108,111'

Uvigerina bortotors Fintay & Marwick'

ßn. N.Z. Sci. Tech. 828(4):232'

Uvigerfua botTotors Dorreen, 19ß' J'

P ale o nt. 22(3):292, Pl. 3 8 ft 9'6'

Uvigeriru bortotors (Finlay)' val' costøta

Dorreen, Ibid':293,Pl. 38. fig' 5'

IJvigerinø gallowøyí Cushman' (100)

Plæe 10: Figure w'

Cushman, 1929. Contrib. C'ushnan lnb'

Foram. Ãei., 5(4):94, pl. 13, frgs'33,34'

Uvígerína russelli Howe, (29)

Howe, L939. I'ouisiana Dept' Consem' Geol'

Sum., Geol. Butl. no.l4;71PL8

figs.2l-22.

llvigerínø rustìca Cushman and Edwards'

(402) Plate 10: Figure c.

Cushman and Edwards, 1938' Contr' Cuslatntt

I-ab. Foram. R¿s., 14(4):83PL' A,fig' 6'

llvígerìna spínulosø Hadley, (28) Plate 10:

Figure u.

Uvigeriru spinulosaHadley, 1934' Bull' Amer'

Pal,, Ithaca, N.Y. USA, 20(704):18'

Uvigerirc spinulo saHadley, Boersma' 1984'

I{andbook of cørmon Tertiary Uvigerina'

Microclimates Press, N.Y., p. 163-165, fig' 6'

Family VAGINLJLINIDAE Reuss, 1860

Genus LENTICULINA l¿na¡ck 1804

Lenticulina c onvergens (Bornemann)'

(351) Plate 6: Figure g.

Cristeltaña conver gens @omemann), Brady,

1884. Sci. Res. of VoY. of H.M.S.

Chøllenger, V.9, Pl. 69, figs.6,7,

Lenticulina convergens (Bornemann), Batke'Í,

1960, Soc. Econ. Paleont. Min., Spec' Pub

No.9, p. 144,P1.69, figs.6,7.

Lentículína (Robulus) cultrata (de

MonÉort), (521)

Robulus cultratus MonÉort' 1808'

Conchytiolo gie Sy stematique et Clas sfuation

Méthodique dcs Coquilles. Paris, 7:215,text

fig. p.214.

Lcnticutina cultr ala (de MonÉort), Quilty'

1974. Pap. Proc. Roy. Soc- Tas.,108:72, pl'

4, fig. 111.

Lenticulínd ilentículíþrø (Cushman),

(22o)

Cristettarin dcticulifera Qushman, 1913'

U.S.N.M. Bull., 7 1(3):7 5

I¿nticulina dcnticutifera (Cushman)' Thalman'

1937. Ectog. geol' Helvet.,30Q)

I*ntículind er¡atíca Hornib'rooþ (41)

Hornibnook, 196l. N.Z. geol. Sum' paleont'

Bult. 34(l):38, PI.4, fig.65, 66

Lentbulina fotíata (Ståche), (2A4> Pl¿;tE 6i

Figure b.

Robutiru fotiatd Stzche, 1864' N ovara-Eryed'

G e o lo g ie, l(2):284, P1.23, figJA'

Iznticuliru fotiøa (Stache), Ilayward&Buzas'

1979. Smithsonian Contributions to

PaleobiologY, 36:63-

Lentículinø gíhba (d'Otbigny), (245) Plate

6: Figure c.
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Cristetlaria gibba d'Otbigny, 1839. Histoire

physþue potitiquc et naturelle de I'Ile dc Cuba,

Bertrand, Paris, p.40, p1.7, frgs.20,2l.

lzruiculina giää¿ (d Orbigny), Hornib'rook'

7961. N.Z. geol. Suw. paleont. BuIl.

34(l):39, p1.3, fig.50.

Lenticulína (Robulus) gyroscalprum

(Søche), (43) Plaæ 6:Figure a

Cristetlaria gyrosc alprum Ståche, 1'865.

Novara-Exped., Geol' Tlwil., 7"245 Pl. ?3 frg'

22

Cristettaria gyrosc alprum Chapman, 19?í.

N.Z. Geot. Survey Palaeont. Bull. ll:62, pl'

4, frg.22.

Robulus gyroscalprum Dorreen, 1948. J.

Paleont. 22(3):288, Pl. 4, fig.22.

Subcircula¡ test in outline, with marked keel,

radial bars at the aperh¡re. Appears simila¡ to

R. orbicularis (d'Orbigny). This species is

cornmon in late Eocene to Oligocene

assemblages in all basins.

I*ntículìnø loculosa (Stache), (528)

Robulus Loculosa Stache, 1864. Novara-Eryed'

geot. l(2):246, Pt.23, frg.25.

Iznticulina loculo sa(Stache¡, Haywar{ B. ril.

and Buzas, M. A. 1979' Smithsoniøn

Contributions to P ale ob iolo gy, 36:63

L¿ntìculína cf nítida (Reuss), (39) Plate

6: Figure k.

Reuss, 1863 O), Naturwissenschafiliclun

Classe,55(1):54 Pl. 6, fig. 60'

Izntículína plønula (GallowaY &

Heminway), (428) PlatÊ' 6: Figure j.

Ro b ulus planulø Ctallow ay & Heminway,

7941. Sci. Sum. of Porto Rico & the Virgin

/s., 3(4):350, Pl.1l, frg.74.

Innticutina plarula (Cnlloway & Heminway),

Hayward & Buzas, 1979. Smithsonian

Contrib. to Paleobiol.,36:64, p1.20, figs. 250-

252.

Referred tß as Robulus cf. venezuelanus

(Hedberg) by Abele (1961) who reco'rded rare

specimens in the 'uppermost zones' of the

Gambierlimestone. Figured specimen is a

very rafe examPle ftrom Inærval C'

Lentículìnø (Robulus) plíocaenìcus

(Silvesti), (16ó) Plate 6: Figure d.

Polynørphino pliocøenicus Silvesti,,4f¡i.

Accad. Pont. Nouvi Lincei,56

Robulus pliuocaenicus (Silvestri), J[alm¿¡,

1932. Eclo g. geol. Helv et., 25(2):252

Genus MARGINULINA d'Orbigny' 1826

Mørginulínø duracína Stache, (211) Plate

6: Figure p.

Stache, 1865. Novara-Exped., Geol' Theil'

1Q):277, pL.22, fte. 42

Mørginulína oáesø Cushman, (572)

Marginulina oä¿s¿ Cushman, 1923. U.S.N.M.

Bull.,lM(4):128

Marginulina obesa Barkeq 1960. Soc. Econ.

Paleont. Min, Spec. Pub. No.9, p. 136' pl.

65, frrgs. 5,6.

Mørgínulína sp. [369ì Plate 5: Figure v.

Very rare in ealy Oligocene sanrples, Otway

Basin.
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Genus MARGINULINOPSIS A.Silvestri

1904

Margínulínopsis allanÍ @inlay), (429)

Marginulina alluti Firúay,7939. Trans. Roy'

Soc. N.2., 69(3):318, p1.26, frgs.55,56.

Marginutinop sis allani Hornibrook, 1961.

N.Z. Geol. Sumey Palaeont. BulL,34(L):43,

p1.5, f,rg. 69

Margínulínopsís bradyi (Goës)' (217)

Cristellariabraþi Goës, 1'894. Kong. Sven.

Vet. - Aknd. Handl.,25(9):64, fig. 11.

Marginulirwpsis bradyi (Got!s), Ba¡ker, 1960'

Soc. Econ. Paleont. Min., Spæ- Pub. No.9,

p.136, pl. 65, fig. 10, L2,13

Mørgínulínopsís hydropíca Hornibrook,

(97)Plzts 5: Figure n.

Hornibrook, 7961, N.Z. Geol. SurveY

P alae ont. B ull., 91(l) :43

Genus PLAI'IULARLA Def¡an cn, 1826

Ptanularía øustralís Chapman, (215) Plate

6: Figure t.

Chapman, 1915. "htdeavor", Sci. Res.,

3(t)tVt

Genus SARACENARLA Deftance, 1824

Saracenaría arcuatula (Stache), (557) Plate

6: Figure r.

Hemirobulina arcualulaÍa Stache, 1864.

Novara-Exped. Geol., L(2):227, pI.23, figs.

&,c.

HemicristeUaria procera Stache, 1864' Novæa-

Exped. Geol., 1(2):222,pL.23, figs. la'b.

Saracetwri.a arantuh (Stache), Homibrcolq

1967. N.Z geol. sum. Palaeont' Bull-,

34(1):'$.

Saracennrin arcuotula (S trche), Homibroolç

1971, N.Z. geol. surtt. Palaeont. Bull.,43:41,

pl. 8, frgs. 130, 131.

Suac enarí.a oá¿s¿ Cushm an&T odò, Q23)

Cushman&Tod4 1945. Spec.P ub. Cushman

Lab. Forut Res.,25(3):31, p1.5, fig'2

Very rare occllfrences in the laæ Oligocene in

the GambierEmba¡'ment. Assemblage zones G

andH.

Genus VAGINULINA d'OrbignY, 1826

Vagínulína snerìcana Cushman, (563)

fsshmen, 1923. US Na¿ Mus Bull.,

\try'6hington, D.C., No.104, p.135.

Vøgínulínø øwamoant Hornibrook, (489)

Hornibrook, 1961. N.Z Geol. SurueY

P alaeont. Bull., 34(1):44, p1.5, frg.77, 8 1, 82

Vaginulína elegøns d'Orbigny, (148) Plate

5: Figure h.

d'Orbigny, 1826. Annls. Sci Na4 7:257

'Modèles'54.

Hornibrook, 7961. N.Z Geol. SuweY

Palaeont. Bull.,M(1):44, p1.5, fig. 87.

Listed asV. elegans but figured specinen is

very similar to the northern he'mispherc species

DentalinabaggiCtalloway & Wissler' with an

elongate test and a round initial cbanber.

Genus VAGINULINOPSIS Silvesti, 1904

Vaginulínopsís acanthonucleus Carter,

(501) Plaæ 5: Figure a-

Carter, 1958. Geol. Surv' Vict', BulL No. 55,

p. 30, pl. 2, frg. 4.

t57



The Oligocene of soutlurn Australia: APPENDICES

Vaginalínopsís hochsteffe¡i (Stache),

(4ee)

Cristetl¿ria (M arginulina)løclstetteri Stac'he'

1865 . N ov ar a- Erp ed, G e o l. The il, l (2):221,

p1.22, frg.55

Vaginulitøp sis tnchstetteri (Stâche)'

tlornibrút, 7971. N.Z geol. Sum. paleont.

Bull., 43:39, 40, P1.8, Írg.l27
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The Otigocene of southem Australia: ecostratigraphy ud taxic turnover in neritic Íoraminifera

PLATE 1 - PLANKTOMC FORAMINIFERA

arb. Cassigerinellawinniana (Howe) [13]; a. apertural view, b. side view; MBl9f interval

zone E, early Oligocene.

c. Globigertnathelø index (Finlay) tllSl; apenural view; OB135, InL B, late Eocene'

ùrh. pseudahastigerina rnicra (Cole) t1591; d. umbilical view, h. apertural view; OBlz2,lnt.

c.
e. Tenuitelln aculeata (Jenkins) ll32l; umbilical view; OB135'

f. Subbortnalinaperta (Finlay) t1091; apertural view; O8135'

g. Subbotina angiporoid¿s (Homibrook) [110]; OB114,Int' D'

i. P r ae t enuit eua ins o lira (Jenkins) ll29l; umbilical view ; oB 1 3 5.

j. Gtoborurborotalia lnbiacrassata (Jenkins) ll23l; 0891, Int' E'

k. Tenuitella munda (Jenkins) [13 1] ; 2W ll2, Int. G.

l. Tenuitella gemrruL (Jenkins) t1301; umbilical view; OB53'

m. Paragloborotalia opim"a opima (Bolli) 1479\;OB73,Int' E'

n. Gu emb elítría tris eriarø (Terquem) [ 1 15] ; OB7 3.

o. chiloguembelina cubensis (Palmer) vu. ototora [114]; 08114.

p. Chítoguembelina cubensís s.s. (Palmer) [114]; 08114'

q. Paragl,oborotalia opimanana @oIL) Í2al;umbilical view; MF48, ht D.

srt Globorotaloides testarugosus Jenkins Í2741; s. side view, t. umbilical view; OBl22.

(scale þ¿¡ = 100Pm)
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Tttc otigocene of soßhem Australia: ecostratigraPhy and taxic turfnver in nerític forwninifera

PLATE 2

l. Globigerina ciperoens¡s Bolli ||2l];umbilical view; oB57,Int. F.

b, Gbbigerina angulifficinalisBlow Í2611;umbilical view; 0821, ht H'

c.Tenuitellinitajuvenilis(Bolli)lns];umbilicalview;oB35,Int.H.
d. Gtobigerína angustiumbilicataBolli t5181; umbilical view; oB35'

e. Globigerina angulisuturalisBolli t2731; umbilical view; oB51, Int G'

f. Parøgloborotaliøkugleri(Bolli) 12651;umbilical view, sample MG52,Int' H'

g. Catapsydrax dissimilis (Cushman & Bermudez) 12361; O8114' Int' D'

hri. Globoquadrina dehiscens praedehiscens Blow & Banner t4781; h' peripheral view' i'

umbilical view; 0836.

j. Globigerina upertura Cushman 14761; OB21'

t.rl. Gtobigerina euapertura.Jenkins ll22l;k' umbilical view, o$2l; l' umbilical view'

o836.

m. Turborotalia increbescens (Bandy); umbilical view; 0857, ht F.

n, o, p. Globigerinella obesa (Bolli) f2351; n' o' 0B36' p' OB57'

q,r. Gtobigerina bulloides d'Orbigny [120]; q' OB51' r' OB21'

s, Globi g erina w o o di c onne cta Jenkins [5 1 3] ; OB 2 1'

t. Gtobigerina woodi Jenkins tl171; 2W94'7 ' 
ht' I'

(scale ba¡ = 100Pm)





Thc oligocene of southem Australia: ecostratigaphy and ta$c turflover in neritic loraminifera

PLATE 3 - BENTHIC FORAMINIFERA

a. D or o thia minima (Kaner) ll52l ; MB 190' Int' E'

b. Dorothia parril230l;W120, Int' IVL

c.Siphotextutariagladizea(Finlay)ta9l;WMC}4'Ifi|"D;Kingston'

ù. siphotextularia concavø (Karrer) 12721;wMc sE703, M.65m,Int' c; Kingston'

e. Bigenerinanodosaria d'Orbigny t5991 ; M8183' Int' F'

f.Tñaxiavictoríensß (Cushman) t2001 ; OB91' Int' D'

g. Texalaria colemani Quitty t1581; RR121' Int' H; Mt Gambier'

h. Gaud.ryina convexa(Kaner) t5691; 2Wl2l' Int' G'

i. TextulariasP.4 t6611; 2Wl2t'
j. Arenodsaria antipodø (Stache) Q1al;WL52' Int' F'

k Textuløria semicarínataRomibrook [51U ; OB114'

l. Gaudryina attenuataChapman t6611 ; MG88' Miocene'

m.Textul,ariamagallanicaTodd& Kniker t3s9l ; 0B36, ht H'

n, o. Textularia hayi Ka¡rer Í6621;n. oblique peripheral view 0824, Int' H'' o' side view

o836.
p. Gøud,ryina crespina¿ Cushman [53] ; 0B36'

q. Späilina rnedioscabrøCaner t6351 ; OB91' Int' E'

rrs. spiriuinø grosseperforøtazhengt2l8l ; r. peripheral view, RR66188' s' oblique side

view, 0B96,Int' D.

t. Spirittina decorataBrady 164l;OBl28' Int' C'

u,Textulariaiutsoni Quilty t4901 ; M8190' Int' E'

(scale 5¿¡ = 100Pm)





Tlw Oligocene of soúhern Australia: ecos¡øtigrophy andtaxic turfnver in neitic foruninifera

PLATE 4

a. Spiroloculina sp.! t5151; OB114,Int' D'

b.Quinquetoculina w eøteri Rau [3] ; OB 1 14'

c. Quinqueloculina zealandica Srinivasan l4}7l; OBt22'InL C'

d. Quinqueloculinnlamarckianad'orbigny l4l2);E&ws croydon-2 Bore 312m' eötern st

Vincent Basin.

e. Massilina torqua.yensis (Chapman) [150]; OB128' Int C'

r'. Nummaloculina irreguløris (d'orbigny) t481]; MF99, Ifit. B; Magrath Flat.

g. Triloculina trigonula (Lamarck); W150' Int G'

h. Sigmoitina obesaHeron-Allen & Earland [435]; W152'

i.Biloculinabulloidesd'Orbignyt481l;M8190'Int'E'
j. Nummotoculina contraria(d'orbigny) t5881; SE703, early Oligocene; Kingston' otway

Basin.

k. Ophthatmidium sp. [406]; MF75,Int' D'

l. Quinquebculinn crassicostara Terquem [9]; OB35'

m. Sígmoilina aspera (d'Orbigny) 16261;2W155' Int' F'

n, Spiroloculina angulaøCushman [517]; OBzl'Int' H'

o. Quinqu e lo culina íntr ic ata Terquem var' [659] ; 2W 1 5 5'

p, Aus tr otrillinø how chin í (Schlumberger) [4] ; W 1 20'

qru.vicøriella conoidea (Rutten) t1451; q. E160,late Oligocene; Kongorong region' otway

Basin, u. ? juvenile form OB91'

r. W adella gtobíþnnis (Chapman) t I 5al ; OB2l'3'

s, Operculinavictoriensis Chapman & Pan t79l; W140' Int' H'

t. Amphistegina lessoni d'Orbigny t42l; W138' Int' G'

(scale bar = 100Pm)





The Oligocene of southern Austalia: ecosffatigraphy and taxic turÍtaver in neritic loraminifera

PLATE 5

a.VaginulinoPsis acanthonucleus Cutet t501l; OBI14' Int' D'

b, c. Nodosariø mutabilis Costa t1361; 0836' Int' H'

ù. Amphicoryna pauciloculøta (Cushman) 13021; OBt22'

e. Amphicorynø cf. A.hatl<yardi (Cushman) 12791; OB91' Int' D'

f. Nodosaria mutabilis Terquem var'[136]; 0836'

g. Nodosarella sp. t14Sl; OB88, Int' E'

h.Vaginulinaelegansd'orbignytl48];oBl14,Int.D,earlyoligocene.
i. Pleurostomella sp.[376]; OB135,Int' B'

j. Hemirobulina sP.15521; 08114'

krl Nodosariø vertebratis var'12571; k' l' OBI2' Int' H?I'

m. Nodosariafitiþrmís d'Orbigny; RRl11' Int' I' Miocene'

n. Marginulinopsis hydropicøHornibrook t97l; SE703 45'3m'early Oligocene; Kingston'

o. Nodosariø sp. 2 t50l; O8114, Int' D, early Oligocene'

p. Dentalina sp.2 t5061; W182, Int' E, eæly Oligocene'

q. Dentalina subsoluta(Cushman) f420]; MtB1r77,InL F,late oligocene.

r. Lingulina sp. [604]; OB135,Int' B, late Eocene'

s, Marginulina sP ; OBl22,Int' C'

t. Nodosariø sP. ; 0896,Int' D'

u. P s eudono dosøria coronøta (Grzybowski) t30l ; 0896, Int' D'

v. Marginulina sp. t3691; OB135,Int' B'

(scale ba¡ = 100Pm)
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The oligocene of southern Australia: ecostratigraphy and taxic tutrlover in neritic foraminifera

PLATE 6

a. Lenticulina (Robulus) gyroscalprum (Stache) l43l:2WI46' Int' F'

b. Lenrtculina foliata (Stache) 12441; OB2l, Int' H'

c. L¿nticulinø gibba (d'Orbigny) t2451; 0836, Int' H'

d, Lenticulina (Robulus) pliocaenicus (Silvestri) [166]; OBtz2,Int C.

e. Lenticulina sp. [365]; 2W86, Int. I-

f. Lenticulina sp. 2 V32l; OB88, Int- E.

g. Lenticulina convergens (Bornemann) t3511; 0851, ht' G'

h. Lenticulina sp. cf . L gibba (d'Orbigny) Í2451; 0851, Int' G'

i. Lenticulina thalmnni (Hessland) Í2161; 0B36'

j. Lenticulina planula (Galloway & Heminway) Í4281; OB131, ht. C.

k Lenticulina cf L. nitida (Reuss) l39l; OBza, Int' H'

lrm. Astacolus sP. [51]; 0836.

n. Astacolus crepidulus Sitchel & Moll) [613]; OBz4,Int' H'

o. Saracenariacf.. S.obesaCushman & Todd Í2231;

p. Marginulina duracinø Stache l2ll); 08131, ht' C'

q. Lenticulina peregrína (Schwager) 1662); OB27,Int H'

r, Saracen^aria arcuatura (Stache) [557]; 0B36'

s. Amphicoryna scalans (Batsch) vu. f240h RRl11, hl H'

I Planuløria australis Chapman l2t5l;O842, ht G'

u.Planul.ariøsp. 1 [433]; SE703, early oligocene; Kingston, otway Basin.

v.Ple cøfrondicularía propani (Finlay) l22ll; OB 1 1 1, Int' D'

(scale bar = 100Pm)





Thc oligocene of southent Australia: ecostratiSraphy atù taxic tunover in neritic foraminifera

PLATE 7

a. Oolina hexagona(Williamson) t31l; 426, Int. C, early Oligocene; Pt Willunga Formation'

b. Oolinamelo d'Orbigny [285]; OB4z,Int' G'

c. Favulina squamosa(Montagu) t6aSl; W152' ht' F'

l!,La.genasulcata (walkerandJacob) vat.spicata cushman&McCulloch[594];RR111'Int'

H.

e. Procerolagena distoma(Parker&Jones) [625]; M8181'9' Int F'

f. Pallioløtella laevis (Montagu) t1991; MF78' Int' D'

g. Lagena nebulosaCushman t5601; MF51' Int E'

h. Ing ena curttic o stata Heron-Allen&Earland; 2W86' Int' I'

i. Procerolagena cylindrocostataÍ6361; 2W86'9' Int I'

j. Lagenø sulcataWatker&Jacob var spicataCushman&McCulloch t59al; OB42' Int' G'

k, Lagena luciøe Pan) t5301; OBl2Z,Int' C'

t. oolinasp.vrf. (?= oolina globosa(Montagu) vu.m.aior u]rlig) t52l; W152,Int' F'

m. Lagenasp. 1 cf. L. hexacostataMcCttlloch [425]; 2W125' Int' F'

n. Lagena substriataWilliamson [34]; OB114' InL D'

o. Pygmneoseistron sp. t6541; OB99' Int' D'

p. Oolina confluentaMcCutloch t6311; 2W146' Int' F'

q. O otina c ollaripoly gonntaAlbani&Yassini [630] ; 2W l2l' Int H'

r, Lagenahir*halsenis Andersonf32l; OB21' Int' H'

s Lagena striata(d'Orbigny) t36l; MF78' Int D'

tru. cushmanina plumigera (Btady) t5301; t. 0885, ht. E; u' 2W146, Int' F' late oligocene;

Waikerie.

v. Cushmanina tasmartiøø (Quilty); 2W l2l' Int' G'

(scale þ¿¡ = 100[rm)
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The Oligocene of southernAustralia: ecoslratigraphy andtaxic twrøver inneriticforaminifera

PLATE 8

a. Guttulina com¡nunis (d'OrbignÐV221; O8114' Int' D'

b, Gutnlina regina@rady, Pa¡ker & Jones) 14261; O8114' Int' D'

c. Gunulina problemad'Orbigny [27]; O8119' Int' D'

d. Gututina comtnunis (d'orbign y) vu.l429l; Ruwarung Member, Pt Willunga Formation'

InL D, early Oligocene.

e. GunulinafrankeiCushman &Ozavtat3531; 0836' Int' H'

f.. Pyrulina gutta d'orbigny 124);Ruwanrng Member, Pt willunga Formation' Int' D' eæly

Oligocene.

g. G unutina y ab e i Cushman& Ozaw a 1233i; OB 5 3' Int' G'

h. Signumorphina obesaHornibrook t4351; OB24' Int' H'

i. Gtobulinainaequalis Reuss 12931;W140' Int' G'

j. Globutina cf . G . gibba d'Orbigny t30l; 0B36' Int' H'

k. Glandulina symmetricø (Søche) [51]; 08114' Int' D'

l. Gunulinapacifica(cushman&ozawa) t3551; sE703, early oligocene; otway Basin'

m.Gunulina problema d' Orbigny v ar l27l; W 1 40' ht' G'

n. Sigmomorphina wynyardensis Pan & Collins t1671; W152' Int' F'

o. Guttulina comtnunis (d'Orbigny) var 14221; OB51' Int' G'

p. Si gmoidella bortonic a FÍdray t3 801 ; l'ß92' ktt' C'

q. Globocassidulina subglobosa (Brady) [8]; O8114'

r. Cassidulina cuneata (Finlay) t1351; SE703' early Oligocene'

s. Evolvocassidulina orientalis (cushman) t1651; R13, Ruwarung Formation, early oligocene'

L Cassidatinalaevigaø d'Orbi\gny ta15l; 0B36' laæ Oligocene'

u. Globocassidulina pseudoÜassa (Homibrook) t8l; OB51,Int' G'

v, Globocassidatina çassad' Orbigny tl 5l ; 0B36, late Otgocene'

w,x.CassidulinacarapitanaHedbergtlss];o824;oB5l,lateoligocene.

(scale bar = 100Pm)





The Oligocene of southern Australia: ecostratigraphy and taxic twnaver in ncritic Íoraminifera

PLATE 9

arb. Fissurina aperta Seguenza tlal; OB135,Int. B,late Eocene; Robe, Onvay Ba'sin'

c. Palliolatetlabradyiþrmis (lvlcCulloch) t6401; O8117' ht' D'

d.Bucherina sP. 1; OB135,Int. B.

e. Bucherina sp.2 t65U; 2Wl39,Int. G; Murray Basin'

f.. Fissurinamarginata(Walker&Boys) var t1491; OB51' Int' G'

g. I'agenasolenia sp. t5861 ; 2W t46, Int' F'

h. Fissurina quadrata(Williamson) t1951; OB51,Int' G'

i. Palliolatella orboreø (Matthes) var' [610]; 2W147, ktt' F'

j. F i s surinø qu adr ata (Williamson) var' [ 1 9 6]; 2W 128' Int' G'

k. Pattiotatella cf. L. pulchenim¿ Cushman & Jarvis t5511; MF87' Int' C'

l. Fissurina orbignyanø (Seguenza) var. Ftintä cushman t4181; OBI22, ht' C'

m. Fissurina orbignyana (Segtenza) var'[418h OB73' Int' E'

n. Fissurina alveolata (Brady) va¡. [628]; OB117,Int' D'

o. Palliolatelln semialatø @alkwilt&Mi11en) l27ll; sE703, early oligocene'

p. Fissurina crassianul.øtaCollns [11]; WL52, ht B'

q. Fissurina margínatø (Walker&Boys) [149]; MF99' Int B'

r. Fissurinacf. globosocaudataAlbani &Yassini t6391; 08135, ht. B'

s. Fissurina quadrata (Wiliamson) [195]; MF99'

L Parafissurina cartnara @uchner) t5811; MF78, Int' D'

u. Fissurinø paralucida Jones t5081 ; MF78, Int D'

v. Pseudofissurina mucculloch¿¿ Jones t5161 ; 0836' Int' H'

w. Lagenosoleniø sp. 2 t5871 ; MF96,Int' B'

x. Físsurína apertaseguenza var. [14]; 0836, Int 36'

(scale þ¿¡ = 100Pm)
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The Oligocene of southera Australia: ecostratigraphy and taxic tunnver ín neritic foraminifera

PLATE 10

a,b. Kolesnil<ovella ausr:alis (Heron-Allen & Earland) [20]; A27,lnt. c, early oligocene;

PWF, St Vincent Basin.

c.(JvigerinarusticaCushman & Edwards ÍaO2l;OB51,Inl G,late Oligocene; Robe, Otway

Basin.

ù. Angulogerina tenuistrøfa (Reuss) t58l; MB 183, Int. F, late oligocene; lvi¡ha, Munay

Basin.

e, Trifarina bradyi Cushman [22]; MB 1 83'

f. Trifarina tortuosa (Hornibrook) [147];

g, siphouvigerina proboscidea (schwager) t2ll;2wt28,late Oligocene; waikerie, Murray

Basin.

h. Angulogerina camagüeyana @ermudez) t5561; Wl62,Int. F, late Oligocene'

i. Bolivina jøclcsonesis cushman & Applin t10l; 0885, early oligocene.

j.BohivínapontisFinlayt2l0];oB|22,Int.c,earlyoligocene.

k. Latibolivina byramensis l45l w152, Int. F, late Oligocene.

l.BohivínølapsusFinlaytlgl;0B36,Int'H,lateOligocene'
m, Bolivinella elegans Parr [107]; 0836.

n. Loxostomum lobatum (Brady) u92l; M8188, Int. F,late Oligocene.

o, Sigmavirgulina tortuosa (Brady) Ú7al;2W1'46,Int. F, late Oligocene; Waikerie' Murray

Basin.

p, Bolivina pseudoplicatuHefon-Allen & Ea¡land t17l; M8185, InL F, late Oligocene'

q. B olivina reticulata Hantken [ 1 85] ; 0B36'

r. B o livíne ltø folia (Parker & Jones) lL7 6l; MB 1 8 5'

s. Bolivinopsrs sp. t5a1l; OBL22,Int. C, early Oligocene'

L Bolivinopsis cubensis (cushman & Bermudez) [5]; OB128,Int. C.

u. (Jvígerina spinulosaHadley [28]; OB131,Int. c, early Oligocene; Robe, otway Basin'

v. Buliminella browniFinlay 12821;2wllz,Int. G, late Oligocene; Waikerie' Munay Basin'

w. (lvigerina gallowayi cushman t1001; RR111, Int. I, Miocene; Mt Gambier, otway Bæin'

y. Shaeroidinabutbides d'Orbigny ta10l; OB42,late Oligocene;Robe, Otway Basin'

z. Buliminella seminuda (Terquem) VIal; M8188'

(scale ba¡ = 100Pm)
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The olígocene ol southcrn Australia: ecostratigraphy and taxic turnovÛ in neritic foraminifera

PLATE 11

arb. Anomalinoides nonionoides (Fursenko & Fursenko) t1981; a. oblique side view, b'

peripheral view samPle 0.842.

crd. Anomalinoídes macralabra(Finlay) [66]; a. side view sarnple A2,b' peripheral view

sample W152.

e. Anomalinoides granosa (tlantken) [307]; side view sample oBl22.

f.. Astrononion centroplaxCarter[86]; oblique side view sample RRl17' late Oligocene' Mt

Gambier - OtwaY Basin.

g. Astrononion austral¿ Cushman & Edwards Í2761; side view; OB53' late Oligocene'

h. Astrotnnion stelligerum (d'otbigny) t68l; side view sarnple OB53.

i. Anomalinoides procolligeracarær Í2a\; oblique peripheral view, wL42

jrk. Melonis obesum (carter); side view, oblique peripheral view sample SE703(48'8m)'

early Otgocene.

l. Anomalinoides pinguinglabra(Finlay) [67]; side view sample w182, early Oligocene'

m, r, o. Gyroidinoides zelandica @nlay) t16al; m' involute side' n' peripheral view' o'

oblique peripheral view; MF102,Int' B,late Eocene'

p, q. Gyroidinoides allani (Finlay) t59l; p. oblique peripheral view, q' peripheral view ;

RRl 1 1,.Int. I, Miocene.

r. Gyroidinoides sp. t6331; peripheral view; E159' late Oligocene'

srt. Pullenia quinquelobø (Reuss) ts2l; s. oblique side view t. oblique side view oB91'

u.Pulleniabulloides(d'orbigny)t811-sideviewsampteoB9l.

(scale ba¡ = 100Pm)





The Oligocene of southernAustralia: ecostratigraphy andtaxic tumover inneriticforaminifera

PLATE 12

arb cibicides subhaidingeriPan ÍL791 0836, Int. H, late oligocene; Robe, otrvay Basin.

c, d, e. Cibicides pseudolobatulus Perelis&Reiss [72]; 2WI46, c. ventral view, d. peripheral

view, e. dorsal view 0B36.

f, g, h. Heterolepa subhaídingeri (Pan) Í1791; f' 0836, g, h' OB131

i, j. Cibicidoides brevoratis (CuWr) t691 - a. involute view, sanrple 0836, peripheral view

08128; Int. C, early Oligocene;Robe, Otway Basin'

k,l, m. cibicides westiHowel52gl; 0B36 k. involute side, l. oblique peripheral view, m'

spiral side.

n, o. Cibicides perforarus (Karrer) t70l; ÌWla0, Int. G, late Oligocene; Waikerie, Murray

Basin.

p, q. Cibicidoides sp. 1 t3231; p. ventral side, q. dorsal side, 0873, Int' E, early Oligocene'

r,s. cibicides lobatulus (walker & Jacob) u3l;r. oblique ventral view, oB91,Int. D; s'

dorsal side, SE703, eatly Oligocene.

t. Cibicides mediocris Finlay t78l - dorsal side; OB 128, Int. C, late Oligocene'

u,v. cibicidoides karreriformis (Hornibrook) [249] - u. involute view, spiral view sanrple

oB9.1.

w. þocibicides byseriøäs cushman & valentine t80l - involute side, 2w121, Int. G,late

Oligocene.

(scale ba¡ = 100þm)





Tltz Otigocene of soutlwrnAustralia: ecostratigraphy andtaxic tunnver inneríticforaminifera

PLATE 13

a. Lartcariniira attocarnerata(Íleron-Allen & Earland) t95l; PtWillungaFormation,InL c.

b, c, Laticarinina coronatT(Heron-Allen & Ea¡land) tgal; WL52, ktt F; Waikerie'

d,, e. Discorbineltn biconcava (Jones & Parker) 12031; d. dorsal view, e. peripheral view,

SE703, early Oligocene; Kingston, Otway Basin.

f, g, h. Colonimilesiø sp. t5701; f. oblique view, g. dorsal view, h. ventral view; M8183'

Int. F.

i. Patellina corrugatlWillia¡nson [250]; OB53,Int' G'

j. Rosalina cf bradyi (Cushman); OBl2L,Int' C'

k Díscorbinellararescens (Brady) 12771; dorsal view; oB114,Int D.

lrmDiscorbis pseudodiscoídes van Bellen,l57l;1. dorsal view, m. venfal view, Ruwarung

Member.

nro Glabratellina sigatí Seiglie & Bermudezl2Sgl;peripheral view, venEal view, 0894.7,

Int. D.

p. P lnnorbulinell^a. ro s e anna Lindsay ta50l ; RR12 1, Int. H; Mt Gambier.

q. sherbonina atkinsoni chapman t6371;R22 Ruwarung Member.

r. Planarbulina sp. 137 4l;rff 120, late Oligocene-Miocene; Waikerie.

s. sherbonína cuneimarginata w ade ß3al; Rl 3, Ruwanrng Member.

(scale ba¡ = 100Pm)





The Oligocene of southern Australia: ecostratigraphy and taxic tutlover in neritic foraminifera

PLATE 14

a, b, c. Alabamina tenuimarginata (chapman, Pa¡r & collins) [63]; a. dorsal view, b.

peripheral view, c. ventral view; OB2l,Int' H'

d, Atabamina tenuimarginata(Chapman, Pan & Collins) [63]; ventral view; W140, Int' G'

e. Ammoniabeccaríi(Linné) [65]; oblique spiral view; oB52; late oligocene.

f., g. Cancris laevinflatus Hornibro okÍ2641;f. dorsal view, g. ventral view ; W148; late

Oligocene.

hri. Buccella totetlnHornibrook Q3al; h. ventral view OB122, i- dorsal view 08128, early

Oligocene; Robe, OtwaY Basin.

j. Ceraøbuliminasp. [466]; involute side A2, early Oligocene; Aldinga Member, St Vincent

Basin.

krl. Eponídes lornensrs t61l; k. dorsal view, l- peripherat view; O851, late Oligocene'

rnr r. Eponides repandus (Fitchel&Moll) t62l; m. dorsal view W152; n' peripheral view

Wl4z,late Oligocene.

orp. Heronallenia lingulata(Burrows&Holland) t90l; o. peripheral view, p' dorsal view;

OB L22, early Oligocene.

q. Heronalleniapaníca¡ær [89]; ventral view; 0853, late oligocene.

r,s. valvulineria lcalimnenensis (Pan) t6201; peripheral view, s. side view; M8182, late

Oligocene.

t. CrespineltaparriQuilty t5391; oblique side view; W14O,late Oligocene'

u. Sipttonina australís Cushman [139]; W152'

v. Stomaørbina concentrica@arker&Jones) var. torrei (Cushman&Bermudez) [600]; dorsal

view; A29, euIY Oligocene.

wrx. Stomatorbinø concentricø (Parker&Jones) [108];ventral view, dorsal view 0888, early

Oligocene.

(scale bar = 100Pm)
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The Oligocene of southernAustralia: ecostatigraphy andtaric twnaver in neriticforaminifera

PLATE 15

a. Etphidium preudonodasumCushman (202);OB!2z,Int. C, early Oligocene; Robe, Otway

Basin.

b. Elphidiurn subrotatum Hornibrook [454]; OBL22-

c. Elphidiurn cf.nigarense Cushman ;W140,InL G,late Oligocene; Dunstan Rd., Waikerie -

Murray Basin.

d, e. Elphidiella sp. t4531; c)860, d. side view, e. apertural view Int. F, late Oligocene; Robe,

Otway Basin.

f. Notorotalía clathrøra @rady) PaTl;ventral side 0836, Int. H,late Oligocene; Robe, Otway

Basin.

grh. Notorotalia howchini (Chapman, Parr &Collins) Pa7); g. venual side, h. dorsal side;

oB36.

i. porosorotalía qassimura (Carær) Í921; M,Int. C, early Oligocene; Pt Willunga Formation,

Willunga Embayment.

j. Discorotalia tenuissimø (Kaner) 12561; 0891, InL E, early Oligocene; Robe, Otway Basin.

k. Discorotaliacf.. D. tenuissima (Karrer) Í2561; C,F79, early Oligocene; Robe, Otway Basin.

l. Panellina centrifugalís Catet Í4631; o.873, early Oligocene'

mrî. parrellina qespinøe (Cushman) tS5l; OBn,Int. H,late Oligocene; oblique peripheral

view 0B67,InL F,late Oligocene; Robe, Otway Basin.

orp. pararotaliøvenículata(Ilowchin & Parr) t83l; side view, oblique view; W120, Int. I,

late Oligocene-Mocene; Waikerie, Munay Basin.

qrr. Elphídium cf.. E. crassatum Cushman t6011 - oblique, apertural view, sample W142,

laæ Oligocene.

srt. Porosorotalia sp. t6601; dorsal side, ventral side; MF48,Int. E, early Oligocene'

u. Calcarina calcar d'Orbigny t1S3l;ventral view; MB185,InL F,late Oligocene;Wirha

Munay Basin.

v. Calcarina maclcayi (Kaner) [48]; ventral view; 0839, Int. G, late Oligocene; Robe, Otway

Basin.

(scale bar = 100Pm)





TÌu Oligocene of southern Australia: ecostratigraphy and taxic tunnver in ncritic foraminifera

PLATE 16

arb. Karreria pseudoconvexa (Palr) [98]; a. dorsal view, b. ventral view; OBtz2,Int C.

c. Kaneria maoria Finlay) [71]; RR125, InL G; Mt Gambier'

d!. Glnbratella tassaDorreen [60]; rW150; Int. F.

e, Stomatorbina sp. [600]; OBI22.

f. Hoeglundina elegans (d'Orbigny) t1561; OB128, ktt. C.

grh. Hanzøwaia scopos (Finlay) Qa\; g. ventral side, h. dorsal side; SE703, early

Oligocene; Kingston, Onvay Basin.

i, j. Lamarckina airensls Ca¡ter 14691; i. peripheral view, j. dorsal view; OB 128.

¡^rl. Lamnrckína glencoensis Chapman&Crespin [10a]; k. dorsal view,l. ventral view;

oB128.

m. kaflorilus vicøriense (Cushman) [268]; M8184, Int. F, late Oligocene;Wi¡ha, Murray

Basin.

n. Planulina evoluta ['ø]; 0B36,Int. H,late Oligocene.

orp. Cerobertína lcakahoica Finlay [105]; o. dorsal view, p. ventral view; OBl22.

q. Robertinn lornensis Finlay t1021; MF99,Int. B, late Eocene; Magrath Flat, Murray Basin.

r, s, Svrøtkína sp. t3861; r. dorsal view, s. ventral view; 0B36, Int. H.

tra. Svratkina australiensis (Chapman, Parr&Collins) [270]; t. dorsal view, u. vental view;

2WI46,Int F,laæ Oligocene; Waikerie, Murray Basin.

(scale ba¡ = 100pm)
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The Oligocenc of soutlrcm Australia: ecostraligraphy and taxic turnover in neritic foruninifera

Appendices C to F

All data not included in appendices C -F are available on floppy disk from the author



2
Ff
e
H

ë
g
o
ø

Jrdli



T

nR11û!

1105

17

34

0

0

0

26

1

4

l3
0

0

4

1t

504

4
623

ll9
4.85

45

$4

110.5

143qo

Å-6g0

o.o%

o.w
o-t&

214&

2S

34Æ

10.9

o.o&

o.M
3Aqo

É.lqv
ao-9

8.6%
M.ùq.

809qa

o.2163

L1t2

s

RRil!_!

I 11J

92

4
0

14

2

10

11

8

t2
0

0

10

n
562

1 !Ì0

815

253

2221

5t
s62

1115

úa%
174Æ

o.o%

5-5t*

O-8flo

4-úh

16.!lo

3.2ñ
4.7%

o.ø
o.Ø
4.Ø
1.94
æ-M
51.44

r4t%
@.Wo

0.1913?

7.026

R

RRll25

1125

70

19

0

22

4

13

8

a

17

6

2

5

74

96

1t8

33t

A2
0391

u
s6

77L5

2t.w
7.9

o.o&

9.1

t:l%
54%

3.3&

oaø
7.W
254
0a%

2.1

t0.go
24.4&

4t.8ft
11.8%

80.9q¿

o.11262

1.180

o

nRtlll
lr4l
6t
n
0

31

20

9

9

2

12

6

1

4

It
147

135

39
TI

0.710

25

147

1155

32.9%

13.0&

o.ffi
15.O%

9.7

4-go

4.ß
l.sqo

5.8ft

2.YL

o.5&

1.vh

8.7

415%

652tk

ßa%
ñ,9

o.r2A6E

o.912

P

RRlr5.!

r 15J

155

a
2

58

5

1t
m
6

12

15

6

1t

62

28
2Æ

658

¡100

0.645

41

258

115.5

18.8%

5.8%

o.5

14.5%

l3q.
4Sqa

5.OÆ

1s%
1.W
33Æ

1-sth

4.5%

15.5%

39.2qø

62-tgø

13.4

80.vh

0.131û7

0_615

o

Rn116l

116-5

t20
31

0

,18

30

6

t
4

21

30

1

14

41

253

83
613

:160

0.703

44

253

116-5

333
8.6ço

O.OøÒ

113
8.3%

1:t%

22go

1.1

5-A%

8.3

o.1

3.9

13.1

413qo

&1
11:l%

to.9%

0.1243

0-656

f{

nRll7.!
1175

1(E

11

0

&
n
2

E

n
21

1

t
I

I(B

ln
179

n6
o373

n
10E

1775

19.1

4.ùgo

0.ùgø

145.h

7.!h
o.7%

2.qk

to.1%

7.go

o.4%

1.1%

z9%

9.4%

n2%
714&
11.2%

n-9%

0.1 1304

oÁ75

f,

RRll&5

11t.5

10t

3l
1

69

13

39

26

3

16

10

5

4

s4

438

210

t17
379

r-1 56

5t
438

1 18-5

28.5%

82%

oi%
18-th

34%

lo.3&
6-9

oaø
4.2%

2.6%

1.3

1.1

14.8ø

$.6qo

55.4qo

t3.%
ao-9q

o.146ó3

1,132

L

RRr19.:

ll95
742

4
0

1

26

21

5

15

l5
7

4

79

112

ãt
78t
455

oi30
56

132

11gl

112%

9.7

o,w
201

o.7%

5.7%

4.6&

l-t h
3.&
3-3go

l.tgo

o.ñ
17A&

42.2ß

fi:t
133&
ao-9

o.13044

0.945

K

RR1205

ræ5
tt
m
0

'¡9
13

10

24

11

0

0

6

35

r00

171

376

Tt3

o3n
n
lû3

r 205

32,24

7.3

o.w
20.%
1i&
4.tø
3:7%

atß
4.Vh

o.w
o.w
2.29o

t2.aÆ

27.4%

62.&
12.7%

EO.9q

0.10¡ß6

oaÐ

J

RR123.5

123.5

ß3
4

0

20

TI

1

16

32

6

6

I

42

43

186

331

88
0.149

25

133

121.5

4ß.2%

144
o.o%

6.9

94&
o3%

5.6%

11.t%

2-1

2.1

o3
o.o4
14-6%

11.O%

4.69o

114%

80.9%

o.121

0.ó16

I

RR,1'J

|n.5
231

74

0

104

6
6

6

1

6

0

7

u
53

36
411

881

518

0s24
63

303

1Zr -5

Ã.oÆ

DA%
o.w
18.O%

11/%

1.W
1.Øo

o.2ø

r.tÆ

o.c&

1.24

4.2Æ

9.2Æ

4A%
74.6%

13.9

80.9

0.1305

0.765

H

SADME bæ RR65 - MT GA¡vfDlER. GAMBIR BASIN

RX.l92l

192.5

ut
It
0

89

2a

59

14

4

17

0

6

4

t2
295

38ó

8ø
569

0.518

62

295

192.5

43.9h

32%

0.Oøo

t5.&
4.gth

10.4%

2.5

o:t
1.Ogô

o.a&

1.1%

o.7qo

Á.4q,

34.1%

67.8%

13.sqo

80.9%

0-13563

o:t31

G

Rn 194l

1945

89
2t
0

n
22

56

15

5

5

0

0

2

147

215

405

871

ó56

0.32E

62

^9

1945

4.1
4-3Æ

o.w
ß3qo
1.4ß

8.5%

L3Æ

0.8%

o.tø
o-úh

0,va

0,3&

2,[qa
3%

61:t

12[qo

14.6%

0.1æE7

0.905

F

Rr209.i

2@2

255

zt
0

I
5

31

{t
a
0

0

8

32

114

3S5

flo
556

0.205

/tt
255

2ù9.2

45.94

4-9

o.o&

17.8Æ

o.9

5.6%

4.1

t5%
5.O%

o.ogo

0.o%

L.4qø

5Agø

r7.Gga

71.O%

12.5%

74,9o

0.1221

0409

E

RR225.!

225.5

t8
4

I
3t
6

11

5

3

26

0

0

11

179

A
459

714

684

0.050

51

Ela

Ð5.5

553%

o-69ø

o.1

5.69.

o-9

4.A%

olqo

04%

3A%

o.w
o.w
1.69o

26.2%

41

67.1

tt5%
7t.o%

0.15319

o.

D

RR226.!

22ß5

118

9

0

10

t

u
7

1

2

0

0

2

53

n
l?3

29
2n

0.119

18

118

2265

52.M
4.W
0.w
4.4.b

o.4

10.6&

3.19o

o.4%

o.vh
o-ük

o.o%

0.w
B3qo
10.6Æ

5E.6q.

113%

71.O&

o.142ß2

o370

c

RR234.2

214.2

184

29

1

l9
6

19

14

4

1E

0

0

5

122

2t
212

449

421

0.067

32

144

2v.2
43.7

6.9q

o2%

1S%

1r'.4
4S

33%

1.O&

4.3

o.o&

o.oÆ

1.2%

29.oøo

6-2%

55.rq

10.8go

71.0Æ

o.tn24

0.913

B

RRZl5.'

2352

26

25

0

5

0

6

17

1

2

0

1

0

16

Ã5
1?

129

115

1.7t3

22

ms

14

æ5.2

2,.6&
277.h

o.ù&

4.9o

o.oÆ

5-/h
MA%

2.&
1.1%

o-úL

o.%
0.w
11.9

6234

ÂJ%
11.9%

71.O%

0.1@28

2.&O

A
APPENDD( C

SAMH.E

CT.ADE\DEPTHIN M

ûbt<ila&Abicìàoìàct

SolttlM
Eiliolids

drcÆói&

Ðûliditd!
LMe¿rùø

løæ&Dab&n
mhdDÞd
LwrlìM
SìDhúbø
gtomlùbbu

Gwotdbø

ØttWiM
dobisi¡ids
htrlid.

lm

bcnhc ¡ot¡l=

Dl¡útotric !o bÐlhic r¿ti(

M:
hil=

Púlaia
q-ADE\DPTTIIN I\I

Cibicide: & Abìcidoid¿ c

BôlìvìM

dilioli¿3

discoól&
FIIDHditdæ

Ilvìe¿þø

Ieü&DqldiB
mhtilalrd
A^ñBM
SìDhûbø

Stmtùbbø
Gwoìdiw
Csti!údiø
elobi ÞÉThddq

rctrllds

Mbqtbos=
ovællM=

sl¡Ddjsv=

lfâM{qll¡iklølredfrD

1

2

3

I
5

6

7
¡
o

t0
11
12
t3
1a
15
16
17
10
t0
20
21

22
2a
2a
23
26
27
2A
2g
30
3t
32
33
34
35
36
37
38
39
¡10

t1
42
43
1a
¡15

Rms



I

rôunilü t¿

HY

6Z

L

II
lz
az

ll
þal
€I
6

zl
,
0

z

¡
7l
€09

E

0

þ€

0

8l.¿I

85¿r

r&
gî

'o
bI:t
%tz
%6
9it
%¿'l
%La
%0'l
%îo
w'o
%zo

%9',0

%66
#'tþ
%vE
960 0

tz
0m0
tyz
t7Á

,o

OY

ç6I

LI
OI

zz

zl
9E

06

oz

tz
L

L

0

9I
0

EL

66ç

æ
0

0c
0

$0I
$0I
%TZ

$cl
9úo'l

az
9tl
t9'î

%0'z

%l'z
4t:o
%to
%o'o

%9'l
oo
TL

w6ç
tz

*0'o
%o'e
000'0

þLt
9þL

eæ0

JY

06¡
t¡
zl
L

6I
t7
s9

6¡
I
,z
TI

s
0

II
çt
I6

6(þr
þL

ç
tz
0

mç
7Ãçt
wa
ør0
%î0
%ît
$ìt
wþ
%'ç

ço
t:t

%L\
îo

960 0

st0
%Ít'0

s19
wt:)
%'þ

%îo

qrt
m'0
OE
6II
€6¡ 0

ltY

vat
oz

t
z
t
z

oz

zç
þt
0

0

f
I
0

LI
c19

9

9

Ð
t

zn
8€8

$vz
%0r

qz'o
%îo
%z'o

%rz
$?9

L'I
tr'0
%Tî

0'0

%ro
%fî
900
qz
æú
%to
%L\
%çL
sæ0

Iç
t8

þßî

ffi¿

8¿I
LÍ
z

þ
6

t
9I
8E

,l
0

I
0

I
ç
0

ll
I85

ç
5

zs
z

w
w

$fþ
go

vço
%tt
s90
%oz
%3þ
%gt
%00
sI0
mi
%t\
wo
n\
%f,
%aú

9',0

wa
99

ruo
€s

oÐ
m0

3Y

6M
z'Lt
8I
I
I
II
I

LI
65

þe

0

I
0

t
z
0

6

sst

z

Lþ

I
z9
I9
%n
%to
%t0
%Lt

to
%92

'8
%t5
%o'o

%zo

%io
%zo

%Ç0

%o'D

rl
sp
%t0
$t0

I'L
zú'o

8t
€fç

60¡ 0

SY

mÆ
991

LI
9

t
0t
5

zl
8t

()I
0

II
0

0

L

0

Lß
L

L

6Z

I
zlL
II¿
%rz
%zo

4t0
vt
þo
t:t

%çz
%rt
w'o
%rt
%o'o

ffi'o
b0r
ä'o

t't,

,9L
0'l

9É0'I

6t'þ
rm0
I5'89

660'0

YY

ffi
0'9I

EI
8

OI

a
fl
OE

9t
6

0

I
0

I
þ
o

I
ou
0l
OI

68

OI

,98
ffi
%çl
%!

1t
%LZ

z
,E

l',01
%t-l

0'0

%to
%00
%t0

ç0
o'o
9'L

Ø'ss
%z'l
zl

$v0t
zI0 0

0þt
965

sø'o

z

Iru
TçI

6

6

I
6I
5I
w
ß
þl
0

0

0

z

6I
0

69

ffi
6I
6I '3

t
988

6A
m'l
Ø'r
çtn
%tz

ft
%î'ç

'6
s9'l

o'n
bug

o'0

z0
TZ

m'0
6tL
wz9

tz
bcz
%9'6

9æ'0
5tr
919

9û0

^

0fÆ
6tr
I
ç
þ

II
¿l
tz
¿C

8

0

0

0

0

ç
0

LS

lg
ç
ç

E9

6

r8t

%t0
%l'l

ï0
42',Ê

%çz

4rþ
3'L
¿:t

o'o
b"o

oo
o'o
t'l

bo'o
%f'zt
bres
%t'l
4t1

t'6
6I0'0
s0r

tIf
tcg0

I

6ZAá
E'I

I
c
E

OI

LZ

tz
,t
0

0

0

0

I
0

€s
w

8

8

8t
Ê

t6t
r6t
$to

9'O

9'O

mz
bçv
%çs
%tþ
%atz

%0'0

%0'0

960'0

*9t
4îA
wot
qß
%9t
$9',1
ã86
9m0
OII
lze

€80

'¿tLÃ

cEt
E

L
9

9

OI

9Z

LÊ

OI

0

0

0

0

0

6Z

692

f
I
I9
þ

aù
þb

9Ut'0

sçt
%EI

%el
%tz
Éçç
9AL
4t2
%oo

g'î
ç00
qî
900
4'0
çt9
$r'ß
%t'l
$t'1
%'zt
800'0

L9

LE
trr'0

EAÃ
tEl
z

8

j
LI
LI
OE

tÊ
LI
0

E

0

Ê,

0

5ç
8t€
z

0s

9

w
úç
t0

%îr
%LO

82
%w
%0s
%t9
%92
mn
%ço
w\
$ço
%îo
%o'o

%t6
%zs
%to
4ÈO
%rt
0I0'0
9tt
8lt

460

9ZttÃ
,7t

L

ç
f
II
€I
9E

oz

6

0

L

0

z

0

08

M
zz

zz
8l
L

ru
ffi
%to
%g',î

%to
¿l
çt

ú8Ê.
%zz

m'l
%oo

%îo
%oo

$TO
%çz

HT
fl5
%þ'19

%rz
%rz
%66
800 0

O?L

þ8
940

6lr
9

ç
5

€I

I
st
9É

EI
0

L

0

z

þþ

0

I8
9ß
,þ
þt
L9

i6
Êß
Bf)
%ço

ç0
%îl
$ço
%9v
%ËE

%et
%oo

%L^O

%00

%to
%tr
%o'o

%t8
t'ts

%rt
$çþ
%9
Im0
I9I
t89

9EO

trl
,r
0

E

Ê,

e

OI

¡
I
0

0

0

0

€

0

t
T}
Í
f
6

z

l0r
{I

g€t
%oo
9ta

sz

g'z
%þ6
%çL
%'o
wo
%oo
%oo

%o0
%az

%0'0

%Ll
%t8€,
48',2

%82

qç8
610 0

SI
z9

zwo

H

âur
6þ

I
þ
9

6I
9I
z

0

0

0

I
L

0

tz
çL

L

L

ZE

9

AF
zg

w6t
%ro
%g',1

þz
9É80

çL
%t9

80
%og
%00
%oo
wt

s'z
w^0
%es

w&
6e'?

IZ
t:zt

þa'0
6E

Lll
€.e€0

b

5

,
0

z

OT

9

zz
þ

0

0

0

0

I
0

6I
0zI

6Z

tæ
0ø,

%æ

stl
0'0

%60
sÉ9

9',2

æzt
t:t
0'o

$0'o
w0

0'0

VO

9É0 0

t8
wzs

ï0
*r0
Ð'zl
tú0 0

0t
sç¡

8çt0

9I
t
E

9

6Z

OI

6I
0

0

0

0

0

,
0

LE

6'r
,
þ

ze
€

tze
8I€

%os

%rl
s6'0

5'l
$r6
%I'e
Ø'9
%o'0

o'0
0'0

0'0

%o'0

%tt
*o'o
w',tt

.9t
%tl
tl

%I'OI
600 0

I8
z8I

çwo

o

5

I
0

0

I
ç
0

0

0

0

0

I
0

L

It
I
¡
þ
0

ZL

69
fl

Ø'0
%o'o

%g'z
$ît
%'9

0'0

%0'0

t0
960'0

960'0

Ïl
ç0'0

L'6

c¡'19
%rt
%i'l
ß'ç
m'0

II
IS

9I?O

x

zt
e

ç
6

0l
6T

€ç

z
0

0

0

I
þt
0

zt
LE
9t
þt
zþ
I

8rs
Ltç

%tz
w'0
%0r
%tt
%'l
%tE
%FOI

%þ'o

%40
0'o
0'o
TO

sLz
0'0

%I'8
wcs
%LZ
%t:z

st'9
zm'0

0¡
t9€

oæ¡

T

6

c

þ
E

9I
6

L9

0

0

0

0

9Z

0

I
le,
9Z

9Z

L9

ç
095

ç9S

%9t
%ço

%to
%1r
%'z
%9t
4l zl

oo
60'o

0'0

0'o
,'o

6tþ
0'0

%.II
wlt
%L',Þ

%tv
%t'zt
6m'0
lll
€tr

zfr¡

1

r9
IE

I
€

z

Êz

EI
eÊ

0

0

z
0

€

6

0

zr
69C

6

6

6Z

9

L*
I9s
çs
t:o

%çî

%þo

%t'þ
%îz
%ç

Ø'0
$¡o
%þ'o

%o'o

%ço

w'l
%o'o

qçL
%ta
%9'l
%9'l
wç
IIO'O

08

ffi
86I'0

v

09
ZE

þ

z
t
çI
z
lz
0

0

I
0

€

s
0

IE
8f€

5

t
ZE

€

9ß
€09

þ'9

%8',O

%ïî

%ao

%o'E

%TO

$çþ
%oo

%¡¡

%to
4î',¡
%90

%¡'l
%oo

sv9
wß
%ol
%ot
%v9
m'0

09

M
ÐI0

I
NISV8¡.|ACNI IS'¡\' VOM(IIV -NoIJvnüodvÐNnTII¡t ¡t&

tç
I
0

0

I
0

I

€
0

z
0

0

þ
0

I
9I
I
þ
L

0

h
9þ

CZ

0'o

%00
%cz

%o0
%zz

%eþ
%î9
$o'o
%t9
%o'o

%oo

$ts
%oo

%tz
%4fr
%ta
%ta
%tg
0m0

6

&
I6FO

ZI
I
z
z

L

õ

þÊ.

L

0

0

I
9t
0

ft
ELI
?a

þt
L9

zl
çÉ
€6€

$t'€
%to
%ço
%ço

%al
%tz
%L',8

%xt
%00
%ço

6¡O
%to
%9e
%oo

%Lg
nw
%rE
%98

nLt
rÐ'0

ç9

oæ

îEO

H

(7
I
z

0

E

L

€

0

0

0

€

9

0

9

0z

9
9

0l
0

u
*11
9É9',2

ry',2
%og

49',2

%'E
%l'6
%'E
*t0
60'0

m'¡
%î

%ÍL
qo
%tL
m'%
%cL
%rL
m'q
0æ'0

6¡
9E

8ZF0

9E

5I
I

OI

E

I
5

ß¡
I
0

0

0

I
çI
0

t
ti
5I
SI
8E

0

06r
O,óI

,L
ç0

%Çç

%9-l

ç0
%92

%ç6
%tz
m'o
wo
%î'o
%rn
%6',L

%on

%z'þ

Ðtz
%,L
%L
q'gz
00'0

zÊ.

6L

çffi0

UE

z
0

¡
z

t
cl
L

0

0

0

z
zz
0

?l
t9
za
zz
OI

0

89I
88I
rt'l

oo
6çO
%t-l
6ll
%ço

%'9
%Lt
%o'o

%oo

m'o
%at
%f,tl
%oo

%îL
K'%
*t lt
%f ll
4es
000

Lþ

MI
zçro

9/td
va
L

0

€

I
OI

ó

çÊ

zt
0

0

0

z
EI
0

7
80¡

E1

€I

þL

,
zm
8Z€

%tz
9É0 0

%l;',O

%zt
oÊ,

%Ëz
%f,ot
%LE

%0'0

so'o
%o'o

%9'O

%oþ
%o'o

w'L
%zE
60'þ
%oì
q/9'4,
zI0'0
,9
9I

8F0

t$ã
EI
a

z
L

0

î
6

þ
0

0

0

0

II
0

L

txl
ll
II

0

ßl
t5l

960'r

%90

q'l
%9E

9É0 0

rçt
g',þ

%oz

%'o
%oo

qo'o
%o\
$vç
ffi'o
%g',8

%aÊ
69',ç
w5
%t tl
000 0

0€

0€r
IøO

þlÃ
za

E

0

þ
s

0

z
EI

0

0

0

0

9

0

zt
€3

9

9

æ
0

9I
59r

gl
0'0

qþ'z
%QE

00
%zt

L

%Tt
%o'o

ffio
%oo
%uo

%vÊ
w'o
%îL
66
%g',e.

%98

%'6I
oæ'o

f
rol

owo

E

EAI
90

E

¡
0

I
z
z
þ

I
0

0

0

0

t
0

?

LE

,
þ
6

0

9L

9L

,E

.btt
ql)'0
%tt
IZ

%vz
%îs
%tt
q'o
ffi'o
%0'0

%oo

%çç

fl'0
%eç
%tw
%rç
%t5

gll
000

€¡
L'

LEO

t

ffi
ÐJilWN

pcI[EÀFw
ffi

w.4Iqt
ãalqfÀ¡log

W
-W
rg¡oq

ryaryE
-gFolEoN

WM
e4Ptu4s
4vßws
-FFI4
-wPÍq:)
eqv4q

þ4@.EdtÐ

q@w|¿

þ!rF{w

-PIFIOFN
wúØtq

.rD!!_ulog

ffi
-ffi
4oq

qlnm
ryoFoN
t4t 4ñt¿
wd4ds

æ!EIU
ry.€
4tunsq)

4qEøq
qq!{¡@*

ry&
Eqtu

ril:Fn

E

t
e
I
I
I
a

ot
1t
ZL
st

IL
lt
al
oa
LZ
aa

aa

)2
a¿
0Ê
TG

2e
EE

tf
9C

.C
IE
tf
IC
tt
at
2t
EI
tt
9f
at
2f
It
at
o9



ts

s

6

I

6
t
4
t36
t
IE

5

I
o

0

t3
ú1
l1
0

ß
0

tø
1$4
o9
o,&
ît4
a.&
2*
3:t
t2s4
2St
11%

o5ø
o1
o,c*
î.ß
o,Ø
71
6t,4q
l3ã
0,vñ
t-ß
0.000

111

881

orq

9:Þ.

,ß¡
2

5
0

L]
E
:t3

il0
1l
I
1

3

o

0
I

51

2:ß
19

0

ú
0

g

*
o&
o.vh
o-ß
2-4*
AA
6.t*
2t-2q
z.Ø
ofr
o&
0,c&
o,0*
i.ú
02ñ
9.&

4óS$
3Sú
0.Gt
2M
û0{x)

lð
4lx)
03r1

¡i¿ô
ão

0

32

2

9

4
A
115

1

a
6
3
o

0
o

7t
tß

6

5

7

0

1U9

t739
¡-ß
2,6t
¡.8
o7t
2t4
1,91
11.14

o3*
tg
tzÉ
21U
0.0*
î.ß
0.ø6

51t
4t
0s*
0,1â
î.&
0,0m

1S
1ß0
o 1¡o

t:¿É
/s
J
ó
I
l1/
B
91

lt
t0
tl
ut
o

3
o

32

u
2

7

t2
0

1t4
1l,l,l
îß
2Zb
o-tç
rzL
2.lq
2.&
ag
t.tu
o-%
Ltq
tj*
0.Gt
og
0,ú
zJ,lh
74.1t
0zh
0Á4
IM
0.0æ

l8
985

i.tz

lô

¡ù¿t
2.1

6

7

3

12

l1
4l
19

l1
ll
2

7

o

0

7

lM
t4
I
t
0

t69
tóó9
o.&
0.4h
¡-*
0.1q
¡B
2g*
1ß
t.ú
l -lq
otq
0,&
0.ú
a-ß
0&
t.Gt
u2*
0¡9É

0.lt
og
0.0{x)
q

1545

0.ffi

lx

TI2A

n.?
¡
ó

t2

f,
ß
1l
1l
l¡
4
o

7

o

0

6

lÁ
l0
I
l9
0

ts9
159
osq
0,4*
OE
0r*
î.M

2J
1&
tzt
2-W
o.&
0se
0.ú
¡ß
0.4ß
l¡9ú
to.lã
OGÉ

0.1*
l-ú
0.{n0

%

t400
0ffi

II

Rl9
n6

1
6

10

9

11

É
39

u
I
4

ll
I
4
tn
32

lil
T
1
A
0

t6tI
I ó11

o&
0,4b
o&
o.&

te*
2¿%

z,l*
o.ú
ozb
07u
o,lfr
ox
o,6Æ

2.4*
&t1á
19*
02ñ
tß
0.0m
t4
t4t9
oo%

IL

Rts
nî

2

I
0

19

12

4
ló3
2

1

ß

0

10

l2
I

tt60
É
I
a
0

lffi
loó
¡-t%
z3*
îß
Ln
¡74
255
tî t%
o,t&
o-&
2J
0.1*
0.Ø
¡.&
o1%

2.4t
1L2%
1.6&

0tñ
l-&
0.0m
14
t''a
ûos

lr

Rlt
215

18

9

11

û
9

24

r11

t9
l0
t0
l0
0

7

l1
38

5ß
9

2

6
0

a9
492

2.É
1,6
1.8
2,&

2:t
11-*
2,1ñ
ttq
Llñ
Lt&
0,tt
0.m
t,é*
43%

565.b

l,ú
0á
sß
0.m0
111

6'B
ot&

AJ

Rlr
21¡
x
ta
I

3l
a
59

l¿9

B

4

9

3

t2
ll
l6t
16
tt9

2

a
0

l4t
1,141

r1ç
1,05
î.&
2X
2É
1.1ç
t03ç
t.&
2-W

0&
0,&
02*
¡ß
o&
tt.6*
32:t*
4,t$
0.1ø
1&
0.m0

412

99
0332

lt

Rl7.
ml
t1
5

l6
lt
t2

2a

lÃ
t7

l5
6

1

0

3
0

19

5to
l0

I
0

,9
¡!z
tx
0.&
tÆ
t.jyb
l4
2rb
Itss
LUb
114
olq
0¡16
0.ú
o&
0.ü6

5S$
51Zh
t.tç
0¿*
64
0.000

ta
671

¡14

I

a
ß

a,
¡

l0
It
1A

17

20
21

2t
2a
30

3¡
3¡

aa
at
¿l
at
BO

a

Pt Wllung8



^c

æùPBb70¿
0.11!

oÐ.1
9,1,1

t6
I
13

1

It
6

E

4

t7t

101

1.68
19,129

9.14

5-W
1.%
4,W

LW
tz,9
62,%

13

s4

n
55J

oBrt2
1521
179

65

0

106

1'
7t
6
r
l4
0

26

ffi
0378

s.000
24

15,a

si%
6.9%

4,e7

o.ß
tt:7
27,t%

2%
620

47,6ß

2

oru
f).ß
2ú
I
0

n
116

u
95

t2
t7
0

3S

AB
o,129

9.000
353

il.4

2.%
tt5
3.Y'V.

t&
^.9q29,8

414

791

s99q

Y

oK6
ÍJt
lm
It9
4
ú
35

12

6
ló
I
0

læ

42
ot
393t

119

ss
269%

2X%

5J
3.&

t-&
20.4q
t9.6*

X
426

67.14

x

oK7
ßx2
312
Æ
I

59

92

13

1I}
14

32

0

119

85

7tlt1
312

6.12

5.1%

4.%
15,0

Lgo

ow

15,1

tt,¡

453

871

sZOq

w

oEx3
sg
tÐ
15

5
1t
l5
10

I
l0
0

2î

2ts7t
129

53s

5.*

3-14
0i&

o.w

to3
4.Ø

1,Bn

tt2
289

38t*

v

67

tt

t4
1t
6

1

0

0
I

26Å6
t7

57.91
Ë&
t9,&

t1

o,ffi

6,2q
#&
75n

2ß
339

61.4%

la,6%

u

42

38

14

zt
0

7

ó0.96
6ffi
43
o.o%

LA

o,o%

5.0%
fi5q
750á

v-&
6,4q

1

l3

I
t6
0

5

5

70.1

4f,%
33
0.1%

5.O%

1.2%

22ft
0.0q

1.94
s5%
72Eft

4rú
5¡¡t9

3

t2
13

5

t5
0

3

0

4

73,17

402%

16.Gñ

0,0%

4,7%

oJ%
2,t

0,01Þ

tJ%
503%
7,Z&

Æ-r*
51.94

F

l3

I
9

0

4

0

I

77,24

32.8ft
3.2ñ
0.0%

6.O%

25%
2.8&
0.0q.

4.2%
4tiq
7,44&

55-1q
413

a

s2
l8
6

t7
0

E

I
29

42,9

49,&
3.2ñ
o,o%

E.0%

t.o%

2.9

0.0ø

6,4%

v.4%
1.63

î.r%
6t,*4

P

v
t5
9

t2
0

6

6

I
7

8534

4,ffi
4,6&
t.o%

4,4%

nq
23
0.0q

123%
.{4.8%

8,02h

0Jl0

4ts%
5E5*

o

a

l0
4
0
5

I

I
32

tr39
49,%
r,6q
o,o%

10,E%

r6%

0,o4

5-9%

55,Ø
757

05E2

x

15

t
6

0

6

t

0

0

9t,44
583fS
3.94
oo%
63%

r.t%
o.aq
o.04

9.4q
éo,&
7,at&

0.493

I

2î

l9
5

0
7

6

0

0

9ó.01

69,&%

t5
o.0

15

22%

0,o%

s.2%

74,91
1 52*

o,29

L

55

23
42
t3
0

l0
2

0

0

99,06

505q
s3
o,o%

91%

1i%

0,oq

û3%
5t3ø
a5

0.435

K

s6
2l
11

12

0
l3
4

0

0

101.E

9.4,
3.6

03%
32%
o5%

2,2q
ts
¡,0

ai%
59.4%

7Jß

0505

J

53

{0
27

7

0

3

a

0

0

105,15

50J
2,4q
0,Oto

0,9

o,t%
63%

o.94
oo%

47,4ß

7,AAø

0.&9

I

102

3ó
t2
1t
0

ó

3

0

0

10814

5t,t&
72Æ

0,1

t,6%
0.0%

to,&

t3%
1.2%

oo%

14.4%

4,ea
Lt1

0.El0

t{

1l l5
n9
2l

7

t3
38

38

lz
0

E

0

0

ttl.z5
&.1&
t.7

0.0%

o.6%

o.2%

6.E%

!,t%
1.04
0,oq

0.8ø
62,4,

1,71

0¿16

6
rÐru m ßslu uöz,tu!Ë - wq ffa

1143

J5r
159

49
,t0

0

5

I

ll

0

0

I 1.á3

455
t3t
t:7
t,4
o2%
4,W

o,4%

o,t%

7.4%

4,94
7,67*

ow

F

o8117.3

tt7 34
451

7A

I

31

35

4
ll
4

0

0

tt? 34
54,Ø
10.È4

l5
o.t
03%

îs4

0s%

ta3%
50.29
4,45q

0$1

E

oB'ø
tzs
158

6t

13

0

4
21

I
29

I

0

E

t25
463%
t7,9!*
3,2%
3,t%
o,o%

oi%

o3%

6.2%

613&
lt,t&

095

D

OBø.3
125.88

t12
8

I
19

0

43
3

I
ll

0
I

r25.88

36,&
2.6ø
03*
62*
o,0%

t4.t%

3.6q
0.74

rl3%
4:t
10,6&

l.ß3

c

oB1A.1

ß0,15
319

8

15{
0

16

42

3

29

l0

0
0

r30.r5
40.4q

t0q
5,1

6,1

o,o%

2,O%

31%
t3%

16-*
50.&

r 1.189¿

oJ62

o8131.:

ft13ó
8l
l9
l1
22

29

33

I
5t
l4

0
0

615

ß13ó
35/,
2.1

15
3.t%
o3%

u,t%
a.2q
z0ø

%.1%

41.&
1t,44,

t,ß2

I A
r IAj|PENDD(Ct
zt SAJI{PIT
3t qADEDPTIIINM
a lcbitutcbhitbtt8
5 lblitiø
I lEilblid¡
7 lDirÃbid'E
I IEDre
a luit¿riþ

2at CIADBDFTHIN M

39 lbuttu

37 lAwlùø
3 a lIIo¿rûDt¿ìM

43 lcøú.Lùri,
4 a l¡oùêrtiDils

51 ITEIFAIJNA



l4
1

10

5

¡t
6
!5

1ß
1
u

l0
tt17
ll

omt

I

6

I
6

o&
l1 1q
ow
'L4q
OM
t2%
ÃB

l3
ùffi

o94
oÁq

1i
os%
71q

2t.8h
ù&
\9q

ogb
offi
oú

ogh
7&
6tq

11

Ð
t2
I

7t
6

13t

3t9
16

I

1817

I
oG3

7

6

I
107

o&
1M

,2*
t.ú
t.Ø

I l03ç

o,&
lx%
oa%
o.&

\9q
o3q
7ß

21.&
o-9
51q

oú
ffi
oú

oú
63*
3-l%

to

26

t6

106

7Á

l6

2¡5
l9
31

1tr
r75

o.lil

t2

15ó

o.&
a&

OM
OM
ßt4

o,&
t.&
ls%
o-*

tg
&ß
6ú

l-t%
1M
1ß
o,gþ

oØ

oÍb
5-éb
9-&

s
n
t6
9

t!

I
zta

t2
rÍt
11

lta
a

osn

to

I
6

oú
t1 1q
o.Ø

OM
t&
9óß

t&
oi4
o.&
oø

o-&
g&

11 t%

os4
69
i&
OM

oÉ

5:t%
2.&

Ai
m

10

9

2l
9

n
1
2S

ll
I
lt

n4
n9

o.ro

24

4

a2
OM
a&
o&

t,t
t.&

lol-1%

t2%
2Aq
23%

1%

L&
4M
9S%

L1q
IM

offi
oØ
oú

4&
M
%.4

ÞJ
I

2

1

65

7
t{t
22

21

N

5

6

11

1a

a!)
*2

o3&

39

o.Ø
t7 s%
o&

oÈa
43%

a%

o,M
IJø
7&
OM

2:t%
25%
14i%

o.e7
oi%
11%

oú
o-Ø

9M
2q

Ë3

2ß3
ß

t2
l4

50

n
tet
I

30

n

t3
1l

n

395

03æ

%

4

3

o.&
3.Ã%

o&

o,M
6.1%
XM
o&

Ll&
t-&
1,M
t-*

2.9%

35g

13%
t.lç
offi

ogl
o&
õM

7,%
ns&ß

19
1t

t1
16

6

7

&
6

t9
ry

36

l3

l!

0.0t3

5

I
1

o&
rls%
oß
63q

134
6&
a,&
o.Ø

rgq
o1%
o.8%

7n

10-1q

353%
t7ß

42%
ts%
oñ

o.ú
o&
o.ú
62%
8.5*
%.9

ruq.
ns
s
10

9

5

9

99

zt
n3

55

l0

I

o.lE2

2¡
!
t

o,Ø
ts.&
oú
bØ

11.&
4:t%
oú
11%

o:t
Lvh
t%
12.ø

3&
ls,s*
18 t4

72q
lg
o.ø

o&
M
o&

É.4q
n5

ô

tuq
2t.3
Jjt

I
6
5

l5
6

294

1,t

€

off3

2

B.A%
o@
1.1%

7Aú
7J
OM
t.t%

t,ú
2r%
oi%

otq
113*
tax%

4,4%

2&
o&

OM
o&
61q

P

wüø
ao
2

I

6

I

s,
51

a

14

oÈ&
o&
OM

OM
1,3ø

oØ
OM

oJ%
OM
4M

oç7
ta3&
vß
t4

o&
o&

OM
oÉ
9Iq

o

Fxc29¡
8ß
18

1

21

t1

7l
r5s

^
4n
LS
t6

65

l1r

5

1t

I

23J
OM
133%

15%

713%

23%
offi
oú

zØ
1,4ñ
to%

51Jq
t6Jq
ttq

t.úb
o&

o&
o&
11%

N

t¡¡cnt
30,6

31

¡
7

I

96

B

2X
s
7

l1

I

I
619

f,

ot2
5

o,&
6.5%

o&

54,5ø

5,Ø
o&
o.s%

11%
OM

o3%
t5-5%

11%
õe
ta,t%
t5.5%

t-t%

3J
o.ú

oea
OM
9-M

T

[MOl/
3r¿
16

2

6

3

9

I
2

92

a

a3

48

JS
tm

o1&
u
%

to

15

11.ú

o&
toM
4&

'15.ú
2:t
oØ
o.3%

1&
o3q

tt:l%
3X%

OM
42,4%

rs.ø
oi%

25ø
o,Ø
OM
o&

OM
a.tq
tlg

lo
It
13

10

135

38

I

lt7
9

14

E

EO

98
118

o.r24

22

ll

l1

taø

^úoffi
93%
o3%
o6
¡9ø

t-t
t.M
t&
11%

142*
1M
o.14

t23&
o.9%

?ø
a1q
OM

OM

oú
4,4%

tt t%

5At
lm
3

9

l3
16

18

71

195

&
1

195

m
50
I

1294

t5E

o.tn
16

4

o
to.t%
15 14

o.&
o&
1A.O4

o:t
t&
t2%
t-1%

L5,t

4.9%

o1*
11 1%

13ø
1-9%

o.w

oú

79
10.9*

rc
3!r
1B

lo
t7

ó5

l5
116

55

i1

l9
29

!9

ræ8
ß

og4
â

26

118

16s%

19M
o.&

o,t*
o.&
9-&

t.ú
t.ß
s.%
1&

4.4%

oÉ
9.M

t,tt
Lß
1B
o.w
o.ú
o.e

7,iþ
n:t%
41

33,9

s

l5
7

n
tl

DÁ

e

114

3('

I

tm
tt2Á
t1t

o 152

n

21.&
68%
o&

o.Ø
oú
6.9%

og

o.&
t.&
25%
t2%

a\
OM

49.5%

2Ø
3.Æ
4ø

OM
o.ß
o6
t,9
t3,vh
33.9

tMq¡
31¡
7t

1
10

l3
1q

m

36

12

6

80

0.103

Ã

6

25,O%

ß3*
oÉ

o&
ßi%
9rq
o.&

1,34
o,%
t9%
t3%

t.lø
OM
ß.2%
12 6q

4,&
Ll%
o.M

oø
oú
OG
E.5%

9.9*
31-4

o

wu@
3J,O

63

72

&

l{t
1la

m
4

ú
J

l1Á

tlt
ß

o,@
ß

l4
3

n,4ø
a%
o2%
t1%

o,ú
9.4%
1.9%

2i%

\9q
t2k
4ffi
n.ú

oa4
ß1%
ll-&

o,6ø
6.1%

oa%

44
o-1%

1S%

35î

F

ë
90
l9

34

ß

9!
6Ã
52

835ß
b

112

83

o,25
165

7

4.9q
o.5%

rj4

45,2*
LTh
2.1%

tt%

\4q
3.!h
2.1%

oØ
291%
t1-4C

3.3%

oú

o.1*
l&
1.ß

E

3ó.0

105

s
t¡
D
ß
7

424

39

531

1S
n
9

D
6

tt
1145

aÐ

I

11,4%

l:t
o.l%

6,&

t%
lØ

o,4%

2,9%

a.t%

9.&
to&
l.tq

3Ø
o.t%

ogh
og
sú

n
1

t0
5

7

s2

l4

7l
10

I

1l
3

50ß
a2

o.6
t3

I

1,1&

OM
o@

65,Ø
a,t*
35q
oxq
1lq
ôcq

9.ß
2Sq

42,t%

125%

7M

lßß
o5q

ù1*
8¡ç

av
t6

11

6

3

1l
7

106

n

55

7

6
1l

3

35

8l
1t5

o74
t5
30

¡

n
11ú

o.ffi
7ú
OM

2,ß
l&
o&
ú1

/25%
slq
õ.M

u,ú
lrl%
tsq
tlq

oú
OM
oø

oú
7-&
t9&

1.5
f

I
3

I
9

û

1

6

1

I
4

1B
ú

o.ta

l^tu'MM

oØ
b1q

oø
oú
oú
SM

o5q
t-ø
1ß
og

15,3*
t.t%
oú

oßß
osq
OM

Ltft

og

2*
9.aß
12.&

l
APPINDD( C

dvDaråiDä

waiß

obdibl¡

taúoÈffi

i,itdã

*C.tuùtu
tG.ø¡&h

rhf,drhr
*Hriù.
ßBdivffi

)iEt;.
58ffi&

ËGwilh

@

Égdi!

dE.
6Dltu
w

1

5

¡

ll

l5

lc

2t

2E

3t

33

3C
37

a1
a2
az

a7
a8
¡c

52
53

5C

60
ßl



A B c D E F G H I J K L

SADME bore 2W' - STAIKERIE, MURRÀY BASIN

2 SAMPLE 2W155.4 2W1¡f7.t 2w137.2 2W125 2W1t7.f 2Wll0 LW1o9:, 2W103.6 2W9¡l.t 2Wtt.7 2W85.3

3 CLADRDETTIIINM t5.45 L{I,83 137,T6 125.00 | 17.35 110.00 t09.t2 103.63 Et.79 88.70 85.34

C ih ic id¿ s &.C íb icidoi & s 1æ 153 14l 186 t66 168 137 111 l14 116 t2A

5 Coss/Uvip. 53 84 37 l0 t4 8 22 l6 4 I 2A

6 7 26 32 2t 9 m 9 4 l8 29 10

7 miliolida I 2 I 0 0 0 3 0 0 0 o

I Dí¡co¡bk 9 25 54 t2 49 50 55 29 5l 26 51

I ilohidiìdæ 0 5 l3 IE 50 23 6l t20 49 56 L7

l0 fle¡oeriÚ 34 7L t2 2 1 2 I ) 2 0 6

11 Nodmaridae 2 t 6 5 3 t 3 T2 2 l0 3

12 ascluti¡Âted 1 0 0 I 0 0 0 0 I 2 4

13 fuønolìtø 5 19 23 26 26 ¡lt 27 4l 35 n t7

14 Sinlønina 0 2 6 0 2 4 0 L2 l8 4 2

15 Gyroidin¿ 0 2 1 0 0 0 0 0 0 I 0

16 PUII¿nia 3 2 0 ) I 2 3 I 4 2 I
17 Cossidulina l9 l3 25 E t2 n 2l L4 2 I 18

18 clobieerinids I l5 7 L2 t 7 3 4 l0 29 5

19 obertinids 2 0 0 0 0 0 0 0 0 o 0

20 rotalids 123 199 2t9 244 241 26 2t9 18l 2û t70 L'2

21 suG 20L 338 321 315 323 tsg 323 350 306 303 258

benthic iotal= 2ft0 323 3t4 303 320 352 320 v6 296 n4 253

23 P/B ratio= 0.005 o.046 0.022 0.040 0.009 0.v20 0.0@ 0.012 0.034 0.10ó 0.020

24 mean = t7 28 24 x2 a1 ?ß 2l 24 2L 20 t9

25 Inåx= 109 153 14l 186 166 168 t37 120 t14 l16 tu
26 CLADE]DEPTHINM 155.45 147.83 117.16 125.00 1t7.35 ll0.ü) tæ.t2 103.63 94,79 88,70 85.34

C ìb ic i tI¿ s &, C ib ieidoi d¿ t 54.5% {l,4'lo 44.9% 61.4.b 5t.vh o.7.h 4L8% 32.t% 385% 42-3% 49.O%

2A Ca¡s/lfvìp. 265% ?f5.o% tt.8% 3,3% 4.4% 8.2% 6.9% 4,6.h 1.4.b 0.4% 9s%

29 Bolivinidae 3.5% 8.0% LO.2% 7.6.h 2.8% 5.7.b 2,8.h L.2.h 6,L.b LO.6th 4,O%

30 miliolida 4,0% 0.6% o3% o.o% 0,0% o.o.b 0.9% o.o% o,w o,o% 0.0%

31 Discorbis 4,5Co 7.7% t7,2% LO,6.h L5.3'lo t4.2% 17,2% 8.4.h n,2.h 9,5.b 20,2.b

32 ElDhidiidae o.o% L.5Eo 4.tEo 5.9% t5.6.h 65.h T9,L% 34J% 16.6.b 20.4% 6J%

33 Uvin¿ríno L7.O% 22.Vh 3.8'lo o.7% 0.6% o.6.b o.3.h o,6.h o.7.h o.o.b 2.4%

34 Nodosridae t.o% 0,9% 19% L,7th 0.9.h 2.3% 0.9% 3.5% o.7% 3.680 1.2%

35 asslutinated t.o% o.o% o.o% 0.3% o.o.b o.o% o.0% o,o.h 0.3% 0.7% L.6.b

36 Anomalina 2,5% 5.9% 7 sfo 8.6Eo 8.1% 13.61 8.4% tt.8% ll.8.h 6.7%

37 SìDho¡jfla o.oÇo o.6% 1.9% o,oro 0.6% t,l% o.o% 35.b 6.\.h t5% o.8.b

38 Gyroiditø 0.Oqo o.6% o3% o.o% 0.0% o.o.h 0.0% 0.0% o,o% 0.4% 0.0%

39 Pulle¡ia 1.5% o.6% o.o.h 0.7% O3fo o.6.b o,gch 03% 1,4.b o.7.lo o.4%

40 Cæsidulìm 9.5% 4.OEo 8.0% 2,670 3.ïqo 7:l.h 6.6.h 4.O.h O.7Co O.4'lo 7.t%

41 clobis€,rinids o.5% 4.4% 2.2% t.8% o,g.h 1,9% O.gEo l.l.h x.3% 9.680 l.9Eo

42 rob€rtinids 61,5% 6t.6% 69J% 80.5% 75,3% 7S.6rh 68.4% 52.3% 61.6.h 6LOqo 759%

43 rotalids tt.7% 12,ffi LL,5% rt.7% tl.3% ll.6¿h tt.vh 9.9% to.8% 10. tt;l%
44 ovefâll max= 0.005 o.046,44 o.02229 0.0396 0.(xÞ38 0.019r 0.mfr3E 0.01156 0.03378

45
46 Clade lss.45 14935 r37.16 125.00 117.35 110.00 t0,,l2 103,63 94:t9 tlt34

47 infau¡s+cylindrical 65 115 75 ¿K) n 59 37 33 2ß 42 3E

48 131 2M 238 262 293 29t 283 313 zCI 229 2tr
49 I{CÆ 0.496 0.558 0.31: o.153 o.w) 0.201 0.131 o.105 0.105 0.183 0.181

2W Waikede
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The Oligocene of southem Australia: ecostratigraphy and taxic tunlaver in nerilic foraminíþra

APPENDIX G2 - samples listed in cluster groups

l2ll0l94 14:53:14.75 OUTG Oligocene d^t^- 12 October 1994

GROUP B Y MEMBERSHIP LISTING ---->
GROUP: I 10 MEMBWS

MGl12 (1), RR232.8 (2), RR233.8 (3), M8173.1 (4), RR214.2 (5), M8171.9 (6), MG98 (7), M8171.1 (8),

MB169,3 (9), MF4845m(10)

GROUP: 2 36 MEMBR/S

MG120 (11), MG102 (12), MG100(13), MG88 (14), MG59 (15), MG46 (16), MG94 (21),lv'.G74 (22),l0{dG70

(23), MG57 (24),Iù,d8t72.5 (25), 2wt3t.t (26), W155 (17), M8175.3 (18), I0/dGt26 (19),IÙlGt24 (20),

MGt22 (27), MG118 (28), MGlrO (29),MG62 (30), M8180.2(31), MG60 (32), M8168.7 (33), M8168 (34),

MGl14 (35), MG106 (36), MG80 (37), MG50 (38), MG20 (39), RR200.5 (40), MG40 (45), RR235.2 (46),

M8174.1 (41), MGl16(42), MG108 (43), MG78 (44)

GROUP: 3 48 MEMBR/S

M8165.5 (47), RR232.2 (48), MBt74.7 (49), MG26 (50), M8180.8 (51), M8176.5 (52), M8166.8 (53),

2W749.3 (54),873 (63), 2W103.6 (64), RR225.5 (65), M8192.4 (66), MB173.5 (67), M8169.9 (68), E150

(69), 2W134.1 (70), M8175.9 (75), I['lBt67.4 (76), RR227.5 (77), M8181 .4 (78), M8178.9 (79), R26 (80),

2wt2l.9 (81), 2W88.7 (82), RR192.5 (83), MB182(84), MB177.1 (85), RRl12.5 (E6), 2W117.3 (87),

RR209.5 (88), M8178.3 (89), L2 (90), A5 (95), 2Wt43.9 (96), W182 (97), W136 (98), 2W106.9 (55), MG4,/-

(56), M8179.5 (57), RZ¿ (58), 2W146.3 (59), MG48 (60), MG32 (61), lAR (62),MG52 (71), 0B54.86 (72),

MG55 (73), MG53 (74)

GROUP: 4 163 MEMBWS

Sub-group 4a

wMc29 (91), El32 (92),2W128 (93), MB170.5 (94), 2W94.8 (107), RR196.5 (108), 2W137.2 (tt3),

oBl22.5 (tt4),2W125 (119), 08135.6 (120), M8191.1 (121), IvfBlg0.t (t22)

Sub-group 4b

0892.96 (99), 0889.92 (100), M8191.8 (101), A6 (102), 0879.25 (109), R30 (110), R13 (111), MF96-93

(112), RR220.2 (103), A28 (104), A27 (105),8t27 (106), MB187.1 (115), A26 (116), R14 (117), R22 (118),

R7 (123), R4 (12,1), R16 (125), R19 (126), R20 (127), Et60 (128), R25 (151), Rzt (152), WMC30.6 (153),

RR120.5 (154), R29 (133), R17 (134),8733 (135), E163 (136)



The Oligocene of southem Australia: ecostratigraphy and taxic turnover in neritic loraminifero

Sub-group 4c

RRl15.5 (129),2rW86.9 ( 130), V/162 (131), W120 (132),2W139.6(t37),l0íl8177.7 (138), R18 (139),

2W147.8 (140), 2W114.3 (t4t),2W85.3 (142),MF99-96 (165), 2Wt55.4 (166), 2W110 (167), 08114.3

(168), M8189 (169), E159 (170), RR202.2 (143), 0899.06 (lM), 0877.20 (145), M8189.5 (146), R3 (147),

E50 (148), RR116.5 (149), A3 (150), RR114.5 (159), 0867.06 (160), R15 (161), OB91.M (162), Al (163),

8779 (t&), W140 (155), RR234.2 (156), RR22ó.5 (157), A'29 (158), rWMC27.5 (179), Et3r (180), E154

(181), RRl10.5 (182), 0857.91 (183), M8185.2 (184)

Sub-group 4c

2W109.1 (171), 08111.25 (172), A25 (173), RRl18.5 (174),lvß102-99( 175), 08125.88 (176), OB101.80

(177), M8188.3 (178), 0896.01 (189), OB121 (190), OBll7.34 (lgt), 0842.67 (192), OBtl5.82 (223),

\ryMC36.4 (2U),08130.15 (227) 0836.58 (228), M8185.9 (193), RR127.5 (194),tvß72-69 (195), M8183.2

(19ó), WMC37,5 (197), RR121.5 (198), MF87-84 (199), MF57-54 (200), RR194,5 (201), 08105.15 (202),

MB186.5 (203), MB182.6 (204), WI¡{ÍC23.4 (205), 2rW112.8 (206), 08108.24 (207), MBL90.7 (208),

RR119.5 (219), W150 (220), Wt32 (221), 08132.38 Q22), \ryMC28.3 (229), W}¡'{C2r'..3 (230), MF78-75

(231), 0882.30 (232), 0873.15 (233), 0860.96 (234), RR125.5 (235), oB70j0 (236), OBll9.7 (241),

WMC33.9 (U2),lvß90-87 (243), MF84-81 (244), 0888.39 (2/15), M8184 (246), WMC25.3 (247), OB128.9

(248), 0885.34 (249), W152 (250), 08135.02 (251), Wt42 (252), OB5l.82 Q53), MF51-48 (254), W148

(255), MF81-78 (256), RR111.5 (257), R23 (185), WMC29.6 (186), WMC24.8 (187), RR123.5 (188),

wMc36.9 (209), WMC34.4 (210), WMC3ZJ (211), WMC3L.4 (212), \ryMC35 (225), WMC3Z.| (226),

\ryMC26.3 (213), WMC22.8 (214), WMC26.9 (217), \ryMC23.8 (218), WMC33.4 (237), Nß65-60 (238),

wMc35.6 (239), RRl17.5 (2,10), M8184.6 (215), WMC36 (216)



composite standard units

A B c D E F G H I

1 T.C. Mur¡v Bag MumvToo¡ Stvln Brs6 StVl¡ To¡s Otmv B¡s Otwav Toos ømo. bæs ohD. 1oB

2 63 1.5 6.4 I 1,3 0.001 8 0.001 I
3 65 1.5 5 7.3 8.2 1.5 8.2

4 302 7.5 7.8 7.5 7.8

5 225 1.2 ß.5 12 ß.¡

6 303 -5.5 5.5 5.7 8.7 5.5 R'7

7 42 6.5 8.2 6.5 8.2

I 255 5 5 5 5

I 209 1.6 5.7 1.6 5.1

10 305 4.8 6 1.1 t.7 0.001 2 0.001 Í
11 I8 2 7.9 I 2 0.001 8.5 0.001 8.5
12 s56 o.25 1.5 0.25 1.5

13 58 a 6.9 T,2 8.5 1.2 8.5
14 198 t.2 6.1 t.2 6,1
15 i07 1,2 3.7 t.2 3.7

l6 ttul 1.7 85 1 2 ofl)l 8.7 0.001 8.7

17 67 1.7 8.5 o.25 2 0_(nl 8.7 0.001 8.?

t8 241 5.4 8.5 2.6 8.3 2.6 8.5

t9 68 2.5 6.15 8.5 8.5 2.5 8.5

20 254 5.2 5.55 5.2 5.55

21 436 2.6 2.6 2.6 2.6
22 613 6.2 6.2 6,2 6.2
2t 252 ó.5 6.5 1.9 1.9 1.9 6.5

24 .5.54 o.1 2.95 o1 2.95

25 276 1.5 6.3 2 o.001 5.7 0.fi)1 6.3

26 86 2.8 8.7 2.8 8.?

27 4 6.9 7.5 6.9 7.5
2A 4EI 4.85 5.ó5 1.2 2.8 1.1 3 1.1 5.65
2g tlI I 4.9 8_3 4,9 8.3

30 l6 2.6 6.45 2.6 6.45
3l 3II 1.95 2 0.001 1.4 t.2 t.2 0.001 2

32 3r2 0.8 1.9 t.2 3,5 0.8 3.5

33 TO 3 4.4 o.5 2 o_(n1 8.7 0,001 8.?

34 I9 4.5 8.5 4.5 8.5

35 480 4.85 5.35 2.4 to 2.4 5.35
36 210 1.5 6.35 0.6 7.7 0.35 8.15 0.35 8.15

37 t7 2.5 8.3 2 4.5 't.8 8.5 1.8 8,5

38 185 6.7 8.5 7.2 7.2 6;1 8_5

39 201 1.5 8.5 3.2 7.9 1.5 8.5

40 I3 2.5 7.4 8.5 8.5 2.5 8.5

41 t07 5.4 6.5 5.4 6.5

42 r76 5.4 6.8 7.5 8.5 5.4 8.-5

43 5 r.7 6.9 1.2 4.2 0.001 6.5 0.001 6.9
44 54r 1.8 3.2 1.8 3.2
¡t5 6 5_65 5.1 1.5 1.8 1.5 5.1

46 26t 5.1 5.7 5;l 5;1

47 100 3.3 3.3 1.8 4.25 1.8 4.25
4A 170 3 5.4s 1.6 2.1 1.6 5.45
49 468 4.35 7.7 4.35 7;t
50 282 715 15 7.r5 7.5

51 183 3 1 3 7

52 ,t8 4.5 7,5 4.5 7.5
53 264 2.5 8.3 6 8.7 2.5 8.7

54 154 2.3 8.2 2.3 8.2

55 188 r.7 5.45 3.95 7.5 1.7 7.5
56 135 2.6 6.31 1,ó 7.8 1.6 7.8

57 415 1.5 6_5 1 l_6 0_t 8.7 0.1 8.7

58 195 s.t7 5.45 5.37 5.45

59 106 0.001 2 0.(nl 2

60 105 1.5 3 1.8 1.8 0.15 2.95 0.r5 1

61 472 6.3 6.35 6.3 6.35

62 138 1.7 5.45 t.2 1.8 1.6 8.7 t.2 8.7
63 69 1.5 8.2 0.1 2 1.2 8.5 0.1 8.5
64 206 6.5 6.5 1 7.6 ó.5 7.6
65 2¿0 6;1 6.S 2.5 8.2 2,5 8.2
66 ß 1 .,5 8_3 2 45 2 8.7 1.5 8.t
67 78 1.5 8.3 1.1 2 1_8 8.-5 l_l Ll
68 r62 1.5 a.2 2.O5 8.1 1.5 8.2

69 i2I 545 5.55 0.001 3.9 0.001 5.55

70 70 1.5 6.7 0.001 4.5 1.2 8.5 0,00r 8.1

71 71 2.5 5.4 1.2 7.7 t.2 7.1

72 72 4.85 6.25 1.2 8.2 t.2 4.2

73 27n ?.2 8,3 1.2 8.3



composits standard units

A B c D E F G H

74 r79 2,O5 8.2 2,05 8.2

75 25 6.5 6.5 0.001 r.75 0.001 6.5

76 77 2.5 8_3 o.9 1.8 1.2 8.7 o_9 8.?

77 s29 I 2 0.001 1.8 0.001 2

7A s70 5.5 5.65 5.5 5.65

7S 147 5.4 5,f7 5.4 5.31

80 292 7.9 I 7.9 8

81 621 5.3 5.37 5.3 5.31

82 530 5.55 5.ó 1.8 7.8 1.8 7,8

83 33 2.5 8.3 1 4 1.8 8.5 8.5

alt 46 7.2 7.2 7,2 7.2

85 47 2.5 7.4 0_3 7.8 o_3 7.8

86 t6I 705 7.05 7.05 7.O5

a7 2II 5.1 5_t 5.1 5.1

88 492 -5 5.37 2 4.5 0.001 7.3 0.001 7.3

8e 186 3.3 f.3 1.8 7.5 1.8 7.5

90 I1T 3.3 5.45 r.2 1.4 2.O5 8.? t.2 8.?

9l 331 1.3 1.9 3.5 3.9 1.3 3.9

92 t40 3.3 5.4 0.95 0.95 7.1

93 I2 1.5 7.5 0.8 3.ó5 0.001 8.5 0.001 8.5

94 506 5 5.1 5 5.1

95 420 1.8 7;t5 t.8 7.7 5

96 203 5.3 8.5 2.5 8.1 2.5 8.1

97 232 3.7 8.5 3.2 8 t.2 8.5

98 93 2.6 4.8 1.2 8.1 r.2 8.1

99 277 2 5.45 5.7 7,7 ,) 7.7

100 459 4.85 6.31 6 8.-5 4_85 8_5

101 56 5.7 '1 3.3 8.5 1.1 85
102 9I 5.4 5.4 7.15 8 5.4 8

103 56 t.2 3.9 t,2 3,9
I O¿ 57 r.25 't4 r.2 1R5 1.2 3.85

105 55 1.5 7.4 15 7.4

106 146 2.5 4.8 3.3 3.3 2.5 4.8

107 443 4.85 6.45 I t.9 o,25 7.3 o.25 7.3

108 256 5.3 6.7 3.9 5R 3.9 6.7

109 152 2.5 8_5 1 8.7 2.5 4.7

110 2i0 8.5 8.5 3.4 8.2 1.4 8.5

111 80 5.1 6.7 t.2 8.5 t.2 8.5

112 601 3.2 4.8 175 83 ?,7. ßi
1f3 202 4.3 4.1 I I 4.1 I
114 4s4 6.1 8 6.1 8

115 6T 6 8.3 o.7 t.3 0.4 8.5 o.4 8.5

ll6 62 1.5 8.5 0.9 1.8 0.4 8.5 OA 8.5

117 165 5.4 8_3 4.5 8 4.5 8.3

118 177 4.85 6.5 1.8 5.7 1.8 6.5

119 I4 2.5 8.5 7.3 4.5 r.4 7.9 1.3 8.5

120 526 5.3 5.3 8.4 8¿ 5.3 8.4

121 t90 5.5 8.3 1.8 4.7 1.8 8.7

122 T' l.-5 8.5 1 4.5 o.001 8.7 o.001 8.'l

123 160 6.1 8.7 6.1 8.7

124 38 2 8.3 1.05 3.8 0.5 8.7 0.5 8.7

125 586 5.2 8 3.3 3.3 3.3 8

124 149 3.3 8.5 1 3.8 1.8 8.5 I 8.5

127 418 2.5 5.S5 l-l 4 l_ß 8.7 't .l R;l

124 195 1.7 8_3 7.2 7.7 t;l 8.3

129 196 4.8 8.2 2.2 3.75 6.1 6.1 2.2 8.2

130 656 5.4 8.3 5A 8.3

131 208 4.75 6.9 1.8 7.9 1.8 7.9

132 536 1.8 2,9 1.8 2.9

133 193 5.55 5.ó 5.55 5.6

134 587 5.6 5.55 5.6 5.55

135 295 4.2 4,2 4.2 4.2

136 I9I 3.3 8.5 1.8 4.2 t.8 8.5

137 581 7.7 7.7 7.7 '1.7

138 269 -5_8 7 5.8 7

139 268 5 6 ó.8 8.7 5 8.7

140 343 IA 3,8 t.4 3.8
r 4l 37 4.75 ó.38 3 4.4 1.5 6.5 1.5 6.5

't t2 5J 2.5 8.5 1.ß R.7 1.R a7
143 119 3.3 3.3 7.5 8.2 3.1 a.t

144 60 2 6.8 2 4.4 0.001 8.5 0.001 8.5

145 5I 3.3 7.3 I 3.5 0.001 7.8 0.001 7.8

146 STß 1.4 4.3 4.4 8.4 1.4 4.4



composits slandard units

A c D E F G l{ I

117 348 1.95 3_9 I _S5 3_C

144 5r3 8.? 8.7 a.7 8.t

149 ts 7.7 8.5 2.O5 4.5 2.9 8.3 1.7 8.5

150 I 1.5 8.5 0.001 4.5 t.2 8.7 0.001 8.?

151 189 7.1 7.7 7.7 a'j

152 30 5.8 6.7 0.1 2 0.35 7.8 0.1 7.8

153 422 3 6.3 2.6 4.5 3.1 7.4 2.6 ?.8

154 353 0.9 1.'.] 1.2 3.9 0_g 3.9

155 421 2.5 5.7 o.4 1.1 1.6 8.2 o4 4.2

156 354 1.4 2 1.4 2

157 27 1.5 8.5 o.25 1.7 t.2 8.5 o.25 8.5

158 126 I 1.1 t.3 1.8 I 1.8

159 26 3 5.95 0.001 2 0.001 7.8 0.001 7.8

160 233 ó.1 7.3 6.1 7.3

t6t 59 t.7 7.3 2 4.5 0.001 8.7 0.001 8.7

162 164 5.7 7.2 0.5 1.5 o.7 8.2 0.5 8.2

163 242 4.6 8.5 2 8.7 2 8;t
164 447 1.7 4.4 t.1 4.4

165 90 1.5 8.5 1.3 4.2 0.001 ß_5 0.001 8.5

156 89 1.7 65 o.s 4.4 o_fi)l 8.? o.0()1 a;1

167 237 t.7 -5.8 1.7 5.8

168 ts6 1.5 5.45 1.8 3.15 1.5 5.45

169 157 3.5 3.95 3.5 3.95

170 35 5 '1 1.6 7.9 1.6 7.9

171 7t 2.55 8.7 2.55 8.?

172 98 1.5 5.45 0_fi)1 2 0.fi)l 3.2 0 rnl 5.45

173 20 t;l 8.3 t.2 8.7 1.2 8.?

17 tt 625 4.9 5.5 4.9 5.5

175 294 1.8 8.5 1.8 8.5

17ß, 168 2 8.3 1.8 7.15 1.8 8.3

177 32 1.2 4.5 1-6 8.7 1.2 8.?

174 191 2 8.5 1.1 1.9 0.001 3A 0.001 8.5

179 290 3.3 3.3 3.15 7.5 3. 15 't,5

180 584 5.35 5.37 1.3 3.7 1.3 5.31

181 36 15 7.5 1.6 8_5 I _-5 85

182 31 1.5 8.3 1.1 4.4 1.2 8.5 1.1 8.5

183 280 4.8 6.35 0.001 4,5 0.001 8.7 0.001 8.?

184 594 1.6 7.5 1.6 7.9

185 ¿tlg 0.fi)l 2.O5 0fi)l 2.O5

186 104 0.001 2.O5 0.001 2.O5

187 45 0.001 8.7 0.001 8.?

I AA 1T 1.2 3.7 1.2 3.1

189 39 4.85 7.1 2.7 4.5 1.2 8.5 1.2 85

190 211 5.5 8 7.2 8.3 5.5 8.3

191 245 r.1 6.35 1 2 1.45 8.7 1 8.?

192 52E 7.3 7.3 t.2 1.9 ó.9 7.5 t.2 7.5

193 428 r.2 1.7 1.2 r.1

194 216 5.4 5.35 2.A 2.8 2.1 8.5 2.1 8.5

195 75 2.O5 2.r 2.O5 2.1

196 451 0.001 I 0.001 1

197 2 3 6.6 3 6.(
198 192 5.1 7 5.1 1

f 99 429 2.O5 2.O5 2.O5 2.O5

2l)0 2t7 7.4 7.75 7.8 7.75

20'l 97 2.5 6 2.7 4.8 3.9 7.3 2.5 7.3

202 462 0.5 1 0.1 0.4 0.1 1

203 150 2.6 5.4s 2.05 8.2 2.O5 8.2

204 267 7,7 7.8 7.7 7.8

205 263 7.9 7.9 7.9 7.9

206 229 3.2 775 1.2 7.75

2fJ7 596 16 1.8 't.ó t.¡
20e 2s7 3.8-5 4.2 3.85 4.2

209 136 4.25 7.8 4.25 7.8

210 525 5 ó 1.3 1.3 1,2 1.8 1.2 6

211 216 5.8 5.8 8.5 8.5 5.8 8.5

212 452 1.1 2 1.1 2

215 173 6.3 8.5 3.1 8.5 3.1 8.5

2't 4 247 2.5 8.5 2.4 4.2 2.4 85
215 87 4.4 4.4 5 -5 4.4 -5

216 588 2.9 3.1 2.9 3.1

217 3I 2.5 6.3'.1 0.1 4.5 0.001 8.7 0.001 8.?

214 285 2 1.2 2 1.2

219 s2 2.5 8.5 1.8 8.5 1.8 8.5



composite standard units

c E F HA
220 55 l7 55406 1.7

221 4_8-5 8.5 3_ l-5 8.? 3_15 8.?r99
222 271 2 8.2 2 8.2

223 83 6.9 7.2 6.9 7.2

224 85 3 5.9 3.1 4.5 1.8 8.2 1.8 8,2

225 95 2.6 5.9 3 7.7 2.6 1a

226 94 3.3 6,9 t,2 7.7 t.2 7.1

227 l_5250 T,7 8.5 1 1.2 7.9 I 8.5

22e 6.5 t.1 45 7A 7.15 l5 't 75440 1.5

22g, 5.1 4.2498 5.7 8.2

2to 5.3 6.1 -5.3 6.t142

291 103 4.75 5.1 4.75 5.1

232 4.6 5.9 2 7.8 2 7.4215
23X 433 2.5 5.45 2.5 5.45

254 4u 1.5 8.5 1 2 0¿ 8.1 o.4 8.5

235 430 2.6 2.6 2.6 2.6

236 283 7.3 7.9 7.3 7.9

257 221 3.2 8.5 3.2 8.5

238 50 2.6 5.37 2.6 5.37

21f¡ ß 1.3 7.R 2592 2.5 8

240 2.O5 7.15 2.O5636 7.r5
2tt1 159 1.9 0.05 2 0.05 2

242 8T 1.5 7 7.2 t.4 0.001 8.7 0.001 8,'t

243 82 1.5 8.3 r.2 2 0.001 8.7 0.001 8.1

244 228 1.5 t.7 1.5 t;t
245 2 25 1.8 85207 3 4.8 1.8 8.5

246 21 5.4 6.9 1.75 7.1 t.75 7.',]

247 575 1.8 3.1 1.8 3.1

246 9 1.1 3.3 1.3 1.4 r.3 3.3

2Lf¡ I 2.5 7.4 0.001 1.9 1,2 8 0.001 8

250 ¿os 2.5 5.65 1.2 1.9 1_8 4.2 1.2 a2
251 407 5.1 5.1 1.3 1.8 1.3 5.1

252 243 4.3 5.9 7.05 7.25 4.3 7.25
254 102 2 5.65 1 a 0.001 2.95 0.001 5.ó5

254 s2t 75 7;l 7.5 7't
255 43 1.5 7.5 o.4 4.5 o.4 4.1 o.4 8.?

256 r66 5 7 1.8 8.3 1.8 8.3

257 458 2.5 4.8 2.5 4.8

254 223 l2 1.4 1.2 34
259 631 1.1 1.6 1.1 1.6

260 r74 3.3
,|

3.3 7

261 3E0 0.9 4.9 o.2 1.8 0.2 4.9

262 8_5 I _r5 1.7 o2 8_1 o2 R5231 1.5

263 626 4.75 5.55 4.75 5.55

264 435 1.8 7,8 1.8 7.8

245 167 6,4 6.4 6.4 6,4

266 134 1.8 7.75 1,8 7.75

247 ti9 2 8.-5 1.2 1.9 o.3 8.? 0.3 8.?

264 153 2.5 4.8 1.8 8.5 1.8 8.5

269 272 4.9 5.1 5.7 8.5 4.9 8.5

270 300 1.8 3.5 1.8 3.5

271 410 1.5 6.35 t.4 4.2 1.3 8.? 1,3 8.?

272 226 4.8 5.-55 2.O5 4.2 l.-5 1.3 t_5 5.-5-5

273 tt1 t_5 5.1'1 1. l5 1.35 o.1 3 0.1 5.3'.1

274 6i5 t.2 t.2 0.001 2.O5 0.001 2.05

275 2r8 0.6 t.7 0.ó r.1

276 445 2,6 2.6 2.6 2,6

277 212 t 2 2 2

274 259 6.9 I 3.8 8.5 3.8 8.5

279 515 4.85 5.5 2 8.2 2 8,2

2AO so0 5.1 5.3 2 8.2 2 R2

241 6.'.| o4 8_5 o.4 85108 2.5

242 170 1.8 1.8 1.8 1.8

283 270 5.4 8.3 2.45 I 2.45 8.3

284 388 2.55 8.2 2.55 8.2

285 491 6.4 8.? 6A 8.?

2e6 I5E 2.6 4.4 2.2 4.5 6.4 8.? 2.2 8.?

2A7 125 t.3 t25143 t.3
2AA ¿0 5 6.1 1.4 1.7 3.'l 3.S 1.4 6.1

289 490 4.85 5.45 2.O5 3.7 2.O5 5.45
2l¡fl 389 t.1 r.7 t;1 t.7
291 I 3 8_5 3 8554 6

292 5II 2.5 8.2 2.5 8.2

I



composite standard units

A B c D E F G H I

293 191 4.85 5.45 4.85 5.45

294 t8r 6.5 7.2 4.85 7,9 4.85 7.9

295 22 to 8.5 1.8 8.? 1.8 8.7

296 219 5 4.8 2.9 7.25 2.9 725
2l¡7 370 4.6 6.38 o.2 4.2 0_fi)l 2 0.(}01 6.38

294 175 1.-5 5.'1 2.O5 3.15 1.5 5.7

299 109 1.5 5.5 t.4 2 t.2 1.65 t.2 5.5

300 113 1.3 2 1.6 8.2 1.3 8.2

301 200 8.2 8.2 6 6.4 6 8.2

302 624 7.5 I 7.5 8

303 28 8.5 8.5 8.5 8.5

304 400 0.001 1.2 0.001 1,2

305 401 0.9 1.3 0.9 1.3

306 23 1.6 7.8 1.ó 7.8

307 213 4.85 5.4s 4.85 5.45

30e 2I 2 I 2.1 4.5 0_(nr fl.7 0_fi)l 8.1

309 29 l.l 1.65 t 4.7 1.1 8_?

310 118 3 3 2.5 4 0.5 8.7 0.5 8.?

311 501 5.4 5.37 5.4 5.31

312 620 5.3 5.37 s.3 5.31

313 404 o.2 1.5 1,2 3.8 0,2 3.8

314 145 2.t 8.2 2.1 8.2

315 512 8.7 8.7 8.? 8.?

316 291 2.1 4.2 2.3 4.2

t17 IIT 1.7 5.4 3.05 4.5 3.1 3.1 1.7 5.4

318 II3 4.85 5.5 3.5 4.2 1.8 3.5 1.8 5.5

319 236 7.05 7.r 7.05 7.1

320 It4 4.8 5 0.8 4.5 0.001 4,85 0.001 5

321 tr9 4.6 6.38 1.2 8.7 1.2 8.t

322 261 6.9 8.3 2.5 2.9 2.5 8.3

323 273 6 6.5 4.85 7.8 4.85 7.8

324 t25 5 7.4 1.5 8.5 1.5 8.1

325 120 6.3 8.3 3.7 4 4.5 8.1 !.7 8.',1

326 I2I 2 8.3 3.95 8.7 2 8.7

327 172 6.4 6.4 6A 6.4

328 t22 3.3 6.35 2.9 4.5 1,6 8.3 1.6 8.3

329 126 4.6 7.4 2.2 4.5 0.6 -5 o.6 7.4

330 287 4.9 6.7 1.3 1.6 0.001 7;1 0.001 7.7

331 tI6 3.3 6.8 0.8 3.1 0.2 7.8 o.2 7.8

352 I17 6.7 8.5 6 8.? 6 8.7

333 IIE o.001 1.4 o.001 2 0.001 2

334 2i5 8 8 5 7.8 5 8

335 t82 I I 7.2 7.2 7.2 8

336 478 6 7,1 6 7,7

337 127 7.8 8.-5 7.8 8.5

338 660 7.8 7.8 7.8 7.8

339 271 0.2 I o.2 8

340 I2i 4.8 6.9 2.2 4 1.2 8.1 t.2 8.1

l¿1 II5 2.6 5.9 2.8 4.2 2.5 5.9 2.5 5.9

342 568 l_l I .',| 0.5 '| o_5 l1
3¿3 Ito 1.7 6.2 1 3.8 0.001 4.1 0.001 6.2

344 I09 1.5 6 1.1 3.05 0.001 3.3 0.001 6

345 132 5 8.2 0.001 2 IA 2.1 0.001 8.2

346 130 1.5 6.8 0.001 4.5 1,2 7.8 0.001 7.8

34 129 4.75 6.3 1.2 3.05 t.2 6,3

348 I3t 1,5 8.5 2.4 4.5 1.2 85 1.2 85
349 275 t_5 6.38 4.35 7.75 1.5 7.15

350 286 0.001 o.2 0.001 o.2

351 Ii3 2.6 3.3 1.2 3.5 t.2 3.5

352 265 6.8 8.3 7.r5 7.1 6.8 8.3

353 473 0.1 r.4 0.1 1.4

354 124 7.2 8.5 0.6 7.3 0.6 8,5

355 479 4.75 8.5 J 7.5 3 8.5

356 412 o.7 r.85 o.7 1.85

357 306 o.ml 2 o.tnt 2

358 408 I 2 I 2

359 15i 0.9 1.3 0.9 1.3

360 346 0.8 3.8 0.8 3.8

361 0 0
62 661 t.4 1.1 t.4 1.8 IA 1.8

363 tftl2 o.4 1.75 0.5 1.6 o.4 1.75

364 663 1.1 r.75 0.1 2 0.1 2
365 661 't.1 15 't .3 't I



composit€ slandard units

Â B c D E F
366 665 I 2 o.55 1.9 o55 2
367 666 1.2 1.8 1.2 1.8

368 667 t.2 1.65 t.2 1.65

t69 668 1.9 1.9 0.3 2 0.3 2
370 6tt9 1.7 1.85 1.7 1.85

s71 670 o.2 1.ó5 0.2 r.65
!72 671 1.7 2 1.7 2

373 672 o.ml 2 o.mt 7
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BLANCHE POINT AND PORT \ryILLUNGA FORMATION
Figure 5.4 BENTHIC SPECIES RANGES ORDERED BY FIRSTAPPEARANCE
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