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PALYNOSTRATIGRAPHY OF THE MURRAY BASIN, INLAND
SOUTHEASTERN AUSTRALIA

M.K. Macphail

Division of Archaeology & Natural History, Research School of Pacific and Asian Studies,

Australian National University, Canberra. A.C.T. 0200 Australia

ABSTRACT

To date, the only published comprehensive zonation for dating and correlating late
Tertiary non-marine sequences in Australia is that developed in the 1970s for the offshore
Gippsland Basin on the extreme southeastern margin of the continent. In this paper an
analogous zonation scheme is presented for the Murray Basin, a large intracratonic basin
which covers some 300 000 km? of inland New South Wales, Victoria and South
Australia. Major spore and pollen sequences identified within this basin correspond with
major periods of marine transgression-regression, in the Middle Eocene to Early
Oligocene, Early Oligocene to Middle Miocene and Late Miocene to Pliocene.
Presence/absence data allow the first two sequences to be subdivided into palynological
zones that can be confidently correlated with zones established for the Gippsland Basin,
viz. Equivalents of the Middle to Late Eocene, Lower, Middle and Upper Nothofagidites
asperus Zones, and the Oligocene to Middle Miocene, Proteacidites tuberculatus and
Canthiumidites bellus Zones respectively. Late Miocene-Early Pliocene and Late
Pliocene-Pleistocene intervals are assigned to the Monotocidites galeatus Zone and
Tubulifloridites pleistocenicus Zone respectively. Changes in the relative abundance of

commonly occurring species support the above subdivisions in a general way only but are



not reliable as a basis for basin-wide correlations. Until some independent geological or
geophysical datum is found allowing a direct comparison of species time distributions

across the basin, further formal subdivision of the zones is not recommended.

Introduction

Seafloor spreading which led to the isolation of Australia from other continental fragments
of Gondwana by Late Eocene time (VEEVERS £74L. 1991) also resulted in the formation of a
number of peripheral basins which collectively span Late Jurassic to Plio-Pleistocene time.
During this 200 million year period, the focus of deposition of coarse clastic sediments
shifted from the north-west to the south-east margin. Many of the basins host important
hydrocarbon accumulations and (onshore) important aquifer systems, and the assessment
and exploitation of these has required palynostratigraphies to link the geometry and

depositional histories of the reservoir sediments.

Of particular importance in Australia is the spore and pollen based zonation developed by
Stover & PARTRIDGE (1973 & subsequent proprietary revisions) to date and correlate Late
Cretaceous and Tertiary successions in Australia's major petroleum producing province,
the offshore Gippsland Basin in eastern Bass Strait (see GLENE 1986). Major zone
boundaries are defined by the presence or absence of indicator spores and pollen and, less
often, by changes in the relative abundance of long-ranging, common species.
Independent age control is provided by marine dinoflagellates whose time distributions
have been linked to the international time scale through correlations with marine fauna

(ParTRIDGE 1976, Harris 1985, HeLy ETAL 1987, WiLson, 1988).

This zonation scheme is now widely used to date and correlate Santonian to Miocene

sediments elsewhere in Australia - to the extent that the individual zone names have



become defacto stage names for the Australian Paleogene (see DErtmMann 1994, MACPHALL
ETAL 1994). Potassium-Argon dating of basalts has demonstrated that the zones per se do
provide a working chronostratigraphic framework for correlative sequences onshore in
Tasmania and Victoria and New South Wales (Owen 1988, TaYLoR E7AL 1990, PiCKETT ET
AL 1990, MacpHAIL ETAL 1991, PoLE ETaL. 1993, MaceHalL & HiLt 1994; summarized in
CHAPRONIERE ETAL. 1995). Marine dinoflagellates confirm the same is true for the three
major basins immediately to the west of the Gippsland Basin, the Bass, Murray Basin and
Otway Basin (Fig. 1) as well as other Late Mesozoic to Cenozoic basins further to the
west along the southern margin, e.g. Basins, the St. Vincents Basin in South Australia and
the Eucla Basin in south-west Western Australia (STover & PARTRIDGE 1982, MacpHALL &
TrusweLL 1989, 1993, Harris 1985, MarTIN 1991, 1993a, AvLey & Crarke 1992, ALLEY &
BRroOADBRIDGE 1992, ALLEY & BeeCrROFT 1993, MAcpHAIL & KELLETT 1993, MACPHAIL ETAL.
1993a ParTRIDGE & MacpHALL unpublished results). However the criteria defining the zone
boundaries have had to be adapted to take account of (1) demonstrated or suspected
diachronism in the times of first appearance and extinction of zone 'index' species and in
the maximum relative abundance of common, long-ranging taxa, and (2) the occurrence of
species that have not been recorded, or are too rare to be biostratigraphically useful in the

Gippsland Basin.

This paper presents a palynostratigraphy developed to date and correlate Middle Eocene
to Late Pliocene sediments infilling the Murray Basin, the only large Tertiary intracratonic
basin to extend onto the southern margin of Australia. Although not known to be
prospective for hydrocarbons, the Murray Basin is one of the country's most economically
important agricultural areas. Land salinization and the related problem of rising water
tables within the basin now constitute one of Australia's most serious environmental

problems (Cook 1989).



Geological setting

The Murray Basin forms the southern half of the single largest co-ordinated drainage basin
in Australia, the Murray Darling system which covers some 1 036 000 km? of semi-arid
and arid country (Fig. 1). The basin itself is some 300 000 km? in area and is encircled by
subdued mountain ranges of Proterozoic and Palaeozoic rocks except in the south-west
where the concealed Padthaway Ridge forms a rim effectively isolating the basin from the
Southern Ocean. Within the basin, the extremely flat surface dips gently from about 200m
at the margins to about 20m elevation in the lowest-lying areas in the central western area.
The structural framework and hydrogeology of aquifer systems in the Murray Basin have
been reviewed by Brown (1989) and Evans & KeLLetr (1989). The lithology and
stratigraphic relationships of all formally recognised Cenozoic units have been discussed in

detail by BrowN & StePHENSON (1991).

Pre-Cenozoic geology

Aeromagnetic, gravity and borehole data indicate that the pre-Cenozoic basement consists
of a collage of north-trending Proterozoic to Palaeozoic tectonostratigraphic terranes and
the remnants of Late Palacozoic-Mesozoic infrabasins infilled with thick Devonian to
Lower Carboniferous rocks and discontinuous erosional remains of Upper Carboniferous ,
Permian, Triassic and Early Cretaceous platform sediments (Brown & StepHENSON 1991).
Because the Cenozoic cover beds are mostly less than 300m thick, subtle movements of
the basement have had a disproportionate influence on the location of the Tertiary

depocentres as well as the patterns of flow and surface discharge of groundwater.



Cenozoic geology and hydrogeology

Cenozoic sediments have a maximum thickness of about 600m only, preserved in the
deeper central-western sector of the basin. A subsidiary depocentre infilled with about
400m of sediments occurs in the central eastern sector, underlying the Riverine Plain (Fig.
2). but elsewhere thicknesses are mostly less than 200-300 m. The Tertiary succession
consists of three major sequences, bounded by disconformity surfaces of which the
Mologa Surface, representing a period of prolonged subaerial weathering during the Late
Miocene, is the most prominent. Vertical and lateral facies variation within the succession
reflects partial flooding by shallow epicontinental seas on at least three separate occasions
- during the Paleocene to latest Eocene/earliest Oligocene, Oligocene to Middle Miocene,
and late Miocene to Early Pliocene (Fig. 3) - although the relationship with changes in
relative sea level is complicated by the still poorly understood tectonic relationship
between uplift of the flanking Southeastern Highlands and subsidence in the basin (see

Jones & VEEVERs 1982, BisHor & Brown 1992),

Of particular importance to the flow of groundwater through the basin is the architecture
of clay-rich, shallow to marginal marine facies deposited in an arc about 100 km wide
through the south-west and centre of the basin (Brown & Rapke 1989). The most
important of these low permeability barriers (aquitards) are the Late Eocene-Early
Oligocene Buccleuch beds, the Late Oligocene-Middle Miocene Geera Clay (Fig. 4) and
Winnambool Formation (representing the maximum extent of the marine transgression

into the Murray Basin), and the Late Miocene-Pliocene Bookpurnong beds.

Correlative formations to the south-west are the carbonate-dominated successions of the

Murray Group and Ettrick Formation. These were deposited in a shallow-marine



embayment and are underlain by fluvio-lacustrine and deltaic sands and silts of the
Renmark Group whose constituent formations, the ?Paleocene-Eocene Warina Sand and
lower Olney Formation, form the basal depositional sequence of the Cenozoic succession
across the basin. The Olney Formation underlies much of the north-east of the Murray
Basin although marine dinoflagellates indicate a weak saline influence along palaeo-
drainage lines infilled with lithologically identical sands, silts and clays of the informally
named Buccleuch beds equivalent (MacpHAL & TrusweLL 1989), and Geera Clay
equivalent (MAcpPHAIL £7aL 1993a). KeLierr (1989) has subdivided the Renmark Group
into three (Upper, Middle and Lower) units , based on salinity stratification and

geophysical data.

The same south-west to north-east gradient in depositional environments is seen in the
Upper Tertiary succession where marine and marginal marine sediments of the basal
Loxton-Parilla Sands and Bookpurnong beds underlie the western (Mallee) region and
fluvio-lacustrine sediments of the Wunghnu Group ( upper Loxton-Parilla Sands, Calivil
Formation, Shepparton Formation) underlie Quaternary cover beds in the northern
(Darling River-Willandra Lakes) and eastern (Riverine Plain) regions of the basin.
Correlative alluvial sediments (Lachlan Fan) infilling the middle and upper Lachlan Valley
incised into the western flanks of the Southeastern Highlands are the Middle (Late?)
Miocene to Pliocene? Lachlan Formation and Plio-Pleistocene Cowra Formation (Bisuop

& Brown 1992).

Economic activity in the Murray Basin depends on groundwater extracted from high

permeability facies within the Renmark Group, the Murray Group, and the Pliocene sands.

Aquitards such as the Geera Clay-Winnambool Formation and Bookpurnong beds
together with subsurface basement highs such as the Neckarboo Ridge form natural

hydrogeologic divides which separate the aquifer systems in the basin into three major



provinces -the Mallee Limestone Province in the south-west, the Scotia Province in the
north-west and the Riverine Province in the south and east (see Fig. 2). Within each
province the individual aquifers differ markedly in terms of age, water quality and

hydrostatic pressure but have proved difficult to distinguish using lithologic criteria.
Previous studies

Up to 1985, palynological studies of Cenozoic sediments in the Murray basin focused on
the predominantly non-marine eastern sector and adjoining Lachlan and Murrumbidgee
Valleys (references in MArRTIN 1989). Here, good recoveries and preservation of fossil
pollen and spores tends to be restricted to thin/infrequent horizons of finer textured
sediments or lignites. Biostratigraphic indicator species are rare, and the ranges of some
of these occur outside the established time range for the species in the Gippsland Basin.
For these reasons, MarTIN (ibid) developed a semi-quantitative (ratio) method in which
palynological zones are defined in terms of high or low frequencies of selected long-
ranging species, chiefly Myrtaceae, Casuarinaceae, a clade of the southern beech
(Nothofagus) that is now wholly extinct in Australia, the Brassospora group of Hii &
Reap (1991), and gymnosperms that are now extinct on mainland Australia, e.g.
Phyllocladidites mawsonii. In the Neogene, maxima in the relative abundance of these

taxa were used to define four major vegetation phases Martin (1973, 1987).

MarTin (1984) has proposed that these taxa represent an ecological continuum in which P.
mawsonii represents the wettest, and Myrtaceae and Casuarinaceae, the driest habitats.
Since relative abundance also reflects strong ecological controls, such zones almost
certainly will be difficult fo apply across the basin as a whole(see MacpHAIL & TRUSWELL
1989). Nevertheless the method appears to work well in limited geographic areas such as

the Lachlan and Murrumbidgee Valleys.



During the 1980s attention became focused on the centre and west of the Basin, leading to
the drilling of five fully cored stratigraphic boreholes Oakvale-1 (TrusweLL £raL 1985) and
Hatfield-1, Manilla-1, Piangil West-2 and Woodlands-1 (Fig. 4). In these boreholes, thick
(up to 320m) sections of Geera Clay and underlying marine and marginal marine clays
have allowed closely spaced samples to be analysed for fossil spores, pollen and marine

dinoflagellates (MacpHAIL & TrRusweLL 1989).

High diversities and excellent preservation allowed these palynosequences to be
subdivided using the same suite of zone index species as in the Gippsland Basin, viz.
Triorites magnificus, Cyatheacidites annulatus and Canthiumidites bellus to identify
intervals that are correlatives of the Late Eocene, Middle Nothofagidites.asperus Zone,
Early Oligocene-late Early Miocene Proteacidites tuberculatus Zone and late Early-?Late
Miocene Triporopollenites bellus Zone respectively. Samples lacking the index species
could be reliably dated using simultaneous first appearances or extinctions of a range of
accessory species such as Proteacidites leightonii, P. rectomarginis, P. reticulatus and/or
dinoflagellates such as Corrudinium incompositum and Alisocysta ornata. One problem
was the identification of zones which in the Gippsland Basin are defined by the absence of
indicator species of the adjoining zones, in particular the earliest Oligocene Upper
Nothofagidites asperus Zone. In this instance, the base of the equivalent zone in the
Murray Basin was defined using pollen of pan-tropical species such as Polyadopollenites
sp. cf P. granulosus which do not occur in the Gippsland Basin. In both basins,
independent age control is provided by marine faunas (see TayLor 1971, BrowNn &
SteprENsON 1991), supported by marine dinoflagellate distributions (PARTRIDGE, 1976,

TRUSWELL ETAL. 1985, McMinN 1992, MacpHaLL & KeLLeTT 1993).



Only an informal zonation exists for Late Miocene-Pleistocene sequences in the Gippsland
basin (A.D. PartrIDGE & M.K MacpHALL unpublished results) and MacpHAIL & TRUSWELL
(1993) formally proposed the Monotocidites galeatus Zone to cover Late Miocene to
Early Pliocene successions overlying the Triporopollenites bellus Zone sequence in the
Murray Basin. The zone boundary is defined by the first appearance of Monotocidites
galeatus, Myrtaceidites lipsis, Rhoipites ampereaformis, and a range of accessory species
including Densoisporites implexus, Proteacidites punctiporus and Amylotheca pliocenica.
The upper boundary is defined by the first appearance of Tubulifloridites pleistocenicus.

The overlying Late Pliocene-Pleistocene palynosequences were left unzoned.

Material and methods

The zonation described here is based on a total of 435 samples from 54 selected boreholes
(Table 1). These comprise 143 conventional core and 277 cuttings samples, analysed for
fossil spores, pollen and dinoflagellates by M.K. Macphail between 1987-1993 for the
Bureau of Mineral Resources (subsequently Australian Geological Survey Organisation)
Groundwater Projects 241.01-241.05. Included for comparison purposes are 4 samples
from the Lachlan Valley on the eastern margin, and 32 samples from correlative units in
the Darling Basin to the north, of the basin. Lithological and formation boundary data
were provided by C.M. Brown, J. R. Kellett, W.R. Evans, B. Radke and G. Jacobson,
Australian Geological Survey Organization (AGSO). To minimise the risk of down-hole

contamination from caved sediment, the boreholes were fully flushed between sampling.

All core and cutting samples were processed using standard palynological techniques
centred around the use of hydrofluoric acid to remove siliceous material and Schultze
solution to remove the more labile organic fraction. The acid insoluble extracts were

made up into permanent strew mounts using glycerol jelly or Eukit and scanned for plant



microfossils using a Zeiss Photomicroscope II fitted with top-of-the-range Planapo

objectives. Stratigraphic distributions were recorded and compared using Checklist.

Palynostratigraphic data base

Formations sampled for palynological analysis are listed in Table 2. Full lithostratigraphic
and palynostratigraphic data for each borehole are given in Macpaan (1993). Zone
boundaries are qualified using the AGSO/Esso Australia 'Strat-data’ system in which the
highest and lowest depths at which a particular palynological zone has been identified are
shown as the preferred datum points. The reliability of the zonal determinations are
indicated by a qualitative confidence rating (high, moderate, low) and alternative depth
picks given where the preferred datum points had a low rating. The data base is
complemented by published studies of palynosequences from the western (Oakvale-1),
southwestern (SADME MC63 borehole) and central (Mallee Cliff borehole) by TrusweLL
ETAL (1985) and MarTIN (1989, 1993a) respectively.

Spore-pollen zones
More than 250 identifiable fossil species are present in Middle Eocene to Early Pliocene

palynofloras in the Murray Basin. The overwhelming majority are long-ranging and are of

significance only as records of past floras in the region. Time distributions of many of

these species are given in Fig. 5. Questionable and anomalous records are indicated by 'Q'.

Authorities and nearest living equivalent(s) (analogues) for these fossil taxa are listed in
Appendix 1. Correlations with the international time scale follow those proposed by A.D.

Partridge for the Gippsland Basin (Fig. 6).
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The following vertical succession of palynostratigraphic zones is recognised in the late
Paleogene to Neogene sections of the Murray Basin. The name of the Triporopollenites
bellus Zone is formally changed to the Canthiumidites bellus Zone in accordance with the
current accommodation of the nominate species. A new zone is proposed for sequences in
the Murray Basin that overlie the Late Miocene-Early Pliocene Monotocidites galeatus
Zone succession of MacpHAIL & TrusweLL (1993) - the Late Pliocene to Pleistocene

Tubulifloridites pleistocenicus Zone.

Malvacipollis diversus Zone Equivalent Early Eocene

None of the samples analysed in this study yielded a palynoflora that can be unequivocally
dated as Paleocene or Early Eocene although several assemblages included taxa that do
not range as high as the Lower N. asperus Zone in the Gippsland Basin, e.g. Myrtaceidites

tenuis and Proteacidites tuberculiformis.

Lower Nothofagidites asperus Zone Equivalent Middie Eocene

To date, relatively few Lower Nothofagidites asperus Zone Equivalent palynofloras have
been identified in the Murray Basin, leading to a situation where many long-ranging
species which first appear in the Gippsland Basin in the Paleocene or Early Eocene have
not been recorded earlier than the Late Eocene, Middle N. asperus Zone Equivalent in the

Murray Basin (indicated by downward arrows in Fig. 5).

Accordingly the zone is provisionally defined on the occurrence of Nothofagidites
falcatus, a widely distributed species which first appears in the Middle Eocene in
Gippsland Basin, in assemblages lacking index or accessory species of the Late Eocene,

Middle Nothofagidites asperus Zone Equivalent (see below). The top of the zone is

11



defined by the highest occurrence of (in situ) Proteacidites asperopolus. These
assemblages may or may not include accessory species of the Lower N. asperus Zone in
the Gippsland Basin , e.g. Anacolosidites luteoides, Gothanipollis bassensis, Tricolpites

simatus and Tricolporites leuros..

The palynofloras are dominated by Nothofagus (Brassospora) spp., chiefly Nothofagidites
emarcidus-heterus. Some species have not been recorded to date in the Gippsland Basin,
e.g. Nothofagidites longispinosa: others, e.g. rare specimens of Aglaoreidia qualumis
and Proteacidites reticulatus, are considered to be caved from the overlying Middle N.

asperus Zone Equivalent.

Middle Nothofagidites asperus Zone Equivalent Late Eocene

The base of the zone is defined by the first appearances of Triorites magnificus,
Anacolosidites sectus, Tricolpites thomasii, Verrucatosproites sp. A and/or the marine
dinoflagellates Alisocysta ornata Deflandrea leptodermata or Gippslandica extensa in
palynfloras dominated by Nothofagus (Brassospora) spp. Nothofagidites flemingii is
usually frequent and the diversity of Proteacidites spp. is higher than in the Lower N.

asperus Zone.

The index species are rare, in particular Triorites magnificus, and a number of age
determinations have had to be made using accessory species which to date have not been
recorded in the Lower N. asperus Zone palynofloras in the Gippsland Basins, e.g.
Proteacidites confragosus, P. rectomarginis, P. stipplatus and P. tuberculatus. Pan-
tropical taxa recorded in the Murray Basin but not so far in correleative palynofloras in the

Gippsland Basin include Dicolpopoliis sp. cf D. metroxylonoides, Margocolporites

12



vanwijhei, Perfotricolpites sp. cf P. digitatus, Perisyncolporites pokornyi, Psilodiporites

(Alyxia) sp. and Rubipollis oblatus.

Otherwise the zone is characterised by the consistent presence of Santalumidites
cainozoicus, and the highest appearance of Malvacipollis diversus and a number of
Proteacidites species (which terminate in the Middle N. asperus Zone in the Gippsland
Basin), e.g. P. leightonii, P. nasus, P. ornatus and P. rugulatus. It is unknown whether
rare specimens of Anacolosidites acutullus, A. luteoides, Proteacidites beddoesii, P.

tuberculiformis and Tricolpites incisus have been reworked from underlying zones.

The top of the zone is defined by the highest occurrence of Triorites magnificus. The

associated dinocyst flora includes Corrudinium incompositum and Gippslandica extensa.

Upper Nothofagidites asperus Zone Equivalent earliest Oligocene

The lower boundary of the zone is defined by the first appearance of Polyadopollenites sp.
cf P. granulosus, Acaciapollenites miocenicus and/or Corsinipollenites sp. cf C.
epilobioides. Accessory species include Diporites aspis, Foveotriletes crater,
Granodiporites nebulosus, Malvacearumpollis sp. cf M. mannanensis and Proteacidites
isopogiformis. Limited data (see MacpHAIL & TrusweLL 1989) indicate that pollen
dominance is shared between Nothofagus emarcidus-heterus and Casuarinaceae
(Haloragacidites harrisii). Nothofagidites brachyspinulosus, N. flemingii and/or
Phyllocladidites mawsonii may be frequent. The diversity of Proteacidites spp. is usually

lower than in the Middle N. asperus Zone Equivalent.

Species which to date have not been recorded below this zone in the Murray Basin include

Crotonipollis (Croton) sp., Nuxpollenites sp. (Dodonaea triguetra-type),

13



Stephanocolpites oblatus and Tetrapollis campbellbrownii. Others in the same category
however include species with well-authenticated first appearances in the Middle N.
asperus or earlier zones in the Gippsland Basin and elsewhere, e.g. Dryadopollenites
retequetrus, Proteacidites kopiensis and P. sinulatus. Species last recorded in the Upper
N. asperus Zone Equivalent include: Cyathidites splendens, Periporopollenites
polyoratus, P. crassus, P. recavus, P. rynthius and Tricolpites thomasii, and, less certain

Beaupreaidites verrucosus, Proteacidites adenanthoides and Santalumidites cainozoicus.

The top of the zone is defined by the last appearance of Anacolosidites sectus, Tricolpites

thomasii and the marine dinoflagellates Corrudinium corrugatum and C. incompositum.

Proteacidites tuberculatus Zone Equivalent Early Oligocene to late Early Miocene

The lower boundary of the zone is defined by the first appearance of Cyatheacidites
annulatus and/or Cyathidites subtilis. Granodiporites nebulosus becomes extinct within,

and Bluffopollis scabratus is distinctly rare above, this zone.

Other species to date not convincingly recorded below this zone in the Murray Basin
include Acaciapollenites myriosporites, Camarozonosporites sp. B, Chenopodipollis
chenopodiaceoides, Foveosporites lacunosus, Hakeidites (Hakea?) sp.,
Palaeocoprosmadites zelandiae, Proteacidites ivanhoensis, P. symphyonemoides,
Rugulatisporites trophus, Striasyncolpites laxus, Tricolpites pelargonioides, T.

stylidioides and Tubulifloridites simplis.

Pollen dominance is shared between Nothofagus (Brassospora) spp. and Casuarinaceae,
with Araucariaceae increasing in relative abundance up section. Myrtaceae are

sporadically common in some facies. Proteacidites rectomarginis is often common

14



relative to other Proteacidites spp. near the base of the zone. The top of the zone is

defined by the highest consistent records of Bluffopollis scabratus.

The overwhelming majority of species found in P. tuberculatus Zone Equivalnet
palynofloras are equally typical of the Canthiumidites bellus Zone Equivalent palynofloras
in the Murray Basin. Nevertheless, specimens of some species are so rare in the latter
zone that occurrences of three or more in the one assemblage become a moderately
reliable indication of an Early Oligocene to late Early Miocene age: Examples are
Bysmapollis emaciatus, Bluffopollis scabratus, Concolpites leptos, Ephedra notensis,
Foveotriletes palaequetrus, Liliacidites bainii, Liliacidites lanceolatus, Microcachrydites
antarcticus, Periporopollenites demarcatus, Podosporites erugatus, Tricolporites leuros

and Triporopollenites ambiguus.

Canthiumidites bellus Zone Equivalent late Early to Middle Miocene

The lower boundary is defined by the first appearance of Canthiumidites bellus and
Symplocoipollenites austellus in Araucariaceac-dominated palynofloras. These species
are relatively uncommon at the time of first appearance and accessory species that usually
are reliable indicators of this zone include Glencopollis ornatus, Haloragacidites
haloragoides, Polypodiaceoisporites tumulatus, Proteacidites symphyonemoides and
Rugulatisporites cowrensis. Additional rare species whose first appearance may prove to
be useful in defining the base of the zone are Cingulatisporites ornatus, Polypodiisporites
usmensis, Triporotetradites (Gardenia), and, less certain, Proteacidites truncatus and
Tubulifloridites antipodica. The dinoflagellates Lingulodinium machaerophorum and
Operculodinium species are frequent in palynofloras recovered from marginal marine

facies of late Early to Middle Miocene age.

15



A significant number of species last appear in this zone in the Murray Basin, including at
least 12 proteaceous species that are typical of much older (Paleocene-Early Eocene)
successions across southern Australia. Examples are Dilwynites tuberculatus,
Propylipoliis latrobensis, P. reticuloscabratus, Proteacidites biporus, P. differentipolis,
P. pseudomoides, P. rectomarginis, P. stipplatus, P. tuberculatus, Triporopollenites

chnosus and 7. delicatus.

Other taxa which almost certainly had become extinct in the basin by the upper boundary
include: Dilwynites tuberculatus, Herkosporites elliotii, N. goniatus, Parvisaccites
catastus, Peromonolites densus, Psilastephanocolporites micus, Schizocolpus
marlinensis, S. (Alchornea) sp., Tetracolporites palynius, Tetrapollis campbellbrownii,
Tricolpites reticulatus, T. simatus, T. stylidioides, Tricolporites scabratus and
Verrucosisporites kopukuensis. Records of Microcachrydites antarcticus, and

Rugulatisporites trophus in the zone are considered to be reworked.
The top of the zone is defined by the highest consistent occurrence of lexpollenites
anguloclavatus, Nothofagidites flemingii and Perisyncolporites pokornyi. Dinoflagellates

last recorded in the zone include Apteodinium australiense and Pentadinium laticinctum.

Monotocidites galeatus Zone Late Miocene to Early Pliocene

The base of the zone is defined by the first appearances of Monotocidites galeatus,

Mpyrtaceidites lipsis, Proteacidites punctiporus, Rhoipites ampereaformis and/or

Densoisporites implexus and D. simplis. With few exceptions, pollen dominance is shared

between Araucariaceae, Casuarinaceae and Myrtaceae (Myrtaceidites spp.). The relative

abundance of Nothofagus (Brassospora) species declines to low to trace levels within the

zone.
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As noted by MacpHAIL & TrusweLL 1993), the overwhelming majority of species first
appearing in the M. galeatus Zone are produced by plants that are widespread in the
modern Australian sclerophyll vegetation, including semi-arid plant communities which are
widely distributed within the Murray-Darling Basin. Species include (modern analogue in
parentheses): Amylotheca pliocenica (Loranthaceae), Cingulatisporites bifurcatus
(Hepaticae: Phaeoceros-type), Fenestrites sp. (Asteraceae: Liguliflorae), Gothanipollis
perplexus (Loranthaceae: Lysiana-type), Hakeidites sp.(Proteaceae: Grevillea),
Haloragacidites myriophylloides (Haloragaceae: Myriophyllum), Hypolepis spinysporis
(Dennstaedtiaceae: Hypolepis australis-type), Malvacipollis regattaensis (Malvaceae),
Myrtaceidites (Myrtaceae: Leptospermum), sp., Myrtaceidites lipsis (Myrtaceae:
Eucalyptus spathulata-type), Poluspissusites ramus (Goodeniaceae), Polyporina sp.
(Chenopodiaceae: Hemichroa-type), P. granulata (Caryophyllaceae: Stellaria), P.
reticulata (Caryophyllaceae: Silene-type), and Rhoipites sp. cf R isoreticulatus
(Verbenaceae: Avicennia). It is uncertain whether Thymelaepollis (Thymeleaceae:

Pimelea) sp. appears within this or the overlying zone.

Conversely the zone includes the youngest reliable records of at least 50 spore and pollen
types. Some of these had been part of the palaeoflora in southern Australia since Late
Cretaceous-Paleocene time, e.g. Lygistepollenites florinii (Podocarpaceae: Dacrydium),
Banksieaeidites arcuatus (Proteaceae: Musgraveinae), Nothofagidites brachyspinulosus
(Nothofagus subgenus Fuscospora) and N. flemingii (Nothofagus subgenus Nothofagus).
Others had appeared as recently as the Oligocene to late Early Miocene, e.g.
Acaciapollenites miocenicus (Mimosaceae: Archidendron-type) and Canthiumidites
bellus. Because the bulk of the data come from the Bookpurnong beds and other marginal
marine correlatives, it is possible some records are due to reworking from the underlying

Oligo-Middle Miocene marine succession. The majority have clear affinities with modern
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taxa that are restricted to mesotherm rainforest and other, wet, vegetation types now

restricted to warm temperate to tropical environments.

To date it is not possible to define the top of the zone in terms of extinctions and this
boundary is placed below the first occurrence of Tubulifloridites pleistocenicus.
Dinoflagellates found in marginal marine assemblages include Labyrinthodinium
truncatum, Melitasphaeridium aequabile, M. choanophorum, Selenopemphix spp. and
Tuberculodinium vancampoae. Evidence is mounting that least one species
(Systematophora placacantha) which became extinct in the Middle Miocene in open
marine situations (WiLLiams & Buiak 1985) survived into Late Miocene-Pliocene time in

the restricted marine Murray Basin.

Tubulifloridites pleistocenicus Zone (new zone) - Late Pliocene to Pleistocene

The lower boundary is defined by the first appearance of Tubulifloridites pleistocenicus,
Acaciapollenites octosporites and/or a Crotonipollis sp. that closely resembles pollen of
the living Euphorbiaceae Beyeria. Asteraceae (Tubulifloridites spp) and Poaceae

(Graminidites spp.) are usually common to abundant. The ‘index’ species - and the

majority of taxa which first appear in the M. galeatus Zone - are rare to common elements

of Late Pleistocene and Holocene palynofloras across southeastern Australia. The top of

the zone remains undefined.
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Discussion

Major spore and pollen sequences correspond with the three major periods of marine
transgression-regression in the Murray Basin, in the Middle Eocene to Early Oligocene,
Early Oligocene to Middle Miocene and Late Miocene to Pliocene. This is not
unexpected given theoretical and observational evidence for clustering of first and last
occurrences at major lithostratigraphic boundaries in basins where deposition is strongly

influenced by changes in relative sea level (see Grecory & Hart 1992, HoLranp 1995).

Presence/absence data allow the the Middle Eocene to Early Oligocene and Early
Oligocene to Middle Miocene sequences to be subdivided into palynological zones that
can be confidently correlated with zones established for the Gippsland Basin, viz. Lower
to Upper Nothofagidites asperus Zones, and the Proteacidites tuberculatus to
Canthiumidites bellus Zones respectively. Late Miocene-Early Pliocene and Late
Pliocene-Pleistocene intervals are assigned to the Monotocidites galeatus Zone and
Tubulifloridites pleistocenicus Zone respectively. Whether the zone boundaries in
marine-influenced successions represent major flooding surfaces (HoLLaND ibid) remains

untested.

Because of the potentially very large size of the pollen source area, it is difficult to
distinguish between in sifu and caved/reworked specimens of species at the ends of their
ranges. Bioturbation almost certainly has led to blurring of zone boundaries in marine
units such as the Bookpurnong beds (MacpHaLL & KeLLeTT 1993). Accordingly the
zonation proposed here should be considered as a 'working' hypothesis only until such

time as information on the geographic distribution and stratigraphic occurrences of the
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species improves. 'Anomalous' occurrences of species are to be expected for several

reasons:

(a) Unlike eastern Bass Strait, the Murray Basin is located within a region
characterised by the development of strong east to west and south to north (decreasing)
gradients in precipitation during the Cenozoic (MacpHAIL ETAL 1994) and its sheer size
makes it unlikely that first appearances or extinctions or changes in relative abundance will

have been synchronous on a basin wide basis.

(b) The zonation is limited by low sample densities for most boreholes, by possible
imprecision in the identification of formation boundaries, and by the location of many
samples close to presumed formation boundaries. An example is the occurrence of two
lithologically similar facies, the Bookpurnong beds and Geera Clay, in disconformable
contact over large areas in the southwest of the basin. To date no basin-wide lithological
or geophysical event has been found which provides an independent datum for correlating
the usually widely spaced, individual biostratigraphies (see MacpralL & TrusweLL 1989 p
305). Accordingly the primary control on the reliability of the zonation proposed in this
paper depends on its internal consistency (Fig. 3) with the lithostratigraphic framework
developed by Brown (1989), Evans & KeLLeTT (1989), KeLLETT (1989) and BrowN &

StePHENSON (1991)

It is uncertain whether more detailed palynological subdivisions are possible for the
individual aquifer provinces or even smaller areas within the basin. On present indications,
the method formulated by MarTin (1984) for the Lachlan and Murrumbidgee Valleys
would seem to be inapplicable since (a) the ratios to reflect shifts in plant communities
growing on the lower (and upper?) slopes of the Southeastern Highlands, and (b) forcing

factors may include some that are unique to the eastern margins of the basins, e.g. a
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effectively higher precipitation/cooler temperatures due to orographic clouding on the
western slopes of the Southeastern Highlands. That conditions were effectively cooler
and wetter is provided by the increased relative abundance of the tropical microterm
treefern Lophosoria (Cyatheacidites annulatus) in Oligo-Miocene palynofloras from
boreholes in this region (MacpHAIL unpubl. data). Otherwise the lack of systematic trends
in e.g. the relative abundance of rainforest trees such as Araucariaceae (MacpHALL &
TrusweLL 1989) implies environmental controls in the central and western sectors of the

basin were neither simple nor unidirectional.

In spite of these limitations, a number of firm general conclusions can be made regarding
the sedimentary and vegetational history of the Murray Basin, which in turn will assist the

development of a more comprehensive palynostratigraphic framework for the basin:

A, Lithostratigraphy

1. Fluvio-lacustrine formations. - The Upper Renmark Group appears to have
accumulated wholly during Canthiumidites bellus Zone Equivalent time. There is no
compelling evidence for the presence of facies of this age in northern areas of the Scotia

Aquifer province (Blantyre Trough) or in the north of the Riverine Aquifer Provinces.

The Middle Renmark Group was deposited predominantly during Proteacidites
tuberculatus Zone Equivalent time and facies of this age appear to be present in all
provinces of the basin. The Lower Renmark Group accumulated predominantly during

Lower to Upper Nothofagidites asperus Zone Equivalent time.

2. Marginal to restricted marine formations - The basal Loxton-Parilla Sands and

Bookpurnong beds were deposited during Monotocidites galeatus Zone time. The Geera
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Clay, Winnambool Formation and Murray Group Limestones accumulated during both the
Canthiumidites bellus Zone Equivalent and Proteacidites tuberculatus Zone Equivalent
time whilst the Ettrick Formation appears to have been depésifed wholly during the latter
zone only. The Buccleuch beds accumulated during Middle and Upper Nothofagidites

asperus Zone Equivalent time.

3. The geographic limits of marine transgression are difficult to establish with
precision. However there can be little doubt that a weak marine influence extended up
paleodrainage lines well beyond the limits of marine formations such as the Buccleuch
beds and Geera Clay. On present indications, such units within the Upper and Middle
Renmark Group or directly overlying Geera Clay (Geera Clay equivalent) were deposited
during Canthiumidites bellus Zone Equivalent time, except in the Scotia Aquifer Province
where correlative sediments are Proteacidites tuberculatus Zone Equivalent in age. Units
within the Lower Renmark Group (Buccleuch beds equivalent) accumulated during

Middle and Upper Nothofagidites asperus Zone Equivalent time.

Vegetation history

All fossil pollen and spore-based reconstructions of Tertiary vegetation assume that
modern plant community/pollen deposition relationships are applicable. In the case of the
Murray Basin, this is complicated not only by the usual problems of scale and
representivity arising from differences in pollen production and transport but also by biases
associated with deposition in a highly diverse range of depositional environments (see Fig.

7, 8).

A major difference between the Cenozoic floras of Australia and temperate regions of the

Northern Hemisphere are that pollen transport is relatively reduced due to the prevalence
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of insect and bird pollination. By analogy with the modern Australian, New Guinea, New
Zealand and Indo-Malaysian floras, the overwhelming majority of Tertiary plants will be
severely under-represented by pollen unless the source plants grew at, or upstream, of the
site (see MacpuaiL z7aL 1994, 19962). Not surprisingly, macrofossils often are the only
evidence for many important angiosperm families in the Tertiary vegetation, e.g.
Ebenaceae, Eucryphiaceae, Lauraceae and Monimiaceae (CristopHeL 1994, HiL 1994). In
other cases, more than one species, if not genera, are concealed by broad fossil pollen
species definitions and a significant number of these species now are wholly extinct or
survive only outside of Australia, chiefly in Malesia, New Zealand or South America.
Since many of the modern equivalents also include a range of life forms with overall wide
ecological tolerances, equating pollen dominance with physical or numerical prominence
of the source plant(s) in the paleovegetation remains as questionable an assumption for the

Murray as for other Australian Tertiary basins.

For these reasons, reconstructions of community composition and structure of past
vegetation in the Murray Basin are based primarily on the relatively few taxa that do
produce distinctive pollen and which now are diagnostic of particular vegetation types or
environments in the Australian region (see Nix 1991). Of particular importance are (a)
Nothofagus (Fagaceae), the canopy dominant in cool temperate evergreen rainforest;
Araucariaceae, the canopy dominant in ‘dry’ rainforest; Podocarpaceae such as
Dacrycarpus, Dacrydium, Lagarostrobos and Podocarpus, present in a range of rainforest
and semi-swamp forest types; and (b) Acacia (Mimosaceae), Casuarinaceae, and
FEucalyptus species of the ‘bloodwood’ group (Myrtaceae), all of which are prominent in

drier sclerophyll forest and coastal communities.

Macrofossil data, chiefly from Tasmania (see HiLL 1994), confirm that at least some of the

pollen types represent tall, as well as understorey rainforest trees and shrubs. Examples
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are Nothofagidites emarcidus-heterus (Fagaceae: Nothofagus subgenus Brassospora), N.
asperus (subgenus Lophozonia), N. brachyspinulosus (subgenus Fuscospora), N flemingii
(subgenus Nothofagus), Araucariacites australis (Araucariaceae) and podocarps including
Lygistepollenites florinii (Dacrydium), Podocarpidites species (Podocarpus), and
Phyllocladidites mawsonii (Lagarostrobos franklinii-type). Casuarinaceae
(Casuarinidites cainozoicus, Haloragacidites harrisii) and non-eucalypt Myrtaceae such
as Myrtaceidites parvus-mesonesus represent shrub-tall tree species with both modern

rainforest and xerophytic affinities.

Pollen diagrams illustrating changes in the relative abundance of commonly occurring taxa
during the Late Eocene to Middle Miocene have been published for western (TRUSWELL ET
AL. 1985), central (MacpHAIL & TrusweLL 1989) and eastern (MarTIN 1987) sectors of the
Murray Basin. MArTIN (1993b) has summarised changes in the relative proportions of
these taxa within five sectors across of the basin via pollen groups averaged for each

palynological zone

These verify that the replacement of Nothofagus evergreen rainforest by drier and more
open types in which Araucariaceae, Myrtaceae and/or Casuarinaceae were prominent ,
was a basin-wide phenomenon, although the trend is diachronous and exhibits
considerable local variation at both the regional and local geographic level (cf. MacpuaL &
TrusweLL 1989). Martin (1993) argues that at any point in time, community dominance
and distributions reflect edaphic gradients within the basin. For example Nothofagus
(Brassospora) species and podocarps occupied low-lying, swampier areas of the basin
whilst Nothofagus (Fuscospora) species flourished on well-drained sites, particularly in
the north-east of the basin. Araucariaceae and Casuarinaceae occupied the coastal zone at

the edges of the marine-transgressed sector (Fig. 7, 8).
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The increased representation of Araucariaceae during the Late Oligocene to Middle
Miocene and Nothofagus (Lophozonia) during the Middle Miocene is linked with the
onset of increasingly dry/seasonal climates during the Neogene. The distribution of
Lagarostrobos, a conifer now confined to riparian habitats in superhumid south-west
Tasmania, shows a marked contraction towards the extreme southeast of the basin, and
Myrtaceae (including Eucalyptus at some sites) show a marked increase in relative

abundance in the east and northeast of the basin, over the same period.

Quantitative data for the late Neogene are available only for the central (marginal marine)
sector of the basin (MacpHAIL & TrusweLL 1993) and the Lachlan Valley (MarTIN 1987).
Again the impression given is of marked heterogeneity in the vegetation at both the local
and regional scale. For example, palynosequences from boreholes closest to the Late
Miocene-Pliocene shoreline show a collapse of Nothofagus (Brassospora) populations,
and an overall increase in herbaceous/swamp taxa such as Cyperaceae and Restionaceae,
within the Monotocidites galeatus Zone. Araucariaceae, Casuarinaceae and Myrtaceae
are frequent to abundant but show no consistent trends. At sites where the marine
influence is less marked, Nothofagus (Brassospora) species remained relatively common.
Correlative sequences from the Lachlan Valley are dominated by Myrtaceae and
Casuarinaceae, except for a transient phase (Early-Mid Pliocene?) in which Nothofagus
(Fuscospora, Lophozonia) species, Podocarpaceae and/or Cupressaceae are prominent.

Nothofagus (Brassospora) species are rare or absent.
Such reconstructions ignore one of the more distinctive features of the Murray Basin

palynofloras, notably the very high diversity of described and undescribed fossil pollen and

spores relative to correlative assemblages in the Bass Strait basins and Tasmania.

25



Many of these taxa represent (rare?) subcanopy/riparian taxa and some are of considerable
palaecoecological or phytogeographical significance. For example, Reevesiapollis
reticulatus is identical to pollen of Ungeria floribunda (Sterculiaceae), now endemic to
Lord Howe Island in the western Pacific. The nearest modern equivalent of Bluffopollis
scabratus is Strasburgeria (Strasburgeriaceae: see Jarzen & Pocknall 1993), a genus
which like Beaupreaidites spp. (Beauprea: Proteaceace) is now endemic to New
Caledonia. An undescribed Clavastephanocolporites sp. closely resembles pollen of the
African Alangium chinense. (A. chinense Type C of Reitsma.1970); Granodiporites
nebulosus, pollen of the endemic South American Proteaceae Embothrium (Weston &
Crisp 1994) and Diporites aspis, pollen of Fuchsia (Onagraceae), now confined to
montane regions of South and Central America, and in New Zealand and Tahiti (BErrY Er

aL 1990).

Many of rare angiosperm trees and shrubs which first appear in the late Eocene have
strong megatherm-mesotherm (Nix 1982) affinities e.g. Margocolporites vanwijhei
(Caesalpinaceae) Perisyncolporites pokornyi (Malpighiaceae), Rubipoliis oblatus
(Rubiaceae: Canthium) and Asseretospora and Polypodiaceoisporites retirugatus
(Adiantiaceae: Preris). It is tempting to associate the extinction of other probable
megatherm-mesotherm species such as Anacolosidites sectus (Olacaceae: Anacolosa) and
many of Proteacidites (Proteaceae) with isotopic and glaciological evidence for marked
cooling of surface waters along the southern margin during the terminal Eocene-earliest

Oligocene (see Kamp erac. 1990; MaceHALL £r4AL 1993b.

The same cooling event(s) may explain both the re-appearance of the Lophosoria (see
MacrHaL £74L 1994) and the increased relative abundance of Nothofagus (Brassospora)
species during the Early Oligocene. Whether the latter represents an actual expansion of

Nothofagus-dominated rainforest within the basin, or is an artefact resulting from the
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extinction of other palynologically less well represented species, is unknown.
Nevertheless, the data suggest a trend from floristically complex (mixed) to floristically

more simple rainforest communities at this time.

Temperatures show a rapid recovery during the Early Oligocene, consistent with the
appearance (migration into the basin?) of other species with mesotherm affinities, e.g.
Polyadopollenites sp. cf P. granulosus, Acaciapollenites miocenicus (Mimosaceae:cf.
Adenanthera and Archidendron), Canthiumidites bellus (Rubiaceae: Randia) and

Symplocoipollenites austellus (Symplocaceae: Symplocos).

Most of these survived into Middle Miocene time. Nonetheless, forest communities
appear to have become more open, allowing low shrubs and herbs such Corsinipollenites
(Onagraceae: Epilobium-type), Chenopodipollis chenopodiaceoides (Chenopodiaceae-
Amaranthaceae) and Tubulifloridites species (Asteraceae: Tubuliflorae) to become
prominent for the first time in the flora. There can be little doubt that this phenomenon,
associated with the extinction of rainforest taxa and appearance/expansion of taxa with
sclerophyll affinities, reflect increasingly seasonal and overall drier climates resulting from

global cooling and the northward drift of the Australian continent (see Bowler 1982).

The Murray Basin will continue to yield valuable evidence for past Tertiary floras,
vegetation and palacoenvironments in Southern Australia. On the broader stage, the
association of diverse fossil palynofloras and its strategic location make the basin an ideal
place to link the Gippsland zonation to other regional palynostratigraphies being
developed for the hydrocarbon-prospective Otway and Eucla Basins on the southwestern

margin and Cenozoic groundwater basins in the arid interior of the continent (see SLuITER

1991, Senior ETAL. 1994; Macphail, 1995, 1996b).

27



Acknowledgments

This report is the culmination of nearly a decade of effort centred around the work of
many research scientists at the Australian Geological Survey Organisation. In particular I
wish to thank Liz’ Truswell who may be rightly said to have begun, as well as being
continually involved in, the systematic study of palynosequences preserved in the central
west of the Murray Basin, and Jim Kellett, Campbell Brown, Ray Evans, Jim Fergusson
and Gerry Jacobson who have provided the geological framework without which the
palynostratigraphic sequences could not be related. The Murray-Darling Basin extends
into three States and assistance from Neville Alley (Dept. of Mines and Energy, South
Australia), Alan Partridge (Dept. of Geology, Latrobe University) and Dave Stanley
(Rural Water Commission) in Victoria, and Helene Martin (School of Biological Sciences,
University of New South Wales) is gratefully acknowledged. The report is dedicated to
the memory of Campbell Brown, tragically killed whilst on fieldwork in the Murray-

Darling Basin.

28



References

Alley, N.F. & Clarke J.D.A. 1992. Stratigraphy and palynology of Mesozoic sediments
from the Great Australian Bight area, southern Australia. BMR Journal of

Australian Geology & Geophysics, 13: 113-129.

Alley, N.F. & Broadbridge, L.M. 1992. Middle Eocene palynofloras from the One Tree
Hill area, St. Vincent Basin, South Australia. Alcheringa, 16: 241-267.

Alley, N.F. & Beecroft, A. 1993. Foraminiferal and palynological evidence from the
Pidinga Formation and its bearing on Eocene sea level events and palacochannel
activity, eastern Eucla Basin, South Australia. Association of Australasian

Palaeontologists Memoir, 15: 375-393.

Berry, P.E., Skvarla, J.J., Partridge, A.D. & Macphail, M.K. 1990. Fuchsia pollen from

the Tertiary of Australia. Australian Systematic Botany, 3: 739-744.

Bowler, J.M. 1982. Aridity in the late Tertiary and Quaternary of Australia. In Barker,
W.R. & Greenslade, P.J.M. (Eds.) Evolution of the Flora and Fauna of Arid
Australia, 35-45, Peacock Publications/Australian Systematic Botany Society,

Adelaide.

Brown, C.M. 1989. Structural and stratigraphic framework of groundwater occurrence

and surface discharge in the Murray Basin, southeastern Australia. BMR Journal

of Australian Geology & Geophysics, 11:127-146.

29



Brown, C.M. & Radke, B. M. 1989. Stratigraphy and sedimentology of mid-Tertiary
permeability barriers in the subsurface of the Murray Basin, southeastern

Australia. BMR Journal of Australian Geology & Geophysics, 11: 367-385.

Brown, C.M. & Stephenson, A.E. 1991. Geology of the Murray Basin, Southeastern
Australia. BMR Bulletin, 235:1-430.

Bishop, P. & Brown, R. 1992. Denudational isostatic rebound of intraplate highlands: the
Lachlan River Valley, Australia. Earth Surface Processes and Landforms, 17:
345-360.

Cook, P. (1989) Foreword. BMR Journal of Australian Geology & Geophysics, 11:125.

Cristophel, D.C. 1994. The early Tertiary macrofloras of continental Australia. /n Hill,
R.S. (Ed.), History of the Australian Vegetation: Cretaceous to Recent, 262-275,

Cambridge University Press, Cambridge.

Dettmann, M.E. 1994. Cretaceous vegetation: the microfossil record. In Hill, R.S. (Ed.),
History of the Australian Vegetation: Cretaceous to Recent, 143-170, Cambridge

University Press, Cambridge.

Evans, W.R. & Kellett, J.R. 1989. The hydrogeology of the Murray Basin, southeastern
Australia. BMR Journal of Australian Geology & Geophysics, 11: 147-166.

Glenie R.C. (Ed.) 1986. Second South-eastern Australia oil exploration ~ symposium

Petroleum Exploration Society of Australia Symposium, Melbourne 1985.

30



Gregory, W.A. & Hart, G.F. 1992. Towards a predictive model for the palynologic

response to sea-level changes. Palaios 7: 3-33.

Harris, W.F. 1985. Middle to Late Eocene depositional cycles and dinoflagellate zones in
southern Australia. Special Publication of the South Australian Department of

Mines and Energy, 5: 133-144,

Helby, R., Morgan, R. and Partridge, A.D. 1987. A palynological zonation of the
Australian Mesozoic. Association of Australasian Palaeontologists Memoir, 4: 1-

94.

Hill, R.S., 1994. The history of selected Australian taxa. In Hill, R.S. (Ed.), History of the
Australian Vegetation: Cretaceous to Recent, 390-419, Cambridge University

Press, Cambridge.

Hill, R.S. & Read, J. 1991. A revised infrageneric classification of Nothofagus
(Fagaceae). Botanical Journal of the Linnean Society, 105: 37-72.

Holland, S.M. 1995. The stratigraphic distribution of fossils. Palaeobiology, 21: 92-109.
Jarzen, D.M. & Pocknall, D.T. 1993. Tertiary Bluffopollis scabratus (Couper) Pocknall
& Mildenhall, 1984 and modern Strasburgeria pollen: a comparison. New

Zealand Journal of Botany, 31: 185-192.

Jones, J.G. & Veevers, J.J. 1982. A Cainozoic history of Australia's Southeast Highlands.
Journal of the Geological Society of Australia, 29: 1-12.

31



Kamp, P.J.J., Waghorn, D.B. & Nelson, C.S. 1990. Late Eocene-Early Oligocene
integrated isotope stratigraphy and biostratigraphy for paleoshelf sequences in
southern Australia: paleoceanographic implications. Palaeogeography,

Palaeoclimatology, Palaeoecology, 80: 311-323,

Kellett, J.R. 1989 The Ivanhoe Block - its structure, hydrogeology and effect on
groundwaters of the Riverine Plain of New South Wales. BMR Journal of

Australian Geology & Geophysics, 11: 333-353.

Macphail, M.K. 1993. Palynostratigraphy of the Murray-Darling Basin: interim report.
Australian Geological Survey Organisation Palaeontological Report 8 August.

(unpublished).

Macphail, M.K. 1995. AGSO Wiluraratja Kapi [“Western Waters] Project Palynological
Completion Report 1: a provisional palynostratigraphic framework for Tertiary
organic facies in the Burt Plain, Hale, Ngalia, Santa Teresa, Ti-tree and Waite
Basins. Australian Geological Survey Organisation Palaeontological Report

29 October (unpublished).

Macphail, M.K. 1996a. Neogene environments in Australia 1: re-evaluation of
microfloras associated with important Early Pliocene marsupial remains at Grange

Burn, South-east Victoria. Review of Palaeobotany and Palynology 92: 307-328.

Macphail, M.K. 1996b. AGSO Wiluraratja Kapi [“Western Waters] Project
Palynological Completion Report 2: A provisional palynostratigraphy fro Late
Cretaceous-Tertiary basins in the Alcie Springs District. Australian Geological

Survey Organisation Palaeontological Report 29 October (unpublished).

32



Macphail M.X., Alley, N.F., Truswell, EM. & Sluiter, LR K. 1994. Early Tertiary
vegetation: evidence from spores and pollen. In Hill, R.S. (Ed.), History of the
Australian Vegetation: Cretaceous to Recent, 189-261, Cambridge University

Press, Cambridge.

Macphail, M.K., Colhoun, E.A., Kiernan, K & Hannan, D. 1993b. Glacial climates in the
Antarctic region during the late Paleogene: evidence from northwest Tasmania.

Geology, 21: 145-148.

Macphail M.K., Hill, R.S., Wells, P.M. & Forsyth, S.M. 1991. A Late Oligocene-Early

Miocene cool climate flora in Tasmania. Alcheringa, 15: 87-106.

Macphail, M.K. & Hill, R.S. 1994. K-Ar dated palynofloras in Tasmania 1: Early
Oligocene, Proteacidites tuberculatus Zone sediments, Wilmot Dam,
northwestern Tasmania. Papers and Proceedings of the Royal Society of

Tasmania, 128:1-15.

Macphail, M.K. & Kellett, J.R. 1993. Palynostratigraphy of the Bookpurnong beds and
related Late Miocene-Early Pliocene facies in the central west Murray Basin, part
1: dinoflagellates. AGSO Journal of Australian Geology & Geophysics, 14: 371-
382.

Macphail, M.K. Kellett, J.R, Rexilius, J.P. & O'Rorke, M.E. 1993a. The "Geera Clay
equivalent”: a regressive unit in the Renmark Group that sheds new light on the
age of the Mologa weathering surface in the Murray Basin. AGSO Journal of

Australian Geology & Geophysics, 14: 47-63.

33



Macphail, M.K. & Truswell, E.M. 1989. Palynostratigraphy of the central west Murray
Basin. BMR Journal of Australian Geology & Geophysics, 11: 301-331.

Macphail, M.K. & Truswell, E.M. 1993 Palynostratigraphy of the Bookpurnong beds and
related Late Miocene-Early Pliocene facies in the central west Murray Basin, part
2: spores and pollen. AGSO Journal of Australian Geology & Geophysics, 14:
383-4009.

Martin, H.A. 1973. The palynology of some Tertiary and Pleistocene deposits, Lachlan
Valley, New South Wales. Australian Journal of Botany Supplementary Series,

6: 1-57.

Martin, H.A. 1984. The use of quantitative relationships and palaeoecology in
stratigraphic palynology of the Murray Basin in New South Wales. Alcheringa, 8:
252-272.

Martin, H.A. 1987. Cenozoic history of the vegetation and climate in the Lachlan River
region, New South Wales. Proceedings of the Linnean Society of New South

Wales, 109: 213-257.

Martin, H.A. 1989. Vegetation and climate of the late Cenozoic in the Murray Basin and
their bearing on the salinity problem. BMR Journal of Australian Geology &
Geophysics, 11: 291-299.

Martin, H.A. 1991. Dinoflagellate and spore pollen biostratigraphy of the SADME MC63

bore, western Murray Basin. Alcheringa, 15: 107-144.

34



Martin, H.A. 1993a. Dinoflagellate and spore/pollen biostratigraphy and palacoecology
of the Mallee Cliffs bore, central Murray Basin. Alcheringa, 17:91-124.

Martin, H.A. 1993b. The paleovegetation of the Murray Basin, Late Eocene to mid-

Miocene. Australian Systematic Botany, 6: 491-531.

Martin, H.A., Macphail, M.K. & Partridge, A.D. Tertiary Alangium (Alangiaceae) in

Eastern Australia. Review of Palaeobotany and Palynology (in press).

McMinn, A. 1992. Pliocene through Holocene dinoflagellate cyst biostratigraphy of the
Gippsland Basin, Australia. In Head, M.J. & Wrenn, J.H. (Eds.), Neogene and
Quaternary dinoflagellate Cysts and Acritarchs, 147-161, American Association

of Stratigraphic Palynologists Foundation, Texas.

Nix, H.A. 1982. Environmental determinants of biogeography and evolution in Terra
Australis. In Barker, W.R. & Greenslade, P.J.M. (Eds.) Evolution of the Flora
and Fauna of Arid Australia, 47-66, Peacock Publications/Australian Systematic

Botany Society,Adelaide.
Nix, H.A. 1991. An environmental analysis of Australian rainforests. In Werren, G. &
Kershaw, P. (Eds.) The rainforest Legacy, Australian National Raingorest Study,

2: 21-26, Australian Government Printer, Canberra.

Owen, J.A K. 1988. Miocene palynomorph assemblages from Kiandra, New south Wales.
Alcheringa, 12: 269-297.

35



Partridge, A.D. 1976. The geological expression of eustacy in the early Tertiary of the
Gippsland Basin. APEA Journal (1976): 73-79.

Pickett, J.W., Smith, N., Bishop, P.M., Hill, R.S., Macphail, M.K. & Holmes, W.B.K.
1990. A stratigraphic evaluation of Ettinhausen's New England Tertiary plant

localities. Australian Journal of Earth Sciences, 37: 293-303.

Pole, M.S., Hill, R.S., Green, N. & Macphail, M.K. 1993. The Oligocene Berwick Quarry
flora - rainforest in a drying environment. Australian Systematic Botany, 6: 399-

427.

Reitsma, R.T., 1970. Pollen morphology of the Alangiaceae. Review of Palaeobotany
and Palynology, 10: 249-332.

Senior, B., Truswell, E.M., Idnurm, M. Shaw, R.D. & Warren, R.G. 1994. Cainozoic
sedimentary basins in the eastern Arunta block, Alice Springs region, central

Australia. AGSO Journal of Australian Geology & Geophysics, 15: 421-444.

Sluiter, LR.K. 1991. Early Tertiary vegetation and climates, Lake Eyre region,
northeastern South Australia. Geological Society of Australia, Special

Publication, 18: 99-118.
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, 85: 237-286.

36



Stover, L.E. & Partridge, A.D. 1982. Eocene spore-pollen from the Werillup Formation,

Western Australia. Palynology, 6: 69-95.

Taylor, D. 1971. Foraminifera and the Cretaceous and Tertiary depositional history in the
Otway Basin in Victoria. Special Bulletin of the Geological Surveys of South

Australia and Victoria, pp. 217-233.

Taylor, G., Truswell, E]M., McQueen, K.G. & Brown, M.C. 1990. Early Tertiary
palaecogeography, landform evolution and palaeoclimates of the Southern

Monaro, NSW, Australia. Palaeogeography, Palaeoclimatology, Palaeoecology,

78: 109-134.

Truswell, EM. & Marchant, N.G., 1986. Early tertiary pollen of probable Droseracean
affinity from Central Australia. Special Papers in Palaeontology, 35: 163-178.

Truswell, E.M., Sluiter, LR.K. & Harris, W.K. 1985. Palynology of the Oligocene-
Miocene sequence in the Oakvale-1 corehole, western Murray Basin. BMR

Journal of Australian Geology & Geophysics, 9: 267-295.

Veevers, J.J., Powell, C. McA. & Roots, S.R. 1991. Review of seafloor spreading around
Australia. 1. Synthesis of the patterns of spreading. Australian Journal of Earth

Sciences, 38: 373-389.
Weston, P.H. & Crisp, M.D. 1994. Cladistic biogeography of Waratahs (Proteaceae:

Embothrieae) and their allies across the Pacific. Australian Systematic Botany,

7: 225-249.

37



Wilson, G.J. 1988. Paleocene and Eocene dinoflagellate cysts from Waipawa, Hawkes
Bay,New Zealand. New Zealand Geological Survey Palaeontological Bulletin 57:
1-96.

38



TABLE 1

Borehole DWR Co-ordinates Depth | Number Aquifer

No. (m) Samples Province

Amphitheatre | 36891 | E667459 N6411230 | 47-191 14 Scotia (NW)
Baden Park 36917 | E236849 N6436735 54-242 5 Riverine (N)
Bambilla 36918 | E233935 N6416380 | 82-167 2 Riverine (N)
Berangerine | 36798 | E890551 N6220828 | 116-219 4 Riverine
Bonton 36915 | E778656 N6390774 | 77- 78 1 Scotia (NW)
Burtundy 36914 | E749684 N6394300 | 58- 75 2 Scotia (NW)
Cal Lal 36783 | ES512130 N6421450 | 67-112 13 Scotia
Conoble 36952 | E285687 N6349975 | 67-125 5 Riverine
Coombah 36843 E556578 N635646 60-331 3 Scotia
Cowary 36881 | E739165 N6448142 | 82-222 6 Scotia (NW)
(CowraFm.) | 12438 not available 14- 16 1 (Lachlan Fan)
Cumbung 36721 | E772431 N6201694 | 112-421 3 Riverine
(unnamed) 36839 not available 8-127 17 (Darling)
(unnamed) 36841 not available 29-102 6 (Darling)
Euston 36723 | E671028 N6178891 80-370 3 Mallee
Hatfield-1 36675 | E764400 N6244291 | 145-427 35 Riverine
Ivandale 36919 | E245903 N6358323 | 41- 93 3 Riverine
Kajuligah 36920 | E271891 N6378262 | 74- 75 1 Riverine (N)
Kookabong 36953 | E311564 N6365380 | 48- 88 4 Riverine
(Lachlan Fm.) | 14747 not available 67- 88 3 (Lachlan Fan)
Leaghur 36855 | E688683 N6276047 | 66-261 16 Mallee
Manilla-1 36669 | E612020 N6302233 | 90-329 23 Scotia
Magrath Flatl - not available 91- 92 2 Mallee
Marma 36854 | E667873 N6241093 | 63-280 14 Mallee
Menindee-1 36838 | E600289 N6379821 | 111-219 5 Scotia
Menindee-2 36840 | E560842 N6390681 22-160 5 Scotia
Maude 36797 | E802927 N6179531 95-352 11 Riverine
Nelia 36912 | E684821 N3800100 | 37-116 4 Scotia (NW)
Noora-1 - E486250 N6191700 | 33- 66 16 Mallee
Perekerton 36719 | E759625 N6131297 53-356 4 Riverine
Piangil West2 - E701175 N6118200 | 82-383 48 Riverine
Pomona 36784 | E585120 N6234500 | 92-446 3 Scotia
Scotia-1 - E533582 N6334693 5- 60 11 Scotia
Scotia-2 - E534602 N6337399 | 22- 59 3 Scotia
Shl Land - not available 8.3 1 Scotia
Sil-2 - not available 69 1 Scotia
Strathavon 36802 | E815241 N6319768 | 74-198 4 Riverine
Taldra-1 - E485000 N6201800 | 84- 90 7 Mallee
Talgarry 36851 | E537285 N6246536 | 60-495 30 Scotia




Talyawalka 36887 | E720630 N6410476 | 34-216 16 Scotia (NW)
Tandou 36816 | E601500 N6379750 | 21-328 5 Scotia
Tarwong 36803 | E796890 N6243513 | 58-363 10 Riverine
Tchelery 36720 | E796172 N6132800 | 131-405 3 Riverine
Teryawina 36804 | E718507 N6439292 | 75-141 4 Scotia (NW)
Tintinallogy 36836 | E680467 N6442200 | 70- 78 2 Scotia (NW)
Toogimbie 36799 | E800133 N6156875 | 97-310 10 Riverine
Wampo 36790 | E698125 N6235880 | 104-210 2 Maliee
Weimby 36720 | E704798 N6155215 | 70-300 4 (Darling)
Wilcannia 36839 not available 118-121 2 (Darling)
Winbar 36848 not available 25- 59 3 (Darling)
Woodlands-1 - E579040 N6315703 | 105-363 31 Scotia
Yallock 36951 | E291005 N6406763 | 46-138 5 Riverine (N)




TABLE 2
Formation Blantyre | Ivanhoe- Mallee | Riverine Scotia
(Field data) Trough Manara Nth. Sth.
Quaternary Formations +
Shepparton Formation +
Calivil Formation +
Loxton-Parilla Sands + +
Bookpurnong beds + +
Upper Renmark Group + + + + + +
Middle Renmark Group + + + + + +
Geera Clay + + +
Winnambool Formation + +
Murray Group +
Ettrick Formation + +
Lower Renmark Group + + + +
Buccleuch beds +
Warina sands +
pre-Tertiary basement + + + + +




TABLE 3

Formation

M. galeatus
Zone

C. bellus
Zone

P. tubercul.
Zone

N. asperus Zone
Upp. Mid. Low.

Quaternary Fm.

Shepparton Fm.

Calivil Fm.

Lachlan Fm.

Pliocene Sands

Loxton-Parilla
Sands

+ [+ |+ o

Bookpurnong beds

+

Upper Renmark Gp.

Middle Renmark
Gp.

+ [+

Geera Clay Equiv.

Geera Clay

Winnambool Fm.

Murray Group

+ [+ [+ |+

Ettrick Fm.

Lower Renmark

Gp.

Buccleuch Equiv.

Buccleuch beds

Warina Sands

Q = questionable age determination
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1 ANACOLOSIDITES ACUTULLUS
2 ANACOLOSIDITES LUTEOIDES
3 ARAUCARIACITES AUSTRALIS
4 ARECIPITES SPP.
5 BACULATISPORITES DISCONFORMIS
6 BANKSIEAEIDITES ARCUATUS
7 BANKSIEAEIDITES ELONGATUS
8 BEAUPREAIDITES ELEGANSIFORMIS
9 BEAUPREAIDITES VERRUCOSUS
10 CAMAROZONOSPORITES SP. A
11 CASUARINIDITES CAINOZOICUS
12 CUPANIEIDITES ORTHOTEICHUS
13 CYATHIDITES AUSTRALISMINOR
14 CYATHIDITES SPLENDENS
15 CYPERACEAEPOLLIS NEOGENICUS
16 DACRYCARPITES AUSTRALIENSIS
17 DICOTETRADITES MERIDIANUS
18 DICTYOPHYLLIDITES ARCUATUS
19 DILWYNITES GRANULATUS
20 DILWYNITES TUBERCULATUS
21 DRYPTOPOLLENITES SEMILUNATUS
22 ERICIPITES SCABRATUS
23 GLEICHENIIDITES SPP.
24 GOTHANIPOLLIS BASSENSIS
25 HALORAGACIDITES HARRISII
26 HERKOSPORITES ELLIOTI
27 ILEXPOLLENITES ANGULOCLAVATUS
28 ISCHYOSPORITES GREMIUS
29 KLUKISPORITES LACHLANENSIS
30 LAEVIGATOSPORITES SPP.
31 LATROBOSPORITES MARGINIS
32 LILIACIDITES LANCEOLATUS
33 LYGISTEPOLLENITES FLORINII
34 MALVACIPOLLIS DIVERSUS
35 MALVACIPOLLIS SPP.
36 MALVACIPOLLIS SUBTILIS
37 MICROALATIDITES PALEOGENICUS
38 MICROCACHRYDITES ANTARCTICUS
39 MILFORDIA HOMEOPUNCTATUS
40 MILFORDIA HYPOLAENOIDES
41 MYRTACEIDITES PARVUS-MESONESUS
42 MYRTACEIDITES TENUIS
43 NOTHOFAGIDITES ASPERUS
44 NOTHOFAGIDITES BRACHYSPINULOSUS
45 NOTHOFAGIDITES DEMINUTUS-VANSTEENISII
46 NOTHOFAGIDITES EMARCIDUS-HETERUS
47 NOTHOFAGIDITES FALCATUS
48 NOTHOFAGIDITES FLEMINGII
49 NOTHOFAGIDITES GONIATUS
50 NOTHOFAGIDITES LONGISPINOSA
51 PERIPOROPOLLENITES DEMARCATUS
52 PERIPOROPOLLENITES VESICUS
53 PHYLLOCLADIDITES MAWSONII
54 PODOCARPIDITES SPP.
55 PODOSPORITES MICROSACCATUS
56 PODOSPORITES PARVUS
57 POLYCOLPOROPOLLENITES ESOBALTEUS
58 POLYORIFICITES OBLATUS
59 PROPYLIPOLLIS ANNULARIS
60 PROTEACIDITES ADENANTHOIDES
61 PROTEACIDITES ASPEROPOLUS
62 PROTEACIDITES CALLOSUS
63 PROTEACIDITES CRASSUS
64 PROTEACIDITES GRANDIS
65 PROTEACIDITES INCURVATUS
66 PROTEACIDITES OBSCURUS
67 PROTEACIDITES PACHYPOLUS
68 PROTEACIDITES RECAVUS
69 PROTEACIDITES SPP.
70 PSEUDOWINTERAPOLLIS CRANWELLAE
71 SAPOTACEOIDAEPOLLENITES LATIZONATUS
72 SAPOTACEOIDAEPOLLENITES ROTUNDUS
73 SIMPSONIPOLLIS SPP.
74 SPARGANIACEAEPOLLENITES BARUNGENSIS
75 SPARGANIACEAEPOLLENITES SPHERICUS
76 TRICOLPITES SIMATUS
77 TRICOLPITES SPP.
78 TRICOLPORITES ADELAIDENSIS
79 TRICOLPORITES LEUROS
80 TRIPOROPOLLENITES AMBIGUUS
81 VERRUCOSISPORITES KOPUKUENSIS
82 AGLAOREIDIA QUALUMIS
83 AILANTHIPITES PAENESTRIATUS
84 ALANGIOPOLLIS SP.
85 ANACOLOSIDITES SECTUS
86 ANISOTRICOLPORITES TRIPLAXIS
87 AUSTRALOPOLLIS OBSCURUS
88 BACULATISPORITES CF. SCABRIDUS
89 BANKSIEAEIDITES CF. B. SERRATA
90 BLUFFOPOLLIS SCABRATUS
91 BYSMAPOLLIS EMACIATUS
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92 CAMPTOSTEMON SP.

93 CF. GUETTARDIDITES

94 CLAVATIPOLLENITES GLARIUS

95 CONCOLPITES LEPTOS

96 CRANWELLIA COSTATA

97 CRANWELLIA STRIATA

98 CRASSIRETITRILETES VANRAADSHOOVENII
99 CUPANIEIDITES RETICULARIS

100 CUPRESSACEAE-TAXODIACEAE

101 CYATHEA PALEOSPORA

102 DICOLPITES (CUNONIACEAE) SP.
103 DICOLPOPOLLIS CF. METROXYLONOIDES
104 DODONAEA SPHAERICA
105 DROSERACEAE
106 EPHEDRA NOTENSIS

107 ERICIPITES CRASSIEXINUS

108 FOVEOTRILETES BALTEUS

109 FOVEOTRILETES PALAEQUETRUS
110 GOTHANIPOLLIS CF. GOTHANII
111 GRAMINIDITES SPP.
112 GYROPOLLIS PSILATUS
113 KUYLISPORITES WATERBOLKII
114 LATROBOSPORITES CRASSUS
115 LEPTOLEPIDITES VERRUCATUS
116 LILIACIDITES BAINI

117 LILIACIDITES SPP.

118 MALVACIPOLLIS SPINYSPORA
119 MARGOCOLPORITES VANWIJHE!

120 MATONISPORITES ORNAMENTALIS
121 MONOLITES ALVEOLATUS

122 MYRTACEIDITES EUCALYPTOIDES
123 MYRTACEIDITES EUGIIOIDES

124 MYRTACEIDITES RHODAMNOIDES
125 MYRTACEIDITES VERRUCOSUS

126 MYRTACEIDITES XANTHOMYRTOIDES
127 PARVISACCITES CATASTUS

128 PERFOTRICOLPITES CF. DIGITATUS
129 PERIPOROPOLLENITES POLYORATUS
130 PERISYNCOLPORITES POKORNY!

131 PEROMONOLITES DENSUS

132 PEROMONOLITES SP. (BACULATE)
133 PEROMONOLITES VELLOSUS

134 PLICADIPORITES SP.

135 PODOSPORITES ERUGATUS

136 POLYPODIACEOISPORITES RETIRUGATUS
137 POLYPODIISPORITES HISTIOPTEROIDES
138 POLYPODIISPORITES SPP.

139 PROPYLIPOLLIS BIPORUS

140 PROPYLIPOLLIS LATROBENSIS

141 PROTEACIDITES BEDDOESI!

142 PROTEACIDITES CONFRAGOSUS

143 PROTEACIDITES DIFFERENTIPOLIS
144 PROTEACIDITES LEIGHTONII

145 PROTEACIDITES NASUS

146 PROTEACIDITES ORNATUS

147 PROTEACIDITES PSEUDOMOIDES
148 PROTEACIDITES RECTOMARGINIS
149 PROTEACIDITES RECTUS

150 PROTEACIDITES RETICULATUS

151 PROPYLIPOLLIS RETICULOSCABRATUS
152 PROTEACIDITES RUGULATUS

153 PROTEACIDITES RYNTHIUS

154 PROTEACIDITES STIPPLATUS

155 PROTEACIDITES TUBERCULATUS
156 PROTEACIDITES TUBERCULIFORMIS
157 PSILASTEPHANOCOLPORITES MICUS
158 PSILODIPORITES (ALYXIA) SP.

159 QUINTINIAPOLLIS PSILATISPORA

160 REEVESIAPOLLIS RETICULATUS

161 RHOIPITES ALVEOLATUS

162 RHOIPITES ANGURIUM

163 RHOIPITES CISSUS

164 RHOIPITES MICRORETICULATUS

165 RHOIPITES MUEHLENBECKIAFORMIS
166 RHOIPITES SPHAERICA

167 RICCIAESPORITES KAWARAENSIS
168 RUBIPOLLIS OBLATUS

169 RUGULATISPORITES MALLATUS

170 RUGULATISPORITES TROPHUS

171 SANTALUMIDITES CAINOZOICUS

172 SCHIZOCOLPUS (ALCHORNEA) SP.
173 SCHIZOCOLPUS MARLINENSIS

174 STEREISPORITES (TRIPUNCTISPORIS) SP.
175 STEREISPORITES AUSTRALIS

176 TETRACOLPITES SPHERICUS

177 TETRACOLPORITES PALYNIUS

178 TRICHOTOMOSULCITES SUBGRANULATUS
179 TRICOLPITES (CUNONIACEAE) SP.
180 TRICOLPITES INCISUS

181 TRICOLPITES PHILLIPSII

182 TRICOLPITES THOMASI!

SALYIWO W
SNOIN3OOLSI3Td "L

‘D3 SNH3dSV ‘N H3IMO1
‘03 SNY3dSY ‘N 31adIW

183 TRICOLPITES TRIOBLATUS
184 TRICOLPORITES (ELAEOCARPACEAE) SPP.
185 TRICOLPORITES SCABRATUS
186 TRICOLPORITES SPP.
187 TRICOLPORITES VALVATUS
188 TRICOLPOROPOLLENITES ENDOBALTEUS
189 TRILETES TUBERCULIFORMIS
190 TRIORITES MAGNIFICUS
191 TRIPOROPOLLENITES CHNOSUS
192 TRIPOROPOLLENITES DELICATUS
193 VERRUCATOSPORITES SP. A
194 VERRUCOSISPORITES CRISTATUS
195 ACACIAPOLLENITES MIOCENICUS
196 CAMAROZONOSPORITES SP. B
197 CORSINIPOLLENITES CF. EPILOBIOIDES
198 CROTONIPOLLIS (CROTON) SP.
199 DIPORITES ASPIS
200 DRYADOPOLLIS RETEQUETRUS
201 FOVEOTRILETES CRATER
202 GRANODIPORITES NEBULOSUS
203 MALVACEARUMPOLLIS CF. MANNANENSIS
204 NUXPOLLENITES (DODONAEA TRIQUETRA-TYPE)
205 POLYADOPOLLENITES CF. GRANULOSUS
206 PROTEACIDITES ISOPOGIFORMIS
207 PROTEACIDITES KOPIENSIS
208 PROTEACIDITES SINULATUS
209 RETISTEPHANOCOLPITES (CALLITRICHE) SP.
210 RUDOLPHISPORIS RUDOLPHII
211 STEPHANOCOLPITES OBLATUS
212 TETRAPOLLIS CAMPBELLBROWNII
213 ACACIAPOLLENITES MYRIOSPORITES
214 CHENOPODIPOLLIS CHENOPODIACEOIDES
215 CYATHEACIDITES ANNULATUS
216 CYATHIDITES SUBTILIS
217 FOVEOTRILETES LACUNOSUS
218 HAKEIDITES (HAKEA?) SPP.
219 MYRTACEIDITES PROTRUDIPORENS
220 PALAEOCOPROSMADITES ZELANDIAE
221 PROTEACIDITES IVANHOENSIS
222 PROTEACIDITES SP. A
223 PROTEACIDITES SYMPHYONEMOIDES
224 PROTEACIDITES TRIPARTITUS
225 STRIASYNCOLPITES LAXUS
226 TRICOLPITES PATULUS
227 TRICOLPITES PELARGONIOIDES
228 TRICOLPITES RETICULATUS
229 TRICOLPITES STYLIDIOIDES
230 TUBULIFLORIDITES SIMPLIS
231 ASSERETOSPORA SP.
232 CANTHIUMIDITES BELLUS
233 CINGULATISPORITES ORNATUS
234 GEMMATRILETES MULTIGLOBUS
235 GLENCOPOLLIS ORNATUS
236 HALORAGACIDITES HALORAGOIDES
237 POLYPODIACEQISPORITES TUMULATUS
238 POLYPODIISPORITES USMENSIS
239 PROTEAGIDITES TENUIEXINUS
240 PROTEACIDITES TRUNCATUS
241 PSEUDOWINTERAPOLLIS CALATHUS
242 RUGULATISPORITES COWRENSIS
243 SYMPLOCOIPOLLENITES AUSTELLUS
244 TRICOLPOROPOLLENITES COOKSONI
245 TRIPOROTETRADITES (GARDENIA) SP.
245 TUBULIFLORIDITES ANTIPODA
M 2¢7 ACACIAPOLLENITES WEISSI
W | 246 AmvLOTHECA PLIOCENICA
249 CINGULATISPORITES BIFURCATUS
250 DENSOISPORITES IMPLEXUS
251 DENSOISPORITES SIMPLEX
NI 257 FENESTRITES SP.
B | 253 GOTHANIPOLLIS PERPLEXUS
254 HAKEIDITES (GREVILLEA) SP.
255 HALORAGACIDITES MYRIOPHYLLOIDES
SN 255 HYPOLEPIS SPINYSPORIS
_l 257 MALVACIPOLLIS REGATTAENSIS
258 MONOTOCIDITES GALEATUS
259 MYRTACEIDITES (LEPTOSPERMUM) SP.
260 MYRTAGEIDITES LIPSIS
261 POLUSPISSISITES RAMUS
N | 262 POLYPORINA (ALTERNANTHERA) SP.
263 POLYPORINA BIPATTERNA
264 POLYPORINA GRANULATA
265 POLYPORINA RETICULATA
M | 265 PROTEAGIDITES PUNCTIPORUS
267 RHOIPITES AMPEREAFORMIS
268 RHOIPITES CF. ISORETICULATUS
269 TRIORITES CLASSIS
270 ACACIAPOLLENITES OCTOSPORITES
271 CROTONIPOLLIS (BEYERIA) SP.
272 THYMELAEPOLLIS (PIMELEA) SP.
273 TUBULIFLORIDITES PLEISTOCENICUS

Time distributions of fossil spore and pollen species.
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Photomicrographs

All photomicrographs taken at x1250 magnification (= 25 micron scale) except when indicated

otherwise (x 788 magnificantion =50 micron scale bar)

Monolete spores

Fig. 9
Figs 10-11
Fig. 12
Fig. 13
Fig. 14
Fig. 15
Fig. 16

Trilete spores

Fig. 18
Fig. 19
Fig. 20
Fig. 21
Fig. 22
Fig. 23
Fig. 24
Fig. 25
Fig. 26
Fig. 27
Fig. 28a, b
Fig. 29
Fig. 30
Fig. 31
Fig. 32
Fig. 33
Fig. 34
Fig. 35
Fig. 36
Fig. 37
Fig. 38
Fig. 39
Fig. 40
Fig. 41
Fig. 42
Fig. 43
Fig. 44
Fig. 45
Fig. 46
Fig. 47 a,b
Fig. 48

N

Levigatosporites ovatus Wilson & Webster

Monolites alveolatus Couper

Polypodiisporites sp. x788

Peromonolites sp. (baculate perine)

Peromonolites vellosus Stover & Partridge
Polypodiisporites histiopteroides Mildenhall & Pocknall
Verrucatosporites sp. A

Ricciaesporites kawaraensis Mildenhall & Pocknall x788
Cingulatisporites bifurcatus Martin

Baculatisporites disconformis Stover & Partridge x788
Herkosporites elliotii Stover & Partridge

Stereisporites australis Cookson x788

Cyathidites minor Couper

Cathea paleospora Martin

Cyathidites subtilis Stover & Partridge

Gleicheniidites sp. x788

Leptolepidites verrucatus Couper

Denoisporites simplis Macphail et al.

Densoisporites implexus Macphail et al.
Camarozonosporites sp. A

Stereisporites (Tripunctisporis) sp.

Baculatisporites sp. cf. B. scabridus Playford
Rudolphisporis rudolphi (Krutzsch) Krutzsch

Foveotriletes balteus Stover & Partridge x788
Rugulatisporites cowrensis (Martin) Mildenhall & Pocknall
Matonisporites ornamentalis (Cookson) Stover & Partridge
Cyatheacidites annulatus Cookson x788

Rugulatisporites mallatus Stover & Partridge
Rugulatisporites trophus Stover & Partridge

Kuylipsorites waterbolkii Potonie

Foveotriletes palaequetrus Stover & Partridge

Triletes tuberculiformis Cookson x788

Dictyophyllidites arcuatus Pocknall & Mildenhall
Crassiretitriletes vanraadshoovenii Germeraad et al. (distal face) x788
Matonisporites sp. cf M. ornamentalis (Cookson) Stover & Partridge x788
Verrucosisporites kopukuensis (Couper) Stover & Evans x788
Ischyosporites gremius Stover & Partridge

Cyathidites spiendens Harris x788



Gymnosperms

Fig. 49 Araucariacites australis Cookson x788

Fig. 50 Dilwynites granulatus Harris_x788

Fig. 51 Parvisaccites catastus Stover & Partridge

Fig. 52 ‘Tetracolpites’ sphericus Couper

Fig. 53 Dilwynites tuberculatus Harris

Fig. 54 Lygistepollenites florinii ((Cookson & Pike) Stover & Evans
Fig. 55 Dacrycarpites australiensis Cookson & Pike x788

Fig. 56 Cupressaceae-Taxodiaceae

Fig. 57, 62 Microalatidites palaeogenicus (Cookson) Mildenhall & Pocknall
Fig. 58 Podocarpidites sp. x788

Figs. 59,60  Phyllocladidites mawsonii Cookson ex Couper

Fig. 61 Microcachrydites antarcticus Cookson

Fig. 63 Trichotomosulcites subgranulosus Couper

Figs 64, 65 Podosporites erugatus Mildenhall

Fig. 66 Podosporitessp. cf P. parvus (Couper) Mildenhall
Angiosperms

Fig. 67 Australopollis obscurus Harris

Fig. 68 Milfordia hypolaenoides Erdtman

Fig. 69 Liliacidites bainii Stover & Partridge

Fig. 70 Liliacidites lanceolatus Stover & Partridge

Fig. 71 Liliacidites sp. cf L. phormioides Stover & Partridge

Fig. 72 Cyperaceaepollis neogenicus Mildenhall & Pocknall x788
Fig. 73 Dicolpopollis sp. x788

Fig. 74 Dicolpopollis sp. cf D. metroxylonoides Khan

Fig. 75 Arecipites sp.

Fig. 76 Dryptopollenites semilunatus Stover & Partridge

Fig. 77 Dicolpites (Cunoniaceae) sp.

Fig. 78, 79 Clavatipollenites glarius Stover & Partridge

Fig. 80 Sparganiaceaepollenites barungensis Harris

Fig. 81 Graminidites sp.

Figs. 82,83  Aglaoreidia qualumis Stover & Partridge

Fig. 84 Sparganiaceaepollenites sphericus (Couper) Mildenhall & Crosbie
Fig. 85 Milfordia homeopunctata (Mclntyre) Stover & Partridge
Fig. 86, 87 Banksieaeidites arcuatus Stover & Partridge

Fig. 88 Banksieaeidites elongatus Cookson

Fig. 89 Banksieaeidites sp. of Macphail & Truswell (cf Banksia serrata) x788
Fig. 90 Psiladiporites (Alyxia) sp. x788

Fig. 91 Granodiporites nebulosus Stover & Partridge

Fig. 92 Plicadiporites sp.

Figs. 93,94  Banksieaeidites sp. cf B. elongatus Cookson x788

Figs. 95, 96 Casuarinidites cainozoicus Cookson & Pike

Figs. 97,98 Haloragacidites harrisii (Couper) Harris

Figs. 99,100  Canthiumidites bellus (Stover & Partridge) Mildenhall & Pocknall
Fig. 101 cf Guettardidites sp. x788



Fig. 102, 103
Fig. 104
Fig. 105
Fig. 106
Fig. 107
Fig. 108
Fig. 109
Figs. 110, 111
Fig. 112
Figs. 113-115
Fig. 116
Fig. 117
Figs. 118, 119
Fig. 120
Fig. 121
Fig. 122
Fig. 123
Fig. 124
Figs. 125, 134
Figs. 126, 127
Fig. 128
Fig. 129
Fig. 130
Fig. 131
Fig. 132
Fig. 133
Fig. 135
Fig. 136
Fig. 137
Fig. 138
Fig. 139
Fig. 140
Fig. 141
Fig. 142
Fig. 143
Fig. 144
Fig. 145
Fig. 146
Fig. 147
Fig. 148
Fig. 149
Figs. 150, 151
Fig. 152
Figs. 153, 154
Fig. 155
Fig. 156, 157
Fig. 158
Fig. 159
Fig. 160

Tetrapollis campbellbrownii Macphail & Truswell
Parsonsidites psilatus Couper

Periporopollenites demarcatus Stover & Partridge
Polyporina granulata Martin

Polyporina reticulata Martin.. -
Periporopollenites polyoratus (Couper) Stover & Evans
Thymelaepollis (Pimelea) sp.

Chenopodipollis chenopodiaceoides (Martin) Truswell et al.
Malvacipollis subtilis Stover & Partridge
Malvacipollis spp.

Malvacipollis spinyspora (Martin) Mildenhall & Pocknall x788
Polyorificites oblatus Martin

Malvacearumpollis spp. x788

Tricolpites reticulatus Cookson

Tricolpites trioblatus Mildenhall & Pocknall
Haloragacidites haloragoides Cookson & Pike
Haloragacidites myriophylloides Cookson & Pike
Malvacearumpollis sp. cf M. mannensis Wood x788
Glencopollis ornatus Pocknall & Mildenhall
Psilastephanocolporites micus Stover & Partridge
Tricolpites patulus Truswell & Owen

Reevesiapollis reticulatus (Couper) Krutzsch
Clavastephanocolporites sp. x788

Perfotricolpites sp. cf P. digitatus Gonzalez Guzman
Stephanocolpites oblatus Martin

Schizocolpus Alchornea) sp.

Malvacipollis regattaensis Macphail et al.

Tricolpites stylidioides Macphail et al.
Corsinipollenites sp cf C. epilobioides Krutzsch x788
Beaupreaidites elegansiformis Cookson

Proteacidites rectomarginis Cookson x788
Proteacidites sp. cf P. callosus Cookson

Propylipollis latrobensis(Harris) Martin & Harris
Proteacidites sinulatus Dudgeon

Propylipollis annularis (Cookson) Martin & Harris
Proteacidites sp. aff P. tuberculatus Cookson
Proteacidites isopogiformis Stover & Partridge x788
Proteacidites symphyonemoides Cookson
Proteacidites pseudomoides Stover & Partridge
Proteacidites crassus Cookson x788

Proteacidites sp.

Proteacidites reticulatus Cookson

Proteacidites concretus Dudgeon

Proteacidites differentipolis Dudgeon

Proteacidites sp. cf P. truncatus Cookson
Beaupreaidites verrucosus Cookson

Proteacidites sp.cf Proteacidites alveolatus Stover & Partridge
Hakeidites (Grevillea) sp. x788

Hakeidites (Hakea) sp. x788



Fig. 161

Fig. 162

Fig. 163

Fig. 164

Fig. 165

Fig. 166

Fig. 167

Fig. 168

Fig. 169

Fig. 170

Fig. 171

Fig. 172

Fig. 173

Fig. 174

Fig. 175

Figs. 176, 209
Figs. 177, 178
Figs. 179, 180
Figs. 181, 182
Figs. 183, 184
Fig. 185

Figs. 186, 187
Fig. 188

Figs. 189, 195
Fig. 190

Fig. 191, 192

Fig. 193

Fig. 194

Fig. 196

Fig. 197

Fig. 198, 199

Fig. 200, 201

Fig. 202

Fig. 203

Fig. 204

Figs. 205, 206
Figs. 207, 208
Figs. 210, 211
Figs. 212, 213
Figs. 214, 215
Figs. 216, 217
Fig. 218

Fig. 219

Fig. 223

Figs. 220, 221
Fig. 222

Figs. 224, 225
Fig. 226

Fig. 227

Proteacidites punctiporus Macphail et al.

Proteacidites sp. cf Propylipollis reticuloscabratus (Harris) Martin & harris
Proteacidites adenanthoides Cookson

Proteacidites asperopolus Stover & Evans

Proteacidites pachypolus Cookson & Pike

Proteacidites reticulatus Cookson

Proteacidites recavus Stover & Partridge x788

Proteacidites leightonii Stover & Partridge x788
Triporopollenites ambiguus Stover & Partridge x788
Proteacidites grandis Cookson x788

Proteacidites tuberculiformis Harris x788

Proteacidites stipplatus Stover & Partridge

Proteacidites rugulatus Stover & Partridge

Proteacidites tuberculatus Cookson

Triorites magnificus Cookson

Nothofagidites asperus (Cookson) Stover & Evans
Nothofagidites brachyspinulosus (Cookson) Stover & Evans
Nothofagidites emarcidus-heterus (Cookson) Stover & Evans
Nothofagidites flemingii (Cookson) Potonie

Nothofagidites vansteenisii (Cookson) Stover & Evans
Nothofagidites sp. cf N. vansteenisii (Cookson) Stover & Evans
Nothofagidites falcatus (Cookson) Hekel

Nothofagidites goniatus (Cookson) Stover & Evans
Dryadopollis retequetrus (Stover & Partridge) Pocknall & Mildenhall
Tricolporites adelaidensis Stover & Partridge x788
Palaeocoprosmadites zelandiae Pocknall x788
Sapotaceoidaepollenites latizonatus (McIntyre) Pocknall & Mildenhall
Tricolporites valvatus Harris

llexpollenites anguloclavatus McIntyre
Sapotaceoidaepollenites rotundus Harris

Ailanthipites paenestriatus (Stover & Partridge) Milne
Nuxpollenites (Dodonaea triquetra) sp.

Dodonaea sphaerica Martin

Quintiniapollis psilatus (Martin) Mildenhall & Pocknall
Tricolporites (Elaeocarpaceae) sp.

Gyropollis psilatus Mildenhall & Pocknall
Tricolporopollienites endobalteus McIntyre

Tricolporites leuros Stover & Partridge

Tricolporopollenites cooksonii Martin

Rhoipites ampereaformis Macphail et al.

Rhoipites sp. cf R. isoreticulatus Kemp & Harris

Rhoipites muehlenbeckiaformis Macphail et al.
Poluspissusites ramus Pocknall

Rhoipites microreticulatus (Harris) Macphail er al.

Rhoipites cissus Macphail et al.

‘Tricolpites’ pelargonioides Martin x788

Tubulifioridites pleistocenicus Martin

Tubulifloridites simplis Martin

Tubulifloridites antipodica Cookson



Fig. 228

Fig. 229

Figs. 230, 231
Fig. 232

Fig. 233

Figs. 234, 235
Fig. 236

Fig. 237

Fig. 238

Fig. 239

Fig. 240

Figs. 241

Fig. 242

Fig. 243

Fig. 244

Figs. 245, 246
Figs. 247,248

Figs. 249, 250
Fig. 251

Figs. 252, 253
Fig. 254

Fig. 255

Fig. 256

Fig. 257

Fig. 258

Figs. 259, 260
Figs. 261, 262
Fig. 263

Fig. 264, 265

Figs. 266, 271
Figs. 267-270
Figs. 272, 273
Fig. 274

Figs. 275, 276
Figs. 277, 280
Fig. 278

Fig. 279

Figs. 281, 282
Fig. 283

Fig. 284

Fig. 285, 286

Figs. 287, 291
Figs. 288, 289
Fig 290

Figs. 292, 293
Fig. 294

Figs. 295, 296

Santalumidites cainozoicus Cookson & Pike

Fenestrites sp.

Bluffopollis scabratus (Couper) Pocknall & Mildenhall
Quintiniapollissp. cf Q. psilatus (Martin) Mildenhall & Pocknall
Polycolporopollenites esobalteus (Mclntyre) Pocknall & Mildenhall
Symplocoipollenites austellus Stover & Partridge
Tricolpites thomasii Stover & Partridge

Cranwellia striata (Couper) Srivastava

Cranwellia costata (Couper) Srivastava

Mpyrtaceidites sp. cf M. eugeniioides Cookson & Pike
Myrtaceidites parvus-mesonesus (Cookson) Stover & Evans
Myrtaceidites eucalyptoides Cookson & Pike

Myrtaceidites sp. cf M. tenuis Harris

Mpyrtaceidites sp.cf M. eucalyptoides Cookson & Pike
Myrtaceidites verrucosus Stover & Partridge

Myrtaceidites lipsis Macphail et al.

Concolpites leptos Stover & Partridge

Cupanieidites orthoteichus Cookson & Pike

Cupanieidites reticularis Cookson & Pike

Striasyncolpites laxus Mildenhall & Pocknall

Tricolpites simatus Stover & Partridge

Gothanipollis sp. cf G. bassensis Stover & Partridge
Gothanipollis bassensis Stover & Partridge

Gothanipollis sp. cf G. gothanii Krutzsch

Anacolosidites sectus Stover & Partridge

Gothanipollis perplexus Pocknall & Mildenhall

Amylotheca pliocenica Cookson

Anacolosidites acutullus Cookson & Pike

Rubipollis oblatus (Pocknall & Mildenhall) Mildenhall & Pocknall
Rhoipites alveolatus (Couper) Pocknall & Crosbie
Perisyncolpites pokornyi Germeraad er al.

Margocolporites vanwijhei Germeraad et al.

Crotonipollis (Beyeria) sp.

Bysmapollis emaciatus Stover & Partridge

Ericipites scabratus Harris

Ericipites crassiexinus Harris

Crotonipollis (Croton) sp.

Monotocidites galeatus Macphail ez al.

Dicotetradites meridianus (Harris) Crosbie & Clowes
Acaciapollenites octosporites (Cookson) Mildenhall
Dicotetradites meridianus (Harris) Crosbie & Clowes
Acaciapollenites weissii Macphail et al. X788
Acaciapollenites miocenicus Mildenhall & Pocknall x788
Acaciapollenites myriosporites (Cookson) Mildenhall x788

Pseudowinterapollis cranwellae (Stover & Partridge) Mildenhall & Crosbie

Pseudowinterpollis sp cf Drimys tetradites Martin

Pseudowinterapollis calathus (Stover & Partridge) Mildenhall & Crosbie



195

213
270
247
82
83
84
248

85
86

231

91
10
196
92
232

11
214

249
233
94
95
197
96
97

APPENDIX 1

INDEX OF FOSSIL SPORES AND POLLEN SPECIES
[numbers refer to species order on Range Chart (Fig. 5):
modern analogues in parentheses]

Acaciapollenites miocenicus Mildenhall & Pocknall 1989

(Mimosaceae: cf Archidendron)

Acaciapollenites myriosporites (Cookson) Mildenhall 1972 (Mimosaceae: Acacia)
Acaciapollenites octosporites(Cookson) Mildenhall 1972 (Mimosaceae: Acacia)
Acaciapollenites weissii Macphail er al. 1993 (Mimosaceae: Acacia)
Aglaoreidia qualumis Stover & Partridge 1973 (Sparganiaceae)

Ailanthipites paenestriatus (Stover & Partridge) Milne 1988 (Anarcardiaceac??)
Alangiopollis sp. (Alangiaceae: Alangium villosum-type)

Amylotheca pliocenica Cookson 1957 (Loranthaceae: Amylotheca-type
Anacolosidites acutullus Cookson & Pike 1954 (Olacaceae: Anacolosa)
Anacolosidites luteoides Cookson & Pike 1954 (Olacaceae: Anacolosa)
Anacolosidites sectus Stover & Partridge 1973 (Olacaceae: Anacolosa)
Anisotricolporites triplaxis Pocknall & Mildenhall 1984 (unidentified angiosperm)
Araucariacites australis Cookson 1947 (Araucariaceae: Araucaria-type)
Arecipites.spp. (Arecaceae?, Liliaceae?)

Asseretospora. sp. of Foster 1982 (Adiantaceae: cf Pteris)

Australopollis obscurus Harris 1965 (Callitrichaceae)

Baculatisporites disconformis Stover & Partridge 1973 (unidentified Hepaticae)
Baculatisporites sp. cf B. scabridus Playford 1982 (unidentified Hepaticae
Banksieaeidites arcuatus Stover & Partridge 1973 (Proteaceae: Musgraveinae)
Banksieaeidites elongatus Cookson 1950 (Proteaceae: Banksia/Dryandra)
Banksieaeidites sp. cf Banksia serrata (Proteaceae: Banksia serrata-type)
Beaupreaidites elegansiformis Cookson 1950 (Proteaceae: Beauprea)
Beaupreaidites verrucosus Cookson 1950 (Proteaceae: Beauprea)

Bluffopollis scabratus (Couper) Pocknall & Mildenhall 1984 (Strasburgeriaceae:
cf Strasburgeria)

Bysmapollis emaciatus Stover & Partridge 1973 (Epacridaceae? Epacris?)
Camarozonosporites sp. A. (Lycopodiaceae)

Camarozonosporites sp. B (Lycopodiaceae)

Camptostemon sp. (Bombacaceae: Camptostemon)

Canthiumidites bellus (Stover & Partridge) Mildenhall & Pocknall 1989
(Rubiaceae: Randia)

Casuarinidites cainozoicus Cookson & Pike 1954 (Casuarinaceae)
Chenopodipollis chenopodiaceoides (Martin) Truswell et al. 1985
(Amaranthaceae-Chenopodiaceae)

Cingulatisporites bifurcatus (Couper) Martin 1973 (Hepaticae: cf Phaeoceros)
Cingulatisporites ornatus Martin 1973 (unidentified Hepaticae)
Clavatipollenites glarius Stover & Partridge 1982 (Chloranthaceae: Ascarina)
Concolpites leptos Stover & Partridge 1973 (Cunoniaceae: Gillbeea-type)

Corsinipollenites sp. cf C. epilobioides Krutzsch 1968 (Onagraceae: Epilobium- type)

Cranwellia costata (Couper) Srivastava 1966 (Loranthaceae)
Cranwellia striata (Couper) Srivastava 1966 (Loranthaceae)



98

271
198
12
99
100
101
215
13
14
216
15
16
250

251

102
103
17
18
19
20
199
104
105
200

21
106
107

22
252
108
201
217

109

234
23
235

24
253
110
111
202

Crassiretitriletes vanraadshoovenii Germeraad et al. 1968 (Schizaceae:
Lygodium microphyllum-type)

Crotonipollis (Beyeria) sp. (Euphorbiaceae: Beyeria-type)

Crotonipollis (Croton) sp. (Euphorbiaceae: Croton-type)

Cupanieidites orthoteichus Cookson & Pike 1954 (Sapindaceae: Cupanieae)
Cupanieidites reticularis Cookson & Pike 1954 (Sapindaceae: Cupanieae)
Cupressaceae-Taxodiaceae

Cyathea paleospora Martin 1973 (Cyatheaceae: Cyathea)

Cyatheacidites annulatus Cookson ex Potonie 1956 (Lophosoriaceae: Lophosoria)
Cyathidites australis/minor Couper 1953 (numerous trilete pteridophytes)
Cyathidites splendens Harris 1965 (Adiantaceae: Acrostichum-type)

Cyathidites subtilis Stover & Partridge 1973 (Cyatheaceae: Cyathea)
Cyperaceaepollis neogenicus Mildenhall & Pocknall 1989 (Cyperaceae)
Dacrycarpites australiensis Cookson & Pike 1953 (Podocarpaceae: Dacrycarpus)
Densoisporites implexus Macphail et al. 1993 (Selaginellaceae: Selaginella
uliginosa-type)

Densoisporites simplex Macphail e al. 1993 (Selaginellaceae: immature Selaginella
uliginosa spores)

Dicolpites (Cunoniaceae) sp. (Cunoniaceae: Ceratopetalum-type)

Dicolpopollis sp. cf D. metroxylonoides Khan 1976 (Arecaceae)

Dicotetradites meridianus (Harris) Crosbie & Clowes 1980 (Asclepiadaceae?)
Dictyophyllidites arcuatus Pocknall & Mildenhall 1984 (Gleicheniaceae)
Dilwynites granulatus Harris 1965 (Araucariaceae)

Dilwynites tuberculatus Harris 1965 (Araucariaceae)

Diporites aspis Pocknall & Mildenhall 1984 (Onagraceae: Fuchsia)

Dodonaea sphaerica Martin 1973 (Sapindaceae: Dodonaea ericifolia-type)
Droseraceae

Dryadopollis retequetrus (Stover & Partridge) Pocknall & Mildenhall 1984
{(unidentified angiosperm)

Dryptopollenites semilunatus Stover & Partridge 1973 (Pandanaceae)

Ephedra notensis Cookson 1956 (Ephedraceae: Ephedra)

Ericipites crassiexinus Harris 1972 (Ericales: Epacridaceae?)

Ericipites scabratus Harris 1965 (Ericales: Epacridaceae?)

Fenestrites sp. (Asteraceae: Liguliflorae)

Foeveotriletes balteus Stover & Partridge 1973 (Lycopodiaceae?)

Foveotriletes crater Stover & Partridge 1973 (Lycopodiaceae: Lycopodium)
Foveotriletes lacunosus Stover & Partridge 1973 (Lycopodiaceae: Lycopodium
varium-type)

Foveotriletes palaequetrus Stover & Partridge 1973 (Lycopodiaceae: Lycopodium
australianum-type)

Gemmatriletes multiglobus Mildenhall & Pocknall 1989 (Grammitidaceae)
Gleicheniidites spp. (Gleicheniaceae)

Glencopollis ornatus Pocknall & Mildenhall 1984 (Polygonaceae: Polygonum
persicaria-type)

Gothanipollis bassensis Stover & Partridge 1973 (Loranthaceae)

Gothanipollis perplexus Pocknall & Mildenhall 1984 (Loranthaceae: cf Lysiana)
Gothanipollis sp. cf G. gothanii Krutzsch 1959 (Loranthaceae: cf Amyema)
Graminidites spp. (Poaceae)

Granodiporites nebulosus Stover & Partridge 1973 (Proteaceae: Embothrium)



93  cf Guertardidites Khan 1976 (Rubiaceae: Guettarda)
112 Gyropollis psilatus Mildenhall & Pocknall 1989 (Gyrostemonaceae)
254  Hakeidites (Grevillea) sp. (Proteaceae: cf Grevillea)
218 Hakeidites (Hakea?) sp. (Proteaceae: cf Hakea)
236  Haloragacidites haloragoides Cookson & Pike 1954 (Haloragaceae: Gonocarpus)
25 Haloragacidites harrisii (Couper) Harris 1971 (Casuarinaceae)
255  Haloragacidites myriophylloides Cookson & Pike 1954 (Haloragaceae: Myriophyllum)
26 Herkosporites elliotii Stover & Partridge 1973 (Lycopodiaceae: Lycopodium
deuterodensum-type)
256  Hypolepis spinysporis Martin 1973 (Dennstaedtiaceae: Hypolepis)
27  Iexpollenites anguloclavarus McIntyre 1968 (Aquifoliaceae: Ilex)
28  Ischyosporites gremius Stover & Partridge 1973 (Dicksoniaceae?)
29 Klukisporites lachlanensis Martin 1973 (Dicksoniaceae?)
113 Kuylisporites waterbolkii Potonie 1956 (Cyatheaceae: Hemitelia)
30 Laevigatosporites spp. (numerous monolete ferns; includes Blechnaceae)
114 Latrobosporites crassus Harris 1965 (Lycopodiaceae)
31  Latrobosporites marginis Mildenhall & Pocknall 1989 (Lycopodiaceae: Lycopodium
laterale-type)
115 Leptolepidites verrucatus Couper 1953 (lycopsid?)
116  Liliacidites bainii Stover & Partridge 1973 (Liliaceae)
32 Liliacidites lanceolatus Stover & Partridge 1973 (Liliaceae)
117 Liliacidites spp. (Liliaceae)
33 Lygistepollenites florinii (Cookson & Pike) Stover & Evans 1973 Podocarpaceae:
Dacrydium)
203 Malvacearumpollis sp. cf M. mannanensis Wood 1986 (Malvaceae)
34 Malvacipollis diversus Harris 1965 (Euphorbiaceae: Austrobuxus)
257  Malvacipollis regattaensis Macphail et al. 1993 (Malvaceae)
118  Malvacipollis spinyspora (Martin) Mildenhall & Pocknall 1989 (Euphorbiaceae:
Micrantheum)
36  Malvacipollis subtilis Stover & Partridge 1973 (Euphorbiaceae: Austrobuxus)
35  Malvacipollis spp. (Euphorbiaceae: Austrobuxus)
119 Margocolporites vanwijhei Germeraad et al. 1968 (Caesalpiniaceae)
120 Matonisporites ornamentalis (Cookson) Stover & Partridge 1973 (Dicksoniaceae:
Dicksonia antarctica-type)
37  Microalatidites palaeogenicus (Cookson) Mildenhall & Pocknall 1989 (Podocarpaceae:
Phyllocladus)
38  Microcachrydites antarcticus Cookson 1947 (Podocarpaceae: Microcachrys)
39 Milfordia homeopunctata (Mclntyre) Stover & Partridge 1973 (graminoid
Restionaceae)
40  Milfordia hypolaenoides Erdtman 1960 (non-graminoid Restionaceae)
121 Monolites alveolatus Couper 1960 (cf Polypodiaceae: Belvisia)
258  Monotocidites galeatus Macphail et al. 1993 (Epacridaceae: Monotoca)
122 Myrtaceidites eucalyptoides Cookson & Pike 1954 (Myrtaceae: Eucalyptus
gummifera-type)
123 Myrtaceidites eugeniioides Cookson & Pike 1954 (Myrtaceae: Eugenia-type)
259 Mpyrtaceidites (Leptospermum) sp. (Myrtaceae: Leptospermum-type)
260  Myrtaceidites lipsis Macphail et al. 1993 (Myrtaceae: Eucalyptus spathulata-

type)



41

219
124

42
125
126
259

43

44

45

46

47

48

49

50

204
220
127

128
51
129
52
130
131
133
132
53

134
54
135
55

56
261
205

57

58

Myrtaceidites parvus-mesonesus (Cookson & Pike) Stover & Evans 1973
(unattributed Myrtaceae)

Mpyrtaceidites protrudiporens Martin 1973 (Myrtaceae)

Mpyrtaceidites rhodmnoides Martin 1973 (Myrtaceae: Rhodamnia-type)
Myrtaceidites tenuis Harris 1965 (Myrtaceae: cf Eucalyptus)

Myrtaceidites verrucosus Stover & Partridge 1973 (Myrtaceae: Austromyrtus-type)
Myrtaceidites xanthomyrtoides Martin 1973 (Myrtaceae: Xanthomyrtus-type)
Myrtaceidites (Leptospermum). sp. (Myrtaceae: Leptospermum-type)
Nothofagidites asperus (Cookson) Stover & Evans 1973 (Fagaceae: Nothofagus
subgenus Lophozonia)

Nothofagidites brachyspinulosus (Cookson) Stover & Evans 1973 (Fagaceae:
Nothofagus subgenus Fuscospora)

Nothofagidites deminutus-vansteenisii (Cookson) Stover & Evans 1973 (Fagaceae:
Nothofagus subgenus Brassospora)

Nothofagidites emarcidus-heterus (Cookson) Stover & Evans 1973 (Fagaceae:
Nothofagus subgenus Brassospora)

Nothofagidites falcatus (Cookson) Hekel 1972 (Fagaceae: Nothofagus subgenus
Brassospora)

Nothofagidites flemingii (Cookson) Potonie 1960 (Fagaceae: Nothofagus

subgenus Nothofagus)

Nothofagidites goniatus (Cookson) Stover & Evans 1973 (Fagaceae: Nothofagus
subgenus Lophozonia?)

Nothofagidites longispinosus (Couper) Dettmann ez al. 1990 (Fagaceae: Nothofagus
subgenus Brassospora)

Nuxpollenites sp. (Sapindaceae: Dodonaea triquetra-type)

Palaeocoprosmadites zealandiae Pocknall 1982 (Rubiaceae: Coprosma-Opercularia)
Parvisaccites catastus Stover & Partridge 1973 (Podocarpaceae: Dacrydium
bidwillii-type)

Perfotricolpites sp. cf P. digitatus Gonzalez Guzman 1967 (Convolvulaceae)
Periporopollenites demarcatus Stover & Partridge 1973 (Trimeniaceae)
Periporopollenites polyoratus (Couper) Stover & Evans 1973 (Caryophyllaceae?)
Periporopollenites vesicus Stover & Partridge 1973 (Trimeniaceae?)
Perisyncolporites pokornyi Germeraad et al. 1968 (Malpighicaceae)
Peromonolites densus Harris 1965 (unidentified pteridophyte)

Peromonolites vellosus Stover & Partridge 1973 (unidentified pteridophyte)
Peromonlites sp. (baculate) (Dryopteridaceae?)

Phyllocladidites mawsonii Cookson ex Couper 1953 (Podocarpaceae: Lagarostrobos
Sfranklinii-type)

Plicodiporites sp. (Proteaceae)

Podocarpidites spp. (Podocarpaceae: Podocarpus)

Podosporites erugatus Mildenhall 1978 (Podocarpaceae: Microstrobos)
Podosporites microsaccatus (Couper) Dettmann 1963 (Podocarpaceae: cf
Microcachrys)

Podosporites parvus (Couper) Mildenhall 1978 (Podocarpaceae: cf Microcachrys)
Poluspissusites ramus Pocknall 1982 (Goodeniaceae)

Polyadopollenites sp. cf P. granulosus Sah 1967 (Mimosaceae: cf Anadenanthera)
Polycolporopollenites esobalteus Mclntyre) Pocknall & Mildenhall 1984
(Polygalaceae)

Polyorificites oblatus Martin 1973 (unidentified angiosperm)



136
237
137
238

138
263
264
265
262

59

139
140
141

60

61
142
143

62

63
142

64

65
206
221
207
145
146

66
147

67
148
266

68
149
150
151
152
153
208
154
223
239
240
224
155
156

Polypodiaceoisporites retirugatus Muller 1968 (Adiantiaceae: Preris)
Polypodiaceoisporites tumulatus Stover & Partridge 1973

Polypodiisporites histiopteroides Mildenhall & Pocknall 1989
Polypodiisporites usmensis (van der Hammen) Khan & Martin 1971 (Blechnaceae: cf
Stenochlaena palustris)

Polypodiisporites spp. (Polypodiaceae: cf Microsorium)

Polyporina bipatterna Martin 1973 (Caryophyllaceae?)

Polyporina granulata Martin 1973 (Caryophyllaceae: Stellaria)

Polyporina reticulata Martin 1973 (Caryophyllaceae: Silene-type)

Polyporina (Hemichroa) sp. (Chenopodiaceae (Hemichroa-type)
Propylipollis annularis (Cookson) Martin & Harris 1974 (Proteaceae: Xylomelum
occidentale-type)

Propylipollis biporus Dudgeon 1983 (Proteaceae)

Propylipollis latrobensis (Harris) Martin & Harris 1974 (Proteaceae)
Propylipollis reticuloscabratus (Harris) Martin & Harris 1974 (Proteaceae:
Gevuina/Hicksbeachia)

Proteacidites adenanthoides Cookson 1950 (Proteaceae: cf Adenathos)
Proteacidites asperopolus Stover & Partridge 1973 (Proteaceae)
Proteacidites beddoesii Stover & Partridge 1973 (Proteaceae)

Proteacidites confragosus Harris 1972 (Proteaceae)

Proteacidites callosus Cookson (Proteaceae)

Proteacidites crassus Cookson 1950 (Proteaceae)

Proteacidites differentipolis Dudgeon 1983 (Proteaceae)

Proteacidites grandis Cookson 1950 (Proteaceae)

Proteacidites incurvatus Stover & Partridge 1973 (Proteaceae)

Proteacidites isopogiformis Couper 1960 (Proteaceae: Isopogon)
Proteacidites ivanhoensis Martin 1973 (Proteaceae: cf Orites)

Proteacidites kopiensis Harris 1972 (Proteaceae)

Proteacidites leightonii Stover & Partridge 1973 (Proteaceae)

Proteacidites nasus Truswell & Owen 1988 (Proteaceae)

Proteacidites obscurus Cookson 1950 (Proteaceae: Agastachys-type)
Proteacidites ornatus Harris 1965 (Proteaceae)

Proteacidites pachypolus Cookson & Pike 1954 (Proteaceae)

Proteacidites pseudomoides Stover & Partridge 1973 (Proteaceae: cf Lomatia)
Proteacidites punctiporus Macphail et al. 1993 (Proteaceae: cf Conospermum)
Proteacidites recavus Stover & Partridge 1973 (Proteaceae)

Proteacidites rectomarginis Cookson 1950 (Proteaceae)

Proteacidites rectus Pocknall & Mildenhall 1984 (Proteaceae)

Proteacidites reticulatus Cookson 1950 (Proteaceae)

Proteacidites rugulatus Stover & Partridge 1982 (Proteaceae)

Proteacidites rhynthius Stover & Partridge 1982 (Proteaceae)

Proteacidites sinulatus Dudgeon 1983 (Proteaceae)

Proteacidites stipplatus Stover & Partridge 1973 (Proteaceae)

Proteacidites symphyonemoides Cookson 1950 (Proteaceae: cf Symphionema)
Proteacidites tenuiexinus Stover & Partridge 1973 (Proteaceae)

Proteacidites truncatus Cookson 1950 (Proteaceae: Isopogon)

Proteacidites tripartitus Harris 1972 (Proteaceae)

Proteacidites tuberculatus Cookson 1950 (Proteaceae)

Proteacidites tuberculiformis Harris 1965 (Proteaceae)



222
69
241

70

157
158
159

160
209
161
267
162
163
268
164
165
166
167
168

210
242

169
170

171
71

72
173
172

73

74

75

211

174
175
225

243
176
177
212

Proteacidites sp. A of Macphail & Truswell 1989 (Proteaceae)

Proteacidites spp. (Proteaceae)

Pseudowinterapollis calathus (Stover & Partridge) Mildenhall & Crosbie 1979
(Winteraceae)

Pseudowinterapollis cranwellae (Stover & Partridge) Mildenhall & Crosbie 1979
(Winteraceae)

Psilastephanocolporites micus Stover & Partridge 1973 (extinct angiosperm)
Psilodiporites (Alyxia) sp. (Apocynaceae: Alyxia)

Quintiniapollis psilatispora (Martin) Mildenhall & Pocknall 1989
Grossulariaceae: Quintinia)

Reevesiapollis reticulatus (Couper) Krutzsch 1970 (Sterculiaceae: Ungeria)
Retistephanocolpites (Callitriche) sp. (Callitrichaceae: Callitriche)

Rhoipites alveolatus (Couper) Pocknall & Crosbie 1982 (Caesalpinaceae?)
Rhoipites ampereaformis Macphail et al. 1993. (Euphorbia: Amperea)

Rhoipites angurium (Stover & Partridge)

Rhoipites cissus Macphail et al. 1993 (Vitaceae: Cissus)

Rhoipites sp. cf R. isoreticulatus Kemp & Harris 1977 (Verbenaceae: Avicennia)
Rhoipites microreticulatus (Harris) Macphail et al. 1993 (unidentified angiosperm)
Rhoipites muehlenbeckiaformis Macphail et al. 1993 (Polygonaceae:  Muehlenbeckia)
Rhoipites sphaerica (Stover & Partridge) (unidentified angiosperm)
Ricciaesporites kawaraensis Mildenhall & Pocknall 1989 (Ricciaceae)
Rubipollis oblatus (Pocknall & Mildenhall ) Mildenhall & Pocknall 1989
(Rubiaceae: Canthium)

Rudolphisporis rudolphi (Krutzsch) Kruizsch 1963 (Hepaticae: Anthoceros-type)
Rugulatisporites cowrensis (Martin) Mildenhall & Pocknall 1989
(Thyrsopteridaceae: cf Culcita).

Rugulatisporites mallatus Stover & Partridge 1973 (Thyrsopteridaceae: Culcita).
Rugulatisporites trophus Stover & Partridge 1973 (Thyrsopteridaceae: cf
Culcita).

Santalumidites cainozoicus Cookson & Pike 1954 (Santalaceae: Santalum)
Sapotaceoidaepollenites latizonatus (McIntyre) Pocknall & Mildenhall 1984..
(Sapotaceae)

Sapotaceoidaepollenites rotundus Harris 1972 (Sapotaceae)

Schizocolpus marlinensis Stover & Partridge 1973. (Didymelaceae)
Schizocolpus (Alchornea) sp. (Euphorbiaceae: Alchornea)

Simsonipollis sp. (Anarcardiaceae)

Sparganiaceaepollenites barungensis Harris 1972 (Sparganiaceae)
Sparganiaceaepollenites sphericus (Couper) Mildenhall & Crosbie 1974
(Sparganiaceae)

Stephanocolpites oblatus Martin 1973 (Haloragaceae: Haloragodendron-
Glischrocaryon)

Stereisporites (Tripunctisporis) sp. (Sphagnaceae)

Stereisporites australis Cookson 1953 (Sphagnaceae: Sphagnum)
Striasyncolpites laxus Mildenhall & Pocknall 1989 (Menyanthaceae: cf
Liparophyllum-Villarsia)

Symplocoipollenites austellus Stover & Partridge 1973 (Symplocaceae: Symplocos)
Tetracolpites sphericus Couper 1960 (unidentified ?angiosperm)

Tetracolporites palynius Stover & Partridge 1982 (Meliaceae: Dysoxylum)
Tetrapollis campbellbrownii Macphail & Truswell 1993 (?Casuarinaceae)



272
178
179
184
180
226
227
181
228

76
229
182
183

77

78

79
185
187
186
244
188
189
269
190

80
191
192
245
246
273
230
193
194

81

Thymelaepollis (Pimelea) sp. (Thymeleaceae: Pimelea-type)
Trichotomosulcites subgranulatus Couper 1953 (Podocarpaceae)

Tricolpites (Cunoniaceae) spp. (Cunoniaceae)

Tricolpites (Elacocarpaceae) spp. (Elaeocarpaceae)

Tricolpites incisus Stover & Partridge 1973 (unidentified angiosperm)
Tricolpites patulus Truswell & Owen 1988 (unidentified angiosperm)
Tricolpites pelargonioides Martin 1973 (Geraniaceae: Pelargonium)
Tricolpites phillipsii Stover & Partridge 1973 (unidentified angiosperm)
Tricolpites reticulatus Cookson 1947 (Gunneraceae)

Tricolpites simatus Stover & Partridge 1973 (Loranthaceae)

Tricolpites stylidioides Macphail et al. 1993 (Stylidiaceae)

Tricolpites thomasii Cookson & Pike 1954 (Loranthaceae?)

Tricolpites trioblatus Mildenhall & Pocknall 1989 (Scrophulariaceae)
Tricolpites spp. (unidentified angiosperms)

Tricolporites adelaidensis Stover & Partridge 1982

Tricolporites leuros Stover & Partridge 1973 (unidentified angiosperm)
Tricolporites scabratus Harris 1965 (unidentified angiosperm)

Tricolporites valvatus Harris 1972 (unidentified angiosperm)

Tricolporites spp. (unidentified angiosperms)

Tricolporopollenites cooksonii Martin 1973 (unidentified angiosperm)
Tricolporopollenites endobalteus Mclntyre 1965 (Euphorbiaceae: Macaranga-type)
Triletes tuberculiformis Cookson 1947 (Dicksoniaceae?)

Triorites classis Martin 1973. (unidentified angiosperm)

Triorites magnificus Cookson 1950 (Proteaceae?)

Triporopollenites ambiguus Stover & Partridge 1973 (Proteaceae: cf Telopea)
Triporopollenites chnosus Stover & Partridge 1973 (Proteaceae?)
Triporopollenites delicatus Stover & Partridge 1982 (Proteaceae: cf Lomatia)
Triporotetradites (Gardenia) sp. (Rubiaceae: Gardenia)

Tubulifloridites antipodica Cookson 1947 (Asteraceae: Tubuliflorae)
Tubulifloridites pleistocenicus Martin 1973 (Asteraceae: Cassinia arcuata-type)
Tubulifloridites simplis Martin 1973 (Asteraceae: Tubuliflorae)
Verrucatosporites sp. A. (Polypodiaceae?)

Verrucosisporites cristatus Stover & Partridge 1973 (unidentified lycopsid)
Verrucosisporites kopukuensis (Couper) Stover & Partridge 1973 (unidentified
lycopsid)
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