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FOREWORD

A time framework is essential to an understanding of all historical aspects of the geosphere. It is a prerequisite
to interpreting the development and structure of the sedimentary basins which host our major petroleum, coal,
and sedimentary mineral deposits, and is important when seeking patterns in the distribution of these resources
through time. It is also critical to our understanding of the interactive factors which have shaped the modern
Australian environment, and in determining the patterns of global change.

For the Phanerozoic (the last 570 million years, the period of ‘visible life’), the most efficient way of establishing
such a time framework is by the study of fossils (palaeontology), and their stratigraphic distribution
(biostratigraphy).

Early palaeontological investigations of Australian sedimentary basins were used during the nineteenth century
to establish the age of major suites of sedimentary rocks. This provided a framework for the application of more
detailed biostratigraphic research, an early example being the use of graptolites to subdivide Ordovician strata
in the Victorian goldfields at the beginning of this century. The Victorian sequence of graptolite zones is the
current standard used throughout Australasia, and is one of the most finely subdivided in the world.

The development of Australian biostratigraphy over the last 50 years has provided many biostratigraphic schemes
using the fossil remains of a wide range of organisms - from the microscopic (such as pollen grains and spores
of land plants), to the macro- and megascopic (such as larger invertebrates, fish, mammals, even human
artifacts). Recent years have also seen a rapid growth in other methods of measuring geological time, using
radioactive decay of mineral elements, or reversals in the Earth’s magnetic field. These provide a means of
calibrating biostratigraphic schemes with a numerical time scale.

The current Phanerozoic Timescales Series makes available for immediate use a preliminary set of charts based
both on recent palaeontological data from the specialist scientific literature, and unpublished information from
ongoing biostratigraphic research. The charts integrate, for each geological period, zonal schemes using different
groups of fossils with isotopic and other data (magnetic reversal, eustasy curves), and show the relationship of
the Australian zones to standard international timescales and their numerical calibration, where this information
is available. Inevitably the detail of treatment and reliability varies for different parts of the column, and for
different groups of fossils, and much work still needs to be done to develop a fully integrated chronological scale
comparable to those available in the Northern Hemisphere. The current series is made available to provide a
set of up-to-date calibrated biostratigraphic charts specifically for use in the Australasian region.

Biostratigraphic charts were initially prepared for the AMIRA (Australian Mineral Industries Research
Association) sponsored Palaeogeographic Atlas of Australia project. The current charts and explanatory text have
been revised and updated as part of the second phase of that project, the Phanerozoic History of Australia, which
is funded in part by APIRA (Australian Petroleum Industry Research Association). The charts have been
compiled by palaeontologists in BMR, but incorporate contributions by other specialists working in State
Geological Surveys, universities and the exploration industry, without which such a comprehensive compilation
would not have been possible.

B. Drummond
Acting Head of Program
Onshore Sedimentary & Petroleum Geology Branch

iii



CONTENTS

INTRODUCTION . ...ttt iiieeee e
THE CRETACEOUS-TERTIARY BOUNDARY ............
NOTESONTHE COLUMNS ........ i,

Southeastern Australian local stages . ....................
Foraminiferal zonal schemes ............... ... ... ....
Nannofossil biostratigraphy .................. .. .. .....
Palynostratigraphy ........... . ... it
Land mammal faunal assemblages. .....................
Molluscan assemblage zones,

southeastern Australia. .........................

S B W

REFERENCES . ... ... . i

iv



CAINOZOIC 1

INTRODUCTION

The chart is designed to show the
interrelationships between zonations based
on marine microfossils (foraminiferids,
calcareous nannofossils and organic-
walled dinoflagellates), macrofossils
represented by molluscs, terrestrial faunas
represented by fossil mammals, and zones
based on pollen and spores reflecting
changes in terrestrial vegetation. These
zonal schemes are calibrated, as far as
possible, against the timescales for the
Palacogene and Neogene presented in a
recent series of compilations by Berggren
et al. (1985a, b).

The compilations of Berggren et al
(1985a-c, as well as other authors)
incorporate correlations of foraminiferal
and calcareous nannofossil zones with
chronostratigraphic and
magnetostratigraphic scales. We have
reproduced here the foraminiferal and
nannofossil zones shown in that
compilation. The zones, which incorporate
those of Blow (1969, 1979), Bolli (19574,
b, 1966), Berggren (1969), Berggren & van
Couvering (1974), Bolli & Premoli Silva
(1973), Hardenbol & Berggren (1978),
Stainforth et al. (1975), Bukry (1973,
1975), and Martini (1971), represent a
standard zonation for tropical oceanic
plankton. We have included a correlation
with the East Indian Letter Classification,
based on ‘larger’ tropical foraminiferids,
following Jenkins et al. (1985) for the
Palacogene and Adams (1984) for the
Neogene. Adams (1970, 1984) reviewed
the history of development of the letter
classification, and provided a correlation
of the lettered zones with the P and N
foraminiferal zones. Some of the
correlation details shown on the chart, viz.
the lowering of the upper Te/f boundary
from the base of Zone N9 to within Zone

N6, rest on information provided from
northwestern Australia by Chaproniere
(1981, 1984a,b). McGowran (1979, 1986)
has noted the possibility that changes in
biostratigraphic boundaries of provinces
based on larger foraminiferids are related
to shifts in watermass; southern Australian
correlations with the standard stages are
viewed as extratropical excursions
controlled by climate (McGowran 1986,
Fig.4).

The magnetic reversal stratigraphy shown
on the chart is reproduced from Berggren
et al.(1985a-c). It should be noted that no
direct correlations between the Australian
biostratigraphic units shown on the chart
and this ‘global’ magneto-stratigraphic
standard have yet been directly
established, although some work is in train
to this end.

Shown also on the chart are the local
stages recognized in Cainozoic sequences
in southeastern Australia. The continuing
usefulness of these stages is subject to
debate; although suggestions have been
made that their use be discontinued (e.g.
Singleton, 1967), other authors (e.g.
McGowran et al. 1971) have indicated that
such a move would be premature, and
should only be contemplated when
correlations with global stratotypes were
firm enough to make local stages
redundant. Although considerable
progress in making such correlations has
been made since 1971, it is unlikely that
the local stages have yet outlived their
usefulness, and direct reference to the
stages is still made by workers in molluscs
and mammal faunas. New stages continue
to be formalized for local stratigraphic
purposes (e.g. Lindsay, 1985).

The Australian biostratigraphic schemes
shown on the chart represent a mixture of
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zonal concepts. Some of the earlier
foraminiferal zones (e.g. Taylor, 1966;
Carter, 1958a,b, 1964) are assemblage
zones, as are the palynological zones
(Harris, 1971, 1985; Stover & Partridge,
1973; Stover & Ewvans, 1973). The
mammal and molluscan assemblages are
closely tied to localities, in many cases
with little understanding of the total
ranges in time of the taxa involved. Parts
of the foraminiferal stratigraphies are
based on evolving lineages (for example,
the lineage beginning with the first
appearance of Globigerinoides sicanus, and
leading to Orbulina universa). The
foraminiferal column of McGowran, and
the nannofossil column of Shafik, in
contrast, are constructed from first and last
appearance datums. The advantage of
such a presentation of biostratigraphic
data, as noted by McGowran (1986) and
Shafik (1990a), is that it permits ease of
correction when fresh advances in
knowledge are made; new data can be
incorporated within the biostratigraphic
system without the formal redefinition of
zones and subzones.

The chart represents the most
comprehensive attempt yet to relate
biostratigraphic schemes based on diverse
groups of fossils in the Australian
Cainozoic. It owes much, however, to
previous regional compilations such as
those of McGowran et al. (1971), Quilty
(1972), Abele (1976), and Mallett (1977).
The last-named correlation chart remains
unpublished.

THE CRETACEOUS - TERTIARY
BOUNDARY

The Cretaceous - Tertiary boundary is
here placed at 66.4Ma following Berggren
et al. (1985a). The placement of the
boundary within the reversed polarity

interval between anomalies 29 and 30
(magnetochron C29R) is based on planktic
microfaunal events in a number of deep
sea sections, and is supported by some
floral studies.

Radiometric dating of bentonites which lie
near or just above the boundary defined
by the disappearance of dinosaurs together
with floral changes in North America, give
a less precise age of about 65Ma, and this
figure has been adapted by Burger (this
series) for the top of the Cretaceous
(Burger, 1990).

NOTES ON THE COLUMNS

The following notes provide a brief history
of the usage of stage and biozone
terminology. They are primarily designed,
however, to provide a source of reference
to the biostratigraphy.

1. Southeastern Australian local stages

A terminology based on local stratotypes
in southeastern Australia was first
introduced by Hall & Pritchard (1902) in
order to reduce confusion caused by
attempts to use European terminology.
The stages shown in the column are those
in current use in Victoria (Abele, 1976)
and South Australia (Ludbrook, 1973),
with the addition of the Willungan Stage
as defined by Lindsay (1985). For a
history of stage usage reference should be
made to Carter (1964, especially to fig. 18
on p.47) and to Abele (1976).

The Janjukian, Balcombian, Kalimnan and
Werrikooian were first defined by Hall &
Pritchard (1902); Batesfordian was added
by Chapman & Singleton (1923); Singleton
(1941) added Cheltenhamian and other
stages now fallen into disuse, and
redefined some of the earlier stages.
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Crespin (1943) introduced Mitchellian, and
also Longfordian and Bairnsdalian; these
last two she considered as substages of the
Balcombian. O.P. Singleton (1954)
considered Cheltenhamian and Mitchellian
to be time equivalent, a postulate which
was supported by Mallett (1977). The
relationship of these stages, together with
the Kalimnan, was meanwhile further
discussed by Wilkins (1963). The term
’Aldingan’, introduced by Hall & Pritchard
(1902), was revived by Carter (1964) and
redefined by Ludbrook & Lindsay (1966)
to restrict it to the Late Eocene sequence
typified in the eastern St. Vincent Basin.
The name ’Johannian’ lacks formal
definition, but is used for strata which
contain Eocene faunas older than
Aldingan (Ludbrook & Lindsay, 1966;
Ludbrook, 1971). 'Wangerripian’, a term
informally proposed by O.P. Singleton (see
Abele, 1976) is used for the Middle
Paleocene to Early Eocene intervals,
typified by the Wangerrip Group in the
Otway Basin. Ludbrook (1963, 1973)
introduced ’Yatalan’, first as a term to
describe faunas, later as a stage name to
include Pliocene strata between the
Kalimnan and Werrikooian in South
Australia, replacing the older term
’Adelaidean’, and thus avoiding confusion
with Precambrian terminology.  The
relationship between the Werrikooian
stratotype and the Pliocene-Pleistocene
boundary was reassessed by Singleton et
al. (1976).

As noted above, there is still some
question surrounding the continued use of
these stages. Uncertainties remain
concerning their correlation with standard
European series and stages. Usage of the
stages by different authors has been
variable and in many cases has been
extended to cover broader intervals of
time than that represented by the

stratotype. Problems of relating stage
stratotypes to standard ages are
highlighted by Mallett’s (1977)
unpublished analysis of foraminiferal
faunas, which asserts that the stratotypes
of Bairnsdalian, Cheltenhamian and
Mitchellian overlap, and that all fall within
the Globorotalia conomiozea Zone (Late
Miocene).

2. Foraminiferal Zonal Schemes

The zonal schemes illustrated in this
section are arranged broadly in historical
order, following their development or
application in Australia.

a) Carter Faunal Units and Zones
Carter (1958a,b; 1964) established a
sequence of faunal units which were based
on distinctive associations or assemblages
of foraminiferids, including both benthic
and planktic forms. The sequence was
compiled from outcrop sections in the
Longford, Bairnsdale, Lakes Entrance,
Aire and Torquay districts of Victoria.
The associations first recognised were
designated Faunal Units 1-11; these were
expressed also as a set of ten named
zones. Subsequently, 13 events based on
planktic foraminiferids were isolated and
used as the basis for intercontinental
correlation. The relationship of the faunal
units and zones to the P and N zones of
Blow (1969) is as indicated by McGowran
et al. (1971).

b) Taylor Zonules

Taylor (1966) established what he referred
to as a ’down-sequence’ scheme for the
Late Eocene to Late Miocene of the
offshore Gippsland Basin. The scheme
was based on the down-hole appearance of
selected taxa, but was tested against
fragmentation and bifurcations in evolving
lineages. The system of zonules
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established by Taylor was elaborated in
McGowran et al. (1971) and correlated
therein with the P and N zones.

¢) Ludbrook and Lindsay Zonation

These authors (Lindsay, 1967, 1969;
Ludbrook & Lindsay, 1969; Ludbrook,
1971), following the work of Jenkins (1966,
1967) in New Zealand, proposed a
zonation based solely on planktic
foraminiferids, with some modifications to
suit less open marine conditions. The
zonal scheme was used to indicate possible
correlations with sequences in New
Zealand, east Africa and Trinidad.

These zones are based mainly on first and
last appearance datums. In the Middle
Miocene the sequence used is essentially
that of the evolving series leading from
Globigerinoides triloba s.s. to Orbulina
universa, first observed by Blow (1956) in
Venezuela, and applied to the Australian
Miocene by Jenkins (1958, 1960).
Modifications to the scheme were
expressed by McGowran et al. (1971), who
also provided a correlation of the zones
with those of Taylor (1966), Wade (1964)
and Carter (1958, 1964).

d) McGowran - foraminiferal events

Shown in this column is a succession of
'local’ or Australian biostratigraphic
events; this is a composite column
constructed from discontinuous sequences
at localities from the Naturaliste Plateau
to southwest Victoria. The basis for the
Palacogene sequence is drawn from
McGowran (1978) and re-expressed in
McGowran & Beecroft (1985). The full
sequence is drawn from McGowran
(1986). In this compilation, McGowran
(1986, p.250) advocated the use of datums
- horizons defined by first and last
appearance events - as a means of
classifying ‘the clutter of local zones’,

although noting that such local zones
remain a necessity because biological
assemblages are geographically
determined. The advantage of presenting
information on the biological evolution of
assemblages as datums is that of flexibility;
there is no longer the need to redescribe
and formally redefine zones each time
there is an advance in understanding. The
basis of the correlation of these events
with the P and N Zones was emphasized
by McGowran (1986, p.250) thus, ‘There is
no implication whatsoever...that the P
Zones are actually being recognized in
southern Australia or New Zealand.
Instead, the local biostratigraphic
succession is calibrated against the
radiometrically calibrated P-Zones as a
best present estimate’. The indirect nature
of correlation with the P and N zones was
also stressed by Lindsay (1985), who noted
that zonal index species may not
necessarily be present in Australian
sections.

Hollow symbols in ‘the column mark
short-lived events in disjunct distributions.
It is notable that the biostratigraphic
record, particularly in the later part of the
Eocene, provides a clear reflection of
transgressive events. In this interval four
trangressions are identifiable. McGowran
(1986, fig.7) refers to these as the Wilson
Bluff (p.12), Tortachilla (base p.15),
Tuketja (late p.15) and Aldinga (p.17)
transgressions; these find a biological
expression in ingressions of Hantkenina
species, and of acmes in Globorotralia
increbescens.  The relationship of the
dinoflagellate zones recognized by Harris
(1985) to these transgressions is noted
below.

McGowran (1989) considered the
synchroneity of these transgressions.
While there is evidence for mild
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diachronism " in (for example) the
Tortachilla Trangression, in general he
considered the successive transgressions to
be isochronous to within hundreds of
thousands of years.

e) Mallett’s Victorian zonation

This zonation (Mallett, 1977, 1978) is
based on Early Miocene to Pleistocene
faunas from the Otway and Gippsland
Basins and the Port Phillip Embayment.
The zonation is based on the evolutionary
appearance of planktic species and
incorporates a number of internationally
recognized datum planes, allowing
correlation with Blow’s (1969) zones. The
numbered 'V’ zones on the right of the
column were introduced by Mallett in his
unpublished thesis, for ease of reference;
they are included here as they have been
referred to in some published papers (e.g.
Darragh, 1985). In the chart these zones
have been related to the datum planes of
McGowran, and their placement has been
adjusted to fit the Berggren et al. (1985b)
timescale.

f) Northwest Shelf Zonation

A series of zones for the Paleocene and
Eocene of the Northwest Shelf was
established by Wright (1973) using planktic
foraminiferal species. The Zones T1 to T9,
shown on the present chart, were
established because of the difficulty in
defining the international P Zones from
the Northwest Shelf faunas. In his
published account, however, and largely to
preserve confidentiality, Wright (1977)
broadly referred faunas from Scott Reef
No. 1 well to the planktic zones of Blow
(1969). Zones T10 to T20 are based on
more recent work by M. Apthorpe and R.
Heath. Recognition of Zones N8 to N23
of Blow is as demonstrated by Heath &
Apthorpe (1984) and by Heath (1979).

The relationship of the Northwest Shelf
zonation to the standard’ tropical zonation
was further elaborated by Heath &
McGowran (1984) and Heath & Apthorpe
(1984). There is a problem in that a few
of the P zonal indices appear to have
different ranges in the Indian Ocean from
the Atlantic and Pacific.

As shown on the chart, the scheme is
principally a ’down-hole’ one to permit
dating during the drilling of a well, and
hence relies heavily on species tops or
extinctions. However, some of the zones
could not be defined on last appearances
and have had to be delineated on first
appearances, so require good sidewall
control. Such zones include T3, the top of
T10, T11la and T16.

g) Foraminiferal events after Chaproniere
This list of foraminiferal events considered
important in the Australian and New
Zealand region was published by
Chaproniere (1984a, fig. 7, p.13). The
positioning of some events is based on
data from northwestern Australia; included
too are some events that were either not
included by McGowran (1986), or which
differ in their placement. Included also
was the ’larger’ foraminiferal extinction
datum of Lepidocyclina (Eulepidina)
badjirraensis.

h) Other foraminiferal zonations

Zonations not included on the chart are
those of Jenkins (1958, 1960), who
identified a sequence of Miocene zones in
the Lakes Entrance Shaft, East Gippsland,
basing his zonation on members of the the
G. trilobus - Orbulina lineage and other
criteria. Mallett (1977) pointed out the
unsuitability of this sequence as a
reference section, noting the condensed
nature of the Middle to Late Miocene
section there. Wade (1964), using
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sequences in the Port Campbell
Embayment and the St. Vincent and
Murray Basins, developed a zonation
based on evolving lineages within
Globigerina, Globigerinoides and
Globorotalia. Wade’s zones, spanning the
Late Eocene to Middle Miocene, were
related to other Australian biostratigraphic
units by McGowran et al. (1971).

In Victoria, data from an unpublished
scheme of Nicholls (1968) dealing with
faunas above the level of Orbulina universa
(Middle Miocene) was incorporated by
Abele (1976) into a numbered scheme
which extended the faunal units of Carter
(1958a,b) into younger sequences.
According to Mallett (1977), this
amalgamation involved some redefinition
of the Carter units.

3. Nannofossil biostratigraphy

The low-latitude nannofossil zones of
Bukry (1973, 1975) and the ’standard’
zones of Martini (1971) are shown on the
left of this group of columns, together with
two columns depicting events recognized
in the published literature on Australian
nannofossil sequences.  Shafik (1973)
presented, in summary form, a nannofossil
zonation for the Early Eocene to mid
Oligocene, based on sections in the
southern and western margins. In his study
of the Capricorn Basin, offshore
Queensland, Hekel (1973) referred some
eighteen zones and zonal intervals to a
slightly modified version of Bukry’s (1973)
zonal scheme.

The Australian sequence of nannofossil
biostratigraphic events assembled here is
from discontinuous sections on the
Australian southern, western and northern
margins. West Australian Paleocene and
Eocene events are based on material from

Rottnest Island (Shafik, 1978), Perth
Canyon (Shafik, 1991) and Challenger No.
1 well in the Perth Basin (Shafik, in press);
many of these events are identifiable in
the offshore of both the Carnarvon and
Canning Basins (Shafik, 1990c,d). Events
in the West Australian Late Oligocene to
Early Miocene are based on the sequence
in Ashmore Reef No. 1 well in the
Bonaparte Gulf Basin (Shafik, in Shafik &
Chaproniere, 1978). Some of these events
have been identified in the
recently-discovered Oligocene in the Perth
Basin (Shafik, 1991; in press). The
interval with the key species Sphenolithus
heteromorphus has been identified from
areas as widely spaced as the offshore
Otway and Canning Basins (Shafik, 1987;
Shafik, 1990e).

In the southern Australian Palacogene,
Shafik (1983) used one section at Browns
Creek in the eastern part of the Otway
Basin, and three in the Gambier
Embayment to the west, to identify a
sequence of Dbiostratigraphic events
spanning the interval from the first
appearance of Cyclicargolithus reficulatus in
the Middle Eocene, to the last appearance
of Discoaster saipanensis in the latest
Eocene. These nannofossil events were
compared to foraminiferal events
identified by McGowran (1973, 1978).
Southern Australian Palaecogene events
older than the first appearance of
Cyclicargolithus reticulatus are based on
material from the Great Australian Bight
and the Naturaliste Plateau to the
southwest of Australia (Shafik, 1985;
1990b); the base of the open-marine
calcareous planktic section is diachronous
along the southern margin, being younger
in an easterly direction (Shafik, 1973).
Shafik (1990b) identified open-marine
Middle Eocene in the Great Australian
Bight, older than that in the Otway Basin,
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and two Early Eocene assemblages
indicating successive appearances of the
index species Discoaster lodoensis and D.
sublodoensis.  Further identification of
events in the Early to Middle Eocene was
made previously by Shafik (1985) in the
sequence on the Naturaliste Plateau; these
events fill a substantial gap in the
Palaeogene nannofossil biostratigraphic
record of the Australian southern margin,
between the first appearances of D.
sublodoensis and Cyclicargolithus reticulatus.
Among the Oligocene events identifed by
Shafik (1987; 1990b), two appearance
events, indicated by excursions of the
low-latitude Sphenolithus distentus and S.
ciperoensis into southern Australia, are
particularly important for correlation with
low-latitude zonations; the younger event
(the appearance of S. ciperoensis) is more
widely recognisable, having been identified
from the Great Australian Bight, west
Tasmania and the Otway Basin. Other
nannofossil data have also been used to
suggest correlation of local foraminiferal
events with P zones. For example, Shafik
(1981) suggested that the Hantkenina
interval should be placed high in
foraminiferal Zone P16, rather than high
in Zone P15 as shown here.

4. Palynostratigraphy

a) Spore and pollen assemblage zones

The units of Stover & Evans (1973) and
Stover & Partridge (1973) were originally
defined in the Gippsland Basin, and were
correlated with Taylor’s (1966) system of
zonules. Partridge (1976) related the
Gippsland Basin palynological zones to the
’standard’ foraminiferal zones of Blow
(1969), Berggren (1969) and Stainforth et
al. (1975). Isotopic dating, particularly of
basalts overlying, or interbedded with,
palyniferous sediments in highland
sequences, has provided an independent

age control on Gippsland Basin zone
equivalents recognised there (Owen, 1975).
Radiometrically dated Paleocene (Taylor
et al. 1990), Eocene (Truswell & Owen,
1988) and Early Miocene (Dudgeon, 1982,
Owen, 1988) sequences have been
determined.

The assemblage zones of Harris (1971)
were defined in the Otway Basin, and
correlated with Australian and
intercontinental zones (McGowran et al.
1971). Recently, Harris (1985) related the
Eocene units, that is, the Cupanieidites
orthoteichus through to the
Sparganiaceaepollenites  barungensis
Assemblage Zones, to the P zones,
following McGowran (1978), and thence
effected a correlation with the Palacogene
timescale of Berggren et al. (1985a). The
Late Oligocene record of first Acacia
pollen is from foraminiferally-dated
sequences in the western Murray Basin
(Lindsay, 1983) examined by Truswell et
al. (1985). The palynological ’phases’ of
Martin (1973) are based on relative
abundances of taxa in the Lachlan
Formation, eastern Murray Basin; time
constraints on the units are poor. Martin
(1973, 1984) also used ratios of selected
pollen species as a chronological tool
within the Murray Basin. The value of
these methods, and of the more traditional
zonal methodologies in providing a
chronological framework within the
Murray Basin, was evaluated by Macphail
& Truswell (1989).

The zonal scheme of Hekel (1972), based
on sequences in Queensland coastal and
offshore areas, has not been included on
the chart because of difficulties in relating
its units to the timescale. Of the five units
delineated by Hekel, the basal Unit 1
could be dated only as possible Paleocene
to Middle Oligocene; time control on
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younger units was considered to be firmer,
being established by relationships with
foraminiferids and nannoplankton. On
this basis Hekel suggested that Unit II
may be Late Oligocene, Unit III Early
Miocene, Unit IV Middle to Late
Miocene, and Unit V, Pliocene. Foster
(1983) reviewed the criteria for the
recognition of Hekel’s units II and III, and
indicated that, on the basis of the ranges
of key palynomorphs, as now understood,
these units can no longer be used for
chronologic or biostratigraphic studies.

b) Dinoflagellate zones

The Gippsland Basin units were referred
to as Assemblage Zones by Partridge
(1976) but have been published in name
only, and currently lack definition in terms
of the ranges of their constituent species.
Taxonomic assignment of the nominate
taxa and age limits of the zones were
revised by Partridge (written
communication, 1985).  The Eocene
dinocyst zones of Harris (1985), described
as Assemblage or perhaps Oppel Zones,
were defined in the Otway and St. Vincent
Basins, and were related to McGowran’s
(1978) foraminiferal correlations, and
thence to the Berggren et al. (1985a, b)
timescale. The relationship of the patterns
of eustatic change in the early Tertiary of
Australia’s southern margin was outlined
by Harris (1985), and expressed by
McGowran (1986) in terms of the four
trangressions named by that author. Thus,
the lower boundaries of the Achilleodinium
biformoides zone, and the Corudinium
incompositum Zone correspond with the
Wilsons Bluff and the Tortachilla
Transgressions respectively; the base of the
Spiniferites ramosus Zone is just below the
Aldinga, at the level of a sharp regression.

Dinoflagellates from the younger part of
the Tertiary are poorly known, but Martin

(1991) has begun to fill this gap by
describing assemblages from the western
Murray Basin. The oldest part of the
succession in the SADME MC63 bore
there is identified with the Spiniferites
ramosus Zone; above that, Early to Middle
Miocene sequences lack any formal zonal
nomenclature.

5. Land mammal faunal assemblages

The two columns shown represent a
condensation of the eleven columns
depicted by Woodburne et al. (1985) as
representing Australian land mammal
fossil localities. Much of the chronological
ordering of the faunas has been based on
the stage of evolution of selected taxa; in
some cases it rests on stratigraphic
superposition; less commonly, age control
is derived by relationship of the
vertebrate-bearing strata to marine
sequences or to dated volcanic rocks.
Faunas which can be related to marine
rocks include the Wynyard, Beaumaris,
Forsyths Bank, Lake Tyers and Hamilton -
local faunas. Faunas with age constraints
established by relationship to dated
volcanics include those at Hamilton,
Geilston Bay and Bluff Downs.

6. Molluscan Assemblage Zones,
southeastern Australia

The units shown are those of Darragh
(1985). They are based on assemblages
from geographic localities considered to
typify the biostratigraphic unit; localities
are from the Murray, Otway, Bass and
Gippsland Basins. The assemblages were
related to standard Tertiary timescales by
means of the foraminiferal zonations of
Taylor (1966), Carter (1964), and Mallett
(1977).



CAINOZOIC 9

REFERENCES

ABELE, C., 1976. Introduction: Tertiary.
In: J.G. Douglas and J.A. Ferguson
(Editors), Geology of Victoria. Geological

Society of Australia Special Publication S,
177-191.

ADAMS, C. G., 1970. A reconsideration
of the East Indian Letter Classification of
the Tertiary.  Bulletin of the British
Museum (Natural History) Geology, 19,
85-137.

ADAMS, C.G., 1984. Neogene larger
foraminifera, evolutionary and geological
events in the context of datum planes. In:
N. Ikebe and R. Tsuchi (Editors), Pacific
Neogene Datum Planes: Contributions to
Biostratigraphy and Chronology, University
of Tokyo Press, 47-67.

APTHORPE, M.C., 1988. Cainozoic
depositional history of the North West
Shelf. In: P. Purcell and R. Purcell
(Editors), The North West Shelf, Australia.
Petroleum Exploration Society of
Australia, Perth, 55-84.

BERGGREN, W.A, 1969. Cainozoic
chronostratigraphy, planktonic
foraminiferal zonation and the

radiometric time scale. Nature, 224,
1072-1075.

BERGGREN, W.A.,, & VAN
COUVERING, J.A, 1974. The late
Neogene: biostratigraphy, geochronology,
and palaeoclimatology of the last 15
million years in marine and continental
sequences. Palaeogeography,
Palaeoclimatology, Palaeoecology, 16, 1-216.

BERGGREN, W.A, KENT, DV, &
FLYNN, JJ. 1985a. Palaeogene
geochronology and chronostratigraphy.

In: N.J. Snelling (Ed.). The Chronology of
the Geological Record. Geological Society
of London, Memoir, 10, 141- 195.

BERGGREN, W.A, KENT, D.V, &
VAN COUVERING, J.A., 1985b. The
Neogene: Part IL. Neogene
geochronology and chronostratigraphy. In:
N.J. Snelling (Ed.). The Chronology of
the Geological Record. Geological Society
of London, Memoir, 10, 211-250.

BERGGREN, W.A, KENT, D.V,
FLYNN, 1J., & VAN COUVERING, J.A,,
1985c. Cenozoic geochronology.
Geological Society of America Bulletin 96,
1407-1418.

BLOW, W.H,, 1956. Origin and evolution
of the foraminiferal genus Orbulina
d’Orbigny. Micropaleontology, 2, 57-70.

BLOW, W.H,, 1969. Late Middle Eocene
to Recent planktonic foraminiferal
biostratigraphy. In: P. Bronniman & H.H.
Renz (Eds.), Proceedings of the Ist
International Conference on Planktonic
Microfossils, Geneva, 1967, 1, 199-422.

BLOW, WH., 1979. The Cainozoic
Globigerinida. A study of the morphology,
taxonomy, evolutionary relationships and the
stratigraphical  distribution of some
Globigerinida (mainly Globigerinacea). E.J.
Brill, Leiden.

BOLLI, H.M. 1957a. The genera
Globigerina and Globorotalia in the
Paleocene- lower Eocene Lizard Springs
Formation of Trinidad, B.W.I. In: Studies
in Foraminifera. United States National
Museum Bulletin, 215, 61-81.

BOLLI, HM., 1957b. Planktonic
foraminiferids from the Oligocene -
Miocene Cipero and Lengua Formations



10 E.M. TRUSWELL, G.C.H. CHAPRONIERE, & S. SHAFIK

of Trinidad, B.W..  In: Studies in
Foraminifera. United States National
Museum Bulletin, 215, 97-123.

BOLLI, H.M., 1966. Zonation of
Cretaceous to Pliocene marine sediments
based on planktonic foraminifera. Boletin
Informativo, Associacion Venezolan de
Geologia, Mineria y Petroleo, 9, 3-32.

BOLLI, HM., & PREMOLI SILVA, 1,
1973. Late Cretaceous to Eocene
planktonic foraminifera and stratigraphy of
the Leg 15 sites in the Carribbean Sea.
In: N.T. Edgar, J.B. Saunders, et al., Initial
Reports of the Deep Sea Drilling Project, 13,
475-497. U.S. Government Printing
Office, Washington.

BUKRY, D., 1973. Low-latitude coccolith
biostratigraphic zonation. In: N.T. Edgar,
J.B. Saunders et al., Initial Reports of the
Deep Sea Drilling Project, 15, 683-703.
U.S. Government Printing Office,
Washington.

BUKRY, D., 1975. Coccolith and
silicoflagellate stratigraphy, Northwestern
Pacific Ocean. In: R.L. Lanson, R.
Moberly et al., Initial Reports of the Deep
Sea Drilling Project, 32, 677-701. U.S.
Government Printing Office, Washington.

BURGER, D. 1990. Australian
Phanerozoic Timescales: 9. Cretaceous
Biostratigraphic Chart and Explanatory
Notes. Bureau of Mineral Resources,
Australia, Record 1989/39.

CARTER, AN, 1958a. Pelagic
foraminifera in the Tertiary of Victoria.
Geological Magazine, 95, 297-304.

CARTER, AN, 1958b. Tertiary
foraminifera from the Aire district,
Victoria.  Geological Survey of Victoria,

Bulletin 55, 1-76.

CARTER, AN, 1964. Tertiary
foraminifera from Gippsland, Victoria and
their stratigraphical significance.
Geological Survey of Victoria, Memoir 23,
1-54.

CHAPMAN, F., & SINGLETON, F.A,
1923. The Tertiary deposits of Australia.
Proceedings of the Pan Pacific Science
Congress, 1, 985-1024.

CHAPRONIERE, G.C.H., 1981.
Australian mid-Tertiary larger
foraminiferal  associations and their
bearing on the East Indian letter
Classification. BMR Journal of Australian
Geology and Geophysics, 6, 145-151.

CHAPRONIERE, G.C.H., 1984a.
Oligocene and Miocene larger
Foraminiferida from Australia and New
Zealand. Bureau of Mineral Resources,
Australia, Bulletin 188, 1-98.

CHAPRONIERE, G.C.H. 1984b. The
Neogene larger foraminiferal sequence in
the Australian and New Zealand regions,
and its relevance to the East Indian Letter
Stage classification. Palaeogeography,
Palaeoclimatology, Palaeoecology, 46,
25-35.

CRESPIN, L, 1943. The stratigraphy of
the Tertiary marine rocks in Gippsland,
Victoria.  Palaeontological Bulletin 4,
Department of Supply and Shipping,
Australia, 1-101.

DARRAGH, T.A., 1985. Molluscan
biogeography and biostratigraphy of the
Tertiary of southeastern Australia.
Alcheringa, 9, 83-116.

DUDGEON, M.J., 1982. Stratigraphy and



CAINOZOIC 11

palacobotany of East and West Haldon,
Main Range, southeast Queensland.
Papers of the Department of Geology,
University of Queensland, 10, 83-110.

FOSTER, C.B., 1983. [Illustrations of
Early Tertiary (Eocene) plant microfossils
from the Yaamba Basin, Queensland.
Geological Survey of Queensland,
Publication 381, 1-32.

HALL, T.S., & PRITCHARD, G.B,, 1902.
A suggested nomenclature for the marine
Tertiary deposits of southern Australia.
Proceedings of the Royal Society of Victoria,
14, 75-81.

HARDENBOL, J., & BERGGREN, W.A,,

1978. A new Paleogene numerical time .

scale. In; G.V. Cohen, M.F. Glaessner &
H.D. Hedberg (Editors), Contributions to
the Geological Time Scale. American

Association of Petroleum Geologists, Studies
in Geology, 6, 213-234.

HARRIS, WK, 1971 Tertiary
stratigraphic palynology, Otway Basin. In:
H. Wopfner & J.G. Douglas (Editors),
The Otway Basin of southeastern
Australia. Geological Surveys of South
Australia and Victoria, Special Bulletin,
67-87.

HARRIS, WK, 1985. Middle to Late
Eocene depositional cycles and
dinoflagellate zones in southern Australia.
In: J.M. Lindsay (Editor), Stratigraphy,
Palacontology, Malacology. Papers in
Honour of Dr Nell Ludbrook.
Department of Mines and Energy, South
Australia, Special Publication 5, 133-144,

HEATH, R.S., 1979. Neogene Planktonic
Foraminifera: Studies on Indo-Pacific
Oceanic Sections.  Unpublished Ph.D.
thesis, University of Adelaide. '

HEATH, R.S., & APTHORPE, M,, 1981.
Tertiary foraminiferal biostratigraphy of
the North West Shelf. Geological Society
of Australia Abstracts 3, Sediments
Through the Ages.  Fifth Australian
Geological Convention Perth.

HEATH, R.S. & APTHORPE, M.C,
1984. Late Cretaceous and Tertiary
stratigraphy, southern North West Shelf.
Woodside Petrolewm Pty Ltd., Perth.
Unpublished Report.

HEATH, R.S., & McGOWRAN, B,, 1984.
Neogene datum planes: foraminiferal
successions in Australia with reference
sections from the Ninetyeast Ridge and
the Ontong Java Plateau. In: N. lkebe
(Editor), IGCP 114: Pacific Neogene
Datum Planes; Contribution to
Biostratigraphy and Chronology, 1889-1893.

HEKEL, H., 1972. Pollen and spore
assemblages from Queensland Tertiary
sediments. Geological ~ Survey  of
Queensland, Publication 355,
Palaeontological Papers 30, 1-34.

HEKEL, H., 1973. Late Oligocene to
Recent nannoplankton from the Capricorn
Basin (Great Barrier Reef area).
Geological Survey of Queensland,
Publication 359, Palaeontological Papers 33,
1-24.

JENKINS, D.G., 1958. Correspondence:
Pelagic foraminifera in the Tertiary of
Victoria. Geological Magazine, 95,
438-439.

JENKINS, D.G., 1960. Planktonic
foraminifera from the Lakes Entrance oil
shaft, Victoria, Australia.
Micropalaeontology, 6, 345-371.

JENKINS, D.G., 1966. Planktonic



12 E.M. TRUSWELL, G.C.H. CHAPRONIERE, & S. SHAFIK

foraminiferal zones and new taxa from the
Danian to Lower Miocene of New
Zealand. New Zealand Journal of Geology
and Geophysics, 8, 1088-1126.

JENKINS, D.G., 1967. Planktonic
foraminiferal zones and new taxa from the
Lower Miocene to the Pleistocene of New
Zealand. New Zealand Journal of Geology
and Geophysics, 10, 1064-1078.

JENKINS, D.G.,BOWEN, D.Q., ADAMS,
C.G., SHACKLETON, N.J., & BRASSIL,
S.C., 1985. The Neogene: Part 1. In: N.J.
Snelling (Ed.), The Chronology of the
Geological Record. Geological Society of
London, Memoir 10, 199-210.

KENNETT, J.P, & SRINIVASAN, S,
1983. Neogene Planktonic Foraminifera.
Hutchinson Ross Publishing company,
Pennsylvania, 1-265.

LINDSAY, J.M., 1967. Foraminifera and
stratigraphy of the type section of Port
Willunga Beds, Aldinga Bay, South
Australia.  Transactions of the Royal
Society of South Australia, 91, 93-110.

LINDSAY, JM. 1969. Cainozoic
foraminifera and stratigraphy of the
Adelaide Plains Sub-Basin, South
Australia.  Geological Survey of South
Australia, Bulletin 42.

LINDSAY, J.M.,, 1983. Oligo-Miocene
transgressive events in Geera Clay,
Oakvale 1, northern Murray Basin.
Geological Survey of South Australia,
Quarterly Notes, 85, 5-12.

LINDSAY J.M.,, 1985. Aspects of South
Australian Tertiary foraminiferal
biostratigraphy, with emphasis on studies
of Massilina and Subbotina. In: J.M.
Lindsay (Editor),

Stratigraphy,

Palaeontology, Malacology.  Papers in
honour of Dr Nell Ludbrook. Department
of Mines and Energy of South Australia,
Special Publication, 5, 187-231.

LUDBROOK, N.H., 1963. Correlation of
the Tertiary rocks of South Australia.
Transactions of the Royal Society of South
Australia, 87, 5-15.

LUDBROOK, N.H., 1971. Stratigraphy
and correlation of marine sediments in the
western part of the Gambier Embayment.
In: H. Wopfner & J.G. Douglas (Editors),
The Otway Basin of southeastern
Australia. Geological Surveys of South
Australia and Victoria, Special Bulletin,
47-66.

LUDBROOK, N.H., 1973. Distribution
and stratigraphic utility of Cenozoic
molluscan faunas in southern Australia.
Scientific Reports of the Tohoku University,
Series 2 (Geology), Special Volume, Hatai
Memorial Volume, 6, 241-261.

LUDBROOK, N.H., & LINDSAY, J.M,
1966. The Aldingan Stage. Geological
Survey of South Australia, Quarterly
Geological Notes, 19, 1-2.

LUDBROOK, N.H,, & LINDSAY, J.M,
1969. Tertiary foraminiferal zones in
South Australia. In: P. Bronniman & H.H.
Renz (Eds.), Proceedings of the Ist
International Conference on Planktonic
Microfossils, Geneva, 1967, II, 366-374.
E.J. Brill, Leiden.

MACPHAIL, M.K., & TRUSWELL, E.M,,
1989. Palynostratigraphy of the central
west Murray Basin. BMR Journal of
Australian Geology and Geophysics, 11,
301-331.

McGOWRAN, B, 1973. Observation



CAINOZOIC 13

Bore No. 2, Gambier Embayment of the
Otway Basin: Tertiary
micropalacontology, and stratigraphy.
South Australian Department of Mines,
Mineral Resources Review, 135, 43-55.

McGOWRAN, B., 1978. Early Tertiary
foraminiferal biostratigraphy in southern
Australia: a progress report. In: D.J.
Belford & V. Scheibnerova (compilers),
The Crespin Volume: Essays in honour of
Irene Crespin. Bureau of Mineral
Resources, Australia, Bulletin 192, 83-95.

McGOWRAN, B, 1979. The Australian
Tertiary: foraminiferal overview. Marine
Micropalaeontology, 4, 234-264.

McGOWRAN, B. 1986. Cainozoic
oceanic and climatic events: the
Indo-Pacific Foraminiferal
biostratigraphic record. Palaeogeography,

Palaeoclimatology,  Palaeoecology, 53,
247-265.

The later
southern

McGOWRAN, B., 1989.
Eocene transgressions in
Australia. Alcheringa 13, 45-68.

McGOWRAN, B, & BEECROFT, A,
1985. Guembelitria in the Early Tertiary
of southern Australia and its
palaeoceanographic significance. In: J.M.
Lindsay (Editor), Stratigraphy,
Palaecontology, Malacology. Papers in
Honour of Dr Nell Ludbrook. Department
of Mines and Energy of South Australia,
Special Publication 5, 247-261.

McGOWRAN, B, LINDSAY, IM, &
HARRIS, WK, 1971 Attempted
reconciliation of Tertiary biostratigraphic
systems. In: H. Wopfner & J.G. Douglas
(Editors), The Otway Basin of
southeastern Australia. Geological Surveys
of South Australia and Victoria, Special

Bulletin, 273-281.

MALLETT, CW. 1977. Studies in
Victorian Tertiary Foraminifera: Neogene
Planktonic Faunas. Unpublished Ph.D
Thesis, University of Melbourne.

MALLETT, C.W. 1978. Sea level
changes in the Neogene of southern
Australia. APEA Journal, 18, 64-69.

MARTIN, H.A,, 1973. Upper Tertiary
palynology in southern New South Wales.
Geological Society of Australia, Special
Publication 4, 35-54.

MARTIN, H.A., 1984. The use of
qualitative relationships and palaeoecology
in stratigraphic palynology of the Murray
Basin in New South Wales. Alcheringa, 8,
253-272.

MARTIN, H.A., 1991. Dinoflagellate and
spore-pollen  biostratigraphy of the
S.A.D.M.E. MC63 bore, western Murray
Basin. Alcheringa, 15, 107-144.

MARTINI, E., 1971. Standard Tertiary
and Quaternary calcareous nannoplankton
zonation. In: A. Farinacci (Editor),
Proceedings of the II Planktonic Conference,
Roma, 1969, 739-785. Edizioni
Tecnoscienza, Rome.

NICOLLS, D.R., 1968. Studies in Victorian
foraminifera above the Orbulina universa
datum. Unpublished M.Sc. Thesis,
University of Melbourne.

OWEN, J.A., 1975. Palynology of some
Tertiary deposits from New South Wales.
Unpublished Ph.D Thesis, Australian
National University.

OWEN, J. A. 1988. Miocene
palynomorph assemblages from Kiandra,



14 E.M. TRUSWELL, G.C.H. CHAPRONIERE, & S. SHAFIK

New South Wales. Alcheringa 12, 269-297.

PARTRIDGE, A.D., 1976. The geological
expression of eustacy in the Early Tertiary
of the Gippsland Basin. APEA Journal,
16, 73-79.

PLANE, M., 1986. Miocene mammals
and their biostratigraphy in the Lake Eyre
Basin - Cainozoic sediments, fossil
vertebrates and plants, landforms silcretes
and climatic implications. In: R. T.
Wells & R.A. Callen (Eds.), Australian
Sedimentologists Group Field Guide Series
2, Geological Society of Australia, Sydney.

QUILTY, P.G., 1972. The biostratigraphy
of the Tasmanian marine Tertiary. Papers

and Proceedings of the Royal Society of
Tasmania, 105, 25-44.

QUILTY, P.G., 1977 Cenozoic
sedimentation cycles in Western Australia.
Geology, 5, 336-340.

QUILTY, P.G, 1978 The late
Cretaceous-Tertiary section in Challenger
No.1 (Perth Basin) - details and
implications. In: D.J. Belford & V.
Scheibnerova (compilers), The Crespin
Volume: Essays in honour of Irene
Crespin. Bureau of Mineral Resources,
Australia, Bulletin 192, 109-135.

SHAFIK, S., 1973. Eocene-Oligocene
nannoplankton biostratigraphy in the
western and southern margins of Australia.
Abstracts, 45th Congress, Australian and
New Zealand Association for the
Advancement of Science, Section 3,
101-103.

SHAFIK, S., 1978. Paleocene and Eocene
nannofossils from the Kings Park
Formation, Perth Basin, Western
Australia. In: D.L. Belford & V.

Scheibnerova (Compilers), The Crespin
Volume: Essay in honour of Irene
Crespin. Bureau of Mineral Resources,
Australia, Bulletin 192, 165-172.

SHAFIK, S., 1981. Nannofossil
biostratigraphy of the Hantkenina
(Foraminifera) interval in the upper
Eocene of southern Australia. BMR
Journal of Australian Geology and
Geophysics, 6, 108-116.

SHAFIK, S., 1983. Calcareous nannofossil
biostratigraphy: an  assessment of
foraminiferal events in the Eocene of the
Otway Basin, southeastern  Australia.
BMR Journal of Australian Geology and
Geophysics, 8, 1-17.

SHAFIK, S., 1985. Cretaceous coccoliths
in the middle Eocene of the western and
southern margins of Australia: evidence of
a significant reworking episode. BMR
Journal of Australian Geology and
Geophysics, 9, 353-359.

SHAFIK, S., 1987. Tertiary nannofossils
from offshore Otway Basin and off West
Tasmania. Bureau of Mineral Resources,

Australia, Record 1987/11, 67-96.

SHAFIK, S., 1990a. Late Cretaceous
nannofossil biostratigraphy and
biogeography of the Australian western
margin. Bureau of Mineral Resources,
Australia, Report 295, 164pp.

SHAFIK, S., 1990b. Maastrichtian and
Early Tertiary record of the Great
Australian Bight Basin and its onshore
equivalents on the Australian southern
margin: a nannofossil study. BMR Journal
of Australian Geology and Geophysics, 11,
473-497.

SHAFIK, S., 1990c. BMR Cruise 95:



CAINOZOIC 15

Nannofossil biostratigraphy. Bureau of
Mineral Resources, Australia, Record
1990/57, 30-39.

SHAFIK, S., 1990d. Calcareous
nannofossil age determination of dredge
samples, BMR Cruise 96, I. Jurassic to
Late Oligocene.  Bureau of Mineral
Resources, Australia, Record 1990/8S,
56-82.

SHAFIK, S., 1990e. Calcareous
nannofossil age determination of dredge
samples, BMR Cruise 96, II. Neogene.
Bureau of Mineral Resources, Australia,
Record 1990/8S5, 83-89.

SHAFIK, S., 1991. Upper Cretaceous and
Tertiary stratigraphy of the Fremantle
Canyon, South Perth Basin: a nannofossil
assessment. BMR Journal of Australian
Geology and Geophysics, 12, 65-91.

SHAFIK, S., in press. Late Cretaceous -
Palaeogene nannofossil biostratigraphy of
Challenger No. 1 well (type section of the
Challenger Formation), offshore Perth
Basin, Western Australia. BMR Journal of
Australian Geology and Geophysics.

SHAFIK, S., & CHAPRONIERE, G.C.H,,
1978. Nannofossil and planktic
foraminiferal biostratigraphy across the
Oligocene-Miocene boundary in parts of
the Indian-Pacific region. BMR Journal of
Australian Geology and Geophysics, 3,
135-151.

SINGLETON, F.A, 1941. The Tertiary
geology of Australia. Proceedings of the
Royal Society of Victoria (New Series), 53,
1-125.

SINGLETON, O.P., 1954. The Tertiary
stratigraphy of Western Australia - a
review. . Proceedings of the Pan Indian

Ocean Science Congress, 59-65.

SINGLETON, O.P., 1967. Otway Region.
Excursion Handbook. 39th Congress of
Australia and New Zealand Association for

the Advancement of Science, Section C,
171-181.

SINGLETON, O.P., McDOUGALL, L, &
MALLETT, C.W., 1976. The Pliocene-
Pleistocene boundary in southeastern
Australia. Journal of the Geological
Society of Australia, 23, 299-311.

STAINFORTH, R.M., LAMB, JL,
LUTERBACHER, H., BEARD, JH,, &
JEFFORDS, R.M., 1975. Cainozoic
planktonic foraminiferal zonation and
characteristics of index forms. University of

Kansas Paleontological Contributions,
Article 62. 1-425.

STOVER, LE. & EVANS, P.R, 1973.
Upper Cretaceous - Eocene spore-pollen
zonation, offshore Gippsland Basin,
Australia. Geological Society of Australia,
Special Publication 4, 55-72.

STOVER, L.E., & PARTRIDGE, A.D,
1973. Tertiary and Late Cretaceous spores
and pollen from the Gippsland Basin,
southeastern Australia. Proceedings of the
Royal Society of Victoria, (New Series), 85,
237-286.

TAYLOR, D.J. 1966. Esso Gippsland
Shelf No. 1 the mid Tertiary foraminiferal
sequence. Bureau of Mineral Resources,

Australia, Petroleum Search Subsidy Act
Publication, 76, 31-46.

TAYLOR, D.J., 1971. Foraminifera and
the Cretaceous and Tertiary depositional
history in the Otway Basin in Victoria. In:
H. Wopfner & J.G. Douglas (Editors),
The Otway Basin of southeastern



16 E.M. TRUSWELL, G.C.H. CHAPRONIERE, & S. SHAFIK

Australia. Geological Surveys of South
Australia and Victoria, Special Bulletin,
217-234.

TAYLOR, G., TRUSWELL, EM,
McQUEEN, K.G., & BROWN, CM,
1990. Early Tertiary palacogeography,
land form evolution, and palaeoclimates of
the Southern Monaro, NSW Australia.
Palaeogeography, Palaeoclimatology,
Palaeoecology, 78, 109-134.

TRUSWELL, E M., & OWEN, J.A., 1988.
Eocene pollen from Bungonia, New South
Wales. Association of Australasian
Palaeontologists, Memoirs, 5, 259-284

’I’RUbWELL "E.M., SLUITEK, IR.. &
HARRIS, WK, 1985 Palynomgy of the
Oligo-Miocernie sequence in the Qakvale-1
corehole; western Murray Basin, South
Australia. BMR Journal of Australian
Geology and Geophysics 9, 267-295.

WADE, M., 1964. Application of the
lineages concept 'to’ biostratigraphic
- zoning based on planktonic foraminifera.
Micropaleontology 10, 273-290.

WILKINS, R.W.J., 1963. Relationships
between' the Mitchellian, Cheltenhamian
~“atid~ Kalimnan stages in the Australian
Tertiary. Proceedings of the Royal Society
of Victoria, (New Series) 76, 39-59.
WOODBURNE, M.O., TEDFORD, R.H.,,
ARCHER, M. TURNBULL, WJD.
PLANE, M.D.,, & LUNDELIUS, E.L,
1985. Blochronology of the contmental
mammal record of Australia and New
Guinea. In: -JM. Lindsay (Editor),
Stratigraphy, Palaeontology, Malacology.
Papers m Honour of Dr Nell Ludbrook.
Department of Mines and Energy, South
Australia, Special Publication 5, 133-144.

[
i

WRIGHT, C.A, 1973 Planktonic
foraminiferal Dbiostratigraphy of the
Palaeocene to Eocene interval, Northwest
Shelf, Western Australia. Unpublished
Report to B.O.C. of Australia Ltd.

WRIGHT, C.A., 1977. Distribution of
Cainozoic Foraminiferida in the Scott
Reef No. 1. Well, Western Australia.
Journal of the Geological Society of
Australia 24, 269-277.



= INTERNATIONAL FO INI

3 ATIONAL FORAMINIFERAL | <oiri exsrern A S TR AL BN O RAN NIEE RAL T T ey T CAINOZOIC ~ BIOSTRATIGRAPHIC ~ CHART

53, || = ZONATIONS AUSTRALIAN L STRATIGRAPHY PALYNOLOGICAL STRATIGRAPHY

P = 8 — —— | GEAL BOREES PIETORIEN ZONES S— SOUTHERN AUSTRALIAN | PLANKTONIC FORAMINIFERAL DATA N r—"— Blow,I96) NORTH WEST SHELF ZONATION oY < LAND MAMMAL FAUNAL ASSQCIATIONS MOQLLUSCAN EQCENE e

= x ow, ), . ' . ; - ' o

% v %j g & AGE 279 gren !E’)rz,lr:vl ;{1.955?1&"b’!1;7636:3?0']“{&(*-}1 IND[AET{ Abele, 1976 Tayl Ludbroak &zgrjjfay 19e9 SOUTHERN AUSTRALIA Igg‘z%rm AND PRINCIPAL FORAMINIFERAL EVENTS MPCRTANT PORAMINIRERAL RIENTS UNITS WESTERN MARGIN SOUTHERN MARGIN SEORE AND FOUEEDN ZONES DINOFLAGELLATE ZONES ViopriuRia 2faly1ids ASSEMBLAGES TRANSGRESSKJNS X § =

S 2l=ol £ 196 ' QL SHYA., ¥ SEAIRLS LETE : Carter,19584 b, (964 iy lor, i il 8 ol o ) ) GIPPSLAND BASIN OTWAY RBASIN & OTHER ! oW LV 8 <Z

S 3l=al| « Kenneit 5 | etal., 1975 CLASSIFI- Lindsay, 1985 39840, 19 1966,1971 Ludbrook, 1971, modified McGowran, 1978,1986 Mallett, 1977,1978 ‘}zg;mﬁ Apthorpe, 1988 ; Heath &Apthorpe,1981,1984; Wright, 1977 Chaproniere,!984a Bukry, |Marfini, Shafik,I378, 1991, in press Shafik, 1983,1985, 1987, 1930 b s e Stover & Evans, 1973; S.E. AUSTRALIAN LOCALITIES GIFPSLABD BAIN AY, STVINCENT BASINS SOUTH AUSTRALIA SE AUSTRALIA SQUTHERN AGE o |5,

G} [9p] %gé‘laﬂm CATION Ludbroak,l963!973 MCGOWY&!H ek | 197| Srinivasare 19731975 197§ r\h fk . Sf fkg‘Ch . | 8 - - ! . \ . TASMAN]A P VtCTOR]A’ ’ o & L

— R S ; Fal., s 13 Shafik 77 Shafi aproniere, 197 Stover & Partridge, 1573; Harris,[971,1989; Truswell er Par%r;dae, 1976 Harris, 1985 NEW SOUTH WALES NORTHERN TERRITORY, - . 58 AUSTRALIA il <—:i
obororaiia ) : ’
— vl _ N23 s Partridge, 1976 al. 1985 ; Martin, 1973 UEENSLAND arragh,|385
o CALABRIAN N22 |Frumcutaliroides G. wiola Th WERRIKOOQIAN Globororalra frurmcatulirmones; V15 = CNT-:; N z - : - 97 Q S McGowran, 1989 o 8
2 S ; S A Globorotaliz Frurmcotulimoides N22 N22 . . a | nNug Compositeae- Hein, Vietoria  take Yicjoria NS ‘ =
Ol 3| PIACENZIAN NZ2I G. Fosaensis ¥ YATALAN A A Globorofalia Hrurcarulirordes s l Grarnindas Uik Pornas, Vie, |Bllerop CRAA/ Malkuni, S.A Lo
}EA —_— G. miocenica — J —————— e — Globorofalia violo vi4s| N2| N2l -~ G'/oéoquaa’/’/'ﬂa albisprra %: NMIB = Ph I e——— E.Darling m 3 _
5 ] AL ERRN N};?;ZO G. rrargorifoe = — — - KALIMNAN : - N19-20 - N20 ¢ Gfabaro/‘a/{éz fosaensis CN1Z2 _a__“' ?‘;:-:‘f;fa . a{_sa P TR s \1/: ““““““ W Limestone Craok CALABRIAN =
5 - i Globorotalia purcticulata blobarotaliapuncticulatz | Wbl — 1 Nig Globoratalia margariiae e e 0 biter sl T TR A N — Kanunka, SA._ XVl Flinders lstand PIACENZIAN |||
3A MESSINIAN 21 Neoghbboguad-ira dufertres CHELTENHAMIAN G. cange G/obaroz‘g//a ; Vi38 — NIBI—=NIB = o Globororalia Furrida CNIO B 17 iz Gramge  RobAse e aan sy | ] ‘ Av) Jemmys Parnt 3
NI7 7 7 AL . : : . miro. plesiolurmida %] a k) Gyrmnosperm Ph o ; Palankarinna, S.A. P4 od
} et a Tf3 e G/oéamf‘a//q Feurroeds o '{5‘5‘/0}:””7/ aa e NI7 1 NI7 == Pulleniatina primalis b Syigdgloagl Ngi-ho&aqus Ph. BEeayeaprie Hamiiten, Nl Choehile. 8id .| = ZANCLEAN o ]
4 e & Clobarr e or Coror T ronEE: - L . a . . b Forsyt+hs Bank, Vic. | Bluff Downs, Gld | xvy Bu Pt 5 ]
4A . TORTONIAN NIG orcialia @dalrs YI3A . Globorofalia plesiofumida CN9 a NNiL — ] - = rga Lree MESSINIAN
1 . M r'h:céoz; ' Beaurmaris, Vi i Al ]
- N ccostoersss MITCHELLIAN ty ; u 3, Yictoria caota, NT, .
5 ] Globorotalia acostaernsis |viz Nle Nie CNB =B NniO %f:‘::_"’” < ‘ ’ - -
10 — T;lj"i R —— — - Neogloboguadiima acostaersis s.s. — L NIS L Ni5— A Meogloboguadiing acostaensis ss. N7 3| M9 A Rese Rl T TORTONIAN : i
G. rrravers . . ; Globigerina repemthes e NiZ N4 — /Veay/oéaquadn'ﬁa Siakernsis ~  G.mayers (in S.E.Aust,NZ) NNS =1 —
5A SERRAVALLIAN j— NI3 — g C Globigerima mepenthes ! - T CNG .
L; ) NI g Fohsi robusta Tf BAIRNSDALIAN Globo - R — Vil | NI3_] NIz Globigerina nepenthes - Bullack Creek, N.T. | X1 Lake Bullenmerri 10 —
S0 - e . Fohsr lobara ] 2 . rofalia Ni2 b NNT ; 4
wio NIt p ; . : ~-  Globorofalia peripheroronda : 1 IR Py . _ v i ]
Sla = G. Fahss folrsi P T — D Orbulina uriversa mayer: |\ Globororalia g NI N1 CN5 bellus Dangerag, / S o, | SERRAVALLIAN| 1y !
. ra Ve - . - ITA NNG . LT ufjamarpu, i

15 1 Py ) —Ns g::j:fgj/j::’ﬂga — =1 EiLcOMBIAN N —ll_/ e Orbulira sururalis . Globorotalia mayers /L?er:;a‘/croron?’a NIO NIO é Globorota li_piripherasiut - P a - Z__"SA. | 14 Z 5

—_ LANGHIAN N8 LAt - ———— — — — B-10 g howchini £ Fraeorbuling glomerasa curva = Orbuling suturalis _Prg;i:é/’;zm;‘;g;fg; \\/’|‘3o N§ 4- N9 sk Orbuima Swturalss — O’;j%f:;//g‘ -E.Aust,NZ) cNA NNS = Tornorealon S A Ngama, S.A. oW _
1= N7 G/Oé'?eﬂ}-mfe//a rsuera TT1 T BATESFORDIAN —7 7 2R F —A G/bb,iqerfﬂa.fdes Sicarrus Globigerinarcies Sicarms va | N8 N8 - ngc?rb‘{h”? g /oxztverosa R = B glomercsa curva Spheno/ithus heferomorplus Sphenolitthus heferomorphus Ericmas, 5.A. %q-z?akaiii et Xl Gunyouna Creek _ __Q. v 15 —
.. 5D NG C'a/"-a/gs)/drgx - G/oo’.igef'frra/d'es Arifobuws G G/ob{'gef/}yo/a’g,s Prrlobus S8, NT NG-‘] /ab@er/na/des SICTrTUS e sicanus CN3 NNA4 S R A e Pinga, S.A, | ifjimanka, 3. A. X Ralcombe Ba_y ~ :A-IGG:‘ l-;\N__. - < O |
BE T T , L. NG ~ L. (Eulepidina) bad);, ; = % Boornong Road -
LONGFORDI A . 2] AT EITSIS NN3 ) |
ZO 6 Z‘j BURD IGAL[AN . ONG DIAN c GXObiyé?F/ﬁO/(/eS f‘rf/oéus ~— G/Ob/_‘gef'/'f?a s ares s Gods. q ff'/‘/ObHS (SI/OW) I?Gg) CNZ e o S,D_f’feﬂo//f/rus balarinas a Spherolithus belormos 2
"4 N5 Cat aﬂ-‘aya’rax arssirlrs . N5 T20 —A- Gds g. Irilobus (sensudJerkins, [971) - Triguetrorhabdulus carinatus —— riquetrorfabdulus arrinats X Fishers Potnt —
GA = . 25 Globoguadrira defriscens Globrgerina woodi ss —A-  Globorotalic zelandica sl = G scitula praescitule ' BURDIGALIAN > ==
37} H g . : . —a . NN2 ! ]
~v—  Globorofalia kugleri sl . . Gds.q. alfiaperfurus Upper W T .
- - : Globoraralia luolers . . vryard, Tasmania o 20 —
6B AQUITANIAN Globorofalia Kuglerrs A Globs ; woodf -~ 4 "G (- Ff kugler:s kug/er iy
9] i s : ~ fgerirnea 7 5.5 b . o == ‘g. gery CNI Fh fod -]
loc N4 = P Globoguodrina dehiscens A Globoguadring dehiscens s.s. N4 | T19 A Globigerinoides guadriiobatus trilobus "LQGP. wood; corrrecta & g/aa:j:cj’ :L;Les Vil Jan Juc Beach 5
B a g '(Blo'w, 1969} ..A._\T Siakensis opira a+b NN Helicosphaera rechs o LilTia ]
251 : . _ ~  Globigerina angulisutralis Glodigering sellii G. wood| woods === Zygriablithus bijugatus syt Z;éﬁi@jﬁifsjfzﬂa P ] AQUITANIAN =
71 i CHATTIAN poo C?/Ob/_'qerf}?a C/}bef"ée/‘TS/'S JANJUKIAN Victorie/ia conordea b ) . TI8 G. dehiscens debiscerns —~ Sp/veﬂo/ir‘/vus d8/Dirix e Geilston Bay, Tasmania ) i
IGErIINT  EUgLErFLra Profeccidifes .
wi| = re2 b | NP2 VIl Bird Rock —
8= S Te l o, Globorotalic kugleri s.s. e Sphenolithas, eiperaensis aad- o Ll i
- . . -~ - - @ —
d b -4 - Globorotalic A"Uj/df‘”/ 5.5, G/Ob’_?e"’.ﬂa 90")‘@?’7/'/ Pl el crPly — Reticulofenastra Sc/SSurea —— Reaticulofanestra Scissura First Acacia pol len CHATTIAN -

30 10 O p2) | [Grembeliria stoversis —~  Guembelifria Friseriata b - Globiger/noides primordius T “o Tmterval with Middle - — — — — — — ——— — <« bl =
8 P Globorotalia opirma 2 Globigerirea v 22'5'/70 guembelina cubertsis pp| 4 TI7 al| NP24 Sokerolithus ciperoensiz T T T T T T alZ —
~ 4+ 4ttt b e J1 labiacrassata ssigerinella wirmana a e Sphamolithus cizeroensis bl —

I > : . o O
12 S é P TN PI‘}/ZO - Siu - Globigerira argulisuturalis L Interval with 5. gis/entus | o 30
I Globrgarima  armoliaperitirg Td_*— rioguerTLelina : P1a/z0| Ti6 Subbots : - cPi8 . ) . . f/e/f_l:os,o{maw recta . -l
ﬁ — 57 — 5 /,-lt? - - — WALLUNGAN 52 S uéboz‘f:/a cubertsis ~—  Swbbotina angjporordes 4 . & {zg;;oi’g%z?;?ﬁ%’é%ﬁii s, sl — Spherolithus distentus L r‘fe/fc‘osirmem obligua ) VI Addiscot Beach > 2 B
3 SSIGEriTel/Ia  ClIpPO/ers/S art ooom/' £3 =3, - . . HIOGUEITTO&/ITT CLUOENSIS Rericulolerestng wumbilicus ower Operculodiniurm Spp. ) -3
> Pi e Te i Grenbapitiai ve | T |~ Peecohaetipains e FT ser | o tcsitensira wmbiice S ||| ||| | | P - RoPELAN 1Z S|
Pseudohasterigina mricra | 8. Sl ; 7 S AT bt ! 2 Z —~— ———— Coccolithus Formosus = = gt 0 ;us Gt OSLS . Upper > o
P17 R e [ S e s e e e R\ Bubboting limaperta e ol 104 g e T Possible hiatus crie 24 Nzt —~— ——— Reficula Fenestra hampdenensis B i i s l
—— i FIG Globorofalia Cerroazu/ersis 2 Globigerapsis /irdex L Yok il Ny f#g//a ” :’U/egf;aex P17 T\{'G/o R L a ] o —— Discoaster sajparensis g Discoaster saipamerns/s Notkbo Faﬁj}“es L1 Fhthargoeridimum
| PRIABONIAN Tb ALDINGAN | Hartkerina alabamensss cmpressal P P T A b kit iy g W Pic - L Subboting linaperta b WP19/20 | T e e Ry +rinss it S SpgaECRTE RS | comarm T it : V' Pgint Flinders ¥
; 3 obigerimatheka index Ti4 e A : - ——— [sthmolithus recuryus iaceaepollentes Soirriferites ' ,. o NG x
- PI5 |~ : (anterr rirritive CPI5 eococeolitires dubius Iz /it i : o e s . ALDINGA -
OrTICUiasphaera Semrinvoluia . = Torrustella $ \;‘fwiiegf;g;;?m; PI5 NPIS | o coccolithes gubivs i i bc?fuﬂjensf.s'— ] it 5 i s IV -~ Browns Creek 2 | w ]
agculeata ~ o Teruitella aculeata \ W g’;"asmo//';;ﬁus gramdis P Chiasmalitus grandis I e C T T I T TTTTT P I I TF I I I I— HE v Braw C} o= TUKETJA PRIABONIAN E
BARTONIAN P4 Tromcorotaloides robrr VT T T T 7] —~ :jzi:;:;’::; ::;//f?a_:f_a Pi4 T na G/obfger/ﬁgfﬁeka /(u?/g,-/' b NPIT emerinis eamarsenss Clistmolithus comarensis /VO/‘AO)&?/-%ES Iriorites 5;‘: ;/; ﬂ;ia r - 7 : rowns Creek ~ 40 1
o ) ] i ver i3 . _ -
[ P13} Orbulinoides beckmari — ~ Morozovella spimulosa crie o Dakiyletbyra punciulata O ViR P e e g C_—O’:"’ua/f”f“f;’ P “ ¢ : B
. L PI3 1T ] 5 -v Reticulofemastra 3cissura == T Chriasmolithus solifus W COIEOZ T == TORTACHILLA ) -
A Temitelle aculeat i2 ~ Morozoveliz buw/lbrook: a _a “r — s L e peeecccesseesesen e el geee g s pes g e e
Pl2 Morozove/la /ekhmrs Globigerimatheka i/rdex s.s. 7 A= T Gyelicargolithus reficulatus i LS 7 ' BARTONIAN =
i l_u.] pi2 T 'T‘} _— ) NPiIG éicaas,jf, 5,-,%:,, - gi;:ago /:'7:5 reficuiarus :[: I —'_ I I T I I
. foLrioFart =7 e, /Seeasrer Lrrax - e Sk i . . S
Z g Ta 3 A Maﬂ 5/‘7//7;;’ Gumbler - z eres o amontieis ReEFlcuforenestra wmbilicus g Lower Profeccidifes 0 ; 7; ;f; f;i‘: (a iﬂ P P & - WILSON BLUFF i . ]
| = o1 Slobi . " e T T ol G/obﬁ'?erf'fmf‘/i'eka rraex i —~ orozovella aragorrerrsis 2 : pachypolus oATICTE c:b {Feo /n:m 5w fas -
obrgeransis s @ Z iy 13 . irormordes ;
Q| = LUTETIAN (GErapSty SUSEoMGIO Q Vo Flarrorofalifes ausitraliformrs P —n_ 6/0‘5’_.?5”' sratbheka spp. R — B4 =y a Nothoragites (Wosormrimmm . ] az —
o VT Plamorolm/ires cwstraliiorsrss b NP5 }— Chiasmolithus qigas ]—- Chiasmalithus gigas ® asperus L. _— e cchimosuturatum [T O ! _
L Plarrorolalifes aushaliformr: a N R : I B :
VTS a - 4] ETIAN 2 U —
PIO | Harnbkerina aragomersss PIO TIO —a N AR e, i . Nansernsiog Vo S i : ‘ o |
== : . b P4 ——— M FEF I s Srata ‘E : s
22 P9 Acaraming pembasambrats ~V— Morozovel/a cauvcasica A Subbotinag Frornfosa . ez ] . . B s — _/—F;Zgingu;mfﬁf;i/us frversus z“ Profecciarfes Frofeacidites py . (AN 50
o 1Y e (T e P9 ® Morozove/la causas/ca 4 — D X e [ Tnterval with 2. sublodoernsrs | aspergoolus .COﬂff'dyO-S‘US —~ . C’”"O’L’}’b'/’“/” - -
23 ) Pg _E?_ orazaiells araoemernsrs ~ Morozove//a Fformosa Formrosa cPu NPI3 ) —— fisselovia edwarasss Fasmaniense — =
[~ v a 4 o] S Toweius 7 crassus —C Tribrackiatus orfhostylus Uy B - - _—
55 24 = PRESIAN =l Ta 2 e e S o B B SR T P8 al T9 CPIO NPI12 S S R S ST Toweius? crassus 0 b— /(JISSE/OW‘G_E'O/eo)‘Ar_‘yp:‘? ________ e BURRUNGULE o
: LT T e L oo oI, AT & e it [P ot - = 1T
T anasd e Yard r=f L e’ 5. 2 . . » ¥ ; i x ! b o %
P& |P Morozove/la ea’gaf/ 2 X I Morozovelie aequs PG (b| T® - ir A;?miofg*//?f velas Z:;;s;g cP9 il = / ;HZC/IC%#?S sop. Meaiaeals giversls R e “Oraco hfl;mga?;a—r;};e- YPRESIAN | & 55 =1 1
| o i arrorotalifes Simplex . — —ibrach & errer _ T = ) ; ;
< A Morozovella velascoensis X Pseudokbasligerima pseudosots /_ Alanoraralies C‘fﬁpmgf?f , P pseudaomernardls g NBe - i _/E Discagster §fa5§,‘2ﬁg “ Matvaes, L? gt riaceidites B J_ I I I I I I | A Rt -
< L P'5 WANGERRIPIAN T T7 Pseudohastigerina wilcoxe alvacipollis diversus it -~ s ; tad
L o | THANETIAN PS _v__/' g wilcoxensss e b NPY “al L Campylosphaera eodela ] eugeniivides Apectodinum : ~ RIVERNOOK . o
Zl ez P4 |Plarorotalites pseudormemardi ~ 0TI ] = ’;’ Garorofalifes etrenbergl, Acariina coricalruncata ° 4 N L e ., Wpper . ' fryperacamtta ; Bisefhook T RIVERNOOGK A ‘ =
wl<lS }—P/af?orc/‘a//}"es chaprrars P4 t+—rap—+ —~~ Pi’,ﬁi‘:f g’?;‘;’;o; ;; a’j iy CP7 NP8 A ﬁ;ﬁﬁ?ﬁ:ﬁr n’;‘;‘:'///f Lygrstepolienites balmes s - ﬂpecz‘ahafx}w}am Und bed l' &k =—ts ey, . : 9
10 - : - - —r4a] T (e udormerardrs — CPG6 - NPT = Dis # rlori ; Grmrorerima | __Aarmgmorgfor | ndescribe s g o N pop] &1 w! -
O & |UNNaMED | P3 (B Parnorole e Pudii@: usilia | Texy U XV Plancrotatites haunsbergensis e Al L R Crs | NPG | T Toweius poriusus edwardsii [THANETIAN) = [l = [ ]
8 . P2 M _uncirata I R e > T2 |* M pusilla s [ cP4 NP5 — N /f,;‘;fgg?cgfggjﬁ;j gusrs Lower B — 2 _: il
{ .4 7 =i .. B —~— | comicotruncarlta . “ i il o L N . i [ 2 L ot o : =
1 n—é DANIAN o1 el Swbbotina Frimidadernsis c TI 2\ M angulata CP3 NP4 - Cj’;:\;i‘; ./’,. 4 .‘:; g’j’;’ﬁi’}: R Ly _9’/5 }Le/oo Homitas T Egi:giﬁ; ok | W N UNNA M ED E =3 | o e
é = p| Swbboiina pseudobullordes PT [ I,‘U g/ ﬁi@j; ‘; sa daublerg =5 S/’S cre NP3 == ggjﬁ::f/;zg;jsﬁj}fj:f/égaus balmer | ‘ e ST '- 1y S =
. . . - EMSIS , SHAnororalires compreéssys SR s34 444+ Pttty N NS SRS N A NN A (R A A S N ey s T e 8 B ‘
tot— Globigerimna eygubing — 4 I ‘ N lanktoni : 5 : T P NP2 e Cfuczgfaco//}% 5 il o Py L Trithyrodinium . : P e
LA h No planktonic faunas recovered: possible hiatus crl T iy C‘rua,‘o/aco//;-‘f,v;‘s;f/%?e e )e/w'ﬁ/ 1 E.JAfN'EANV: % £ 65 -
Cormpiled 99/ by £M. Truswell, G C.H Chapromiere and S Shafik, BMR  Drawnby R Browrm, BMR

35



	Front Cover

	Title Page

	Foreword

	Table of Contents

	Introduction

	The Cretaceous -
Tertiary Boundary 
	Notes on the Columns

	1. Southeastern Australian
Local Stages
	2. Foraminiferal Zonal Schemes

	3. Nannofossil Biostratigraphy

	4. Palynostratigraphy
	5. Land Mammal Faunal Assemblages

	6. Molluscan Assemblage Zones, Southeastern Australia


	References

	Chart


