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ABSTRACT

The dispersed cuticle ard pollen floras of the Curlew Formation

were investigated with the intention of reconstructing the past

environment ard climate. The Middle to Late Eocene age of the deposit

has been confirmed by the palynological examination of the Curlew

sediments.

The Curlew cuticular flora has been divided into an autochthonous

ard allochthonous element. The autochthonous element is represented in

the lignitic sediments by monocotyledon cuticle types whereas the

allochthonous element is associated r.rith the Iighter coloured shales,

clays and coals and represented by dicotyledon ar¡d gymnospefln cuticle

types. The sequence has been divided into forty-one discrete

depositional events (in the reference core ERD 118).

From the fíve drillhole cores, i.e. ERD 118, ERD tt7, ERD 772, ERD

777 and ERD 110, 52 cuticle parataxa have been identified of whÍch 22

have been assígned to I (possibly 9) dicot families and 10 çlenera, i.e.

Casuarinaceae (Ggnqglggg), possibly Cunoniaceâe, Cyperaceae, Ebenaceae

(Àugtrgdiqgpusqg), Lauraceae (Qrypleqerys, Endle! ee and Litseq),

Podocar-paceae (DeqgsgqqeEpgg), Proteaceae (CafdwCllig, Dgfllngie and

gy¡ephee) and Zamiacaea (Botsenle). Five other parataxa have simply been

assigned to the I'tonocotyledonae. The water fern Àzollq ggplicornica

(Salviniaceae) was also identified from megaspores, massulae and

microspores.

A single correlation module has been recognised in the Formation.

It consists of three distinct floristic bands, ttlo dicot,/gymfsperm

bands which differ sliqhtly in the cuticle types they contain and a

central monocot bard.
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Comparison of the Cr-rlew palynoflora with those of the southern

Eocene deposits, e.g. Ànglesea, Victoria, has indicated that a more

tropical vegetation wås present in Queensland during this period of the

Tertiary. Cool floristic elements Iike the podocarps and Nglbgfagus are

poorly represented in the Curlew palynoflora.

The Curlew fossil flora was deposited in a low energy, freshwater

s$ramp, in generally reducing corditions. The local vegetation $,as

probably represented by a marginal tropical-subtrupical closed forest

(megatherm-mesotherm vegetation, Nix, 7982) whose mixed canopy layer

consisted of eucalypts as well as tropical (e.9. 0lacaceae) and

subtropical G,g. Cupanieae) trees. The urderstorey contained some

sclerophyllous elements but ferns and Iiliaceous plants probably

dominated. Along the swamp margin reed-Iike plants were probably common

underqymneglene.Theal}ochthonous

vegetatlon, probabty introduced into the basin from ç¡etter highlands

to the west of the deposit, $,as marginal

tropical closed forest with a mixed canopy of laurels and Proteaceae as

well as some tropical and subtropical taxa wÍth cycads and proteaceous

shrubs scattered throughout the understorey.

I
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CHAPTER 1

INTRODUCTION

1.1 Erslory qf. Ierlrary Fossil Eloras ef. aueensland Ar]ghglc Deposits.

Queensland has a large number of oilshale deposits $rhich range in

age from Cambrian to Tertiary (Figure 1). Tertiary oilshales are the

most common. They occur Ín eight basins in eastern Queenslard and, with

the exception of some beds at the Narows and Strathpine, contain

mainly low grade shales (Swarbrick, 7974).

The presence of oilshale ín the Narrows area s¡as suspected as

early as tgtt, but sras not confirmed until 1914, when the then

Àssistant Government Geologist, Mr. L.C. BaIl, discovered high grade

oilshale in the vicinity of Munduran Creek. In describing the geology

of the area he noted that siliceous Hs in the south contained

abundant indistinct inpressions of plant remains, as did the more

earthy shale bands to the north. Because of the reported poor state of

preservation of these fossils no further interest was shown. However,

the faunal remains mentioned by BaIl received a considerable amount of

attent,ion, particularly the ostracods, which were seen as possible

biostratigraphic ir¡dicators. Beasley (1945) identified a number of

species of fossil ostracods from this and other Queensland deposits

enabling him to construct a zonation and approximate correlatíon of the

strata. It was suggested here that both the Narows Tertiaries and the

Petrie Series (Jones, 1927), 7kms. north of Brisbane, were probably of

Miocene age, but more recent palynological investigations in the

Narrows region have found this date to be incorrect,
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In the early 7970' s OPEC (the Organisation of Petroleum Exporting

Countries) imposed worldwide increases ín oil prices, causing a renewed

interest in oilshale as a possible substitute energy source. Stimulated

by this situation, oilshale exploratÍon in Queensland was exparded and

known deposits reassessed. The increased availabílty of core material

resulting from new drilling operations sas, more palynological studies

undertalten. ÀIthough the palynoloqical resurgence sras slorJ, megafossil

floras Írere no$r finally beirg investigated.

Paten (1967> carried out a palynological analysis on Narrows

material ard dated the deposit as Eocene - Oligocene. This was the

first floral examination of Narrows sediments since Ball 1914)

recognised plant remains at two localities, some 50 years after the

deposit was first discovered. Later, Hekel $972) produced a

palynological correlation for all known Tertiary deposits, in which the

Namows region was consÍdered to be Palaeocene - Ì,liddle Oligocene in

êge.

Extensive investigations caffied out in the Narows region between

7974 and 1980 by Southern Pacifíc Petroleum N.L. ar¡d Central Pacific

Hinerals N.L. outlined two separate, but similar, oilshale deposits,

i.e. Rundle and Stuart. During this period of exploratÍon Foster (1979,

analysed sediments from the Rundle deposit, noting that the uppermost

oílshale unit (the úlattle Creek Seam - later referred to as the Curlew

FormatÍon) yielded a palynoflora of Late Eocene - Late Oligocene açle,

while the remaÍning sediments (within the Rundle Formation) contained

very few pollen grains or spores. l{ention nas also made of

undifferentiated masses of fossil plant material. In early 1980 the two

companies entered into a joint venture with Esso Exploration and

2



Productíon Àustralia Inc. for the exploitation of the Rundle oilshale

deposit (Henstridge ard Missen, 1981). Itith the increased interesf

shosrn in the Rurdle Project biy these three companies, opportunities

existed for the fossil flora to be extensively studied from core

samples, in particular those of the Curlew and Rundle Formations.

Àlthottgh rnacroscopic plant remaíns had continued to be recognised

from the Narrows sediments (Lindner ard Dixon, 1976) none had been

identÍfled untíl the descrÍption of the extÍnct water fern ÀZgIIe

qeptriqe5¡igglFoster and Harís, 1981). OpportunÍty thus existed for the

fÍrst extensive investigation of Tertiary oilshale (and related

sediments) Ín Queensland, with both macro- ard micro-fossils beirg

considered , and led to this Ph.D. study beirq urdertaken.
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1.2 Lqselieu arld GColoqv of the ÇUrleg Eqruelreu

The Curlew Formation, as part of the Rundle Deposit is situated in

the Narrorls Graben which lÍes approximately 25kms northwest of

Gladstone, Queensland, Iatitude 23o 40'S, Iongitude 151o 10'E

(Figure 1). The Gladstone and Naror¡s areas of central Queensland are

urderlain by the Carboniferous Curtis Island Group (Kirkegaard et aI.,

797O; Fleming et al., t97Ð. The group consÍsts of deep water sediments

which were uplifted and folded durinq the Late Permian with synchronous

grranite emplacements. During the Upper Cretaceous, trachyte and

rhyolite ph.¡gs (Ht. Larcon, tJhite Rock) intruded the Curtis Island

Group (Henstrídge and Missen, 1981).

À lacustrine system developed in the Early Tertiary and

sedimentary rocks accumulated within a rìarro$r, north-northwest

trenching graben in the Namows ârea. These Early Tertiary sedimentary

rocks were initially called the Casuarina-Narrows Series (Dunstan,

1913) but the name was amerded to The Narows Beds (Kirkegaard et aI.,

197ü to conform with the present stratigraphíc code. Subsidence and

deposition produced a sedimentary pile more than 1,000 metres thick

that sras later intruded by olívine dolerite. Quaternary alluvium no$,

almost eompletely conceals the Tertiary sequence.

The extensíve cover of alluvium which unconformably overlies the

Tertiary sequence (i.e. immediately above the Curlew Formation)

consists of gravel, sard ard clay. Sand and gravel are more extensive

in the south, and range up to 25 metres thick (Henstridge and }fisgen,

1981 ). À furbher unconformity exists between the Narrows Beds and the

underlying Curtis Island Group.
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Qutcrops of the Tertiary sediments are uncoÍnmon, the main

exposures beírg restricted to creek beds and coastal inlets of the

Narrows Channel (BalI , !914; Kirkegaard et 41., 7970i Lindner and

Dixon, 7976; Henstrídge and Míssen, 1981). They are deeply weathered

ard consist of kaolinised shale and claystone which is commonly

off-white r¿ith patchy dark red-brown oxidation colours. Most of the

outcrops are of the Brick Kiln ard Kerosene Creek Seams, within the

older Rurdle Formation. There is no exposure of the Curlew Formation

sediments.

The strata åre considered to be horizontal to shallow westerly

dipping (Henstridge ard Missen, 7987) but dips of up to 45o have been

r.ecorded and are thor.¡ght to be associated with localised faulting

(Fígure 2). The western limit of the graben is marked by near vertical

díps close to the western faultline. In some creek outcrops small scale

faulting is apparent.

The use of dritt cores has been the sole source for providing

stratigraphic information about the Tertiary sediments. The Narrows

Beds consist of oitshale which is rich in organic matter mainly

kerogen, siliceous ard argillaceous claystones, mudstones*, shales

ard minor impure carbonates, clayey sandstones, siltstones å¡d

lignites. gilshales and shales predominate (Kirkegaard et aI., 7970),

Bedding is commonly massive and poorty expnessed with sharply defined

bedding and different colour contacts rare. It is characteristic of the

sequence that bedding is less distinct in the sediments with low

n the term ttudstone is one of convenience, used by Lindner ar¡d Dixon
í976) to refer to fine grained balren or very low grade rocks
containírq a mixture of clay ar¡d silt sízed particles.

6



organic content (Lirdner ard Dixon, 1976).

tJhen fresh, the oilshale is typically brown to greyish-brown to

olive-qrrey ç¡ith a dull greasy lustre and brown streak ard the shale is

dark greenish-grey to greyish-blue-green. In outcrop the sediments åre

pale buff (due to the high shale content), blocky, jointed, indurate

and less conmonly fissÍle ard papery. PrÍmarily, the oíIshales are

laminate, sectile and fissile. The more laminate ard fissile layers

usually, but not always, represent the higher yieldirq oilshales. Some

massive beds also have a high organic content.

Sedimentary structures noted by researchers (Lindner and Dixon,

7976; Henstridge ar¡d Missen, 1981) include sedimentary breccias,

ÍntraforrnatÍonat breccias, nodules, Iimestone, red beds and compaction

features, ranging from $JôW to non-parallel bedding to sedimentary

dykes. Bioturbations, features produced by burrowing organisms, are

also present. Ì.legafossils of both plant and animal remains have been

recogmised ín the sedimentary rocks of the sequence. These fossíls are

commonly fragmented and include vertebrate boneg, fish remains, tt¡rt.le

carapaces, crocodilian teeth, scutes, seeds, fruiting bodies, Ieaves

ard twigs.

Gastropods ard ostracods are common throughout, the latter to the

extent of forming recognísable white bards, sometímes known as

'ostracodite'. Furu¡al spores, pollen and Àzglla gspgrsornigg (Foster

and Harris, 1981 ) megaspores ard microspores are also common in these

sediments.

7



The sequence has been divided into three confonnable formations:

t{orthington, the oldest, Rundle, the most extensive and Curlew, the

youngest. The organic content has proved an important factor in

determining these formations and their subsequent units (seams) i.e.,

Cr-nlew Formation

Rundle Formation

Kerosene Creek Seam

Telegraph Creek Unit

l{unduran Creek Seam

Humpy Creek Seam

Bríck Kiln Seam

Upper Ramsey Crossing Seam

Lower Ramsey Crossíng Seam

Upper Teningie Creek Seam

Lower Tenirqie Creek Seam

tlorthington Formation

The llorthington and Rur¡dle Formations have been discussed in

detail by Henstridge and Missen (1981) whÍch will not be repeated here.

The type section for the seguence is a composite section based on two

drill holes: cSQz and Rundle diamond drill hole number 66 (RDD 66)

(Henstridge and l,lissen, 7981). The latest drilling program undertaken

by ESSO Àustralia Ltd. has provided further information on the

stratigraphy of the sequence enablíng the production of a more accurate

stratignaphlc column (Fígure 3). ERÞ lt8 p.evìd.ot \|,e.npoì c.o-çtde Crth^.r

€¿iee¡,cê-o"d t"qsll^Êt+.- b.-'- r.æ*d q¡ìtp- *\<*.'- eq-air.this :+.ta1 .
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7.2.1 The UqûlnqÈon and Bunclle EgEmetre¡g

The t{orthington Formation inch-¡des the oldest sedimentary rocks of

the Narrows Graben which consists maínly of corglomerate, sandstone,

såndy and silty clays to claystone. The Rundle Formation is the most

extensive stratigraphic unit with an approximate thickness of 500

metres. This kerogen rich seguence has been subdivided into seven

units; the six kerogen units, known as seams are distinguished by the

organic content of the oilshale, and a predominantly claystone unit

containing very little oilshale.

7.2.2 The Qur,Les Eernslien

StratÍgraphically, the Curlew Formation is the youngest section of

the Namows Beds sequence. Only in the north of the graben does the

Formation exist, overlying the larger Rundle Formation. It is not known

if this is the full extent of the Formation but comments made by sone

workers (Lindner and Dixon , 1976; Henstridge and Ìlissen, 1981 ) about

the deeply weathered ard eroded sediments terd to sr.rggest that the

Format,ion may have extended further south in the past.

The section consísts maínly of green claystone with interbedded

carbonaceous shale, brown claystone and lignite. llinor calcareous

sar¡dstone and lÍmestone beds also occur. Coal bards are common within

the shales. A well defined base consisting of interbedded carbonaceous

shale ard green-grey claystone, which grades into carbonaceous

oilshale, is evident for approximately 5 metres above the contact with

Kerosene Creek oilshales (see Figure 4). Due most probably to erosion

and weathering the upper limit of the Formation is undefined and

9



overlain unconforrnably by fluvial sands and gravels (Lindner and Dixon,

7976). Ostracods are common.

Plant remaíns in these sediments are particularly abundant, more

so than in any other strata of the Rundle deposit. ÀUgIIa capflggnttgg

descrÍbed bV (Foster ard HamÍs, 1981), is possibly one of the most

common plant fossils in the Formation, having occt¡red in most core

samples examined. There are two life cycle stages of the water fern

represented-fhe large conical-shaped megaspores (Figure 154) and

microspore massulae with their characteristically barbed glochidia

(Figures 146, 153). AzqIIg microspores, both isolated and clusters, and

isolated (detached) glochidia have been recoqmised during palynological

examinations of Curlew samples. Intact megafossils are extremely rare

but small leaf fragments, twig remnants and seeds are common in the

carbonaceous clay, shale and coal horizons. The leaf fragments are

particularly abundant. Pollen has also been recovered from these

Iithotypes. ChitÍnous fragments ard small capsular structures are also

present in small guantities throughout the section.

The megafossil flora was initially divÍded into two very broad

botanical groupings, i.ê. Monocotyledons and "other Seed Plants"

(Dicotyledons ard Gymnosperms), whose cuticular differences were easily

recoginised. Generally, the cuticle of monocotyledons is characterised

by rectangular epidermal cells arranged in longitudinal rows parallel

to the long axis of the leaf, with sinuous enticlinal walls and a

tetracytic stomatal arrangement. Gymnosperm cuticles are símilar in

grûss mor-phology to those of the monocots but lack the same degiree of

cellular organization. The cuticle of the dicotyledons by contrast ís

far less organised; cell shape, stomatal arrangement and nature of the

10



cell walls all vary to some extent. Therefore at the cuticular level

these two groups are easily distinguished.

The tr¡o groups have been noted as generally lithotype specific.

The monocots are associated wíth the lignites ard the dicot/gymnospenn

group is associated with the shale/coal bands. The claystone contains

parataxa of both plant groups but the dicots generally dominate.

Through the recognition of cuticle types and associated plant

assemblages it is conceived that the cores analysed i.e. ERD 110, 177,

172, 177 añ,118, may be biostratígraphically correlated. These cores

are aII located in the North-ç¡estern end of the Narows Graben (Figure

2) because this is the only region where the Formation remains.

Therefore by defining correlatable zones between these cores a cross

correlation of this part of the basín, íe. fhe Curler¡ Formation, is

also achieved. The oilshale seams throughout the Rundle deposit have

been found to be persístent arxl correlatable, using a combination of

lithologicat sections and assay histograms (assay values recording the

% of kerqen contained ín each two metre interval of drill core)

(Henstridge ard l,lissen, 1981). Based on this information and the fact

that alt three formations are considered conformable it ís expected

that the ninor lithotype bar¡ds of the Curlew Formation will be

correlatable across the basin.

11
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1.3 Àqe Delerminglion

Inítial investigations canied out by Beasley (1945) on Tertiary

ostracods of Queensland recorded an age for the Narrows area as Miocene

or Neog¡ene. During the last decade however, as work in the area has

become more intensive and specific to the Rundle deposit the age span

has been progrressively reduced. The palynoflora of the Narrows area $,ås

bríef ty investigated by Paten (1967 ) and Hekel 1972), both examined

fossils extracted from ísolated core samples collected throughout the

region. Hekel (1972), ín particular concentrated on obtaining a broad

overview of the palynology as he was primaríIy concerned with producing

a generalized biostratigraphic correlation for the Oueensland TertÍary.

He considered the age of Narrows sediments to be in the vicinity of

Palaeocene to MÍddle Oligocene, lhis date being based on the o""u1Ën""

of a number of typical Lower Tertiary palynomorphs, that ig,

ÇupenieidÅtes esLhele:Lshug, Uelyeqrpellig divergug, Mvslaceidilce

er.¡qeniioldes, Nothofegidites $elgutclgfg and IrÅsrrlee gEþrqulalus.

In 7979, Foster examined specífically Rurdle core material and

noted that only the upper sediments (the f{attle Creek Seam i.e. the

Curlew Formation) had a r.lell represented palynof lora. The same

distríbution is also evÍdent for the plant megafossils in the deposit.

0n the basis of the absence of [elvageazuEpqllp Cetefee and the

presence of À¡sgglgsidflee segtus, which Stover and Partridge (1973)

noted was confined to Late Eocene assemblages in southeastern

Australia, he considered the deposit to be Late Eocene to Late

oligocene ín age. The most recent age determination (Foster and Harris,

1981) based on a comparative study of time ranges of southeastern

II
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\

I

I

I

1

I
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Àustralian species and the age of Àzollg gepEfsornrce Foster and

Harris, is Middle to Late Eocene.

Using the ranges of spores and pol}en,Stover and Partridge (1973)

recognised ten biostratigraphic zones ín the Gippsland Basin, Victoria,

which range from the Late Cretaceous through to the Miocene. Four zones

span the Eocene, i.e. The l'lelvacipgllie dfygfggs Zone (Early Eocene),

ProteegÀd¡gCg egpgropElus Zone (Early Eocene), Lower Nelhgfeqidfleg

ggpgzus Zone (Middle to Late Eocene) ard Upper NothgfaqiditCs agpCzug

Zone (Late Eocene to Early Oligocene) (see Figure 5).

The Lower NglbgfgqrgligCg aspeEus Zone is defined by the appeêrance

of 15 species (see Ta.ble !>, of which seven are restricted to this

zone. Two of these speeies, IfigglBileg gingtus and I- lhemasii, are

present in the Curlew Formation. Àn additional 13 species are listed as

first appearing within this zone (i.e. colunn À, Table 1) of which 2

species occur in the Curlew Formation, i.e. Iffqelpg[Ileg gpheerige and

Àneqeleeiditeg gggtus. À further 13 species terminate wíthin this zone

(i.e. colum B, Table 1) and 4 of these are found in the Curlew

sediments, i.e. tiliêg¿dites þsinii, prgteggi4íteg kopiensis, P-

peqhypglus ard P- ËCUurexinug.

Foster (1982>, in dating the Yaamba Basin deposit as tliddle to

Late Eocene, considered another síx species as important indicators of

this period. Three of these species also occur in the Curlew Formation:

EenkgÅeseiditeg arcuatus, HelglperiÊeg gslnJg and SantelUmlditee

ggingzgigus. Therefore, based on the comparative ranges of pollen and

spores from southern ÀustralÍan deposits, the Yaamba Basin deposit and

the Ídentification of Àzglle qepEicafnice, the age of the Curlew

t6



Formation could be considered Hiddle to Late Eocene.

The present study represents the only other najor palaeobotanical

work on the Curles¡ Formation.
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EiqUfC 5: Stover and Partridqe's (7973) spore-pollen zones of the

Gippsland Basin, Victoria.
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Iable 1: Shows the pollen t1ryes assocíated with the Lower

Neæfggldi-tCg asperus Zone (Stover ard Partridge , 1973).

The first column contains those species which define

the base of the zone, those marked with an asteris¡( (n)

are dlaqrnostic of the zone. Column A contains those

species that appear within the zone. Column B contaínE

those which termirnte within the zone.
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Â

A

A
A
A

Diagnostic species +



CHÀPTER 2

ÀIMS ÀND TECHNIQUES USED

2.1 Àims of the gludy

Initial drilling ard core sampling at Rundle has shown the

presence of over 500 meters of continuous sediments. }fany of these are

carbonaceous (includíng lignites, carbonaceous claystones and shales)

and preliminary sub-sampling of Esso cores indicated that they are rich

in plant macrofossils. The stratagem initially proposed was to document
tlú¡

ard analyse these plant fossils, but^was later amended to inch-¡de an

investigation of the microfossils as welI.

The major aims of the study (Íncorporating palynological studies)

are as follows:

1 ) Biostratigraphy - flork r¿ith carbonaceous sediments in the

Latrobe VaIley, Victoria has shown strong correlation between

lithotypes ard plant assemblages contained within them (Luly et aI.,

1980). It is therefore planned to catalogue the plant assemblages of

carbonaceous sediments from drill sítes at Rundle and to establish å

biostratigraphíc correlation for this locality. If successful this

could be used in correlations throughout the Narows Graben, with

possible extensions in the areas of exploration of other basíns and

possible dating of these sediments.

2) Palaeoenvironmental Studies Ànalysis of the fossil

assemblages contaíned within a specÍfic stratigrraphíc unit, with

emphasis on foliar pürysioginomy and gross commmunity structure will

assist in the development of a picture of the environment. llhen
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extended thror.gh the sedimentary column this trill a1low inferences to

be made as to the nature of the vegetation and the depositional

environment both at the time of oilshale deposition and in episodes

between. À similar assessment of the associated palynolo4ly of the unit

allows these ínferences about the vegetation and environment to be

exparded.

3) Fossit ldentification - SpecÍfic identification of the

mega- arxl microfossils ard/or comparison with their most similar

counterparts can provide a picture of the actual communities at Rundle

during the Tertíary.

The major lignitic sequence found within the Curler.¡ Formation

became the startirq point for the study (See Figute 4). This was

primarily because both HQ (7.Scm) and 15cm core samples of these

sediments were avaíIable for examinatíon and as they occurred near the

top of the Rurdle sedimentary column, they would ultimately be the

first exposed for mass sampling when open cut mining began. However,

thls open cut mining did not eventuate, as by the end of 1981 the

Rundle project had almost ceased completely. Thís did not halt the

stqdy as sufficient core material of the Curlew formation had already

been collected ar¡d was adequate for the task in hard.

27



À single trip to the Rundle site in Febnrary/l'larch 1981 enabled

collection of sufficíent material for the complete analysis of the

megafossil and microfossil flora of the Curlew Formation. Core

material, both 7.5cm (3") ard 1Scm (6"), from the majoríty of

drillholes was made accessible by ESSO Australia Ltd.. Seven of these,

(i.e. ERD 7!0, !l!, !72, !76, 177, 118, 139), containing a high

proportion of carbonaceous sediments within the Cur1ew Formation, were

selected for examinatíon. A quarter core sample was collected from the

cores listed above. Entíre 15cm core samples were available. In late

March 1983, additional quarter core materÍal, required for the

examination of a well defined lignitic bard in the Humpy Creek Seam

(Rurdle Formation) was coltected by Mr.L. Coshell (Esso geologist) from

three additional driIl holes ERD 159, 180, 297, À comparative

investigation of the fossil flora of a similar lÍthotype, which appears

to have been formed under identical circumstances but in a different

formation, $,as envisaged.

Dr¡rirg the collectíon of Curlew samples megafossíI leaf remains

were contínually obserrred. These were híghly carbonized in the coaly

Iithotypes and more fragimentary, though better presenred in the

carbonaceous c laystones.
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2.3 Eesgil PgesgEyaLion

The carborìaceous tithotypes $rere sampled at 0.1 metre intenrals,

where possible, resulting in some 230 samples beirg collected. The

samples were labelled according to the core number and depth at which

they were recovered (e.g. ERD 118, 26.0m). Future reference to core

samples in this study is by the recorded depth, i.e. sample 26.0m. Each

sample was placed Ín a heavy duty resealable plastic bag, Iabelled and

then placed into boxes for transport to Adelaide. Packaging of material

greatly reduced dessication and contamination during transit from the

mining site to storage in the laboratory. 0n amival, each sample stas

descrÍbed, Iithology arrd fossil content in particular being noted.

Preservation of fossíl material varied considerably, the majority

of megafossils beíng highty carbonized, fragmentary leaf remains. No

intact fossils other than the occasional seed or fruiting structur'e

srere recovered. The 15cm cores which $rere expected to reveal intact

fosgils (if avaitable) I¡ere, however, more often than not bamen.

Therefore most research vlas carried out on 7.5cm material which by its

size virLually assured only fragmentary megafossils.

Líthotype formatíon as well as plant type also influenced the

degiree of fossil preserrration. The fine grained, though irregularly

bedded claystones ard mrdstones generally presented god sized (>

0.5cnf) compressions. Fragments were easily recognised and recovered

from the maceration of these sediments and tended to be of

sclerophyllous angiosperms. Lignites on the other hand contained

monocotyledonous ptant remains, very small in Size, poorly preserved

and hiqhly carbonísed. On maceration the material became very fragile

23



ard hard to handle. These very thin cuticles åre charecterístic of

hydrophytes and other aquatíc monocots. The coaly lithotypes contained

particularly brittle material which after maceration yielded only very

small fragments. On occasion even the fn¡it-Iike bodies which were

obvÍous as compressions were not recovered after maceration.

The most ilçressive megafossil fourd to date is a catkÍn-Iike

structlre recovered from the oilshales of the Kerosene Creek Seam ín

the Rurdle Formation.
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2.4 EXtreglren end Premegþrsn of Fossilg

In the laboratory, samples from ERD 118 were divided equally into

two fractions for separate mega-and microfossil analysis. ÀII other

sarnples collected from cores ERD 110, tt|, 112 and tt7 $rere prepared

solely for megafossil analysis. For the extraction of megafossils the

sample was first split (if possible) and the state of preservation

determined. If the fossils were found to be excessively fragmented,

rnaÌing it impossible to distinguish macroscopic leaf features, the

sample was crushed ínto 0.5cm¡ pieces. ThÍs proved to be the case in

nearly all instances. The cnrshed material was then macerated in

approximately 200mls. of a ditute hydrogen peroxíde solution with a

småll quantity of the dispersant, tetrasodium pyrophosphate added. The

solution contaÍned 100mls of irdustrial grade 50% w/w hydrogen peroxide

(agueous) ard 100mls of distilled water, plus the dispersant.

The maceration solution, in a 500m1 pyrex glass beaker, was heated

on a hot plate at 100t and maintained at that temperature until

foaming began. Reaction rate increased rapidly as the reaction became

more exothermic causing foaming to likewise increase rapidly. It is

the vigorous effervescence that breaks down the matrix, releases the

cuticles and carries them, in the foam, to the surface. Àt this point

the beaker was removed from the heat and allowed to cool slowly in a

waterbath. once foaming had ceased, the foam was collected, washed and

passed through a series of 300p ard 125p sieves. This procedure ltas

repeated unti] all the remaining matrix was completely broken down and

the resultant foam passed thror:gh the sieves. This separation into

coarse and fine sievings allowed the examination of the material which
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would normally be obscured or lost if only a síngle sieving occurred.

This technique of examination $ras employed for a considerable

period initially until it became apparent that many samples did not

contain a large amount of fossiliferous material and that the

collection could be made from a single 125p sieving. Both coarse and

fine material were easily distinguished, therefore dispellirg earlier

fears of losing information by having too much material available at

êny one instance.

The sieving (a combination of both coarse ard fine material) was

then transferred to a plastic petri dÍsh (9cm diameter) and examined

under a Leitz stereomicroscope. Cuticular fragiments were selected from

all over the dish. A representative sample was in this way eollected,

generally amounting to over 200 irdividual fragments per sample. The

cuticles were then transferred to glass slides, stained with crystal

violet teased apart to reveal both cuticular surfaees when necessary

ard mounted ín phenol glycerine jelly. Nail polish was used to seal all

slides. Each slide $ras then viewed under a Zeiss Triocular microscope

whÍch was fitted wíth an Olympus C-35À, PM-10À automatic camera system.

Each new cuticle type was photog¡raphed.

The remainder of each ERD 118 core sample was prepared for

microfossil extraction. The techniques used to extract palynomorphs

from the matrix deperded on the nature of the lithotype. Those wíth a

hiqh oilshale content were particularly dífficult to breakdown. The

sample was initially dehydrated with glacial acetic acid for t? hours

before being subjected to acetolysis for twenty minutes.
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This particular procedure for acetolysis devised, by Foster (7979),

dÍffers from the standard Erdtman's (1960) technique in that only a 8:1

ratlo of acetic anhydride : conc. sulphuric acid was used. llashing in

5z potassium hydroxide solution was then followed by repeated washing

in distilled water. If further oxidation was required the macerate was

treated with wårrn concentrated nitric acÍd followed by washing in a

1-2% potassium hydroxide solution. Schulze solution s,as used in the

extraction of pollen from the carbonaceous sediments and proved most

satisfactory. The solution contains equal parbs of concentrated nitric

acid ard hydrochloric acid ard a small amount of potassium rhlorate

(K Ct O¡). Excessive potassium chlorate, i.e. grreater than a rice

grain, produces a highly explosive reaction.

The cnrshed sample was placed in a clean 400mI beaker whích had

been rinsed thoror-¡ghly with dÍstilled water príor to the addition of

the sanple ard schulze solution. The beaker was immediately covered

with a petri-dish to prevent the introduction of airborne contaminants.

The maceral was left for 12 hours, allowing for complete oxidation of

the matrix. tJashÍng with distilled water and centrifuging followed.

This procedure was repeated several times untíl aII the oxidizing

solution had been removed from the matrix. After further rinsing, the

sample r¡as covered with a 24 solution of potassium hydroxide and

centrifr.rged for no more than 5 minutes. Àny longer severely damages the

pollen exines. The solution was decanted off and the residue again

washed.

To separate the organics from the inorganics in the residue a

commercially produced zinc bromide wÍth a specific gravity of, 2.1 was

used. The liquid was added to the particulate, the tube shaken to
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disperse the sample and allow homogeneous mixing to occur. The lighter

organic material forms a bånd on the top of the Iiquid after

centrifr:ging ard it is in this layer that the pollen is accumulated.

The layer $ras removed and transferred to a clean tube where it was

treated with 10% hydrochloric acid to remove all zinc salts and rinsed

several tímes with distlled water. The transferals s¡ere carried out

using sterile disposable pipettes.

lJith the removal of aII extraneous material and organics the

remairder of the sample appears clear or golden in colour. À drop of

this mêterial is then placed on a prevÍously cleaned slide and fixed

r¡ith glycerine jelly. À clean cover slip was then placed over the

jelly, before aírborne contaminants could settle, and allowed to

harden. This usuåIly took between 5 ard 10 minutes. The slide was then

made permanent by ringir¡g the coverslip with nailpolish. A Reichert

Univar Research microscope with interference contrast optics and

automatic 35mm camera system was used to examine slides and photograph

palynomorphs (see Figure 6).
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l{acroacopic stn¡ctures were pù¡otographed uslng a t{itd dryplate

camera systan loaded with llford FP4 film. Cuticle fragments ard

smâller capsular stn¡ctureE srere photoqrapü¡ed initially using a Zelss

trlocular mlcroscope with qn ar.¡tomatÍc Olympus C-35À, PM-104 35mm

camera system ard for final plates a Reichert Unlvar Research

microscope wÍth an automatic 35mm camera system, loth systems usíng

Ilford FP-4 film. Palynomorpù¡s were photographed using the latter

system br¡t wÍth hlgh contrast llford Pan F film.

r.f
ii.
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CHÀPTER 3

PALYNOLOGI CAL EXÀI,Í INÀTiONS

3.1 IntredgcLren

3.1.1 Yrclde

palynomorphs do not occur continuously throughout the Rundle

stratigraphic column (as stated previously, the standard column is in

fact a composite from cores RDD 66 and GSQ 2, see Figure 3). They are

confined to the carbonaceous strata of the Curlew Formation. However, a

narrow carbonaceous band, the Humpy Creek seam, in the Rundle Formation

conLains a small assemblage which is very simíIar in composition to

that of the Curlew Formation. This assemblage contains a large

angiosperm component which is $¡ell represented in all core samples and

an equally trbiquitous fern component. Funga} spores are present

throughout the sequence but rarely do they occur in significant

proportions. l.tonocotyledons and conifers are rarely represented.

0ilshale dominates the entire Rundle Iithology (Figure 3). The

lithotype persists through al} units, either as verY thick continuous

strata or small interspersed discontinuous bands. Only in the latter

sequences where oilshales are in a minority do other fossil bearing

sediments occur. The Curlew Formation surprisingly contains only a

small proportion of oitshale, the bulk of the sediments are

carbonaceous claystones, nudstones and shales which all contain at

least some foliar fragments and microfloral remains.

The maceration techniques used for these sediments varied

considerably (see Section ?.Ð. The carbonaceous lithotypes $tere easliy

broken down to release po1len but the oilshales proved more díffícult.

The few pollen grains recovered fron the oilshales were so poorly

preserved that identificatÍons $,ere not possible.

ù
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lJell preserved palynomorphs are more like]y to be found in

sediments deposited under conditions of low pH and negative Eh, i.e. in

a reducing acidic environment (Tschudy and Scott, 1969). Such

conditions are commonly developed in bogs, bottoms of lakes and the

depths of closed basins. It is generally accepted (Beasley, 1945;

Swarbrick, 7973; Lindner and Dixon, tj76; Foster and Harris, 1981;

Henstridge and Missen, 1981 ) that deposition of sediments in the

Narrows Graben was in a lacustrine environment. This would tend to

suggest the existence of a large, weII preserved palynoflora at Rundle.

Hence, the scarcity of pollen in the oilshales (Foster, 1979) is

perplexing. Possible explanations for this scarcity are:

1) The presence of Ostracods; Ostracods are generalízed

bottom dwelling detrital feeders (Beasley, 1945) so the accumulation of

pollen in the bottom sediments of the lake would be a potential food

source. Freshwater copepods (i.e. ËglCEocgpe eeligns), a group of

animals related, but living solely Ín the water column, have been known

to eat pollen and algae when zooplankton was not available (Monakov,

1968 ; cited in LeCren and Lowe-Ì'f'Connell p.248, 1980). The hiqh

algal content of the lake would have been able to maintain a large

ostracod population in the absence of zooplankton.

2) Àn unfavourable environment; The organic matter of the

oilshale of the Rundle Deposit ís chiefly composed of alginite B

(IamelIar alginite) with minor BglEyoqgqqgg sourced algínite A and

particulate corpohuminite (Hutton et aI., 1980). The parent algae

(Cyanophyceae or Chlorophyceae) responsible f or alginite B r.tere

probably mat forming, benthoníc forms that bloomed in relatively

shallor.¡ warm lakes. The accumulation of these microorganisms produced

,i
t
ì;
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incoherent organic oozes that were deposited under anaerobic conditions

(Hutton et aI., 1980). Suitable conditíons $tere therefore available for

the preservation of higher plant remains. The low concentration of

organic matter derÍved from higher plants (Cutiníte arxl Corpohuminite)

in the Rurdle oilshales (Hutton et aI., 1980) would terd to indicate

higher plants, and hence pollen, ltere scårce in the area where these

Iithotypes srere formed. Therefore the scarcity of pollen fr-om the

oilshales ís probably the result of few source plants, not an

unfavourable depositional environment.

)'
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3. 1 .2 Bel-ruqleqrqe! QeLeqqrrgqtrsl

Thepalynomorphshaveheenplacedintoeightcategories.These

categories represent the major families and plant groLlps commonly

occurríng throughout the Australian Tertiary'

TheY are: (1) MYrtace'ee
(2) Proteaceae
(3) Fagaceae
(4) Casuarinaceae
( 5 ) Angiospermse (exdudin¡ Catc3-iet
(É') Gymnospermae
(7) PteridoPhYta
(B) MonocotYledonae

r-4)

It should be ¡oted thrat' this cat'egorisation is quite different to

a classical palynÚlcrgical classificatiorr gcheme in thrat it hae been

developed to examine the overall t-loristic trends within the curlew

Formation, i . e. the Àngiosperrnae , Gyrnrtosperrnae , Pter iclophyta and

Monocotyledonae categorieg, with particr-rlar interest to those families

which have contrj.butecl to the evolution of the moclern,

characteristically Àustralian flora, i.e. Myrtaceae, ProteelcÊôê'

Fagaceae and casuarinaceae. Identification of pollen ancl spores to

species Level Ís of leeger importance in this study but where moclern

affinities are suggestecì cornmerttg rnay be nacle concerning the p'est

environment ,sssociated with the curlew Formation ' AI I iclerrtif iecl

palynomorphs (see Àppenclj.>l 1) are figured (Plates 1 - É'), and wher-e

possÍble modern affinities are also listed (Table 3). PoIlerr ancl spore

frequencies (200 grains countecl) for ERD 118 are listecl in TaLrLe 2 and

representecl in a pollen cliagram in Figure B'
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3.2 Thg UyrlacggC ÇomPeECn!

Cookson and Pike (1954) recognised the difficulty in assigning

fossil pollen grains to either the family Myrtaceae or to the

individual genera and so constructed a form genus [yrlggerdflee for

Australian Cainozoic types wÍth strong myrtaceous affinities. Marbin

(1981), likewise maintained that the morphological homogeneity of

myrtaceous pollen is such that fossil pollen resembling Egqglypgus may

also be assignable to other genera, for example, angophorq, syncaEpie

and possibly Uetfoçldefqe. The grains are recognised as small to

medium, triangular to subtriangular in polar view with straight to

slightly concave, or slightly convex sides; angulaperturate;

trìcolporate; oblate to subspheroidal; arci distinct, enclosing or not

enclosing polar islands. The exine is smooth, granular or finely and

distinctly patterned, but never clearly reticulate (Cookson and Pike,

1954 ) .

These workers were able to distinguish myrtaceous fossil pollen

that displayed features characteristic of extant EUselyplus pollen and

therefore proposed the specíes Myrtaceidfleg eUcalvpte!éeg for these

palynomorphs. Other species are not as well defined ard may have

numerous modern affinities, for example, UyEtaegigiles narvus and

U,mgscnesgs. Grains of the former species have been compared to

UelfqsfdClos while the latter species contains specimens which display

similarity to certain eucalypts, for example, EucglygLug tessellgllg

(Cookson and pike, 1954) as weII as those that are like MelrgsidCfgg.

uyrlegerd.iteg mcsgnesus (Plate 5, Figures 40,47), first reported

in the Curlew Formation by Foster (1979) was particularly common
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throughout the sequence and represented the principle pollen type of

the Myrtaceae component, H^EêEYUg sras also common. clumps of

U-mesolesgg srere observed, which would tend to suggest either a local

deposition of the anthers or anther transportation over small

distances. Clumping of pollen sras not recorded for the other pollen

types. However, Luly et aI. (1980) sho$ted that myrtaceous trees tended

to have extra-Iocal or regional pollen dispersal which suggests these

plants were either canopy or understorey taxa growing within the swamp

basin some distance away from the sample site or top layer canopy taxa

growing on dry land well away from the sample site. It would appear

that the source trees responsÍble for the production of X- $egonCgug

probably grew nearer to the depositional site than other related

species.

g6s,lane
The qbser.c.e of ¡mYrtaceous megafossil remains, not only

curlew Formation but generally throughout Australia

(Ànglesea, victoria being an exception, christophel ond Ly5, , 1986ì

tends to imply a regional pollen dispersal, but a limited foliar

dispersal capability could explain the scarcity of these fossils. HiIl

and Gibson (pers. comm., 1985) consider a limited dispersal capability

to be the situation at Lady Lake, Tasmania, where the dominant canopy

species EUggfypgUg coqcifgrg is under-represented ín the lake litter'

They suggested this under-representation is due to myrtaceous leaves

having a very poor ability to float. In view of this information ard

the palynological evidence, extra-loca]/Iocal dispersal åppears more

appropriate. The other myrtaceous pollen t1çes were more likely to have

come from source plants located outside the depositional basin.

in the
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The Myrtaceae component comprises an additional eight species

(Plate 5, Figures 35-48). These include UUElecefd:Ltgg pgrvug (Cookson

andPike,1954), a broadly defíned species for grains which are

syncolpate and lack a polar island; Uyflegeid$es ye5rUggggg (Stover
vhi¡n

and Partridge, 1973)^diÊfers from the other species of MyrlacCidiles by

having a distinctively sculptured exine; UyflegCidilCg sp. cf. S-

euselrclgldes; UyrleselqÀlcg sp. cf. U- cuqcniisides; Uvrleseidites sp'

cf. U- rhgnneideg, and three unknown types.

lvflacgidileg potten is found in 84% of core samples analysed, and

is therefore an important component of the palynoflora of the Cur1ew

Formation. PoIIen frequency varies considerably down through the

sequence, from 26.0m to 78.0m (Table 2 and Figure 8). The vertical

distribution of myrtaceous pollen shows a concentration in the upper

sediments where the component generally represents more than 207. of the

palynoflora of each sample. Two distinct 'peaks' were observed in this

section of the Formation; the first, r¡ithin a metre of the top of the

Formation at a depthof.26.7m and the other, slÍghtly deeper, at 31.0m.

The frequencies recorded at these 'peaks' were 60.02" and 72.0v" (i.e. of

palynoflora for each sample) respectively.

À reduction in the abundance of Uyfleqgfqiles $tas recorded from

32.0m to 42.0m. During this interval the pteridophyte component

dominated, wÍth the exception of a few samples which contained no

pollen or spores. Hinor occurences of myrtaceous pollen were recorded.

Following this pteridophyte zone rJas an extensive band (11 metres) of

barren sediment, mainly green claystone. À re-appearance of myrtaceous

pollen at 53.3m indicated the end of the barren lithotypes but the

percentages were not as high as those recorded in the upper part of the
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Formation. Two lesser 'peaks' $rere recorded at 53.3m and 58.0m with

frequencies of,37". ard 45% respectÍvely. From 61.0¡n to the base of the

Formatíon the Myrbaceae component of each sample was generally fourd to

be < 10?. . A final myrtaceous rich sample (44.5?.) was recorded at 69.8m

(Flgrrre 11). The l.lyrtaceae component represents 15.3% of the total

Curlew Formation microf loral assemblage (palynof lora) .
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3.3 The Peotegqeee Qompenen!

Most Proteaceâe form genera are distinctive, and their extant

affinities recognisable, with the possible exception being the

fonn-genus Prolgggidiles. This genus $ras defined by Cookson (1950) and

later validated by Couper (1953) who saw lggleac$rtgg as a "catchall

for pollen of proteaceous affinities which cannot be more accurately

placed". In a reappraísal of PSgÈCeqfdites and ÐeegpEegfdites, Ilartin,

À. (1973) discussed the propriety of accepting the occurrence of

Preleaciditee and other proteaceous palynomorph genera as evidence of

the family Proteaceae and concluded that identity with the family could

not be taken for granted. In a later publication, lfartin arxl Harris

1974) subdivided Prqleacidites on the basis of apertural morphology,

proposing two generå Pfæyl.ipellig and Ççg¡ggllipollig, as weII as

redefining PfeleegfdflCg. They also noted that although many of the

described palynomorphs included in the three genera are definitely

proteaceous, the natural affinity of many other dispersed pollen of

this type still remains in doubt.

Benksigeefdflge Cookson ex. Couper (1953) is easily distinguished

from other proteaceous genera by having subpolar, bilateral,

biaperturate pollen grains with an 5exine thickened around the pores

(Cookson, 1950). Extant relatives are found in the Banksieae, which

includes the genera ÞeEESfe and Dryendfg of the subtribe Banksiinae

(both have morphologÍcally identical pollen. Cookson, 1950; Martin, H.

1973) and AUgtEgEUCIIefe and [ggqfageq of the subtribe l'lusgraveinae.

Þenlgfeeeidilee atrcualug Stover (Stover and Partridge,t9T3) has been

shown to display a number of features identical to those of
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AustfqUUellggg telnelyg and l'tusqrayCe slenqgtâghye (l'lemon, 7976). The

finding of Benhgtceerdfleg eæuelug (Plate 5, Figure 52) in the fossil

flower iluggrgyetDeÉhug elqsengig (christophel, 1984) is further

supporting evidence for the affinity between the fossil pollen and the

Musgraveínae.

The reappraisal of Ðegupr.eeroileg cookson ex. couper (1953) by

t{artin, À. (973) resulted in the removal of a number of incorrectly

identified palynomorphs, but more importantly, confirmed the affinity

of geqgpteardileg gleqqnSffglEls (Plate 5, Figure 51) to the extant

genus Ðeguprgq. ÞcewËeidiles is characterised by straight sides,
ô

colpoid apertures, tapering exine and finely reticulate sexine

(Cookson,1950).

The re-examination of pneviously defined Preleeqfdilee species

(Cookson, 1950; Couper, 1960; Harris, 1965, 1972; Stover and Partridge,

tg7Ð carried out by Ì.lartin and Harris A974) was responsible for the

establishing of Prqpyl.tpgllis ard GgeÐweflÍpgllre has already been

mentioned, but definite affinities between the fossil genera and extant

taxa has not been discussed in any detail. Propvbpgllig consísts of

some 15 prevíously recognised PrgleacidiÈge species, a number of which

are considered to have affinities to the tribes Macadamieae,

Embothrieae, Grevilleeae and Oriteeae. However a small group of

palynomorphs tentatively assigned to the genus have features more

characteristic of genera of the lcacinaceae and Sapindaceae (t'lartin and

Harris , 1974r,

pfotggcidllgg Cookson ex. Couper (1953) emend. Hartin and Harris

(gj¡) has been greatly reduced from its previous size through the
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recent r.tork of these researchers. Some of these pollen types compare

favourably r+ith taxa of the Proteaceae, especially the tribes Proteeae

and persoonieae of the subfamily Proteoideae but it remains doubtful

that all species are in fact true Proteaceae (Martin and Harris, 1974),

Northern Hemisphere forms of BegupreaÍliles and þo'Lggq!{!!gg have

been reported from sediments of Senonian and Haestrichian age

(Samoilovích, 7967: Srívastava, 1969), some have been transferred to

two ne$r genera Uenle¡gpqllig and Sibefiepellig (Tschudy, t97t) but are

considered to be non-proteaceous (Memon, 1976>,

The bulk of fossil pollen (14 taxa) recovered from the Curlew

sediments have simply been assigned to Protggcidilgg, (Plate 6, Figures

!-4,8,9,!2-79) but two specific identifications have been måde, i.e.

Pggleesiditee EæigDsig (Plate 6, Figures 5,6) and P- pegbyEqlus (Plate

6, Figure 7). The only other proteaceous species positively identified

are Benksigeslldites egcugtus, ggeugggidiËeg eleggniEgrmis and

Pfgpylfpellie letggþeneis (Plate 6, Figures 10,11). The majority of

palynomorphs have been compared to recognised fossil species (See

Appendix 1) follov¡ing a review of numerous comparative studies of

extant and fossil pollen types which inchded Cookson (1950), Cookson

and Pike (1954), Hartin,À. (197$81),Martin,H. (973), Hartin and Harris

(974), Hemon (7976) and Syber (1983).

Hekel' ir !972' remarked that "Prolcagiditce seems to be

quantitatively much less important in the Queensland Tertiary than at

the same time in southern Àustralia". Throughout the Cr.rlew Formation

the quantity of proteaceous pollen is low. Peoteaeidites, which is the

most common genus, does not even represent 7.loto of the total
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palynof lora (Table 2, Figure 8). EenLefeêefd$eg and B-eUpEeefdlleg

palynomorphs are even more uncommon. Similarly, in the Yaanba Basin

(Foster, tg82>, which is of the same age as this deposit, the

proteaceous component represents only 2.4to of. the total palynoflora.

These values are substantially less than that recorded for the south

eastern Àngresea deposit (syber, 19g3f which had a Breleacidileg

frequency of. 71Y".

The Ìliddle to Late Eocene has been identified by t'fartin (1982) as

a period of decline for the Proteaceae with many taxa becoming extinct.

This trend does not appear to be as obvious in Queensland where, ês

Hekel $g72) noted, taxa $rere typically scarce dr-rring the entire

Tertiary The southern Àustralian deposits which range from Early

Míddle Eocene (Kingston, south-eastern South Australia (llood, 7981) and

Nerriga, southern New South t{ales (Owen, !975)) to Late }'liddle Eocene

(AngIesea, VÍctoria (Syber, 1983)) aII have a greater number of

proteaceous species and represent a greater percentage of the tota]

palynoflora. A decrease in diversity has been reported by Syber (1983)

for the proteaceous component of Anglesea but without a decrease in

quantíty.

À Tertiary climatíc gradient (Hekel, !972; Hartin, 1982) parallel

to that which exists today in eastern Àustralia may explain this

variation between the northern (Queensland) and southern (Victoria)
oF *:. G-.|¿"rFo. rr c.tbF

Tertiary deposits. From a value of. 1l% for the total palynoflorar,the

proteaceous component increases to 7% for the Hay deposit (Murray

Basin) in central New South lJales (Hartin, 1982) and reaches 11?' at

Ànglesea (Syber, 1983) , 23to at Nerriga (Owen, t97Ð and 25?. at Kingston

(tfood, 1981). The particularly high proteaceous percentage in the

* NOTE; This unpublished work is now in press and should in future
be referred to under - Christophel, 0.C., ll.K. Harris and A.K. gyber

<Igg7). The Eocene flora of the Ànglesea locality, Victoria. Alcþ95!¡gq
(10). 42



Negiga deposit, which is located in south-eastern New South llales,

would suggest that local climatic influences probably disrupted the

overall climatic gradient. tleti'.,t'l.(rrte)-tcstn"pticdlh¿c¡*rlcnc.e cFo.. c-e¡h-r"¡rst

!,^lo-räf "s-J.^t"J fio^. [ia-i-+i.r.1 *r;,..,^,íS,+ urettnôd cqvlí¿.l. rnaleho ae¡ar'¡i

So. {'}ü¡ .tiÇtrr¿nc..
fhe majoi concentration of proteaceous pollen occurs in the

youngest Curlew sediments, from the top of the Formation (i.e. 26.0m)

to a depth of 26.7m. On one occasion during this short interval a

frequency of 9.5?. (ie, ?' of the palynoflora for that specific sample:

Table 2) was recoded.

LuIy et aI. (1980) considered pollen production of the Proteaceae

to be either under or equally represented, which implies that the

parent plants occur in the vicinity of the sample site. They also

considered that a local or extra-Iocal dispersal behavÍour

characterises the famity and indicates the parent plants are either

prostrate scramblers growing very close to the ground and droppirg

their pollen or having it dispersed by animals; or they are animal/wind

pollinatedcanopy or understorey taxa.

Based on these considerations the plants responsible for the

Curlew proteaceous component $rere probably scarce, located in the

vicinity of the Narrows Graben wíth a tall canopy tree habit. As tall

canopy trees the pollen production when compared to that of a

sclerophyllous shrub layer would be expected to be much greater (Birks

and Birks, 1980). However, some Proteaceae trees are found in

Queensland rainforests today that produce only small quantities of

pollen (Kershaw, tgT1b), therefore it is possible that some source taxa

may have been common in the canopy layer.
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3.4 lhe Faggceqe ÇomPoEeDt

Notbef.ggrditeg Potonie (1960), which is referable to the extant

genus Nolhgf.ezue Blume (1851), is the single representative of this
oÊtlis\tÊ

component. Att fossil palynomorphs^are assignable to this genus' Three

distinct morphological pollen groups are recognised amongst living

species of Nqlhef.ggus, i.e. fusgq, þgegeif and mCnzlCglt'

The þggggrl type (cookson, !952" Erdtman, 1954) ís small to medium

in size, usually having an angular amb and firm exine of uniform

thickness. The ncnziegii type (cranwell , 1939; cookson, 1946; Couper,

1953; Cookson and Pike, 1955; Cookson, 1959) is characterised by its

large sÍze (equatorial diameter 40-60um, Cookson ar¡d Pike, 1955),

extremely thin exine, and inconspicuous pores or fissure points around

the equator which, ç¡hen the grains are ruptr.red, appear as large

unrimmed furrows of varying lengths. The fusca type (cranwell , tj39;

Cookson, 1947; Couper, 1953; Cookson and Pike, 1955; Cookson, 1959) is

characterised by medium Size, convex polar surfaceg, i.e. biconvexity

(Cookson, 1959) and firm exine whích is distinctly thickened around the

pores. The apertures, although t colpoid, are referred to as pores

because of their rourded ends (Faegri and lverson, 1950).

AIl three types occurred ín the Australian Tertiary, with the

þEgssii type the most common. Eocene deposits oE south-eastern

Àustralia have a greater abundance of NothoÉe*Ld!Þeg pollen than those

of Queensland. The Fagaceae component (as a percentage of the pol}en

flora of each sample) for the south-eastern deposits, rarge from (17" to

46.t (see Àppendix 3), whereas the Queensland deposits, including Yaamba

(Foster, tgg}) and Rurdle (curlew Formation) have percentages ranging
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from (12. Lo 6%. Curlew percentages occur at the lower end of the range,

i.e. 1!"¿o to 4%, indÍcating that in this sequence Llelhqfeq.iqitee

palynomorphs are particularly scarce. ÀIthough the abundance varied

considerably between the two regions, the overall compositional trends

$rere identical, r^rith the þresgtl type also dominating the northern

deposits.

Nelhofaqidlleg ís evenly distributed down through the curlew

Formation, but poputations are usually very small, in some samples the

component is represented by a single palynomorph (Table 2, Figure 8). À

slight increase is recorded in the older sediments from 63m to 65m ard

again from 68m to the base of the Formation. In this lor.¡er section

values of, 3% (per sample) are not uncommon. The maximum value obtained

for the Fagaceae component in any one sample was 57" which occurred at a

depth of. 71..4m. This component is considered to be of minor importance

in the Curlew Formation as it represents onty t% of the total

palynoflora.

seven species of Nqlbgfaqrqilcs were identified in the curlew

Formation (Plate 5, Figures 2-5,8-10). Às stated above, the þfgegii

type ís the most common and includes the species, Nglhefggrdrlce

hetczug, tt- ggarsidU!!, N- r¡cgegggtug and NgthgfeqrdrÈeg sp. A and sp'

B. The fugge type is represented by a single species, N-

brachygp:Lnulggus, while the EleEziegil type is represented by a single

palynomorph of Nr qgEeEUg. The most common þeeggii type was N- hglefgg

which occurred in almost everY NelhefaqfdilCg population throtghout the

sequence. This potlen species is so similar morphologically to N-

e4qtqidgs that species are difficult to distinguÍsh and both may have

been recorded under N- belelUg. It is possible that both species are
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members of. a larger complex, i.e. the N- helerus/N- g@Egldgg complex

(HilI and MacPhail, 1983; Foster, pers.comm., 1984).

In the Yaamba Basin both species lrere recorded, but N- enqggidug

$,as the most abundant (Foster, 1982)'L{- ueleuEengis (= N. g¡grcidgs)'

another þrasgü type, was noted as the most common species occurring

throughout the Queensland Tertiary by Hekel (1972). The age of the

sediments from which these samples were taken ranges from the Lower

Tertiary (Palaeocene) to Miocene. These samples and core localities åre

listed by Hekel 4972).

The fusqq and rngnzigg!! pollen types are low in numbers in the

southern Eocene deposits, e.g. Ànglesea (Syber, 1983), and again this

trend is repeated in Queensland deposits.

Às stated previously, there is a distinct difference in the

abundance of Ngthgfeqidites pollen in Queensland ar¡d southeastern

Eocene microfloras. For example, approximately 50% of the total

assemblage of the Hay microflora (Martin, 1982) is represented by

Ngtbgfgqrdites spp. whereas in the curlew microflora these pollen

represent less than !"to. This difference was originally discussed by

Harris (1965) who considered the minor occurrence of Nqlhefegfdfþe9 in

the Lower Tertiary of Queensland may be explained either by 1) the

phytogeographical environment being restricted in the Lower Tertiary

for the migration of the genus, possibly due to volcanic activity, oc

2)(themoreprobableexplanationbeing)awidespreadlaginthe
migration of NqthoÉggus from southern to northern Australia, due to the

exÍstence of a south-north climatic gradient. This ís discussed in more

detail in Section 6.2.7
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Only during the Hiocene did Ngthglqeqfqileg pollen types appear in

any significant quantities, and only for a short period. Hekel (1972)

considered this a unique event which may be associated with a climatic

change and suggested that the North was not as suitable for NolhsfgzuS

as in the South-east. Martin (1982) suggested that there may have been

a north-south temperature gradient during the Tertíary judging from the

greater abundance of NgthgfezuS in south-eastern Australia when

compared to Queensland.

The complete absence of megafossils assignable to the bEaggit type

of the extant genus NeLhefezue (i.e. subsection bipartitae) is not

unique to the Queenslard Tertiary but a common absence throughout

Àustralia (Christophel and Blackburn, 1978; Christophel, 1987; HiII,

1982,1983a;HiIl and Macphail, 1983). The absence of megafossil remains

is perplexing but ít is possible that megafossils may have been

overlooked in some of these studies due to an inability to correctly

identify material (HilI and Hacphail, 1983). Reasons for the great

abundance of Nelhsfgzug þragsii type pollen ís discussed in detaÍI by

HiIl and Macphail (1983). They considered Netþofqgus species to be

abundant pollen producers but not all have effective wind dispersal of

po]Ien. This feature (viz. Iack of effective dispersal and high pollen

production) of the genus is generally considered the principle factor

for the common occurence of the pollen type throughout the Australian

Tertiary. They maintained that the pollen is an allochthonous element

in these deposits but sr-ggest, based on information concerning

Ng!þofeqgs ngnziegii (New Zealand) and $- gUEUi (Tasmania) pollen, that

water transport ís involved in dispersal.
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À review of previous studies of pollen dispersal and deposition in

the areås where Nothgfggug forms the regional forest vegetation (e.9.

Heusser, 7974; Hope, 1976; Macphail, 1975, 1979; Pocknall, 1980) led

Hill and Macphail to conclude that wird dispersed pollen rain, which

represents the regional vegetation, is abundantly recorded only when

lhe site of deposition is very open or when pollen production by local

vegetation is very low. Considering these proposals it is possible that

the Ngthofegidilge pollen types of the Curlew Formation s,ere

transported into the Narrows Graben by eastern trending streams which

originated in the western highlands (Figure 7). However, if NeÞhgfaqug

is an abundant pollen producer and pollen is dispersed by water, then a

greater percentage of pollen could be expected to be deposited in a

basin the size of the Narrows Graben, if only because of the number of

streams that feed the basin. The forests of the high eastern facing

gullies of the Mt. Larcom Range, and nearby ranges (e.9. Calliope

Range) appear the most proba-ble source areas for NoLhgfgqUg. These

highlands are some distance (at least 6km) away from the Narrows Greben

so that any pollen transporLed via streams and creeks etould be subject

to a considerable amount of abrasion and damage before final

deposition.

Hill and Macphail (1983) suggest that in highland regions, the

present habitat of Ngthofgggg, âr upslope movement of wind dispersed

pollen would be favoured. If this was the case in the l'ft. Larcom and

Calliope Ranges pollen would be carried westward away from the Narror.¡s

region in the east. This movement would be assisted by the general

direction of the prevailing wÍnds. Therefore only when the wind

direction was reversed, which would he very occasionally, would pollen
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be expected to be deposited in the Namows Gra-ben. This argument could

be used in relation to the entire east coast of Àustralia where the

eastern highlands, the most likely source of NgthgÍggug, are under the

influence of the prevailing onshore winds (Southeast Trades) therefore

carrying pollen away from coastal areas. If Nelhefaqgg did not occur in

the upland regÍons near the Narrows Graben the likelihood of pollen

being deposited âppears even more remote considering these wind

conditions.

Luly et a}. (1980) listed NgthqqegUg brgggii type pollen Ers either

extra-local or regionally dispersed in which case the source plants

were probably a considerable distance from the sample site and the

pollen wind dispersed. They also considered the genus was

over-represented in deposition. The low frequencíes of NgÈhefegf{iteg

spp. would suggest they are not over-represented in the Curlew

Formation and imply the dispersal mechanism responsible for

depositing pollen in the graben was either not highly effective or

employed irregularly. One would expect water to be a particularly

efficient and regularly occurring method of transporting pollen from

the upland sites to the basin. À further concentration of pollen could

be expected with the union of streams as they moved down slope. It
seems most unlikely that Nethofegfdflee spp. were deposíted in the

Narrows graben by water, even if the source population was very small

because the grains recovered from the sediments were intact. The method

appears more feasíble for the southern localities where Nothqfegidilee

frequencies are much larger.

From the low frequencies of Nglhqfeqiqilgg pollen in the Curlew

sediments it would appear that wind was the most likely method of
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dispersaÌ and that deposition only occurred

interruption to the general upslope movement

temporary change in the prevailing wind direction.
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3.5 lhe Çagugelæsceg ÇoupsÐent

The family Casuarinaceae is an important element in the modern

Àustralian vegetation and has been so in the past (Kershaw, 1970a).

HelqEggegiditeg couper (1953) is the presently used fossil genus

attributed to this family, although a number of generic synonyms exist,

e.g. IEigriteg cookson ex couper (1953) and Cqsuqrinllttes Cookson and

pike (1954). HelgraqggidrÈeg berrrslt (Plate 5, Figure 49), which is

the most abundant species in the Australian Tertiary is still referred

to by the name lrreEllee hqnersrl (couper, 1953) arxl likewise I

triorelug, another co¡nmon species, by Çeggeflnidilcg gglEeZgÍcug

(Cookson and Pike, 1954). À synorT*y t"t presented by Hitdenhall and
,\

Harris (977) with further additions made by Stover ard Partridge

<1973>,

Kershaw (1970a) showed that the modern species of the

Casuarinaceae exhibited a range of continuous morphological variation

in which no one species exhibited more than a parb of the range and as

Tertiary fossils fall within this range (Martin, 1978), intra-generic

identifications may be possible. AII species have the same basic

norphology. An abbreviated version of Kershaw's description follows;

"poIlen graíns are medium sized (77-4t.8pm), oblate to

apiculate in Iateral view, rounded to semÍangular in polar view and

normally triporate, although pore number varies from 2 to 6. Apertures

are small, 1-3pm in diameter, rather angular, and shott no preferred

alignment with any girain axis. Each is raised on a protrusion which

has a roughly circular base and flattened top folding inward slightly
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around the rim. The exine 1.5-4¡rm thick, is two layered with a thicker

ektexine, showing traces of columellae and thinner, Iighter coloured,

homogenous endexine of constant thickness".

The characters that show variation are equatorial diameter, pore

height, pore width, index polaris, area of pore/area of body, costae

distinctiveness, crevassing and pore number (Kershaw, 1970a).

From a comparative analysis of 34 species using the characters

listed above, Kershaw was able to distinguish the genus Gymncgtama from

Çgguarlng ard ÀIlogasusrins. The revised taxonomy of the casuarinaceae

by Johnson $982) resulted in Kershaw'g original Çqsuggina giroups

containing species of both the genera, CgsusEing and Al]egeggeç!¡g. His

groupings were Gym¡oslsma, Casger!¡g Group A , ÇagUeEilg Group B and

GegugEina distyla. Gymngglqma grrains displayed less variation. They are

small, generally more triangular than circular in polar view, with a

consistent number of pores, which lack costal rings and obvious

crevassing (Kershaw, t97Ûa).

pollen grains attributed to Hgloragecidlles þgg5ísii have been

described as free, isopolar, triradially symmetric, triatriate,

triorate, subtriangular with convex sides, angrulaperturate, amb

internrpted by slightly bulging pore rim, pores equatorial. Pores

circular 2.5 - 3¡.rm; exine 1.0 - 1.5pm thÍck in interradial region,

thíckening around aperture to 2.O - 2.5pm, pore canal 2.5pm exine

tectate, sexine ahout as thick as nexine, faintly scabrate in holotype,

psilate. Equatorial diameter range 29 (34) 48pm (Hildenhall ard

Harris, 1971).
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Helgugacrdlleeharrtsithasgenerallybeenrecognisedashavinga

strong affinity to the Casuarinaceae, however Loganiaceae (Ggn:Los:Lgng)

(Mildenhall and Harris , lg1n ard Myrícaceae ccaÑyrice) (cookson and
l

Pike, 1954) have also been considered as possible relatives. Frior to

Johngon's (1980, !g82) revísion of the the family, which is discussed

in detail in section 4.2.4, all fossÍI palynomorphs have simply been

attributed to eagueEiDg, no divisíonal affinities beinS attempted.

Recently, Helogeqegfdileg bgfEfsif pollen grains from Ànglesea

(Victoria) have been positively identified as those of Gymnoeto$e by

Syber (1983). The pollen was extracted from fossil material of a male

gvmnqetqng inflorescence (christophel, 1980) and found to be

indistinguishable from that of the extant Gynneglema. These girains

exhibíted an absence of pore protrusion whích is characteristic of the

pollen type descriffi by Kershaw (1970a). Equatorial diameter

measurements also fell r¡Íthin the recog¡nised generic rarq¡e (Syber'

1983). À comparison between galoraqqqiÈlleg hargíei! from the curlew

Formatíon and those Ànglesea girains extracted from a Êyungg'tgre

inflorescence may be identical. Therefore the casuarinaceae component

of the Curlew Formation contains pollen that may be assiginable to

Gym¡ostoma.

Halereæcidlteg hq4igii is one of the nost commonly occuffing

angiosperm types in the Formation. Rarely is it absent in the

palynoflora of any sample. The pollen is more abundant in the older

sediments (Table 2, Figure 8), from a depth of 53.3m to the base of the

sequence, where freguencÍes in excess of 50t" ard as high as 7tv, are

recorded. The Casuarinaceae component represents t|¿o of the total

palynoflora.

I
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Extant Casuarinaceae species are anemophilous and prolific pollen

producers (Kershaw, 7970ù. Based on these characteristics they are

considered to be major contributors to the regional pollen rain and

over-represented in Modern and Late Quaternary sedimentary deposits

(LuIy et al., 1980). This sr:ggests the plants were located some

distance away from the sample site and that they represented a part of

the top canopy layer. Extra-local pollen dispersal, although not a

common characteristic of the family, is a recognised possibítity

(llalker and Flenley, 797Ð. Plants contributing to this type of pollen

dispersal would have been growing closer to the depositional site,

possibly withín the same basin, as part of the cânopy or understorey

Iayers.

The frequencies recorded for HalgUegeqfdflCg hæ!gi! ín the

Curlew Formation would sr.rggest over-representation ard a regional

distribution of source plants. Clumps of graÍns fourd in samples taken

from the other cores could indicate a more extra-Iocal distribution

however. Casuarinaceae is an important dry lard vegetation component

growing ín lower, drier parts of the catchment, or as secondary plants

associated with closed forest (Luty et aI., 1980). Gv¡nnostogg is found

in marginal closed forest communities of North East Queensland

(Christophel, pers.cornm.), not necessaríIy the drier areas of the

catchment or infertile regions as would be expected for the more

characteristically sclerophyl tous genera ÇegUgring and ÀllogasuaEing.

Little consideration has been given to the possibÍIity of

CynnoetqBg po1len being the major contributor to the Casuarinaceae

component of Tertiary pollen assemblages. ÀII speculations regarding

reconstructiqn of past vegetations refer to Casgsging (Martin, 1978,
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1gg0; Luly et aI., 1980), and deduce that the pollen producing plants

srere either located on infertile sediments within the depsitional

basin or in disturbed areas of closed forests. The identífication of

Cvmnosleme pollen from Ànglesea by Syber (1983) arrd a favourable

comparison to the Curlew palynomorphs presents strong evidence that

this genus $,as an important taxon of the Àustralian Eocene.

HalclaqacrdrLce trigratgg (Plate 5, Figure 50) is poorly

represented in the Curlew sediments, appearir¡g in low numbers and only

in a few samples of ERD 118. Frequencies recorded ranged from O.5o¿o to

J%. These graíns could have come from plants that occupied either the

infertile or drier areas within the catchment area. It is also possible

that these plants grew in small areås of disturbance within the closed

forest.

t{ater transport is again considered (Martin, 1980) as a possible
tt"t*gfg.ld,Þr Cc,rl¿r¡./

explanation for over representation õFn nollen in the n sediments,

whereby, the plants grew in or along the margins of swåmps or lakes.

Atthough this method of transportation does increase pollen

concentrations, damage must be incurred over long distances, i.e.

regionally located source plants, resulting in poorly preserved

material being deposited. The palynomorphs recovered from the Curlew

Formation $rere partícularly welI preserved, ând occasionally clumped

together, which would tend to indicate that source plants grew in the

viciníty of the basin. An extra-Iocal pollen dispersal is therefore a

possibí}ity, one which was considered by l{alker and FIenIey (ti79).

56



3.6 The þgiosperEae Çgmpeuen$

The Àngiospennae comlronent is the principle pollen group of the

Curlew Formation (See Apperdix t), containing pollen types with

affinitíes to a number of floristically diverse modern taxa and

representirg 30.8?" of the total palynoflora.

These palynomorphs are evenly distributed, vertically throughout

the Formation. In aÌmost aII samples where pollen was recorded the

miscellaneous angíosperm component represented a signif icant percentage

of the pollen flora, which ranges from 92. to 81% (Table 2, Figure 8).

No definite distributional trends were recognised for índividual pollen

types.

The pollen types assigmable to modern families and genera are few

compared to the large number of unidentifiable palynomorahs. À large

percentage of these unknown fossil angiosperms are of forms (i.e.

tricolpate and tricolporate) very similar to many modern taxa, making

it particularly difficutt to determine their modern affinities.

Tricolporate pollen is found within numerous familÍes including the

Ànacardiaceae, Araliaceae, Cunoniaceae, efåocarpaceae, Låuraceae,

Rutaceae, Sapindaceae, Sapotaceae and Umbelliferae. Tricolpate pollen

is found within several families including the Loranthaceae, 0leaceae

and Nyctaginaceae (Markgraf and D'Àntoni, 1978; Martin, 1978; Heusser,

7977).

Of the 58 fossíI pollen types recognised only 1E have been

assigned to modern families (Table 3). ÀIthough the number is small,

)Faxclr,åi13 gottcr. o$ Crùap.ïcs l-4.
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vegetation reconstructions are. still possible. The families to which

these pollen types are attributable represent both closed forest and

sclerophyll woodland (forest) elements. Families present with highest

modern diversity in the Àustralian tropics are more numerous and

include Olacaceae, Sapindaceae, Santalaceae, Ebenaceae, Rhamnaceae,

Malvaceae, Euphorbiaceae, Loranthaceae, Rhizophoraceae, Oleaceae and

possibly Saxifragaceae and Ànacardiaceae.

The presence of the fossil genus !¡qcolgsidites is generally

considered indicative of a tropical element and is assigned to

Ànacqlegg of the 0lacaceae (M'Intyre, 1968; Ì'lartin, 1978).

Ànecolosiditgg pollen is described as "isopolar, medium to small,

triangular to round, triangular in polar view, 6-prate, 3 pores

towa¡¡ds the angles of each Ëace. Sculpture irdistinct to promÍnent"

(Cookson and Pike, 1954). AnacolcglÈiles sectus Partridge (in Stover

ar¡d Partridge, 797Ð $ras recovered in smaÌI quantÍties from a number of

samples (Plate 5, Figures 15,32). The modern genus Anagclgsg is

represented in the Àustralian flora by a single species, i.e. À¡ggologe

sp., from the Chester River, Cape York Peninsula, Queensland. This

species had previously been recorded ås À- pepUg¡q by B. Hyland

(George, 1984). The genus is primarily distributed through the tropical

zone of the western Pacific region and southern India (Cookson and

Pike, 1954).

The Sapindaceae, in particular the tribe Cupanieae, has pollen

which closely resembles that of the fossil genus ÇUpenfefdlÈCg. Pollen

of this genus ütas described by Cookson ar¡d Píke (1954) as

"nedium-sized, tricolporate; amb triangular to almost circular,

angulaperturate; arci present, eÍther uniting to form more or less
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distinct polar islands or not reaching the poles. Sexine as thick as

nexinerdistinctly to faintly reticulate". Four distinct fossil types

$,ere identified, ÇUpenleidltgg sp. cf. L eElhelergbus (Plate 4,

Figures 5,74,37) was the most common, occuming in most samples while,

the other pollen types comparable to Ç^ mgjgË (Plate 5, Figure 31), g-

fetizuIefis (Plate 5, Figure 27) and QUBqnfCfdilgs sp.B (Foster, 7982)

(Plate 4, Figure 2Ð srere randomly distributed in low numbers

throughout the Formation. ÇUpe¡iefdfLee eglhelefghUg, because of the

size variation of the sexine reticulum mesh is probably related to more

than one modern species.

Cookson and Pike (1954), considered the Queensland rainforest tree

species ttigchqqEEpus pyrlfgggfg (F.Muel1.) Radlk. the closest relative,

while ÇuBeniepgre ggryideng Radlk., JaqCEg pgcudgEhus (4. Rich. )

Radlk., BhygelsecÞie ¡ifolielela (F.HueII.) Radlk. and leeshine tensr

(Benth. ) Radlk. bear some similarity. CUmniefdllgg mgjgf more closely

resembles pollen of ÇUpe¡igpgæ ugdggortbi! (F.HueIl.) Radlk., another

rainforest tree species which is found in Queensland and New South

I{ales. Lcpidcrcue pungtulaÈe (F. Mue1l.) Radlk. ard Sarggplgry¿

stipllgþ (F. l.fuell.) Radlk. have a similar shape and type of sexinous

reticulum to ÇupqniCfdites fglicUlerlg (Cookson and Pike, 1954).

Species of the Cupanieae are primarily found in the closed forest

(rainforest) communities extending from Sydney (New South llales) north

through Queensland.

$enlelggidigCg gglDgZeIgUEt (Plate 4, Figure 15) is assíqrnable to

the family Santalaceae. The fossil po}len, thouqh sliqhtly larger in

size, compares favourably with that of Senlelun. The grrains srere

described by Cookson and Pike (1954) as "triporate, prolate, with a
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broad oroid zone in which the exíne is more coarsely sculptured and

thicker than at the poles, the maximum thickness being around the

¡)ores". SantClUE has a very broad environmental range from open

sclerophyll woodtand to warm temperate closed forest.

Christophel and Basinger (7982) recovered tricolporate pollen from

fossil flowers assignable to Dlgspyfog (Ebenaceae), i.e.Triqglpefitee

cf. DiogpyEqg. A formal description of this pollen type has recently

been produced by the authors (Basinger and Christophel, 1985).

Tricolporate pollen of similar morphology is numerousi in the Curlew

Formation and some grains (Ieiqolporilee sp.B cf. Dlggpyrgg?, Plate 4,

Fiqiure 13) do appear similar to the grain figr.¡red by christophel and

Basinger. The Ebenaceae qre pantropical, occurring in tropical to

temperate closed forests. The pollen type tentatively assigned to this

family occurs in low frequencies and irregularty thror.ghout the Cur1ew

sediments. It is not a major contributor to the total palynoflora of

the Curlew Formation.

Trlcoþorfles gpheeqicq Cookson (7947) is considered to be similar

to those pollen types characteristic of the modern Oleaceae. f.

gpbgCriqe is not easily distinguished from most other tricolporate

palynomorphs, particularly L Elcroælicgfffis Harris (1965). Stover

and Partridge ( t97Ð suggest I- UigUqeetlqulggls may be conspecific w¡lh

T_ sphggrigg. Grains similar to these species, i.e. Iurcqlpgrtee sp.

cf. I- gpbgefice (Plate 4, Figure ttl' Plate 5 Fígures 22,28) and

Ifiqelpgg+ee sp. cf. I- micrgggligulgfig (Plate 5, Fígure 15),

occuged throughout the Curlew Formation. The Qleaceae has a

cosmopolitan distribution whích inch-¡des a number of tropical taxa. In

Àustralia the family is well represented in the moist subtropical
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closed forests of Queensland by Nglglagg, UgyCpgg and the anemophilous'

canopy tree species Qlea pglfculele (Kershaw, 1976). Pollen assignable

to QIgq $ras cofnmon in the pollen rain of Lynch's crater, Atherton

Tablelands, which Iies within this vegetation type, during the

Quaternary. Àt Lynch's Crater it has been suggested that the source

plants were located several kilometres away from the deposítion site

(Kershaw, 1976).

The fossil pollen genus Malyec:Lpqllis Harris (1965) possesses

morphological features which are characteristic of the modern families

Halvaceae and Euphorbiaceae. Two species of Ualveqfpgllfg $,ere

identified in the Curlew sediments, i.e. Uelyggipollig sp. [which is

equivalent to Uafyagtpelflg sp. c (Foster, 1982) and UelveeeenJBp9fHe

ggtelae (Hekel ,7g72)l and t'lglvegrpgllie sp. cf. U^ guþli]ig' Pollen of

this genus is described as stephanoaperturate, oblate to subspherical,

with a circular amb. The exine is distinctly stratifíed, columellae are

singular, uniformly distributed and dense.

The major differences between the two species is that Uelyacæglllg sp.

cf. U- SUþlflfe (Plate 4, Figure 21) has spines whereas Uelyacfpel'L5

sp. (Plate 4, Figure 1) has large conicai projections and is generally

much larger. Uelyacægllis subtilis and most specimens of U- {iversus

are considered to belong to the Euphorbiaceae. However, a few specimens

of u^ divergue are considered assignable to the Malvaceae (Hartin,

tg78>. This suggests LL divereus is not a good taxonomic unit and that

revision is required. lJithin the Euphorbiaceae the Uelyeqf,Egllis

species more closely resemble the pollen of euslrobuïUg sggilli,

Diesrflegre þeleqhioidee ard Eeleleglfqne (Martin, 7974,7978)' Both

ÀUglrgþslug gEgiIIi and DieerHegre þelgghioides are timber producins
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trees of the wetter subtropical to warm temperate closed forests of

north-eastern New South llales and south-eastern Queensland. It is most

probable that Uqlvagipgllis sp. also belongs to the Euphorbiaceae.

The Malvaceae, a tropical family, is considered to be a warm

indicator by Kemp ( 1,97Ð. Some HeIVeqfBeIIfe grains bear a similarity

to those of PleqfeÉhus and Heheffe (Martin , 7977).

A very distinctive palynomorph that occurred in generally low

frequencíes in the Curlew palynoflora was Çerginipqlfeniteg oculUg

Dqgllg (Thiergart) Nakoman 1965. The species was first reported in the

Queensland Tertiary as oligocene (Hekel, 1972>, apparently because of

the general similarity of Ç- sculug Eqqltg to Juggraeg gheupleÍngDsig

(Traverse, 1955) from the 0ligocene of Vermont, U'S.[. (Daghlian et

aI., 1984). Specimens of L ogUlUe Ðgqlis were subsequently found in

the yaamba Basin by Foster 1982) confirming the Eocene age of the

species.

The modern affinities of the species are quite c]ear. The very

distinctive wall structure, i.e. "paracrystalline" ektexine (Daghlian

et al., 1984), is a diagnostic feature of pollen of the Qnagraceae.

lJithin this family Muller (1981) recogrnised two types of fossíl pollen,

i.e. the EBileþiuu and fgqþgig types. The former is characterised by

three prominent, protruding collared pores while the latter has only

two apertures (Daghlian et aI., 1984). Therefore the generic affinity

of L qsulus lsqlis is clearlv with ÐiþþiUS.

Ep¡}eþfu4 is one of five genera that occur ín Australia* (EUghele,

gCnglhCge, Gg!¡trg and lg{ELSLg are the others). It is the largest genus

being represented by fifteen species which are found in temperate open

r A ¡ì*rÞ scrtjr-'. -$Ê:¡¡d¡¡y3\" (ioE.l"-"-;,"^) o .\so p,æ*n{..- \,
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habitats. The plants are usually soft annual herbs which would suggest

pollen dispersal is very localized and source plants grol, near to the

site of deposition.
(Co.rp.-,¡

The monosulcate pollen grains of ÇIe elfpellenileg buqhegii^(Plate

Z, FÍgure 10) occurred iregularly throughout the Formation. This

species is morphologically very similar to pollen found in the

Chloranthaceae (e.g. åsgeflng lUqide, Couper, 1958) which is a small

family of herbs, shrubs and trees of the tropics and southern temperate

regions. The family does not occur in Australia but some species of

Ascêflng are found in New Zealand.

(Ho"'io¡
trigolpelllgg sp. cf. T- edeleidg¡sis^ (Plate 4, Figure 4) is

similar to the pollen of the extant genus Pelyggrne, of the family

Saxifragaceae. This family has in the past been divided Ínto a number

of smaller families, e.g. Beueraceae, Escalloniaceae and Hydrangeaceae.

pelyesue sras included in the Escalloniaceae (Francis, 1981). In

Australia the Saxifragaceae is distributed mainly along the east coast,

particularly in New South tJales a¡d Queensland. Pofysg$q, Iike
i'.thesqrn¿ Fo*ìlrl ,

ArqeBbylluu and Qulntlnlq, 
^ 
is mainly a'secondary canopy tree of the

wetter pa¡{s of the warm temperate closed forests of north-eastern New

South lJales and south-eastern Queensland. The genus also occurs in

South East Asia.

pollen assignable to Trlgeþilee eiuelug Partridge (in stover and

Partridge, !973> and T- lhenegfi Cookson and Pike (1954) occurred

throughout the Formation but only in small quantities. These species,

particularly I- gimatUg (P1ate 5, Figure 30), resembles the pollen

types of the modern family Loranthaceae (Martin, 1978; Cookson and
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pike, 1954). I- gruatug is described as isopolar, having a triangular

amb with straight to concave sides and truncated or broadly rounded

apices. The colpí commonly have faint arcus-Iike poleward extensions. A

vaguely to moderately welI differentiated exine with undiscernable

columellae is exhibited. The trÍangular to subcircular polar

thickenings are diagnostic of the species which differs from

IricgltrLles thonasil (Plate 4, Figures 3,34) by lackíng inter-radial

reticulation (Stover and Partridge, 797Ð. The Loranthaceae is a family

of parasitic shrubs that are widely distributed in the tropics and

southern temperate regions, but most species are tropical. These plants

have an Australia-wide distribution.

The pollen type Zqneggglflgg Eq$glgg Germeraad, Hopping and Muller

(1968) s,as first reported from the Rundle Deposit (i'e' Naroç¡s

sedíments) by Hekel (tg7Ð. This is the first report of the species

from the Curlew Formatíon (plate 4, Figure 35). The species resembles

the pollen of the modern tropical family Rhizophoraceae (Muller, 7964i

Ì.tartin, !g82). ZongqegÈrles EqEglge is described by Germeraad et aI.

(1968) as "radially symmetrical, isopolar, spherical. Tricolporate,

colpí ectexinous, medium long, straight with pointed ends, slightly

costate, endexinous apertures equatorially elongated to almost fused'

distinctly costate, in polar view slightly vestibulate. Endexine <0.5pm

thick; columellae (0.S¡rm thick and high; tectum, 0.Spun thick, denslv

perforate, coarser on poles and finer to almost psilate on equatorial

be1t, perforations (0.SPm wide".

Rhizophorêceae is frequently found in mangrove conditions or as

fringing forest trees close to creeks (M'Alister Ín Morley and

Toelken, 1983). In Àustralia the family is concentrated in northern

64



regions but does extend southward along the eastern coast to a latitude

of. 27" S, and in doing so, is present on the coastal mudflats near

the Rund]e Deposit. This distribution and the presence of ZongqosLllCg

lqugnae suggests that a similar coastal community may have existed

during the deposition of the curlew sediments. Plants producing

Zonggogllleg egmonge pollen cannot be considered as representatives of

å closed forest community. They are more likely to occur in either

marginal, fringing forests close to a watercourse or in coastal

mangrove communities.

A striate patterning of the sexine distinguishes the tricolporate

pollen type glusgntpellie (Srivastava, 197Ð sp.A from those of the

genus rrigolpgEllCg. A few specimens of giSOniUeIIiS sp.À $,ere

recognised in the Curlew sediments (Plate 5, Figure 20). Muller (1968),

commented on the difficulty of recognising the affinity of tricolporate

palynomorphs with a striate exine pattern, as such ornamentation is

fourd in several modern families including LegumÍnosae, Anacardiaceae,

sapindaceae, cucurbitaceae and Nolanaceae (cf. Nqlq¡g) (Kemp, in Kemp

and Harrís, 7977). ÀlI families have a predominantly tropical

subtropical distríbution.

The sclerophyllous element is represented by fossil pollen types

whose modern affinities are associated with the less favourable

climatic and edaphic areas within the closed forest community, ê.9'

areas with low rainfall, low nutrient soils and steep terrain. The

presence of such åreas throughout the subtropical and tropical regions

of Queensland has produced a mosaic of closed forest ar¡d sclerophyllous

vegetation tyPes.
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FossiI pollen assigned to Amaranthaceae, Chenopodiaceêe,

Polygalaceae and Proteaceae may have modern relatives that åre

associated with sclerophyll vegetation. BelypeElna qbeDglodlaqesldee

Martin (7973), is a polyporate species with an affinity to either the

Chenopodiaceae or Amaranthaceae (Plate 5, Figure 27). Pollen of the

Chenopodiaceae and some of the Amaranthaceae is practically

indistinguishable. These two families are best known from arid regions

and as halophytes, but some species are pioneers ín higher rainfall

areas (Hartin , 7978). They are also represented in coastal salt marsh

communities. The distÍnctive stephanocolpate pollen of lglycolpqrilee

esqþgfleus il.Intyre 0968) is attributed to the family Polygalaceae.

À number of grains comparable to this species $tere recovered from

Cur1ew sediments (Plate 4, Figure 38).

The Proteaceae component, which has been discussed previously,

contains a couple of pollen types that may be associated wíth taxa of

sclerophyllous communities. The modern relative of Ðgauo5ggldilee,

BequpEeg, is part of the heath-like 'Maquis' community of New Caledonia

(Christophel, pers. comm.). It has also been described by ilartin (1982)

as a tropical sclerophyllous shrub which would suggest this plant is

associated with disturbed or infertile sites within closed forest

communities. The morphologically similar pollen of modern genera within

the Banksieae has made assigning a modern relative to Eeukgfeeetdllcg a

difficult task. The fossil pollen type has been attributed to the

closed forest Musgraveinåe on the basis of Þgnkgleggfditeg pollen being

recovered from a fossil anther assigned to that sub-tribe (

Christophel, 198Ð. It has also been suggested that Ðanbgæaetdlles may

be related to EenEsfe and Drygndra (Luly et aI., 1980; MartÍn, 1978)
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which are characteristic of talI open forest, sclerophyllous t¡oodland

and shrubland.
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3.7 lbe Gymtggpernsg Çsæq¡en!

This component contains predominantly coniferous fossil specÍes,

i . e . LygeleBgl,Lc¡ilcs flsrrnr¡, Uigrsssghqvrdlleg gn:þerslisus,

phyflocledldilee rlsggenli, Diluynrleg qEenulelus, DscrTeeæf,lce sp. cf '

D- ggglralfcnsis, Asguqglreglleg sP., PedegqgpldrlCg spp"

Dgqtyqerplleg sp. and PhvllggledrdrÈes sp. (Plate 3)' The onlv other

pollen types included in the component are lBþgdgg ¡glC¡gis (Plate 3'

Figures 77,!5) and a single cycad pollen grain (i.e. cycad sp. Plate 3,

FÍgure 16). These palynomorphs appear irregularly throughout the

formation and usually in very low frequencies. Approximately a third of

all samples examined did not contain any gymnospe¡1n pollen' In the

remaining samples rarely did the component represent more than t"to and

never more than 4% of a sample flora. The gymnosperrn component

represents only O.g4% of the total palynoflora of the curlew Formation

and is therefore considered to be of minor importance (Table 2, Figure

8). DistributÍon throughout the Formation is random, no definite trends

are obvious.

The Bgdgqq¡Pfdflge species (Plate 3, Figures 7 '7 'tZ '17) '

tyglglepgllenrlee ÍIerlnu (Plate 3, Figr'res 8,9) and Ephedge Dolenglg

are the most commmon gymnosperm pollen types in the Formation. These

species are found to resemble pollen of the modern genera, þQocgrpgs,

DecEydiun and EBhedrc respectively. of the remaining species,

UrsrggeghryidrlCe eDtarcllqgg (Plate 3, Figure 13) is attributable to

themoderngenusUiqgqqegbryg,DeqryqeærlcetoDggfyggrlus,

ÀreUgegiegfleg to ârqUserig or Aqelblg and D!!$tv¡rLge to Araucariq'
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By considering the pollen production and dispersal characteristics

of these modern genera a reconstruction of the Curlew gymnospe¡1n

vegetation is possible. An interesting feature noted by LuIy et a]'

(19g0) is that gymnosperm pollen, apart from PqdggqEEUg and DagEyllg¡.
l¡.l Ào¡tlôhq I

to some extent, have restricted pollen production and dispersalr,

despite the fact that fertilization is dependant on wind dispersal.

This may account for the very low frequencies recorded for

UrqUqseqhr-ïldileg, Phyllegledrdrlee and pss,Erqqlpites in the Cur1ew

sediments.

EedgqeæUs and D-egqYdfUU are both considered to be good pollen

producers and dispersers. PgdegefpUs is particularly effective, and is

recognised as having high pollen production and dispersal (Luly et al',

1980). Plants possessing these features are considered to be part of

the top canopy layer of the vegetation, where they are sufficiently

exposed to enable their pollen to be wind dispersed and weII away from

the depositional site. DqgLTdlUn Iikewise has an extra-Ioca] or

regional dispersal, and therefore has a similar ecological and regional

position, but its pollen production is relatively lower. The fossil

relatives of these two genera, i.e. the producers of Egdqqgrpldlles and

LyqisleBellenilcg,probablyoccurredinthecanopylayerofaforest
Iocated well away from the depositional síte, too far even for the

podocarpaceous potlen to be carried regularly. This would account for

the low number of individuals recorded. If the trees grew IocaIIy they

must have been scarce to contribute this small amount of pollen'

It would appear, in view of results obtained from other deposits,

for example, Anglesea (Syber, 1983), the Gippsland Basin (Stover and

Partridge, 7973), Murray Basin (Martin, 1978) and Albany (Hos, 1975)
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that the gymnospenn vegetation $,as more abundant in southern Àustralia

during the Middle to Late Eocene. Hekel (1972), reported PgdqqefpfdfÈCS

as common in some samples and present throughout aII age units but

DgqEydrun rare. Throughout the Queensland Eocene, gymnosperm pollen

types are generally not comfnon and remain so until the Miocene.

FossiI Àraucariaceae pollen types i.e., ÀrgugarigglÈcg sp. (Plate

3, Figure 6) and DfIUynflCS qEenulelug (Plate 3, Figure 10), are

particularly rare in the Curlew Fonnation. The modern Àraucariaceae is

represented by two genera, AËquqgrlg and Àqe!h!g, both of which occur

in Austratia but whose distribution is restricted to the closed forest

communities of north-eastern New South fJales through to North East

Queensland. Àccording to Owen ( 1975> araucarian species are commonly

Iocated on the steeper slopes within these communities, where good

drainage is ensured. As emergents of the closed forest canopy layer

pollen could be expected to be wind dispersed, however, Kershaw Á976)

has noted that both generå have a poor dispersal capacíty. tlhen widely

distrÍbuted throughout an area their pollen is absent from sites where

the trees do not grow nearby. Therefore the occurence of AgeUggglgglles

and DilWynitgg pollen types in the Curlew sediments would tend to

indicate the source plants grew no more than a short distance from the

depositional site.

The pollen of Àreuqctrre and ÀqeLhre are vety similar

morphologically, making it almost impossible to determine the modern

generic affinities of the fossil pollen types.
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dispersal characteristics of Ephdre are most unusual.

wind dispersed pollen is transported over a distance between
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50 and 100km per day, but in lhis genus distances of 3000km per day

have been recorded (Faegri and lversen, 1964). Such possible long

distance dispersal suggests that the source plants may be located r',ell

a!ùay from the depositional site, possibly Ín a completely different

vegetation type and environment.

As noted previously, cycad pollen is particularly rare in the

Curlew Formatíon and only one tentative identification has been made,

i.e. Cycad sp. (Plate 3, Fígure 16).

Most of the Gymnospermae component, i.e. the conifers, are

characteristic of tropical-warm temperate to cool temperate closed

forest. occasionally they are associated wíth Nothofagug, particularly

species of Pqdoqqtrpus, Pbyllegledue and pgqgyqglpug in New Guinea and

only the former two genera in south-eastern Àustralia (LuIy et aI',

1980). PedegeEpug with Psdeqerprdrleg glliptiqus-tvpe pollen is

presently found in north-eastern Queensland (owen, 1975). ÐggEydlu-E and

MicrocegþEyg are not presently found on the Àustralian mainland. Both

occur in Tasmania, where xrgËeqgqhETs is endemic. Pgdosgæug is present

throughout the closed forests of Australia in a wide range of habitats.

pecga{ium ffentsIfnff whose pollen is comparable to that of

phylloqlqdrdrleg Ee!¡sonlr (Martin , !982), which ttås particularly

abundant in south-eastern Australia during the Late Eocene, ig

restricted to temperate closed forests.

The association between Nq!þqf,ggue and gi"ymnosperïns may be

indicative of "mixed" forests, particularly on sub-optimal or highly

disturbed sites (LuIy et aI, 1980). This would suggest such habitats

existed during the Tertiary. In the palynoflora of the Murray Basin

{
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(ilartin, 7982) NslÞqfeqidílee species and Phvllqgledrdltee $swsouü

exhibited similar patterns of decline from the Late Eocene to the Early

Miocene which may sÍgnify the decline of extensive marginal mixed

forests throughout eastern Àustralia.

In the Yaamba Basin gymnosperïn palynomorphs are common,

representing 18.52. of the palynoflora. This would tend to indicate no

such decline. However, a large percentage of the pollen is either

Àgeusgrieqitee eUglrglig, Dilsvtrileg çIEgnUIslUs or Ðrlwvmles sp'C and

aII are related to Argucggig, a noted poor pollen disperser (Kershaw,

!g:Ð. This could have resulted in them being over-represented in the
Tnc.P'-¡ttr¿= ot

palynofloru.^on-Ìv a few plants could be responsible for this high

guantity and gymnosperîns may not have been as common in the Yaamba

flora as the pollen data suggests.
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3.8 lbs PlerrdspbYle Qqmponent

The pteridophyte component is particularly larg:, representing

31.8% of the total palynoflora of the curlew Formation (Table 2)' It is

comprised almost entirely of pteridophyte (fern) spore types but a

small quantity of bryophyte (mosses) spore types have been included'

The plants that contributed spores to the pollen rain were probably

small low ferns, erect ferns, tree ferns, epiphytic ferns and club

nrosses. The diversity of spore typee reftects the diversity in habit

with in excess of 40 spore types recognised'

The spores of both plant groups are particularly abundant in the

youngest and oldest sediments, where percentages are rarely )107' (i'e'

of the pollen flora per sample) but they do occur randomly throughout

the sequence. Rarely does a single spore type dominate the component in

consecutive samples. Percentages as high as 81.5% wer'¿r recorded in the

younger sediments and 58.0?. in the older sediments. For a short

interval, immediately aft.er the green claystone band, between 53'3rn and

58.4m, percentages are generally low. This interval coincides with

increaseg in the Myrtaceae component (Table 2, Figure 8). Possibly this

$ras a drier period in which feç¡er ferns existed'

Identification of these spore types and their subsequent

associating with extant relatives enables some comments being made

about the past understorey layer. Affinities have been made to the

following families; Gleicheniaceae (Gfc¡ghcnÅldrlce)' osmundaceûe

(Igdispgriles, QgnuDdeg¡drlee and EequlqlrspgËilcg), cvatheaceae

(eyelbÅdrlce, ruyliepglllee), schizaeaceae (ÇyelhÉdrtes)' Ma-toniaceae

( Diqlyephyftidilce ) , llycopodiaceae ( Çamarq¿glosprllgg ) , PoÙpodiaceae
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(Leeyrqe oægslLgg), Salviniaceae (À¿9!!q),R.tccrÀce$- Cefd!P9i'|Ep),

S el ae t¡¡ err *=^t lëáeþse#) a^d € ?rr xi N â'(Æå (s;tc¡!!cgþr )'

spores of glerqbeniidllee Ross ex Delcourt and Sprumont emend

(1955), are described as trilete microspores, with a triangular amb.

The exine is smooth or almost smooth, and has exinal thickenings

(crassitudes) in each equatorial, interradial region (Dettmann, 1963).

The spores of the modern GfeicþCn¡g gircinglg and G- fegyfggfne are

comparable to GlgfqbCnfidilCe (Dettmann, 1963). These extant species

are characteristically scrambling plants which grow in wet bogs and

s$ramps and have limited aerial .sPoro dispersal capacity. The spores of

these plants are considered by LuIy et al. (1980) over-represented,

dispersed Iocally and to be dÍspersed and concentrated principatly by

water transport. Fern sp.z cf.. Slcrqhen¡¡Qllgg (Ptate 2, Figure 24)

spores occur irregularly throughout the Formation.

Igdfgporites Couper (1958) was established for the reception of

fossil spores of the type met within Ledflee wlllfengqlli and I-

prinqgpg. Spore are described by Couper (1958) as "trilete, more or

Iess spherical with comparatively long laesurae and a thin,

unsculptured to finely scabrate exine". Large, spherical spores with

long laesurae are characteristic of the family Osmundaceae, but smooth

or finely patterned spores are not found in any of the extant species

(Martin, 197Ð. The habit of the source plants remains unknown. A

number of Igd¡gBgliÈeg spp. (Plate 1, Figures 8,12,13) occur throughout

the Cr-rlew sequence and represent the major percentage of the

pteridophyte component. The characteristic simple structure of these

palynomorphs makes specific identifications very difficult. Generally,

these type of spores are simply assigned to the form genus.
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One QgmuldeefdfLeg species, i.e. QenUldeqfdfLee sp'A and Fern sp'L

cf . O- tsCIIUeDr¡ (Plate 2, Figure !7) , and one BgqUlelfgpgE¡leg

species, i.e. Fern sp.A cf . B-eqUlelrgpgLflgg qgI[qUUCDglg (Plate t,

Figure 1), are represented in the sediments of the Curlew Formation.

The former species is most common. QgmundqqÀqfleg couper (1953) and

Eegutelfgporites Thomson and Pflug (1953) are very similar

nrorphologically except in sculpture. QenUndeqfdftCg possesses a

predominantly granulate exine and is distinct from ÞegufeÈrgpgEltee

which has baculate sculpture (Dettmann, 1963)' Qenu¡degrdrles is

characterised by spherical spores, often distorted with arcuate folds

and with a círcular amb in undistorbed specimens. The exíne is thin

displaying granulate grana with irregular, sometimes confluent bases.

The laesurae are straight, their length is greater than 3/4 the spore

radius and they have granulate margins. Several other fossil

r.epresentatives of the osmundaceae compare favourably with these spores

(Couper, 1953, 1958, 1960) as does the living species Oguunde iqpenlgun

(Dettmann, 1963). Modern representative of the family are terrestrial

or subaquatic (Lawrence, 1968) with a short erect or, occasionally,

creeping habit (smÍth, 1938). The family is cosmopolitan.

Çyelhfdftgs Couper (1953) contains a number of species which are

considered to be assignable to a number of different families, i.e.

Cyatheaceae, Dicksoniaceae and Schizaeaceae. Palynomorphs are smooth or

faintly patterned, trilete, with a concavely triangular amb (Dettmann,

1963). ÇVelhfdlleg nflgr (Plate 2, Figures 3,4), which is smooth walled

and lacking any form of patterning, occurs regularly throughout the

entire Formation. Couper (1953, 1958) has discussed the possible

affinity of Ç- DiEor to the Cyatheaceae and Dicksoniaceae fernÉ, in
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particular, the fossil Çenlqpleffg hillgngpbyLLefdee' 0f the spores of

recent New Zealand species it is símilar to those of Qyglhee gElthii'

Ç- qgle¡goi and C- novae-Zgqlilqfee.

Çyethiditeg $llgf, occurs throughout the Àustralian fossil record

from the Jurassic to the Tertiary period. Extant cyatheaceae and

Dicksoniaceae are tree fern taxa that may reach heights of 5 metres'

The Cyatheaceae is restricted in distribution to tropical mountain

forests from Mexico to chile, Malaysia to Australasia and New zealand,

and Africa (Lawrence, 1968). A fern similar to Çyqlhgq producing

Çyelbrdrleg spores, occupíed the riparian niche in the closed temperate

rainforests at pioneer, in Tasmania during the Oliqocene. The same

vegetation exists today but the floristic components have changed'

Drqbeqnre eÉerglrqq has replaced the Çya:Lbeq-Iike fern (HilI and

Macphail, 1983). Besides Tasmania, the Dicksoniaceae is represented in

eastern Asia, Malaysia, Hawaii, Central Ameríca ar¡d the Juan Fernandez

Islands producing a disjunct tropical distribution.

Çyatbidrles is not well represented in the deposit. only a few

Ç_ euelrelis (Plate l,Figure 16) spores were recovered from the curlew

Formation.

The tree fern Çyelhgq is noted as a copious spore producer with

Iimited dispersal by wind. ThÍs generally indicates the close proximity

of the parent plants to the sample sÍte. llater transporL is considered

responsible for high fern concentrations (Luly et al., 1980)' Recent

studies by Ladd (g78) and Head (979) of the pollen component of

estuarine sedlments fed by large rivers in south-eastern Australia have

found that fern spores derived from ríver-edge communitÍes tend to
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overshado$, pollen derived from higher.plants. This over representation

could be further emphasized in the Curlew Formation because the complex

vine forests of North East Queensland are so floristically diverse and

Iacking in anemophilous species that even the presence of any

pollen-spore taxon could automatically indicate over representation

(Kershaw, 7973).

Several Russian authors (e.9. Bolkhovitina, 1961) have shown that

other species now included withÍn Çyelhidileg i.ê. C- puDctatus, C-

sgper and C- selgsvug are compårable to some of the spores found in

tyqqdfUn Swartz, and these authors attribute the fosgil dispersed

spores to this modern genus (Dettmann, 1963). Spores similar to, if not

identical, to C- pgnqtetge have been attributed to Lyqgdluu

pg¡çlgliluþeqgUle um, L- fumalum, L- ggfgbigUleÈUu, L^ concogg and L-

grenulglum. ÇyeÊbfdllee asper spores differ from those of C- Eulelelug

in having a thÍcker exine, longer la%urae and more acutely rounded

amb-angles and more closely resembles spores of LyqgdiU$ feponiqus, L-

fleXuosum and !- gUþC¡gC (Dettmann, 1963).

The famity Schizaeaceae, to which L-yqedlUE belongs, is represented

by terrestrial ferns of very diverse habit, some extremely small and

gr:ass-Iike, others climbinq by leaves of indeterminate growth. The

family is mostly tropical, only occasionally found in temperate regions

(Lawrence, 1968). In Australia tyqgdiun, is refemed to as the

'Climbíng Maidenhair', and found to inhabit regrowth areas of tropical

closed forest rnargins and sometimes swamps. The genus is considered

dístinct from the other members of Schizaeaceae (CIifford and

Constantine, 1980) and has therefore been placed in the Lygodiaceae.
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Megafossil remains of tygqdiun have been recovered from

south-eastern Australia, i.e. Ànglesea. Epiphytic fern spores åre

considered to range from equal to over represented and have local to

extra-local dispersal (Luly et 41., 1980). This again implies that

parent plants are located near the sample site and that water transport

j.s responsible for the dispersal of spores'

Megaspores and massulae of the water fern Àzqlþ qeplrgq[liqe

(salviniaceae) are common throughout the curlew sediments. These

structures were recovered from the megafossil macerations. tn{înotes

(up to 72 ) contained within the massulae are described by Foster and

Harris (1981) as "spherical, trilete; laesurae simple or with narrow,

Iow labra, almost reaching the equator; exine 1.5 to 2.0pm thick,

Iaevigate to finely granulate". Modern Àzglla is mostly found in warm

temperate to tropical, relatively still freshwater lakes in Àustralia'

DfglgphyltiÉitee Couper emend. Dettmann (1963) spores are compared

t.o those of uelelrg species. The microspores are trilete, with a

triangular amb. The exine is smooth to faintly patterned and thickened

about the laesurate margins. Laesurae are enclosed within membraneous,

elevated lips. The resemblance of D- pecliDgleCf.efnis to the spores of

the living ueggnle peqllnele has been noted by BoLkhovitina (1953) (see

Dettmann, 1963). Matoniaceae is a family that is restricted to the

tropical floras of Indonesia, Borneo and New Guinea (Foster and

Gifford, !g74). As it grows, a prostrate rhizome gives rise to short

erect fronds.

Diqlyæhyllidftee spores are not common in the Curlew sediments

although a number of different types appear to be present. There are
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only tno types that can be assigned to the genus with åny certainty,

i.e. Drqlyephy[idilce sp.A (Plate 1. Fisure 7) and Drslvephvl[d¡lce

sp. cf. D- colqgygg (Plate 2, Figure 29). The four others that may have

a possible affinity are Fern spp. B,C,D and J (Plate 1, Figures

2,3,4, 14 respectivelY).

Two species of taeyfgg es-Eq$leg Ibrahim (1933), t- $eiqr (Plate

2, Figure 5) and t- qyqlug (Plate 2, Figure 8) are cofnmon spore types

in the Curlew Formation. Spores characteristic of this genus are

described as being concavo-convex, monolete, ç¡ith smooth, fírm walls

(cookson, !g47). L- cyglus !{ilson and lÙebster (1946), is attributable

to similar smooth-walled monolete spores of a number of modern genera,

e,g. Àeple¡lUn, Blechnum, DryepleEfg (Kemp and Harris' 7977) '

DicrengpÈeris, Yflleffe and Çyglepteffe. t- ngjgf (Cookson) Krutzch

(1959) is considerably larger than L- gyelgg but of the same general

morphology. The species is considered to have affinities with the

Polypodiaceae. However, the family is generally considered by

pteridologists not to be a phylogenetically natural grouping making the

assigningofLÊeyrqalegpqglleguejgEtoitratherambiguous.Sporesof

l,-oygÈug have been compared to those of a number of genera, which,

using Clifford and Constantine's classification, occur in different

famí I ies.

B_Ieqhnuu belongs to the Blechnaceae, a family of temestrial ferns

whose habitats range from very dry open eucalypt forest to damp

rainforest ard freshwater swamps. Eleqhnuu specifically occupies

habitats Ín alpine meadows, heathlands, rainforests and eucalypt

forests thror.¡qhout Àustralia. ÀWlenlUn (Àspleniaceae) represents

terrestrial and epiphytic ferns. Terrestrial or rarely epiphytic ferns
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of temperate or tropical rainforests or wet sclerophyll forests

characterise the family Aspidiaceae, to which DfyepleEfs belongs. A

single species is known from high mountains in North East Queensland

(clifford and constantine, 1980). V!!!er!e (Vittariaceae) represents

epiphytic ferns of tropical and subtropical rainforest, that may also

gro$, on rocks. There is only one Australian species, V- elonggtÊ, which

grows from Cape york to northern New South tlales. Dfqfengplerfg

(Gleicheniaceae) represents terrestrial ferns found growing on road

cuttings, cliffs, margins of rainforests and wet sclerophyll forest'

plants are often straggling and formíng dense thickets (Clifford and

constantine, 1980). ÇyelgpteElg is quite distinct from the other fern

genera mentioned in that it is represented by small terrestrial ferns

confined to alPine regions.

For the fern families already discussed, over representation is

characteristic of both terrestrial and epiphytic forms and $'ater

transport is the most likely method of dispersal'

Another type of spore, i.ê. Lycopod sp.A (Plate 1, Figure 5), of

minor importance in the Curlew Formation is that which is comparable to

Ç4merozs¡ggpgglleg Pant ex. Potonie (1956) emend. Klaus (1960). Spores

of this genus are trilete, zonate, with a circular amb. They are

assignable to the family Lycopodiaceae, in particular the extant genus

LyqoÞqdium. The family is represented by low terrestrial of epiphytic

lycopods which are abundant in subtropical and tropical rainforests'

Tropical species of tyqepggium are predominantly epíphytes (Lawrence,

196g). Ctifford and Constantine (1980) consídered tygcpedlU$ to be an

unnatural assemblage'
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The fossil bryophyte spore genus, Bquecisieglcg Pocock (962) is

morphologically comparable to some of the spores found in the

Ricciaceae and Clevaceae. In particular the type species RqUgeigpef&eg

feÈfqUletUg closely resembles the spores of the living Bfqgfq

þeyffghfena and B- qgnelÀgglegg (Dettmann, 1963). The spores are

inapertr.rrate proximally, with an amb that is convexly triangular to

circular. The sclerine is two layered, the outer layer is membraneoug

and sometimes loosely enveloping, zonate. The zona has a flask-shaped

to conical invagination in each radial regíon. The distal surface has

muroid ridges which mây anastomose to form a reticulum while the

proximal surface is smooth to retículate (Dettmann, 1963). These spores

were cornmon throughout the Curlew sequence (Plate 2, Figure 1).

It is evident from the comparisons of fossil spore types to extant

famities that terrestrial and epiphytic ferns doninated the understorey

of the vegetation that surrourded the Naffows Graben. It was most

probably a marqiinal tropical-subtropical closed forest'
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3.9 lhe [enqgelyledensc Çoupsnen!

The monocot pollen types occur regularly throughout the curlew

Formation and represent 6.97. (Table 2, Figure 8) of the palynoflora of

the Formation. This percentage is much larger than that recorded for

the more distinctive Proteaceae, Nothofagaceae and Gymnospermae

components. It is apparent that monocots formed an important part of

the Curlew flora.

Liliaceae pollen types dominate the component (Plate 2, Figures

26-28,30-32,34,35), with the Palmae related pollen type, Àreqrprlcg

(plate 2, Figure 39) ard a pollen type simply referred to as Genus À

sp. (Ptate 2, Figure 37) also common. Of the remaining pollen typeg,

aII of which occur in low frequencies, one has been tentatively

assigned to the Restionaceae and two others to the Graminae.

DistinguÍshing between the genera Lr]¡egld¡tes couper (1953) and

Àueqiplles tJodehouse (1933) emend. Anderson (1960) is difficult. Kemp

and Ha¡ri s 1977) made the folliing comments on these two genera, "

Distínction between Èreqipileg and Lflieqfdftes remains unclear; Uiåots

et al . ((.973) reserwed âfggipiÈes for species with a tectate exine, and

assigned grains with a reticulate exine structure to tfÞeg.rdltce.

These two stn¡ctural condítions are in fact gradational, as fusion of

columellate heads may occur to any degree. It is interesting to note in

this context that forms compared by Dettmann (1963) to t-

heilenqelqensis Couper (1953), the type species of Hf iegidfleg' shows

an exine surface pattern which is clearly tectate-perforate!"'
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There âre several potlen types assigned to tilfegfdfLCg, which

have an affinity to the modern family Liliaceae. The family has a

world-wide distribution with major centres of diversity in the

temperate regions. Plants are rnainly tufted perennial herbs.

tilÍeç,fdllCg pollen is described by Couper (1953) as "anísopolår,

bílateral, monosulcate, occasÍonally trichotomosulcate, sulcus long and

broad. Graín usually long. Exine clearly reticulate, lumen of reticulum

variable in size, clavate, baculate in optical section". The majority

of pollen types have been assigned to this genus but one monosulcate

palynomorph, of reasonable abundance, has a definite affinity to

Àsesrplleg.

Àfgg¡pflgg is the preferred genus over the more broadly

circumscribed üengsulgilee Cookson ex Couper (Kemp and Harris, 1977)

for Tertiary pollen of palm-like form, with a stratified exine. Pollen

attributed to Àregipiteg is consídered having an affiníty to the Palmae

(= Àrecaceae) which is a large famity occurring throughout tropical and

warm temperate regions of the world. The main centres of diversity are

the Halay Archipelago and New Guinea. Palms are tree-Iike, shrubby, or

climbirg monocots characteristic of swamps or other areas of poor water

drainage; ín drier climates they are oÉten restricted to areas of

permanent water, e.g. river channels (Rodd in Morley and Toe1ken,

1983).

Genus A sp. is comparable to the genus gpglqeUtggeaæollgniteg

Thiegart ex. Potonie (1960). It is a small grain, more or less

spherical but is often folded. The single pore is not easily seen due

to this folding and reticulation of the exine is variable. This species

c:ompares favourably with others of the gpgr-qenrgsegcpqllqllles, and as
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the generic name implies, has an affinity to extant Sparganiaceae. This

family is mainly found in the Northern Hemisphere but extends in a

discontinuous distributional band through South East Asia into

Àustralia. (Morley, in Morley and Toelken, 1983). These reed-Iike

plants âre a distinctive part of marginal vegetation of sluggish

freshwater habitats. gperqenlus, a known inhabitant of this

envíronment, has been favourably compared to the fossil species,

gpargqnieqeeepqlfenlleg irregufggig, by Kemp and Harris (1977).

However, Machin (7971) irdicated that it was difficult to differentiate

between Typhaceae and Sparganiaceae based on pollen.

( i'.s+,o,ro. o"o hrtvl{e
Uflfeldle sp. cf. M- pgncËelUe (M'Intyre) Partridgq 

^ 
7973) and

BCglqeUIqflCS sp. cf. R- migrcretiqulerig Harris (1965) both occur in

low numbers in Curlew sediments (Plate 2, Figrure 4). The latter species

has no known modern relative but the former specíes, which is

comparable to UilfeEdie hemegpUngtele is consídered similar to the

pollen types of the Restionales. Pollen of certain species of Bgglfq

shor¡ a pronounced similarity to U- hgmCozungte g (Kemp and Harris,

7977r. This species under the synonym Beslioufdigeg hgmegBu¡glelue

(plate 2, Figure 40) was previously reported in the Queensland Tertiary

by Hekel (972>.

Daghlian (1981), noted that it is difficult to differentiate

between pollen of the Restíonales (i.e. Restionaceae, Centrolepidaceae

and Flagellariaceae; Cronquist, 1981) and pollen of grasses, although

Hochuli (1979) indicated that the scorbÍculate exine sculpture

distinguishes Restionaceae. Tr¡o basic aperture types âre rec:ognised in

restionalean pollen, centrolepidoid and graminoid, but distínguishing

them does not make familial identifications any easier. Centrolepidoid
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apertures are lârge (7.0¡.rm to 8.0pm in diameter), irregular in outline

and often with rough edges, while graminoÍd apertures are gmall,

circular in outline and may have an annulus or operculum.

Centrolepidoid apertures occur in the Restionaceae and

Centrolepidaceae, graminoid in the Restionaceae and several seqiregates

from this family (Ladd, 1977). LuIy et al. (1980) assigned pollen of

this type to the taxon Restionaceae/Centrolepidaceae which implíes no

distinction has been made between the pollen types of both families to

date.

The Restionaceae is a Southern Hemisphere family of sedge-Iike

plants whose great diversity and largest aggregation of genera Ís in

south-western Àustralia. There is also a considerable representation in

eastern Àustralia. The family ís characteristÍcally found on infertile

soils but many species occur in areâs subject to intermittent

waterlogging, e.g. swanps (Johnson and Briggs, in Morley ar¡d Toelken,

1983).

The Centrolepidaceae is a small Àustralian family represented by

smalI, sedge-Iike annuals and perennials that gro$, in all major

terestrial habitats except dense forest and more arid regions (Cooke,

ín Morley and Toelken, 1983). Às already stated, the family is very

closely related to the Restionaceae.

Ànother family of the Restionales whose pollen is possibly more

difficult to distirquish from that of the GramÍrfie is Flagellariaceae.
^

This is a small Australian family represented by å single native

species Eleqelleq¡e indlcq, which is a climber that occurs in

rainforest and monsoon forest from the north of l{estern Australia to
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eastern Queensland and eastern New South lüales (Briggs and Johnson, in

Morley ar¡d Toelken, 1983).

qggginidlles specíes (P1ate 2, Figures 33,36) are rare in Curlew

sediments. This is common for Tertiary deposits and it is not until the

Miocene that percentages show significant increases (Daghlian, 1981).

The pollen types may have an affinity to the modern grasses, although

graminoid pollen was not restricted to the Gramineae during the Eocene,

as discussed above.

Monocotyledons, with the exception of the Palmae and some of the

Iiliaceous forms, are most tikely to dÍsperse po1len locally. This

occurs in the Restionaceae, which has been recognised by Luly et. al.

(1980), through their Restionaceae/Centrolepidaceae taxon, as having a

Iimited aerial pollen dispersal capacity and achieving high po1Ien

representation in depositional samples. They concluded that these

plants grew within the swamp basin, Ee mrt of the autochthonous

element of the vegetation. The Sparganiaceae, a similar plant group to

t.he Restionaceae, is a possible major representative of the Curlew

Formation flora through the resemblance of Genus A sp. to

fuarqgnfeqeeereIlenfleg. Plants of this family, or the closely related

Typhaceae, grew within the depositional basin and in doing so, also

contributed to the autochthonous element.
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IcþIe2:PollenFrequenciesoftheHajorComponentsofthe

Curlew Formation Palynoflora of ERD 118'
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POLLEN FREQUENCIES OF MAJOR COMPONENTS

DEPTH / sAMpLE CAS PROT NOTH MYRT ANGIo GYl"lN FI]RN M0N0 FUNC /ALG
UNIT

26.O

26.2

26.3

26.4

26.7

26.9

27 .5

5.5

6.0

1.0

4.0
9.5
1.5

1.0

I.0
0.5

0.5

3.0
1.5

37.0

26.5

10.0

35.0

60.0

7.5

34.5

r 6.5
15.0

30.5

16.0

20.0

1.5

29.s

27.O

31 .0
28.5

26.5

16.0

3.5

8.0

7.0
10.0

27.5

2r.o
3.0

0.5

1.0

0.5

2.0 3 5

87.0

22 -O

28.0

2 28.2

28,3

28.7

1.5

2.O

3.5
15.0

37 .O

43.5

16.0

2r.5

12.5

7.0

4.0

5.5

0.5

0.5

1.0

1.0

0.5

18.0

3.5

1.5

0.5

46.s

45.5

57.5

52.O2.5

3 :ii t2.o
2.O

2.5

4.0

21.0

38.0

37.5

40. s

1.0

1.5

22.0

10.5

4.0

3 5

30.6

I to.t
30.8

3.0

12.0

1.0

1.0

1.0

0.5

1.0

0.5

1.5

29.0

46.0

0.5

0.5

62.O

26.0

9.s
2.5

6.0

23.5

28.5

31.5 13 0

3r .0

5 ¡r.z
31.3

1.0

1.5

1.0

2.O

1.0

0.5

19.0

19.0

23,O

6.5

9.0
32.5

a<

11 .5

7.0

72.O

57.5

33.0 0.5

31 .6

31 .9
6 ,r'.,

32.7

33.4

2.0

4.0

4.0
7.0

29.O

2r.5
15. 5

25.5

14.00

1.0

0.5

0.5

1.0

0.5

54.0

68.0

79.5

62.5

75.5

0.5

0.5
2.O

0.5
0.5

7.0
2.O

8.0

5.0 Saept.

2.5 2.5

3.0

36.0

%.5

7,5

30.0

1.0 1.0

2.5

42.5

49.s

40. 5

t2.o
4.0

6.0
3.5

7

a
P.9,ro

40.5

41.0

ll 41.2

41.5

41.9

42.L

0.5
1.0

1.5

1.5

4.0

2t.o

23.5

29.5

58.0

14.0

18.0

19.5

1.0

0.5

1.0

1.0

7l .0
67.5

27.5

81.5

71.5

49.5

3.5
1.0

8.5

2,0

4.0

2.0

o 5

I.0 1.5 1.0

1.5 1.0
7.O 1.0

r2
53.3 52.0 .5 37. 0

N.È

¡{ s¡.s zo.s 1.5 10.0 28.0 23.O 17.0

l5 s¿-2 30-o 0.5 1.5 31.0 33.5 1.0 1.0 I .0 Saept.

l6 ss.o 54.s 11 .0 23.5 9.5 1.5

I 7 ss.s ' 64.s 2.5 0.5 0.s 15.0 3.0 7.5 2.O

tB so.5 it.o 1.0 r3.5 40.5 2.5 13.5 18.0

I I so.z 4.O 0.5 0.5 32.0 31 .5 1.5 9.0 2r.o

20 se.o 2.0 0.5 4s.s 46.5 2.5 3.0

2l fi.4 s.0 1.0

3.5

0.5
1-O

35. 5

?? 5

10.014.0 34.0

03 l -5 LO

N.P.t= ilotlln/Spo¡os

1I 1358.8 8 0



.t

{

ù
22 60.3 23.5 0. 5 0. 5 45.0 22.5 3.0 5.0

23 61.0 2r.5 I .0 30.5 aa < 1.0 11.5 2.O

1.5 1.5 1.0 11.0 48.5 2.O 15.5 19.5z+ 62.r
0.5 50.0 12.062.4 1.5 1.0 35.0

3.5 37 .5 2.O 33.0 12.526 æ.4 1.0 I 5

27 64.4 3.5 4.s 1.5 58.5 3.0 17.0 lI.0

28 6s.0 2.5 3.0 2.5 52.O 0.s 34.5

zq 65.4

65.6 1

5

5

6

2

0

o

7

B

0.5

0.5

32.0

19.0 0

47.0

58.0

6.0
l1 .0

'l

ï
\
I

!

I

66.5 71.0 1.0 0.5 3.0

3.5 2.0

16.0

29.0

8.5

3 t 68.0 4.5 3.0 54.5 3.5

3?. 68.8 13.0 1.0 1.5 11.5 41.0 31.5 0.5

69.0 7 .O 2.O 3.0 9.0 46.5 1.0 20.5 1I .0
o-5 ?\ L,5LL ^5 ¿RO34 6S-8 N,P.*35 2.O 43.0 2.0 42.5 4.07t.4 1.5 5.0

73.6 2.O 1.0 1.0 Bl.0 6.s 8.5

74.3 27.O 0.5 4 .O 3.0 18.0 2.5 40.s

2.0 21.5

4.5

3.524.5 1 .0 r .5 6.5 39.53g 7s.0

40 7s.8 2.O

0.5

0.5 1.5

0.5

,q

30. 5

6s. s

2r.o
1.0 11 .0

30.5

16.0

17.075 I

4t 78.0 9.0 1.5 2.O 2.5 66.5 1.5 16.0 1.0

to.o 0.9 1.0 15.3 30.8 O.E+ 31.8 6.9 1.7



I

Þ-

¡

t
{

'I

I
I

I

I

I

ÞþIC 3: Hodern Àffinities of Fossil Spores and Pollen

recovered from the Curlew Formation of ERD 118.

NOTE: Pollen Plates are presented at end of
this Chapter immediately after Table 3
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MODERN AFFINITIES OF FOSSIL SPORES AND POLLEN OF THE

CURLEI^J FOIìMATION

AFFINITY

MYRTACEAE EucalYP!4-9

.:

I

Þ-

Myrtaceae

14yr Èace idites eucaTYPcoi des

E. tessel lari s

UeLrosirterors

AUTHORITY

Cookson & Pike 1954

Metros i<1er<.,s 
tt

Hill & l'lacPhail 1983

!

I
¡1,
ll

I
I

I

I

I

þ1. mesonesus

M. parvus

M. verrucosus

llyrtaceidi Ëes s¡r'

MyrtaceidiÈes sP'

Myrtaceidites sP'

llyrEaceidi tes sP'

Myrt,aceidi Èes sP'

MyrtaceidiEes sP'

C

D cf . M. eug,eniioides

E cf. M. rhannoides

F cf. M. eucalYPtoides

, C-l-eis.-ro.qlY¡
EUGENIINAET¡,tg"É

il

il

ll

A

R

Augtromy Ltus Martin I

Cookson &

Pike 1954
973
rt i-n 197 3Rhodamnia

Casuarinaceae

HaToragacidites trioratus

HaToragaciclites harr isii CASUARINACEAE

Proteaceae

Banksieaeìdites arcuatus PROTEACEAE

Beaupreaidi tes eTegansi fornis

ProPYliPoTlis sP'

ProEeacidites koPiensis

P roteacir! i tes PachYPoIus

ProteacidiÈes sp' cf' P' tenuiexinus

ProÈeacidites sp' cf' P' granuTaEus

ProteacidiËes sp' cf ' P' ang'uTatus

ProteacidiÈes sP' cf ' P' TePidtts

ProteacidiÈes sP' cf' P' grandis

Proteacidites sp' cf ' Proteacirlites sp' fl

ProteacidiËes sP' á

Proteacidites sP' B

Proteaciclites sP' C

Proleacidites sP' D

Proteacidites sP' E

Proteacidices sP' F

Gvmnostoma rHill & ì'facPhail i983
asYber l9B3

{
Marlin I913,18



Fagaceae

Notho f agicli tes heterus f enarciclus

N o tho f a g i cl i tes b r ach ys pi nu'I o sa

Nothofagidites incrassata

Notho fagidi tes as Perus

Nothofagidites sP' A

Nothof agicli Êes sP ' B

\otþo:Lagus granclis }fartin 1978

N. gu¡tf-i MarËin 1978,Hi1l&'!:lacphail
198 3

N. cunningbgl!4

FAGACEAE

J
I
,t

Þ*

I

I

¡l
1,

'I

ï
)

i

I

I

It

il

il

N.me nz].es 1 I
lli1l & ì4acPhail

I 983

P ceri do plt y ra

Azol7a sP.

Fern sP. A. ct.
Fern sP. B- cf.
Fern sP. C. cf.
Fern sP. D. cf.
Lycopod sP.A cf.
Fern sP. H. cf.
CrassoretitriTetes van raadshooveni

Cyathidites sPTendens

CyathiditesninorCYATHEACEAEÇyatheaHilI&MacPhail1983
Fern sP. I cf. Cvatheacidìtes

Dictyophyllidites sp' cf' D' concavus MATONIACEAE Dettmann 1963

Fern sp- J. cf' t)ictyophyTlidites MATONIACEAE Dettrnann 1963

Fernsp.K.cf.G].eicheniic]itescirt:iniditesGLEICHENIAcEAE;#
HamuTatisPoris sP'

KuyTisPorites waterbolkii

Laevigatosporites major POLYPODIACEAE Kemp & Harris 1911

Laevigatospot.ites ovatus BLECHNACEAE Bj-ecbnu! Kemp & Harris 1977

Fernsp.L.cf.osnuncJaciditesweTTnani,-OSMUNDACEAECouperl95B
Dictyoohyllidites sp' / I"ÍATONIACEAE Dettmann 1965

SALVINIACEAE LZÐ3- Foster & Harris l98I

Bacufatisporites comaunensis OSI"IUNDACEAE H#n¿. Detrmann 1963

DictyophYlT i dites MAToNTACEAE

D i ct 1,o p¡1y7 7 i d i tes MATONIACEAE E-L-onig' Ëi*n4*o" r r t ä0,

Dicty'ophyllidites " DetÈmann 1963

Canat'ozonosporites LYCOPODIACEAE Ly"opodi"gt Harris 1965

Steretsporites SPHAGNALES 9pÞgqu"t \'lilson &'nT;ot t"t

N

È,,'Àl

p 1

Po7 ypodiaceois por i tes retir ttl"atus

RuguTati.sPorites sP '

PunctatisPorites sPP'

RouseisporiËesreLiculatus äiffiÄiflât,
Fern sP. M. cf. TodisPorites OS'

Riccia bebyrj-shiege
&s



Sp-t¡egnum Wilson & Webster 1946
StereisPoriÈes sP'

StereisPoriÊes sP' cf' S'

TodisPoriËes sPP'

VerrucatosPorites sP'

Fern sP. N.

Fern sP. O.

Fern sP. P-

Fern sp. Q.

Fern sP. R.

Fern sP. S.

Fern sP. T.

Fern sP. U.

Fern sP. V.

Fern sP. W- cf. CeratosPorites

Fern sP. X. cf' GTeichenjidites

Fern sP. Y-

Osnundacidites sP' A'

Fern sP. Z- cf, Gleícheniidires

GymnosPermae

Ph ¡'7 TocTadidi tes nawsonii

Ephedra noËensis

PodocarPidites sP' A'

LygistePoT Tenites t lorinii
PodocarPidites sP' ct' P'

PodocarPidites sP' B'

Dacr ycarPidi tes austraTiensi s

Microcachr Yidi Ees antarct icus

DiTwyni tes grant)7atus

Cycad sP.

PhyTTocTadí di tes ssP '
,Araucariaci tes sP.
Ephedra sp.

MonocotYledonae

Liliacidites sP. A.

LiTiacidites sP. B'

Liliacidites sP. C,

Li7ìacidiÈes sP. D.

LiTiacidiËes sP. cf' L'

SPHAGNALES

antiquasPoriÈes

MATONIACEAE

il il

Det ùmairn 1965

SELAGINELLACEAE

GLEICHENIÀCEAE

Eel-aginella t
Gleichenia

Cookson &

DetEmann 1958
Martin l97B

poDocARpACEAE ÌIiq4ett+Prr'ffff."riaaîï'" I92Ël
EPIIEDRACE.\E Martrn 1978

PODOCARPACEAE LulY et al 1980

Microcachrys tetragcæ lqlY et al

-Hill 
& MacPhail 19831980

LMartin 1978

¡Harris 1965,
L],nlv eE al 1

Kerêhaw I976

.Dettmann 1965, Kershaw 1970b

tx.*p & Harris 1977

PODOCARPACEAE

ARAUCARIACEAE

CYCADALES

PODOCARPACEAN

ARAUCARIACEAE

Liliaceae

Ùlart in 1978 ,

980

It

il

il

ll

il

il

avientorensis LILIACEAE



LiTiacidiÈes sp. E. LILIACEAE -¡Dettmann 
L965, Kershaw 1970b '

LiliacidiËes sp' cf ' L' bainii rt 
-t*ã*o'i tarris 1977 ' I

?Graninidites sP' A'

?CraninidiÈes sP' B'

Iinknown A. cf. Sparganiaceaeipollenìtes SPARGANTACEAE sparcanlgm Martin 1978

TYPHACEAE KemP & Harris 1977

Unknovtn B.

RecËosulci Èes sp' cf ' R ' nicroret'iculaEtts

Restioniidites sp' cf' R' honeopunctatus RESTTONACEAE Restio Kemp & Harris 1977

ArecipiËes sp. .4. ARECAcEAE (paruRrl 1i:îT": 5üt" 
re77 

'

AngiosPermae

TricoiPorites sP' A'

TricoTporiÈes sp. B' cf' Diospyros? EBENACEAE

TricoTPorìÈes sP' C'

TricoTporiÈes sp ' cf' T' deiicatus

TricolPites sP. cf T' aTveolatus

TricoTporites sp ' cf' T' sphaerica 6LEACEAE

TricolPorites sP' N

Tríco7piÈes sp' cf' T' coprosnoides

TricoTporires sp' cf' T' concinnus

TricoTPoriEes sP' D'

TricolPoriÈes sP' cf' T' vaTvatus

Tricolpori Êes sp' cf ' T' nicroreticu'IaÈus

TricoTPorites sP' cf' T' ProTata

TricolPoriÈes sP' E'

TrícoTPorites sP' F'

TrícoTporiÈes sp' cf' T' adeTaidensis

Triorites orbícuTatus

Cor¡kson I 947

SAXIFRAGACEAE Polysoma l{arris 1970

Diospvros ChrístoPhel &

- 
Basineer 1982

TricoTpites sp. cf ' 7'' vorag'inosus

SinpsonipoTTis sp. A. LEGUI'{INOSAE, ANAcARDrAgllu'
NOLANACEAE, CUCURBITACEAE

TricolPites sP. tt'

TricolPorites sP' G'

TricolpiÈes simatus LORANTITACEAE

TricoTPites thomasii rr

TricoTPites sP. C'

TricoTPites sP. cf' T' nìnutus

SAPINDACEAE 
T

Cookson & Pike 1954 
'

Kemp & l{arf is
r9t 7

Mart in
1 978



Tricolpites sP. D.

TricolPites sP. li.

TricolpiÈes sP. F.

TricolPiÈes sP. G.

Dilwynites sP. ,4.

SantaiunicliÈes cainozoicus SANTAIACEAE SanËalum Cookson & Pike 1954

corsinipolTenÍtes ocTus noctis oNAGRACEAE f,pilobium Daghlian et a1 1984

AnacoT0sídiCes secÈus oLACACEAE Anocol0sa Cookson & Pike I954

Concolpites sP. cf. C. TePtus

Polycolporitessp.cf.P.esobalÊeu'sPoLYGALACEAEMcrnryrel963
TetracoTpites sP. A.

CttpanieìdÍËes sp. cf. C. major SAPINDACEAE

CupanieídiÈes sp. cf. C. orthoteichus I'

T-seçIi_uC_ tenax

( cup¿N r eet ) 
3i,8ffi l,Rng 

t Ê-ffiq.g;tuii

kson & Pike
1954

" -Le.p!.@CEê Pu-nçl¡¡!4!e Cookson &Pike

,, Ls. .t"opteryx stiPitata- 1954CupanieidiËes sP.

CupanieidiÈes sP-

TricoTpites sP. H-

TricoT pori re.s sP. H .

MaTvacipoJJis sP. cf. M. sP' C

MaTvacipoTTÍs sp. cf. M' subtilis EUPHORBIACEAE

Zonocostites ranonae RHIZOPHORACEAE

CiavatipoTlenites hughesii CHLORANTHACEAE

TiliaepolJeniÈes sp. cf. T' noËabiTis

cf . C.

cf . C.

reEicuTaris
SP. B

Po1 yporina chenoPod i aceoides

MargocolPoriÈes sP. A.

PolycolPori tes sP. A.

TricolpiÊes sP. I.
TricoJporiÈes sP. I.
TricoTpiÈes sP. J.

TricoTporites sP- J.

TricolporÍËes sP. K-

TricoTporites sP. L.

ItelciporiÈes sP. cf . H. astrus

CHENOPODTACEAE, AMARANTHACEAE Martin 197{ì



EXPLANATION OF POLLEN PLÀTES (1-6).

Unless otherwise stated, aII figures are at a magnification of

630X. Coordinates for specimens are from either a ZeiEs (Z) standard

research microscope (80T. RES. No. 10) or a Reichart Univar research

microscope (R) they are given ímmediately after the slide number. The

ffrst part of thÍs number represents the sample inten¡al ard unless

otherïise stated, these are from ERD 118. The slides are held in the

Palaeobotany Laboratory, Botany Department, UniversÍty of Adelaide.
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PLATE 1

Figure 1. Fern sp.À cf. EequlelfepgfllCg qqmaunenglg (Cookson)

Potonie, 28.3/3 87 .O , 28.0 (7,> .

Fisure 2. Fern sp.B cf . DrqLy@yllidllgs, 29.0/7 134.7, 39.6 (R).

Figure 3. Fern sp.C cf . Diqlyephyllr-dlleg, 65.6/t 728.8, 50.2 (R).

Figure 4. Fern sp.D cf . DiglygpÞyllidiles, 27.7/3 130.0, 44.1 (R).

Figure 5. Lycopod sp.À cf .ÇenergzgDgsgf,lles, 41.5/t 130.4, 52.8 (R)

Figure 6. Fern sp.I cf. QvelhCegidlles, 400x, 41.5/t 135.0, 51'1

(R).

Figure 7. DlcÈyæÞyllidrlee sp.A. , 28.O/t 728.7, 37,7 (R)'

Figure 8. lqdlgpqgiteg sp.À, 28.0/t 128.9, 42.5 (R).

Figure 9. Çeegegfelllgflelee ye! ßedghqqvent Germeraad, Hopping and

I'fuIler. 58.8/7 t20.6, 56.8 (R) .

Figure 10. BuqUlelrepqrites sp., 400x, 67,0/t 131.0, 56'0 (R)'

Figure 11. Eg¡gletigpgnÈes sp. , 28.0/t 728.9, 42.3 (R)'

Fisure 12. Isdrgpgrllcg sp.B, 30.7/7 129.3, 33.2 (R).

Figure 13. Fern sp.l't cf . Iqd,!gpql!!eg, 32.7/t 728.9, 37'9 (R)'

Figure 14. Fern sp.J cf . Ðrquqphylbdrleg, 30.6/7 741.6, 79.2 (R).

Figure 15. Fern sp.Y, 37.2/t 723-7, 43.0 (R).

Figure16.Çyelbrdllegqug!æugHarris,7t.4/!120.1,52'4(R)'

F'igiure 17. Fern sp.U, 68.0/7 135.3 , 42.1 (R).

Figure 18. ÀzgÀlg capr.;icoEltce Foster and Harris, microspore massulae

65,6/7 97.2, 26.8 (R).

Fígure 19. Fern sp.S, 47.0/4 131.3, 35.8 (R).

Figure 20. Fern sp.R , 40,3/2 125.3 , 24.5 (R).
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Fignre 39. ÀrecþilCg sp.À, 1000X, ERD 110, 37.3/7 92.7, 32.9 (D,

Figure 40. BesliqDud$gg sp. cf . 8- heUeApUnglatus (M.Intyre)

Partridge, 65.6/t 128,9, 50.0 (R).

Figure 41. ReglggUlgilgg sp. cf. 8- niqrere!¡gglelug Harris,

30,6/7 135,7 , 32.8 (R) .
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Figure 18. HenUleligpggis sp. , 4!.2/2 126.2, 62.2 (R).

I.'ísure 19. Epbedgs sp. 26.3/2 727.3, 30.5 (R).

Figure 20. Same as Figure 19.

Figure 21. VegfUgeÈggpgriÈes sp. , 37,2/7 129.5, 46.3 (R).

Figure 22. Fern sp.P, 1000X , 41.9/2 724.9,48.2 (R).

Figure 23. Fern sp.tl cf . ÇgEelqgporlleg, 1000x, 67.9/2 108.2, 26.4

(z),

Figure 24. Fern sp.Z cf . qlelghg¡liditeg, 40.3/2 91.2, 26.8 (Z).

Figure 25. Fern sp.X cf . SICfghCDU"d.Lleg, 1000x, 3O.6/t

109. 9 , 32 .4 (Z) ,

Figure 26. tlliaerdiles sp.A, 28.3/3 123.8, 32.1 (R).

Figinre 27. I,tLíaç-fÉlleg sp.B, 56.7/t 133.8, 40.3 (R)'

Figure 28. Llliegi4ites sp.c, 1000x, ERD 117, 46.7/7 98.1, 36.0 (Z).

Figure 29 Diguæbyllrdrlce sp. cf . D-- copçegue Harris, 31.2/t

136.5,55.0 (R).

Figure 30. Lilieqrdileg sp.D, 1000x, ERD 112, 706.5/t 108.3, 22.2 (Z)

Figure 31. tllieqidflgg sp. cf. t- êvglBorengþ H'Intyre, 30.8/1

129.7,30.9 (R).

Figiure 32. LiliegrdrLeg sp.E, 1000x, ERD112, 7Q6.5/7 96.2, 28.2 (7'>.

Figure 33.?Gqeû!u!dr!eg sp.A, 39.6/7 129.4, 30.1 (R)'

Figiure 34. tllieqiditeg sp.F, 1000x, ERD 110, 37.3/7 93.0, 33.4 (Z).

Figure 35. tilieqldilee sp. cf. L- þCinli Stover, 1000X, ERD 117,

46.1/t 96.4,34.8 (Z).

Figure 36.?E$EI¡-i.!es sp.B, 1000x, 26.3/t 113.6 , 27 '2 (R)'

Figr.¡re 37. Genus À sp. cf . SpefgÊDlsç.CeepeueDiteg, 1000X, 68'O/t

135.8, 37.1 (R).

Figure 38. Genus B sp. , 69.O/t 133.5, 37.9 (R).
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PLÀTE 2

Figure 1. Bguscfgpggites sp., 30.6/7 136.0, 15.5 (R).

F'igure 2. Pqlvpqdreggqtgpqtllee reLrruqglss Muller, 30.8/t 733.2,

37 ,t (R).

F'igure 3. Çyalhidilcg milcl couper, 1000x, 29,0/t 129,4, 48.8 (R).

Irigure 4. Çyelhidiles rninot Couper, 78.0/7 137.7, 18.0 (R).

Figure 5. teeyfgqlggpqdleg neigE (Cookson) Krutzch, 1000X, ERD 110

37 ,3/t 101 .0, 38.3 (R) .

Figure 6. Fern sp.V, 68.8/t 134.0 , 28.4 (R).

Figure 7. Fern sp.O, 37.3/t 130.0, 40.6 (R).

Figure 8. teeviqeÈegpg¡¡leg gyelgg llilson and I'lebster, 28.3/2

134.5, 45.2 (R).

Figure 9. Stereíspeglleg sp. cf. 9-enllqUggpqfflCg lJilson and

llebster, 28,3/2 134.5, 45.2 (R).

Figure 10. Qlavatipglfenlleg huqhCsii Couper,

, 41.2/t 132.3, 79.7 (R) .

Figure 11. nrr¡VligpqEllCe WelCrþelhii Potonie, 58.0/1 127.0, 20.5 (R).

Figure 72. Fern sp.Q, 40.3/2 125.3,24.5 (R).

Figure 13. Fern sp.H cf . 9lcrClgpor-lgeg 33.4/2 130.9, 47,1 (R).

FÍgure 14. Fern sp.T, 30.6/7 729.7, 30.2 (R).

Figure 15. Fern sp.N, 1000X, 28.0/t 128.3, 50.5 (R).

Figure 16. Slerelgpgtigeg sp., 75.0/t 124.9, 77.7 (R).

Figure 17. Fern sp.L cf. ggUUndqqfdfLee Uellnani! Couper, 41.2/2

726,2,62,0 (R).
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PLÀTE 3

Figure 1. podqggEpÁdftee sp. cf. P- mag¡!fllgus Harris, 28.2/t

137 ,9 , 64,2 (R) .

Figure 2. Phylþqlediditee Egwsonff (Cookson) Couper, 37.3/t

136.8, 23.7 (R).

Figure 3. PbyIIegþ rdflCe Dquggnll (Cookson) Couper, 29.0/t

130.8, 46,2 (R).

Fisure 4. phrlloqleqidrlee sp,, 78.o/t t?9.6, 24.0 (R).

Figure 5. Bhyllocledld:iles sp., 31.3/t 130.1, 40.6 (R).

Figure 6. ÀfgUqeereqflCg sp., 75.0/t 125.1, 18.6 (R).

Figr-¡re 7. Pqdegeæfdfleg sp. cf . B- Eesnqllrgug Harris, 74.3/t

128.3,31.2 (R).

Figiure 8. Lygfslepgllenflee f.Igffnrf (Cookson and Pike)

Stover and Evans, 41.2/2 726.2, 62.2 (R).

Figure 9. LygrglepglleniÈeg flerinu (Cookson and Pike)

Stover and Evans, 36.0/7 130.0, 52.4 (R).

Figiure 10. Dilgylfleg gæDuleÈug Cookson, 30.8/1 127.9, 40'0 (R).

Figure 11. EphedËg EAleDglg Cookson, 29.9/t 130.8, 46.2 (R).

Figr:re 12. Pedgcerpidites sp.À , 71.5/! 132.0, 30.5 (R).

Figure 13. UfgfeceqhETldflgg enleEctlqug Cookson, 71.4/t

130.8 , 46.0 (R ) .

Figure 14. Dggn¿qgfptditeg eUg!ßligDgis Cookson and Pike, 26.4/t

127 .3, 47 .8 (R).

Figure 15. Epbedfe DgLelglg Cookson, 1000x, ERD 117, 46.1/t

93. 0, 26.7 (Z) .

FÍgure 16. Cycad sp. 1000X, 60.3/7 119.2, 46.7 (z).

Figure 17. PodqgefpidfÈeg sp.B, 500X, 26.3/2 99.6, 30.8 (Z).
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Figure 34. Iffqelglles lhqneef! Cookson and Pike, 37.0/t 727.6,

56.7 (R).

Figure 35. Ze¡ocostitcg Ee[lonae Germeraad, Hopping and iluller, 56.7/t

727 ,t, 61.7 (R).

Fisure 36. Irlqq]pqElleg sp.J, 28.0/7 130.3, 26.3 (R). 
.

Figure 37. ggnierdrlee sp. cf., L gElbele¡qhgg Cookson and Pike, 
I

58.0/1 132.9,25.7 (R).

Figure 38. Pelyqeþqfileg sp. cf . P- CegþglLeUs M'Intvre, 37.3/1 i

131.9, 25.3 (R).
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Figure 15. S_enlelunrdrles qelDgzqrqus cookson and Pike, 29.0/t 132.1,

54.0 (R).

Fígure 16. Ditwynlleg sp.À, 30.8/1 I29-7, 42.3 (R).

Figure 17. Trlgqlpileg sp. cf . T, cætggmqldes couper, 26.3/t 138.4,

24.9 (R) .

Figure 18. Ifiqgborites sp.E, 29.2/t 130.4, 33.8 (R).

Figure 19. Tricelpeerlee sp.D, 75.0/t 137.3, 76.8 (R).

Figure 20. Iricelpqclleg sp.N, 41.2/t 737.2, 22-0 (R).

Figure 21. Uelyeeipollle sp. cf. U- gUþLrHe Stover, ERD 117, 1000x,

46.!/7 92.5 , 22.1 (Z) .

Figure 22. Trtgelpites sp.F, 30.8/1 725.9, 45.1 (R).

Figure 23. Tfrqeþeritee sp.F, 29.0/t 132.1, 54.0 (R).

Figure 24. Ifigglpgrflee sp.I, 41.5/t 139.8, 45.0 (R).

Figure 25. ÇUpeDie:Ldiles sp. cf . ggpe¡rgldrles sp.B Foster, 30.7/t

134.5, 46.6 (R).

FÍgure 26. ÇgEgrnæolþnrlee gglug Dgslig (Thiergart) Nakoman, 36.0/t

135.2,30.3 (R).

Fiqrure 27. TXtCeþilCe sp.E, 58.8/1 14t.2, 53.8 (R).

Figure 28. IflqeþoriLeS sR. cf . I- qq¡q¡¡ngg Harris, 28.3/t 128.3,

32.7 (R) .

Figure 29. TfiqolpqgiLes sp.C, 3t.O/t 140.0 , 61.9 (R).

Figure 30. Iqrgglplles sp.I, 68.8/7 132.8, 44.6 (R).

Fígure 31. IffqelpeeflCg sp. cf . I- ygeqglDqsus Haffis, 30.7/t

133.3,36.8 (R).

Figir.¡re 32. TffqqlpilCe sp.B, 37.0/t 124.9, 63.1 (R).

Fl.gure 33. TrigglpllCe sp.E, 58.8/7 147.2, 53.8 (R).
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PLÀTE 4

Figure 1. Halveclpolfis sp. cf. Uelyeqfpellfe sp.C Foster, 28.0/t

134.5 , 46 .0 (R ) .

Figure 2. Iflcolper:Lleg sp. cf . T- Vqlyalug Harris, 42.7/1 120.3,

46.8 (R).

Figure 3. Iffqqlpfles lhqnggii Cookson and Pike, 1000X, 31.2/7

136.7 , 57 .1 (R ) .

Figure 4. Ieiqql-perlleg sp. cf. I- qdelerdgnsis Harris, 55.5/1

134.0,51.0 (R).

Figure 5. ÇUpenleidlleg sp. cf. C- qrlbelCrqhug Cookson and Pike,

30.8/1 137.0,32.8 (R).

Figure 6. Ifiqqlpefites sp.M, 1000X. 47.0/1' 139.5, 43.0 (R).

Figure 7. IffqfflCe elþfquielUs M'Intyre, ERD 117, 1000X, 46.1/t

94.4, 30.5 (Z).

Figiure 8. Qq¡ginipgll.e¡rtee gqlug Dqqlis (Thiergarb) Nakoman, 32.2/7

.724.6,48,5 (R).

Figure 9. Ieico]peElleg sp.À, 29.2/t 123.9,27:9 (R).

Figure 10. IitieepgllCniles sp. cf . I- nqlqþrlle Harris, 1000X, 26.3/

86.4,40.3 (Z).

Figure 11. Ifigqþqeiteg sp. cf . I- gphqerlqa Cookgon, 62.4/t 737.3,

33.5 (R).

Figure 12. Uglqecs,Lpqritee sp.A, 30.8/I 134.9, 3€'.5 (R).

Figure 13. Irrgqfpgglleg sp.B cf. Drqgpyrgg? christophel and Basinger

31.2/7 135.2,52.9 (R).

Figure 14. ÇUmnleidllee sp. cf . C- g*hqlefqhus Cookson and Pike,

30. 8/1 131 . 1 , 42.6 (R ) .
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Figure 52. BanEsieeef.dflCg elqueLug Stover, 32.2/3 134.0 , 42.8 (R).
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Figure 36. Ì,fyrtaqeidfleg pgtvgg Cookson and Pike, 30.8./1 126.9, 37.9

(R).

Figure 37. [y¡taceldlleg yetEggAgus Partridge, 78,0/t 128.5, 39.0 (R)

Fígure 38. IrigqþqEfles sp.K, 68.8/t 727.5, 40.4 (R).

Figure 39. UyrteqerdllCg eucgLypLgldqg Cookson and Pike, 31.0/t 128.5

63.1 (R).

Figure 40. gygtacgldfteg nqgenesus Cookson and Pike, 30.8/7 728.0,

54.5 (R).

Figure 41. Uyglggefdfleg SggglCggg Cookson and pike, 26.9/4 131.5,

21.2 <R) .

Fisure 42. Uyelegeidilee sp.B, 31.0/t 130.4, 55.8 (R).

Figure 43. UgÈeceidllgg sp.D cf. U- egqe¡ilqtdes Cookson and Pike,

30.7 /7 131 .3 , 43.9 (R) .

F'igure 44. UUeleqgidllgg sp.E cf. U, rhennordeg Martin, 308./1 127.9

35.0 (R).

Figure 45. UyrleqCidrtee sp.À, 58.O/t 127.0,20.5 (R).

Figure 46. Ilyrleceidilee sp.C, 29.0/7 t2É,.4, 40.2 (R).

Figure 47. lyçlaceidilCg sp.F cf. U- eqqelyplqidgg Cookson and pike,

3t.o/t 729.2, 58.7 (R).

l-ígure 48. Xyflegeidflee sp.F cf. U, egqglyplqides cluster, 31.0/t

130.5, 62.9 (R).

Figure 49. flqlorqqqqldileg heggreii Mildenhall and Harris, 1000X,

58.8/t 734.7, 67,1 (R).

Figure 50. Hel$gqeqidlleg lfiggelUe Couper, 1000X, 27.5/t 119.0, 38.

(R).

Figure 51. Ðeegpgegfqfleg elggenif.qr[is Stover, 26.7/2 134.0 , 42.8

(R).
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Figure 18. Çg¡ç.qlpfleg sp. cf . Ç- IepLUg Partridge, 1000X, 4t.9/2

138.3, 42.5 (R).

Figure 19. lqlqipoelleg sp. cf . H- gg!$g Partridge , 47.9/t 139.9,

35.7 (R).

Figure 20. $l4peonf-pellig sp.À, 62.1/t 125.0, 60.0 (R).

Figure 21. PolypqttDe q,Þenopqdieqegideg Martin, 37.7/t 139.2, 15.6

(R).

Figure 22. ltteeLpefflee sp. cf. I- gpbqCtigq Cookson, 29.2/7 133.0,

29.2 (R) .

Figure 23. IriqelpflCg sp.H, 54.2/t 131.3, 32.2 (R).

I¡igure 24. P-aLwolperllee sp.À, 78.0/t 132.2, 36.2 (R).

Fisure 25. IrrqelpeglCg sp. cf . L de[qqlus 61,0/t 128.2, 56.0 (R).

Figure 26. lricglplteg sp.C, 31.0/7 123.6, 6\,8 (R).

Figure 27. ÇUpenieidileg sp. cf. Q- fellgUlelUg Cookson and Pike,

40,3/2 129,7 , 28,9 (R).

Físure 28. IrrqglpqrlLee sp. cf . L gphgffrqe Cookson, 30,6/7 123.9,

30.0 (R) .

Figure 29. lricglpgeflee sp.L, 3O.7/7 128.0, 35.9 (R).

Figure 30. Ifiqglplleg ginetUe Partridge, 37.O/t 123.2, 61.9 (R).

F'igure 31. Çupanleldflee sp. cf. Q- Daigl Cookson and Pike, 30.8/1

137.0, 30.5 (R).

Figure 32. ÀnegglesidiLee seqlUg Partridge, 58.0/7 123.8, 22.8 (R).

Figure 33. Ificolpfles SlUelug Partridge, 37.0/7 135.0, 67.0 (R).

Figure 34. Ielfeqolpileg sp.À, 56.7/t 133.0, 67.8 (R).

Figure 35. Ctugter of UyfLeqeidfleg Ueeenggug grains, 31.7/t 138.0,

62.9 (R).
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PLÀTE 5

Figure 1. SeepüedfniUn sp. cf. S- qfeygllelsis Harris, ERD 117,

1000x, 46.1/7 93.3, 29 .2 (Z) .

Figure2.Nolhgf.eqfdfleeÞetCEgsCookson,62.l/1125'8,58'9(R)'

Figure 3. Nothqf.Aq¿dileg egpezug Cookson, 28.0/t 133'5, 30'2 (R)'

Figure 4. ¡gthqfaørdrlCe þreehyeplnUlgsg Cookson, 1000X, 65'O/3

124.0,77.1 (R).

Figure 5. Nelbg[eqrdilee inqleggelq Cookson, 58'8/7 720'0, 58'1 (R)'

Figure 6. Tfiqelpqrlles sp.G, 78.0/1 123.3, 36'7 (R) 
'

Figure 7. Iffqelperfles sp.J, 58.0/1 128.7 , 27 '8 (R) 
'

F.igure 8. Netheleqldilee r¡ereggqlg Cookson, ERD 7!7, 1000X, 46'7/7

96.0,35.6 (Z).

F'isure 9. Nethef.egldrleg sp.A, 68.0/1 13.9, 44'0 (R)'

Figure 10. NqlheÉegldiLee sp.B, 78.0/7 729'0, 36'6' (R)'

Figure 11. TflgelpÍteg sp.G, 30.8/1 134.3, 33'3 (R)'

Figure 12. IrlgolpltCg sp. cf. L- glyeolglus Couper, 30'8/1 131'0'

46.2 (R> ,

Figure13.Irlqqþilegsp.cf.I.'nlDulug(Brenner)Dettmann,37.3/t

729.4,37.2 (R).

F'igure 14. Irieglperlleg sp. cf. Î- $rglqtrCllqUlelue Harris, 56'5/t

122.3, 46.9 (R).

Figure 15. AnaggleerdlLee gqqlug Partridge, 58'O/7 732'8, 24'8 (R)'

Figure16.Trigqlpqcltegsp.cf.I-plglaleCookson,29'2/1723'9'
20.9 (R).

Figure 17. IUlqelpfleg sp.G, 41.2/t 137 ,2, 22'0 (R) '
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Figure 18. lgoteegidllee sp.D, 62.7/t

FÍgure 19. Preleeeidrlce sp.À, 58.0/1

123.0, 60.3 (R).

724 ,6, 33.7 (R ) .
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PLÀTE €'

Figure 1. PgelCeqidiles sp.D, 62.7/7 726,9, 67,1 (R).

Figure 2. PfqtCeqfdlles sp. cf. P- qtetulqtug Cookson, 28,3/2 723.1,

40.5 (R).

Figure 3. Pfqleeqfdileg sp. cf . P* ffqldfg Cookson, 40,3/7 732.7,

39.6 (R).

Figure 4. Proteeeldtteg sp. cf. PgqteaqidrLes sp.H Foster, 29.2/7

129.2,32.2 (R).

Figure 5. Ereleeqidftee Læienglg Harrís, 58.0/7 1,25.1, 35.0 (R).

Figure 6. Same as Figure 5.

Figure 7. PrqlCeqidflge mghypalgg Cookson and Pike, 47,9/t 736.4,

58.0 (R).

Figure 8. Prqleeqldlleg sp. cf. P- tenutgXltus Stover, 55.5/1 135.5,

27.5 (R).

Figure 9. Pteteacldlteg sp.C, 56.7/t 126.0, 34,0 (R).

FÍgure 10. PfæyLþqllie leLfqþenglg (Harris) Martin and Harris, 30.7/t

727.9, 33.3 (R).

Figure 11. Same as Figure 10.

Figure 12. !¡otegqfdilee sp. cf. Pgeteeqidrtes sp.H Foster, 29.0/7

131.4,57.5 (R).

F'igure 13. lggteagidfteg sp.E, 58.8/t 135.4, 62,3 (R).

Figure 14. Pfeleacidlteg sp.B, 58.0/7 125.1, 35.2 (R).

Figure 15. lgotggqidllee sp. cf . P- gtqglelgg Stover, 55.5/1 739.7,

19.9 (R).

Figure 16. Prstegqldileg sp. cf . P, IepidUg Harris, 62.1/1 77.5,

28.6 (Z> .

F'igure 17. lrqleaq¡.dftCs sp.F, 66.5/t 130.0, 19.7 (R).
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CHAPTER 4

MEGÀFOSSIL DESCRIPTIONS

4.1 Çutisuler Ànelygrs

Àfter initial examinations of the material, the 15cm core samples

erere no longer considered suitable as they came from very few holes,

contained very little in the way of plant fossils and the majority of

holes sampled $tere outside the scope of this study (i.e.,not in the

Curlew Formation). Extensive 7.Scm core drilling over the entire

deposÍt provided a plentiful supply of Curler¡ sediments whích

importantly contaÍned plant remains. The fact that these 7.5cm cores

provided the fossil material meant that intact/entire plant remains

were highly unlikely and as a result of this a study of leaf

architecture, usíng a character set similar to Hickey's (1973) was not

possible. The material recovered, as expected, was very fragmentary but

well preserved in most instånces. It consists of varÍable sized leaf

fragments. A cuticular investigation was therefore undertaken.

The cuticle (cuticular membrane: Roelofsen, 7952, 7959) has long

been used by palaeobotanists in classification as it represents an

imprint of the underlying epidermal features which provide consistently

definable characters (Stace, 1965). It consists of a two layered sheet

of non-cellular material covering all mature parts of the plant, with

the possible exception being the root. The inner layer, known as the

cuticular layer. is composed of cellulose ard cutin. The thinner outer

layer, known as the cuticle proper, is almost entirely composed of

cutin. Cutin consists of a number of highly polymerized long-chain

hyclroxy-fatty acíds which on exposure to air harden to a vanish-]ike

cover (Stace, 1965). It is this property which make the cuticle highly
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resistant to the effects of age, micro-organisms and chemicals and is

therefore most suitable for palaeobotanical studies.

Cuticular analysis of fossil leaves has been in use since the

start of the twentieth century when a large nunber of works, from short

notes to large volumes, began to appear on the subject of fossil

cuticles. À number of Ímportant works produced during this early stage

include, Solereder (1908), Narthorst n9O7-tZ) and Florin (1920).

Bandulska (1923-31) was the first to describe fossil and extant

dicotyledonous cuticles. She studied the cuticular anatomy of

coniferous and angÍospermous leaves from the Eocene flora of

Bournemouth, England and placed species in the familíes Lauraceae,

Fagaceae and Myrtaceae. In 1932 Odell attempted to prove that epidermal

and cuticular features of angiosperms had no taxonomic value. There

qrere, however, two major points she failed to recognise, fÍrstly that

the identificatíon of species could not be achieved using a single

character ard that a degree of varíation in form is often more

important taxonomically than is a conservative feature.

gther more reeent but equally important contributions to the study

of cuticular anatomy have been made by Stace (1965), DíIcher (7974),

Metcalfe and Cha1k (1950) and lJilkinson in Metcalfe and Chalk 4979).

4.1.1 DcesriÉrsn eE Çulrqle Peeeleæ

l'he nain aim of a description is to aid ín subsequent recognition

of the taxon involved (Mayr, 796Ð. To achieve such an aim when

describing plant fossils which are fragmentary, ê.9. dispersed
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cuticles, it is important to use âs many features as possible. Good

descriptive terminology is therefore very important. The character set

adopted and terminology used in this study have been derived from the

authors listed in the previous section.

HiIl (1980) ín discussing Mayr's (7969) recommendations on the

preparation of descriptions considered the following to be important in

the preparation of parataxonomic descriptions: 1) The taxonomic

characters should be treated in a standardized sequence. 2) The most

easily visibte charecters should be featured. 3) The description should

provide quantÍtative data. These recommendations have been considered

in preparing the following dispersed cuticle parataxa.

4.1.2 Definiliqn qf IeEEs

À) The Upper and Lower Epidermises: The cutícle as defined earlier

ís a two layered sheet comprísing the outer 'cuticular layer' and the

inner 'cuticle proper'. The cuticles of these surfaces are generally

dístinct. The lower cuticle is thinner and has a smaller cell size and

higher stomatal frequency, to name a few of the more distinctive

features. The upper cuticle is thicker, has larger cells and has a

smaller stomatal frequency. Further differences are discussed by Stace

(1965).

B) Subsidiary Cells: Van Cotthem (1970) described these cells as

epidermal cells that surround the stoma where they differ in shape and

síze from the other epidermal cells. Differences in cuticle thickness

and nature of cell content may also distinguish these cells from the
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surrounding epidermal cells (lùilkinson, in iletcalfe and Chalk, 1979).

An ontogenetic classÍfication also exists for the stomåtal complex

which is related to the subsidiary cells. Those cells which arise from

the same mother cell as the guard cells are termed syndetochielic and

those which arise from a separate mother cell are termed haplochielic.

However, this terminology has not been applied here, the fragmentary

nature of the cuticles preventing the ontogenetic development of the

cells being observed.

C) Additional Stonatal Terminology: The terminology used in

defining these features and the subsequent parataxa is diagrammatically

represented in Figtrre 9.

4.1.3 ehereqlcr gc!

The character set used in the ídentificatíon of the cutícle types

(parataxa) of the Curlew Formation contains 39 distinct charaeters

which are represented by single, two or multi states. The states of

each character are defined below.

1) Prssqnqe qf. 9!qne!q len ene etr bolh ældernel sulfasss)

l{hether the stomata occur only on the lower surface or on both the

upper and lower surfaces, in whích case the parataxon is defined as

either hypostomatic or amphistomatíc, respectively. This character has

only been employed when both cuticular surfaces have been available for

examination.

2) Uppet Epidernsl ÇcU thcpe

The general outline, in surface view, of an upper epidermal ceII. The

anticlinal r^ralls are usually straight but the number of walls is
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variable. CeII shape is defined by the number of anticlinal walls

recognísed. À three-sided cell is termed triangular, a four-sÍded cell

- tetragonal, 5 - pentagonal,6 - hexagonal, 7, 8, 9.... - polygonal.

CeIIs are elongate over veins.

3) UpEcË &rderuel AgII Lenqlh

The longest axis for the cel}. Àn average measurement of 50 ce1ls,

selected from a hiqh po$rer field (500X), is given. This number is

dependant on cuticle size and state of presenration.

4) lppsr Esderuel GcIl Erdlh

The greatest perpendÍcular distance to the Upper Epidermal CeIl Length.

An average measurement for 50 cells from a high power field (500X), is

given, This number is dependant on cuticle size and state of

preserrration.

5) Nelurc e! Ànllslina! tJqII of Uppetr E¡idcrnel ÇcII

À character class which incorporates two characters. À) The outline of.

the anticlinal wall which ranges from straight, to curved to urdulate.

The degree of undulation of the wall is defined by the number of $tåves

present per cell waII length. WíIkinson (see Fig.10.14., page 153,

7979> has defined eight categories for undulation. B) The degiree of

cuticular thickening ranges from thin (< 2pm), to iregularly thickened

to thick (> 2pm). The types of irregular thickening are classified as

beaded, ridged (see p.89 Dilcher, 1974) and buttress. Buttress

thickening (Figure 106) may be defíned as a compacted form of ridged

thickening ín which the periclinal wall is also affected.

6) Nature qf Pcqlqlincl EeU qf upper EpiÉernel ÇeII

The natr.¡re of the cuticular thickening of the periclinal waII of a
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typical cell which ranges from snooth (i.e. no obvious thickening) to

irregularly thickened. The types of iregular thíckening are defined as

qrranulate, striate, reticulate and papillate (Figures 128, t3t, 134 and

111 respectively).

7) gleueÈsL DrelEiþuliop sn tlpper E¡rdernre

The presence of stomata on the upper epidermis and s¡hether they are

arranged in rows, restricted to welI def ined areolae or evenly

distributed over the leaf surface.

8) SËqnglel Ecczucncy f9lenelef lr¡dex) 9! Upper Eprdcrnrg

Stomatal frequency is known to vary considerable during the development

of a leaf. It also varies considerably on different påÉs of the leaf,

ard on dífferent leaves on the same plant. Environmental factors also

influence stomatal freguency, therefore an expression of the number of

stomata per unÍt area is an unacceptable estimate of frequency. The

best avaílable method, Salisbury's (1927) Stomatal Index, almost

entirely cancels out this variation by recording stomatal frequency in

terms of a proportion of stomata to epidermal cells. This expression

has been used in this study to define stomatal frequency.

STOMATAL INDEX No- of St.omat-a x1 00

No. of stomata + No. of epidermal ce1Is

This is calculated for a Hígh Power field (500x magnification)

usÍng a Zeiss Triocular research microscope. Number of counts varied

considerable due primarily to the state of the cuticle. The presence of

stomata on either the upper or lower epidermis or both and whether they

are arranged in rows, restricted to well defined areolae or evenly

distributed over the leaf surface has also been recorded.
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9) gLqnste! 9r!eu!e!ion e! Llpper EpldeEnie

The overall orientation (of the long axis) of the stomata on the upper

surface.

10) $!qna:ga,L ÀrrgnqemelL qu llppsl gpidernlg

The stomatal arangement is defined as that arrangement of cells

inco¡porated in the stomatal complex, i.e. guard and subsidiary

cells. Agangements are based on those of Van Cotthem (1970) (Figure

10).

11) Shqpc ef Slqnela,L âpefue su UppgË EpideEmis

The shape of the stomatal aperture is that shape defined by the outline

of the inner poral walls of the guard cells. This ranges from ovoid to

elliptic to closed.

12) Pqglllqn 9f. Guand QeIIs sD llppe!

The level at which the guard cells are

cavity. They may be sunken , near to the

sunken or not sunken, in which case the

epidermal layer (Figure 9b).

E¡rdemre

positioned in the stomatal

sub-stomatal cavity, slightlY

cells are flush with the

13) lqqsse ef. Çulrmzelre! ef. qsard celle e! llppeE Eprdernrg

The degree to which the epidermal walt of the ce]Is are cutinised, i.e.

thin (< 2¡lm), irregularly thickened to thick () 2pm), and whether an

outer stomatal ledge is Present.

14) NunÞer ef SuþsrdrerY ceflg

This is the number of cells that surround and make contact with the

guard cells. This nunber is given as a range from 50 counts when

possible.
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15) Nelure of ÀnlrqLinel UeI! of suberdlerv QgII ql uppel

Epidcrme

Same as No.5

16) Neluee qf. Perrgllnel [eII ef. guþerdrery Qe]] on upper

Eprderuie

Same as No.6

Irichque Tgxqnsmy

The use of trichome anatomy in providing taxonomic characters

deperds on the extent to which the tríchomes are cuticularised. Of the

three main types, i.e. multiseriate, pauciseriate and uniseriate, the

former is more heavily cuticularized ard is less likely to be removed

during cuticle preparation. The latter two are generally represented by

trichome bases only. Likewise, the fossilization process tends to leave

cuticles devoid of their emergences, even the robust multiseriate

trichomes are rarely intact. Therefore, the trichome base is invariably

the only remaining part of the trichome avaliable for taxonomic use.

Trichome bases are common on Curlew Formation cuticles. The characters

Iisted belor¡ are titled "Trichome Base" and terms used in defining

these characters are presented in Figure 11.

17) Irlchane/IElqhoms Þeee Dielqrþutien o! llppel EprdeËmg

The distribution of trichome bases over the upper epidermis, i.e.

whether they are restricted to areolae, found only over veins or evenly

(uniformly) distributed over the entire leaf surface.
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18) Trlghquc¿IgigÞsge B-ase Esgquensy gn Unpsc Eplderurg

This is a particularly difficult character to define. The same

principles which applied to stomatal frequency should apply here if the

character is to be tnrty diagnostic but the fragmentary nature of the

material makes this particularly difficult. 0f aIl cuticles bearing

trichome bases not all fragrnents are sufficiently large enough to

enable a realistíc number of counts being made. This has therefore

necessitated the use of a more subjective method, i.e. bases/unit area.

Tríchome base have been counted per hÍgh power field (500x) of a Zeiss

triocular research microscope and three frequency levels arbitarily

assigned.

Level 1) Rare: ( 5 Trichome Bases/field

Level 2) Common: > 5 and <15 Trichome Bases/fíeld

Level 3) Very Common: )15 Trichome Bases/fíeld

19) Trighgue/Irrghomg Bege Ànegnqement gn Uppgr EprderUrg

The appearance of the foot ceII and the arrangement of cells directly

ín contact with this ceII. Stace (1965) recoginised four main types of

bases. These arrangements will be referred to in this study as;

S.carcely modified, Poral,and complex/multicellular (Figure 11 )'

20) !¡sgsnqc ef, Gfe¡duleE Bsdleg en Uppcr Eprdernis

lJhether glardular bodies are present on the upper epidermis or not'

21) Lsuer EPldesmeL ÇeI! thæc

Às for No,2

22) L_owec Ðidcrnel geIL t
Às for No.3
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23) toweE Epidermel CeIl lJiêtb

Às for No.4

2a) [qturc qf. Ànlislrnel EgII qf. tsger Epideruel Çe1,1

As for No.S

25) [slstrc q! Pesiqllnel UsI]' aÉ. teweg n¡idersel QgII

Às for No.6

26) $!ess!al DisÈEiþullqn eD Lewer E¡rderure

Às for No.7

27) 9!ema!el Erssueney (9!sus!e! lnÊeÐ on Losss Epidcrmie

As for No.8

28) Stemgga,L orientgÈign 9D tewes &idermig

Às for No.9

29) 9!eue!al Àrrenqcnea! sD tgtscs Epidermis

Às for No.10

30) shepe qf, gtouslel &erlure on lowcE EpidsElulg

Às for No.11

31) Pqsillqn of. cueEd cclle oE tqwer EplMis
As for No.12

32) lsqree qf. gUglnrzÊlrq¡ gf. GuqEO Çellg on to!¡Cr Epiderm;Le

As for No.13

33) NUUþeg of Subsidiaey ÇeIIs on tgtsel Eæidermig

Às for No.14
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34) Nalure sf Anllslinel weII of 9uþeidierv Çcll ea LowcE

Epídcrnie

Às for No.5

35) Nalure qf PeErcIlEeI EgIL e!. Suþerdiery CeLI en tower

Eoidcrn:Le

Às for No.6

36) Irrshome/IËiebese Deee Djsgriþutlen en L-ser Epidermig

Às for No.17

37) TuiqÞens/Ttishome EEse Eresuensy qD tgt{eg Ð!@!e
Às for No.18

38) Trishone/Irishome Þeee ¡EreuqensÉ on tsweË E¡idcrnrg

ås for No.19

39) Erescnce ef, glendulsË ÞEdicg on LowsE Ep¡deEuie

Às for No.20
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A Surface view of Stomate

Stomatal Aperture

Outer Stomatal Ledge I

Tangential wall of Subsidiary Ce

idermal wall of Guard Cell

dial wall of SubsidiarY Cell

Poral wall of Guard Cell

iclinal cell wall

ll

il

B Stomate in transverse section

Sub-stomatal cavity

Poral wall of Guard Cell

Subsidiary Cell rt

Stomatal Aperture

Elgule 9: Diagrammatic explanation of Stomatal Terminology Used

iñ-c"tiãular Descriptions (after Stace, 1965).

riclinal cell wall

Outer Stomatal Ledge Outer wall of Guard Cell
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Stomatal TYPes

(after Van Cotthem, I 970)

A Anomocytic B Anisocytic

C Diacytic D Paracytic

E Actinocytic F Tetracytic

G Cyclocytic

Note: stoma and subsidiary cells not shaded

Elgurg 10: van cotthem's (7970) seven Main Stomatal Types used Ín
defining Stomatal arrangement.
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Three Main TyPes of Trichome Base

A PORAL

B SCARCELY MODIFIED

C COMPLEX/MULTICELLULAR

Epidecmal wall of Trichome Base Cell

Poral wall of Trichome Base Cell

Radial wall of Trichome Base Cell

Pore

Poral rim

EfgUEe 11: A diagrammatic representation of
itp"; (after stace, 1965) used in defining

Scancely Modilied Foot Cell

r'lchome Base Cells

Trichome Base scar

the three Trichome base
Trichome base arrangement.
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4.7 .4 QUlrcIe Parelele.

In the following descriptions of cuticle parataxa possible

affinities to modern plant groups are also mentioned. The majority of

parataxa are labelled "Àffinity Unknolrn" but a number are listed as

having associations at the Class (e.g. Liliopsida, i.e.

Monocotyledonae), Family (e.g. Lauraceae) and in some instanees the

genus (e.g. ÇrypËqqerye) and species (e.g. LlÈsee fgCfeene) level'

lJhere a generic affinity is suggested comments have been made regarding

the Àustralian distribution of the genus and its vegetatíon type.

Specific IÍstings indicate that species which bears closest similarity

(of any extant member of the genus) to the fossil parataxon. Both

generic ard specific affinities are discussed in more detail in section

4.2.

The number in brackets at the end of the description indicates the

number of specimens used in definíng the parataxon.

Parataxon 1 Stide No, 718-327

Hypostomatic: Upper epidermis cells tetragonal to hexagonal, becomíng

elongate over veins. cells 23.75 35¡-rm in length, 15 - 21.2¡.m in

width. Antíclinal wall thin, straight, smooth. Periclinal wall

irregularly thickened, granulate to striate to reticulate. Trichome

baseS poral, rare, restricted to areas over veins. Anticlinal wall

thin, smooth, thickening towards poral waII. Periclinal wall

irregularly thickened, striate.
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Lower epidermis cells tetragonal to polygonal (7) becoming elongate

over veins. Cells 20 32.5¡rm in length, 12.5 - 77.5¡.rm in width.

AnticlÍnal wall thin, straight, smooth. Periclinal walI iregularly

thickened, smooth to granulate. Stomata randomly oriented, uniform

distribution. Stomatal aperture elliptical. Stomatal arrangement

actinocytic. Guard celIs not sunken. Stomatal index (S.I.) 6.4.

Subsidiary cells 5 - 7. ÀnticlinaÌ wall thin, smooth. Periclinal wall

irregularly thickened, grranulate to broadly striate. Trichome bases

poral, common, random distribution. Basål cells 5 - 8. Ànticlinal wall

thin, smooth, thickeníng towards poral walI. Periclinal wall

irregularly thickened, striate. (>200)

Affinity Unknown Figures 28, 29, 99.

Parataxon 2 SIide No. 118-349À

Hypostomatic: Upper epidermis cells undulate becomÍng elongate

over veins. Cells 72.5 - 20pm in lenqth, 7.5 15¡rm in width.

Anticlinal wall smooth, some irregular thickening. Periclinal wall

thin, smooth.

Lower epidermis cells undulate, becoming elongate over veins. CelIs 10

20.5pm in length, 7.5 - 15¡rm in width. Anticlínal wall straight to

undulate, thin, smooth. Periclinal wall imegularly thickened, thin to

granulate. Stomata randomly oriented, uniform distribution (not as

eommon over veins). Heavily cutinized raised stomatal collar, a most

distinctíve feature. Stomatal aperture elliptical to ovoid. Stomatal

arrangement anomocytic. Guard cells not sunken. S.I= 14.5. Subsidiary
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cells indistínguishable from surrounding celIs. (>200)

Àffiníty Unknown Figures 30, 31, 100.

Parataxon 3 Slide No.118-367

Àmphistomatic: EntÍre Margin: Upper epidermis cells tetragonal to

polygonal, becoming elongate over veins. Cells 43 - 70pm in length, 30

- 50pm in width. Ânticlinal wall straight, 2.5pm thick, smooth.

periclinal wall similar thickness, smooth. Glandular bodies present.

Stomata rardomly oriented, uniform distribution. Stomatal aperture

eIIiptica1. Stomatal arangenent paracytic. Guard cells not sunken.

S.I. = 5.4. Subsidiary cells 2. Anticlinal wall smooth, straight,

similar thickness to surrounding epidermal cells. Poral wall of guard

cells heavily cutinised.

Lower epidermis cells tetragonal to polygonal, becoming elongate over

veins. Cells 22 - 50¡.rm in lergth , t9 - 30pm Ín width. Glandular bodies

common. S.I.= 8.3. ÀII other features identical to those of upper

surfaee. (>200)

Àffinity Unknown Figure 32, 101.

Parataxon 4 Slíde No. 718-307

Stomatiferous surface only. Cells triangular to pentagonal, some

curved. Cells 30 - 110pm ín lenqth, 76 - 40pm in width. Anticlinal waII

variable, generally straight, thickeníng occurs in such a fashion as to

produce distinct cell groupÍngs delimited by thickened outer walls of
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peripheral celIs. Períclinal wal1 irregularly thickened, smooth to

finely strÍate. Stomata rardomly oriented, uniform distribution.

Stomatal apertr.re namowly elliptical. Stomata] arrangement paracytic.

Guard cells not sunken. S.I.= 6.4. Subsidiary cells 2. ÀntÍclinal wall

curved, variable thickness, tangential wall generally thicker than wall

in contact wíth guard cell epidermal wall. Periclinal walI irregularly

thickened, grranulate. Guard cell poral wall slightly cutinised. Outer

stomatal ledge evident. (20)

Àffinity Unknown Figure 33, 7O2.

Parataxon 5 SIide No. 118-408

Stomatiferous surface on1y. Cells triangular to pentagonal, some

rounded , 27 - 43pm in length , 70 - 30¡.rm in width. Anticlinal waII

generally straight, smooth, thin. Periclinal wall thin, smooth. Stomata

randomly orÍented, uniform distribution. Stomatal aperture very

narrowly elliptical. Stomatal arrangement paracytic (occasionally

anisocytic). Guard cells slightly sunken. S.I.= 4.7. Subsidiary cells

2 (occasionally 3). Àntíclinal waII straight, thicker than surrounding

epidermal celIs, particularly on inner tangential walI. Periclinal wall

irregullarly thickened, striate. Poral wall of guard cell cutinised.

Hydathodes present. Immature stomata are common. (32)

Figure 34, 103.
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Parataxon 6 Slide No. 118-291,338

Hypostomatic: Upper epidermis cells triangular to pentagonal

(generally rectarqiular), becoming elongate over veins. celIs 25 - 35pm

ín length, 15 - 25¡rm in width. ÀntÍclinal walt straight, smooth, thin.

Periclínal wall irregularly thickened, smooth to granulate.

Lower epidermis cells trÍangular to pentagonal (generally rectargular),

some rounded, becoming etongate over veins. Cells 25 - 60¡-rm Ín length,

20 27,5¡n in width. Ànticlinal wall straight, smooth, thin.

periclinal waII imegularly thickened, granulate to striate. Stomata

rardomly oríented, uniform distribution. Stomatal aperture narrowly

elliptical to eltiptical. Stomatal arangement paracytic to

actinocytíc. Guard cells not sunken. S.I= 8.3. Subsidiary cells 2 - 5'

Ànticlinal walI straight, smooth, thin. Periclinal wall irregularly

thíckened, granulate to striate. Outer stomatal ledge evident on some

stomata. Poral waII of guard cell cutinised. (35)

Àffinity Unknoç¡n Figures 35, 36, 104.

Parataxon 7 Slide No. 118-401

AmphÍstomatic: Upper epidermis cells tetragonal to hexagonal,

becoming elongate over veins. Cells 40 - 67pm in length, 79 - 23¡:m in

wÍdth. AntÍclinal wall straight, smooth, thin. Periclinal wall thin,

smooth. Stomata rare, rrdimentary, oriented parallel to vein direction.

Lower epidermis cells tetragonal to hexagonal, becoming elongate over

veins. Cells 23 - 50¡-rm in lengrbh, 13 - 21¡-rm in width. Ànticlinal waII

thin, smooth, slíghtly urdulate. Periclinal wall írregularly thickened,
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granulate to papilliate. Stomata oriented parallel to vein direction,

confined to longitudinat bands (up to 160¡:m wide). Stomatal asperture

narrowly elliptical. Stomatal arrangement paracytic. Guard cells

sunken. S.I.= 27.8. Subsidiary cells 2. Ànticlinal wall straight,

irregularly thickened, heavily cutinised along the epidermal waII of

guard cells forming a dístinct collar arourd the stomate. Periclinal

wall irregularly thickened, small to large granulations, papilliate.

Guard cells heavily cutinised. (5)

Àff inity C1æeraceae Figrr-rres 37, 38, 105.

A cosmopolÍtan family, well represented in the Àustralian

flora, particularly in wetter habitats and areas of permanent water.

i
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Parataxon I Slide No. 246-036

Stomatiferous surface only. Cells rectangular, arrarged in

Iongitudinal rosts, 18 - 50pm in length, t4 - 25pm in r¡idth. Ànticlinal

wall irregular buttress thickening. Periclinal wall slightly undulate,

imegularly thickened,grranulate to finely striate. Stomata oriented

parallel to vein direction, confined to longitudinal uniseriate rows.

Stomatal aperture broadly etliptical. Stomatal arrangement tetracytic.

Guard cells not sunken. S.I.= 7.09'. Subsidiary cells 4, Iateral

cells curved, polar cells triangular. Ànticlinal wal1 irregular

buttress thickening. Thickening on epídermal wall of guard celIs

responsible for stomatal collar. Periclinal wall irregularly thickened,

broad concentrically arranged striations about the aperture. Guard

cells Iittte cutinisation. (3)

Affinity Podocarpaceae Fígure 39, 106.

DegUggggqfpgg, section DgnsaEqfdgg: Trees of this genus are

confined to lowland closed forest and swamp forests of New Caledonia

and New Guinea. The genus is not present in the modern Australian

Flora.

* hased on an incomplete field count.
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Parataxon 9 SIide No. 118-406

Hypostomatic: Upper epidermis cells tetragonal to polygonal

tending to undulate, becoming elongate over veins. Cells 19.3 - 40¡lm in

Iength , tS - 22.5¡.rm in width. ÀnticlÍnal wall rounded, smooth to

stigthly beaded thickening. Perj.clinal wall irregularly thickened,

granulate. Trichome bases poral, common, located over, veins. Basal

cells 4 - 7, radially arranged. Anticlinal waII smooth to slightl.y

beaded, radially thickened. Periclinal waIl irregularly thickened,

granulate.

Lower epidermis cells tetragonal to polygonal tending to undulate,

becoming elongate over veÍns. Cells 15 - 25pm in lengÈh,7,5 - 17.5pm

in width. Anticlinal wall straight to rounded, beaded thickening.

Periclinal waII irregularly thickened, granulate to striate. Stomata

randomly oriented, restricted to areoles (betr,¡een veins). Stomatal

aperture narrowly elongate. Stomatal arrangement paracytic,

occasionally anomocytic. Guard cells glightly sunken. S.I.= 19.9. Outer

stomatal ledge conspicuous, covers slightly cutinised guard ce1ls.

Suhsidiary cells (0-)2. Anticlinal wal.I thin, smooth. Periclinal wall

thin, smooth. Trichome bases poral, abundant, uniform distribution.

Ànticlinal wall thin, smooth. Periclinal wall thin to irregularly

thickened, granulate to striate. Basa1 cells 4 to 7 radially arranged.

(>200 )

Àffinity Lauraceae Figures 40, 47, 107.

E¡dfendfei Trees of subtropical scrubs and tropical closed

forests that extend along the eastern coast of Australia.
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Parataxon 10 SIide No. 118-352

Hypostomatic: Upper epiderrnis cells tetragonal to polygonal, becoming

elongate over veins. Cells 20 - 27.5¡rm in length, 15 - 22.5pm in width.

Ànticlinal wall 2.5pm thick, smooth. Periclinal wall irreglarly

thickened, granulate.

Lower epidermis cells triangiular to polygonal, becoming elongate over

veins. Cells 15 - 28¡;m in length, 7.5 - 14¡rm in width. Ànticlinal waII

straight , thin, smooth. Pericl inal wall imegularly thickened,

granulate to striate. Stomata randomly oriented, restricted to areoles.

Stomatal aperture narrowly elliptical. Stomatal amangement mainly

paracytic, occasionally tetracytic and anomocytic. Guard ce1Is slightly

sunken. S.I.= 15.5. Subsidiary cells (0-)2-4. Ànticlinal waII thin,

smooth to slightly undulate. Periclinal walI irregularly thickened,

granuJ.ate to striate. Outer stomatal ledge conspicuous. (>200)

Affinity Lauraceae Figures 42, 43, 108.

EndienÊrei Trees of subtropical scnrbs and tropical closed

forests that extend along the eastern coast of Àustralia.
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Parataxon 11 SIide No. 118-390

Archítectural features; leaf margin slightly serrate.

Amphistomatic: Upper epidermís cells undulate, up to 3.5 waves/ walI

Iength, amplitude rarely exceeds wavelength, becoming elongate over

veins. Ce}ls 31.7 47.Spm in length , 13.7 27.5pm in width.

Ànticlinal wall undulate, irregularly thÍckened, ridged Periclinal

wa11 thin to imegularly thickened, smooth to finely striate. Stomata

rare, occur over larger veins. Stomatal arrangement paracytic. Trichome

bases complex, råre, uniform distribution. Basal ce}Is 2 - 6,

surrounded by radially arranged modified epidermal cells with radiating

striations. Anticlinal r"rall undulate, irregularly thickened, ridged.

Periclinal walI thin, irregularly thickened, slightly granlulate to

finely striate. Scar appears as two concentric circles.

Lower epidermis cells undulate, up to 5 waves/wall length, amplitude

rarely exceeds wavelength. Cells 25 - 35¡.rm to in length, 72.5 - 20pm in

width. Anticlinal wall undulate, irregularly thickened, ridged.

periclinal walI thin irregularly thickened, sligthly granÙIate. Stomata

randomly oriented, restricted to areoles. Stonatal aperture ovoid.

Stomatal arrangement paracytic. Guard cells sunken. S.I.= 18.8.

Subsidiary cells 2, overlap guard cells. Ànticlinal walI rounded, thin,

smooth. Periclinal wa1I thin, imegularly thickened, smooth to

granulate. Guard celIs heavity cutinísed, T-shaped thickening prominent

at poles.

Trichome bases complex, rare, uniform distribution. Basal cells 2 - 4,

surrounded by radially arranged modified epidermal cells. Anti-clinal

wal1 thicker (3¡.rm) than that of epidermal ce1Is, ridged. Periclinal

walI thin, irregularly thickened, slightly granulate. Scar appears as
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two concentric circles. (>200)

Affinity Proteaceae Figures 44, 45, 109, 110.

Deglfnqfq: Endemic trees of the tropical closed forests of

northern Queeneland.

Parataxon 12 SIide No. 118-368À,8

Hypostomatic: Upper epidermis cells triangular to pentagonal, to

undulate, up to 1.5 waves/wall length, amplitude rarely exceeds

wavelength, becoming angular over veins. Cells 32.5 - 45¡.rm in lengrth,

Zg 30pm in width. Anticlinat wall straight to undulate, irregularly

thickened, thin to ridged. Periclinal wall marginal thickening extends

into ce]l lumen and down anticlinal waII, striate to reticulate.

Trichome bases rare, complex, unÍform distribution. Basal cells 4 - 7.

Ànticlinal walI straight, irregularly thickened, thin to ridged.

Periclinal waII as for epidermal cells. Bases larger over veins.

Lower epídermis cells undulate, up to 2 waves/wall length, amplitude

rarely exceeds wavelength, angular over veins. Cells 15 - 27.Spm in

lerrgth, 8.5 - 17.5¡.rm in width. Anticlinal wall straight to undulate,

thin, smooth. Periclinal wall irregularly thickened, marginal

thickening common to vein celIs; areolar celIs, grahulate to

papilliate. Stomata randomly oriented, restricted to areoles. Stomatal

aperture ovoid. Stomatal arrangement paracytic. Guard cells not sunken.

S.I.= 17.7. Subsidiary cells 2. Àntictinal waII rounded to undulate,

thin, smooth. Periclinal wall thin, smooth. Guard ceIl poral waII

cutinised. Trichome bases scarcely modified, common. Basal celIs

central ceLl surrounded by up to 72 radially arranged modified
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epidermåI cells. Anticlinal wall smooth, irregularly thickened, thin to

margínal thickening over veins. Periclinal wall irregularly thickened,

papilliate to striate over veins. (>200)

Àffinity Proteaceae Fígures 46, 47,177,772,

gynepbee shows strong affinity to Lange's (1978b) Lake

Lefroy proteaceous cuticle. The genus is represents by sclerophyllous

shrubs restricted to south west, $Jestern Australia.

Parataxon 13 Slide No. 246-0g6

Upper and lower epidermis indistinguishable. Non-stomaliferous

surface. CeIIs rectangular, 19 - 33pm in length, 4 - 6.5pm in width.

Anticlinal wall straight,thin, smooth. Periclinal wall thin, smooth,

darker staining cuticular band passes longitudinally down the ceII.

CeIIs interlocked in a brick-like arrangement. (>200)

Àffinity Monocotyledonae Figure 48.

Parataxon 14 Slide No. 1'78-379

Hypostomatic: Upper epidermis cells tetragonal to hexagonal to

rectangular over veins. Cells 15 - 25pm in length, 10 - 18.5¡rm in

width. Anticlinal wall straight, irregularly thickened, ridged?

Periclinal wall irregularly thickened, granulate.

Lower epidernris cells undulate, up to 2 waves/ waII length, amplitude

rarely exceeds wavelength, becoming rectangular over veins. CeIIs 18.2
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- 35Um in length, 15 25¡rm in width. Ànticlinal waII undulate,

Írregular beaded thickening. Periclinal walI irregularly thÍckened,

granulate. Stomata randomly oriented, restrícted to areoles. Stomatal

aperture narrowly elliptical. Stomatal arrangement paracytic. Guard

cells not sur¡ken. S.I.= 71.4. Subsidiary ce1ls 2. Anticlinal wall

rounded, slight beaded thickening. Periclinal wall irregularly

thickened, granulate. Guard cel} poral wall cutinised. Outer stomatal

Iedge evident. (>200)

Àffinity Lauraceae Figures 49, 50, 113.

ÇryBlgqeryg: Trees of the sr.rbtropical and tropical closed

forests that extend along the eastern coast of Àustralia.

Endrendret Trees of the subtropical scrubs and tropical

closed forests thet extend alon the eastern coast of Àustralia.

Parataxon 15 Slide No. 778-407

Hypostomatic: Upper epidermis celIs triangular to hexagonal

becoming elongate over veins. Cells 16.5 - 25¡.rm in length, 9.7 - 17.5pm

in width. Ànticlinal waII thin, smooth, straight to slightly undulate.

periclinal watl irregularly thickened, granulate to tuberculate.

Trichome bases poral, rare, mainly over veins. Basal cells 4 - 6,

radially arranged. Anticlinal walI straight, thickened epidermal wall.

periclinal wall smooth, irregularly thickened,granulate to tuberculate.

Lower epidermis cells triangular to hexagonal becoming elongate over

veins. Cells 10 15¡.rm in length, 6.7 - !2.5pm in width. Ànticlinal

wall straight, irregularly thickened, ridged to T-shape. Periclinal

walI irregularly thickened, tuberculate to reticulate. Stomata randomly
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oriented, restricted to areoles. Stomatal aperture elliptical. Stomatal

arrangement paracytic. Guard cells sunken. S.I.= 18.4. Subsidiary cells

2. Antictinal wal1 rounded, thin, smooth. Periclinal walI thin, smooth.

Guard ce11 polar wall cutinised. Outer stomatal ledge variable

thickness, common. Trichome bases poral, common, mainly over veins.

Basa1 celIs 5 - 8, radially arranged. ÀnticlÍnal wall straight,

epidermal wall thickened. Perictinal walI irregularly thickened,

tuberculate to reticulate. (>200)

Àffinity Lauraceae Figures 51, 52,714.

Lflgee leefeanê: À tree that occurs in subtropical to

tropical closed forests extending from BeIIing|Riu"t, New South tJales

to Endeavour River, North Queensland.

Parataxon 16 SIide No. 118-369

Hypostomatic: Upper epidermis cells tetragonal to hexagonal

becomíng elongate over veins. Cells 20 - 27.5¡rm in length, 12.5 - 20pm

in width. Anticlinal walI straight, thin, smooth. Periclinal walI

irregnrlarly thickened, granulate. Trichome bases poral, common, uniform

distribution. Basal cells 5 - 8, radially arranged. Anticlinal wall

straight, thickened, epidermal wa1I. Periclinal wall irregularly

thickened, granulate. Glandular bodies evident.

Lower epidermis cells tetragonal to hexagonal becoming elongateover

veins. Cells 17.5 - 25.5¡rm in length, 10 - 17.5pm in width. Anticlinal

wall straight to slightly rounded, smooth, irregularly thickened, thin

to finely beaded. Periclinal waI1 irregularty thickened, granulate.

Stomata randomly oriented, restricted to areoles. Stomatal aperture
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narrowly eltipticat. Stomatal arrangement paracytic. Guard cells not

sunken. S.I.= 13.1. Subsidiary ce1ls 2. Anticlínal wall rounded, thin,

smooth. periclinal wall irregularly thickened, granulate. Guard cel]s

cutinised. outer stomatal ledge prominent. Trichome bases poral,

abundant, uniform distribution. Basal cells 5 - 10, radially arranged.

Anticlinal walI straight, thickened epidermal walI. Periclinal wall

thin, smooth. Glandular bodies evident. (>200)

Affinity Lauraceae Figures 53, 54, 115.

Endfe¡dUe rntEqEge: À tree of the subtropical humid evergreen

closed forests of the Dorrigo Plateau, northern New South l{ales and

southern Queensland.

Parataxon 17 Stide No. 178-270

Upper and lower epidermÍs indistinguishable. Stomatiferous

surface. Cells tetragonal to hexagonal, strongly angular, 12.5 - 27.5pm

in length, !2.5 - 20¡rm in width. Anticlinal waII straight, irregular

marginal thickening extends onto periclinal wal] (up to S¡rm thick).

periclinal wall irregularty thickened, granulate to reticulate. Stomata

rare. Stsmatal aperture narrowly eIIiptical. Stomatal arrangement

paracytic. Guard ce1ls not sunken. S.I.= 0,06. Subsidiary cells 2.

Ànticlinal waII straÍght, smooth to imegularly thickened (up to 3pm

thick). Periclinal wall thin, smooth. (10)

âffinity Unknown Figure 55,63,124.
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Parataxon 18 Slide No. 1t8-274

Stomatiferoug surface only. Cells triangular to hexagonal becoming

elongate over veins. CeIIs !5 - 27.5pm in length, 10 - 17.5¡lm in width.

Anticlinal wall straÍght, thin, smooth. Periclinal r¡aII thin, smooth.

Stomata randomly oriented, restricted to areoles. Stomatal aperture

elliptical. Stomatal arrangement tetracytic to actinocytic. Guard cells

slightly sunken. S.I.= 6.75. Subsidiary cells 4 - 5. Anticlinal waII

rounded, thin, smooth. Periclinal walI thin, smooth. Trichomes

abundant, uniform distribution, single ce1led, acute âpex, up to 100um

in length. Trichome bases poral. Basal cells 5 - 8, radially arranged.

Ànticlinal wall straight, thin, smooth. Periclinal wall thin, smooth.

Hydathodes present. (90)

Àffinity Lauraceae? Figure 56, 176.

Endfe¡dfe?: Trees of the subtropical and tropical closed

forests that extend along the eastern coast of Australia.

Parataxon 19 Slide No. 178-273

Upper and lower epidermis indistinguishable. Stomatiferous

surface. Cells rectangular to hexagonal, arranged in longitudinal rou,s,

35 - 50¡rm in length, 20 - 42.5pm in width. Ànticlinal waII straight,

irregularly thickened, smooth to beaded. Periclinal wall thin with

Iarge cuticular folds. Stomata oriented parallel to vein direction,

confined to longítudinal uniseriate ros¡s. Stomatal aperture broadly

elliptical. Stomatal arrangement paracytic. Guard cells not sunken.

S.I.= 6.45. Subsidiary cells 2. Anticlinal wall straight, irregularly
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thickened, smooth to beaded. Periclinal waII thin, folds present in

lateral cells. Guard ceII poral ç¡all cutinised. Thin outer stomatal

ledge evident. (>200)

Àffinity Honocotyledonae Figure 57, 717.

Parataxon 20 Slide No. 778-272

Upper and lor.rer epidermis indistinguishable. Stomatiferous

surËace. Cells hexagonal, arrançled in longÍtudinal rows, 32.5 - 60pm in

length, 17.5¡rm - 27.5pm in width. Ànticlinal waII straight, imegularly

thickened, beaded, up to 3F* thick. Periclinal walI irregularly

thickened, two large crescent-shaped papillae located centrally.

Stomata oriented para1IeI to vein direction, confined to longitudinal

uniseriate rows. Stomatal aperture broadly elliptícal to ovoid.

Stomatal arrangement paracytic (occasionally tetracytic). Guard cells

slightly sunken. S.I.= 5.3. Subsidiary cells 2 - 4. Anticlinal wall

straight, thin, smooth. Periclinal wall thin, smooth. Papillae on

epidermal cells often overlay subsidiary celIs. Guard ceII' poral wall

cutinised. (12)

Àffinity Monocotyledonae Figure 58.

Parataxon 21 Slide No. 118-280

Upper and Iower epidermis indistinguishable. Stomatiferous

surface. Cells hexagonal, 15 - 27.5pm in length, 72.5 - 20¡lm in width.
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Anticlinal wall straight, irregularly thickened, finely beaded.

Perictinal walI irregularly thickened, papilliate. Each papilla

centrally located, varies from circular to crescent-shaped. Stomata

randomly oriented, uniform distribution. Stomatal aperture elliptical.

Stomatal arrangement paracytic. Guard cells sIíghtly sunken. S.I.=

5.45. Subsidiary cells 2. Ànticlinal wall rounded, irregularly

thickened, slightly beaded. Periclinal wall irregularly thickened,

granulate to striate. Guard cell poral wall cutinised. Thin outer

stomatal ledge evident. (>200)

Affinity Monocotyledonae? Figure 59, 118.

Parataxon 22 SIide No. 118-400

Upper and lower epidermis indistirguishable. Non-stomatiferous

surface. CeII outline absent, surface shows irregular cuticular

thickening, smooth to striate. Stomata absent. Trichome bases absent.

Very indistinct cuticle.

Af f inity Unknoç¡n Figure 60.

Parataxon 23 SIide No. 118-414,415

Archítectural Features; Leaf margin serrate, veins terminate in

serrations, parallel venation

Amphistomatic: Upper epidermis cells elongate, 90 - 257¡rm in length,

Z.S - 27.5¡rm ín width. Cells long axes mainly oriented parallel to vein
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direction, occasionally this orientation is oblique. Anticlinal wall

straight, thin, smooth. Periclinal wall thin, pitted. Stomata rare, Iong

axes parallel to vein direction. Stomatal aperture narrowly eIIiptical.

Stomatal arrangement actinocytic (haplocheilic, Greguss, 1968)' Guard

cells slightly sunken. subsidiary celIs 3 - 5. Anticlinal walI

straight, thin, smooth. PerÍclinal wall irregularly thickened, strongly

pitted.

Trichome bases rare, pora}, roughly circular. Basa] cells 3 - 5'

Anticlinal walI straight, thickened epidermal w411. Periclinal walI

thick, smooth.

Lower epídermis cells elongate, Iong axes oriented parallel to vein

direction, 60 - 282¡rm in length, 25 - 35¡rm in width. Ànticlinal waII

straight, thin, smooth. Periclinal wall thin, smooth. Stomata oriented

parallel to vein direction, restricted to bands (110¡.rm wide) between

veins. Guard cells not sunken. Stomatal aperbure narrowly elliptical.

stomatal arrangement actÍnocytic (haplocheÍIic, Greguss 1968). S.I =

7.6, Subsidiary cells 3 - 7. Anticlinal waII straight, thin, smooth'

períclinal wall irregularly thickened, strongly pitted. Guard celIs

slightty cutinised. Fine outer stomatal ledge evident. (95)

Af f inity Zamiaceae Figures 67 ,62 ,179 ,720 ,127 ,722,723 '

Bogenle pepltlqse: Àn extinct understorey species, first

ídentified from the Eocene megafossil flora of Nerriga, Neht South lÙa1es

(HiIl , 1978).
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Parataxon 24 SIide No. 118-370

Upper and Lower epidermis indistinguishable. Cuticle thick.

Non-stomatiferous surface only. celIs tetragonal to pentagonal, mainly

rectangular, some rounded, 20 - 50pm in length, 12.5 - 25pm in ç¡idth.

Anticlinal wal1 straíght, thin , irregularly thickened, fine beaded

thickening. Periclinal waII írregular thickening, smooth to slightly

granulate. (50)

Affinity Unknown Figure 64.

Parataxon 25 SIide No. 118-310

Stomatiferous surface only. Cells tetragonal to hexagonal, some

rounded becoming elongate over veins. CeIIs 22.5 - 35¡rm in length, 15 -

22.5Um in width. Ànticlinat waII straight, variable thickness, up to

2p* periclinal wall irregularly thickened, intricate web-Iike

striations. Stomata randomly oriented, uniform distribution' Stomatal

aperture not seen. Guard cells not seen. stomatal arrangement

actinocytic. s.I.= 9.05. Subsidiary celIs 4 - 8. Ànticlínal wall

straight to rounded, epidermal ç¡all heavily cutinieed. Thickening

extends over stomatal aperture. Periclinal waI1 irregularly thickened,

granulate to intricate web-Iike striations. (44)

Affinity Ebenaceae Figure 65, 725.

Austrodiggpvreg: Trees of the modern relative Diogpyfgg occur

in the tropical closed forests of northern Àustralia and extend down

the east coast to the southern limit of the subtropical closed forest
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in New South llales.

Parataxon 26 Slide No. 118-375

Non-stomatiferous cuticle. CelIs undulate, up to 1.5 waves/walI

length, amplitude rarely exceeds wavelength, becoming elongate over

veins. cells 20 - 35¡.rm in length, 72.5 - 25pm in width. Ànticlinal wall

undulate, thin, smooth. Periclinal wall irregularly thickened, smooth

to finely granulate. G1andular bodies present, dark staining, Iie over

veins, numerous modified epidermal cells surround lumen. Germlings of

grades 1 to 2 (Lange, 197Ð present. Possibly mesophyll. (15)

Affiníty Unknown Figure 66.

Parataxon 27 S1ide No. tt8-248

Stomatiferous surface only. Cetls tetragonal to hexagonal, some

rounded, 17,5 - 60pm in length, !7.5 - 42.5¡.rm in width. Anticlinal wall

straight, smooth, irregularly thickened (up to 2¡rm). Periclinal waII

irregularly thickened, pitted, granulate, fine network of striations,

becomiqCuite pronounced, Ieading to complete division of celIs. Stomata

randomly oriented, uniform distribution. Stomatal aperture eIIiptical.

Guard cells not sunken. Sttlmatal arrangement paracytic. S.I.= 3.9.

Guard cells poral walI strongly cutínised. Outer stomatal ledge

evident. Subsidíary cells 2. Ànticlinal wall rounded, smooth,

irregularly thickened. Periclinal walI irregularly thickened, granulate
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to slightly striate. (5)

Affinity Unknown Figure 67, 126,

Parataxon 28 Slide No. 118-332

Hypostomatic: Upper epidermis celIs tetragonal tp hexagonal tending to

glightly undulate becoming elongate over veins. Cells 20 - 35¡:m in

Iength, 11.3 - 17.5¡.rm in width. AntÍclinal wall straight to undulate,

irregiularly thickened, smooth to slightl¡beaded thickening. Periclinal

walI irregularly thickened, smooth to granulate. Trichome bases rare,

poral, uniform distribution. Basal cells 5 - 8, radially arcanged.

AnticlÍnal wall thín, smooth. PerÍclinal r¡aII smooth to slightly

granulate.

Lower epidermis cuticle thin. Cells tetragonal to hexagonal, some

undulate, becoming elongate over veins. cells 1'7.5 - 22.5¡rm in length,

5 - 15¡rm in width. AnticlÍnal wall straight to undulate, thin, smooth'

Periclinal wall thin, smooth. Stomata randomly oriented, restricted to

areoles. stomatal aperture etliptical. s.I.= 13.04. Guard cells not

sunken. Stomatal arrangement, not seen' possibly actinocytic' Subsidiary

cells not seen. Guard cel] poral watl cutinised, darker staining'

Hydathodes present. Trichome bases abundant, poral, uniform

distribution. Basal cells 5 - 8, radially arranged' Anticlinal waII

straight, thin, smooth. Periclinal wall irregularly thickened, smooth

to stightlY stríate. (>200)
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Àffinity Unknown Figures 68, 69, 127.

Parataxon 29 SIide No. 178-294

stomatiferous surface only. cells triangrular to pentagonal

becoming rectangular over veins. Cells 12.5 - 22.5pm in length, 6.3 -

17.5¡lm in width. Anticlinal walI straight, irregularly thickened,

beaded thickening. Periclinal wal1 irregularly thickened, smooth to

granulate. Stomata randomly oriented. restricted to areoles. Stomatal

aperture narrowly elliptical. Guard cells not sunken. Stomatal

arrangement paracytic tending actinocytic. S.I.= 13.2. Subsidiary celIs

2 - 6. Anticlinal walI rounded, thin, smooth. Periclinal waII

irreqrularly thickened, smooth to granulate. Guard celIs cutinised.

outer stomatal ledge evident. Tríchome bases rare, poral, uniform

distributíon. Basal cells I - 10, radially arranged. Anticlinal waII

straight, irregularly thickened, epidermal wall thickened towards pore.

Periclinal wall thin, smooth.

ÀffinÍty Lauraceae Figure 70, 1'28.

Endfendgei Trees of subtropical scrubs through to tropical

closed forests along the east coast of Àustralia.

Parataxon 30 Slide No. 178-324

Upper and Lower epidermÍs indistinguishable. Cuticle thin.

Non-stomatiferous surface on1y. Epidermal cells undulate, 30 - 67.5¡lm

ín length, !2.5 - 37.5pm in width. Anticlinal walI undulate,
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irregularly thickened, ridged. Periclinal wall thin, smooth. Possibly

mesophyllous tissue. (30)

Àffinity Unknown Figure 71.

Parataxon 31 Slide No. 777-027

Stomatiferous surface

only. Cells rectangular to hexagonal , 17.5 - 37.5pm in length, 4 -

12.5¡rn in width. Anticlinal waI1 straight, írregularly thickened,

smooth. Periclinal wall irregularly thickened, granulate to striate.

Stomata long axes perpendicular to vein direction, occur in ro$rs near

Ieaf margins. Rows 4 celts apart, occasionally anastomosin3,stomatal

aperture elliptical. Guard cells not sunken. Stomatal arrangement

anomocytic. Subsidiary cells 0 - 1. Ànticlinal wall straight, slightly

thinner than surrounding cells, smooth. Periclinal wall irregularly

thickened, granulate. Guard cells cutinised, poral wall thickened. ÀII

specimens measured had > 65% hexagonal shaped cells. (180)

Àffinity Casuarinaceae Fígute 72, 729.

gymnggle$g: A single species occurs in marginal tropical

closed forest in North Queensland and is closely associated wíth

streams and swanps.
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Parataxon 32 SIide No. 118-401

Upper and Lower epidermis indistinguishable. Non-stomatiferous

possibly petiole or veÍn cuticle. CeIls tetragonal to hexagonal,

becoming rectangiular over veins. cells 15 to 32.5¡-rm in length, 12.5

22.5¡:m in u¡idth. Po]ygonal cells occur in small patches between the

much broader bands of rectangular cells, which are lonqitudinally

arranged. Àntictinal walI thin, smooth. Periclinal walI irregularly

thickened, smooth to granulate. (100)

Àffinity Unknown Fiqiure 73.

Parataxon 33 SIide No. 118-235

upper and Lower epidermis indtstinSui¡hr<rble. stomatiferous surface

only. Cells tetragonal to pentagonal, rectangular cells most common'

The linearly arranged rectangular cells 7,5 - 17.5pm in length, 5 -

12.5¡-rm in r^ridth. Imegularly arranged cells, 10 - 20¡.rm in length, 7.5 -

17.5pm in width, occur in areas between the broad bands of rectangular

cells. Ànticlinal waII straight to rounded, irregularly thickened, up

Lo 2.5pm thick, smooth. Periclinal wall thin, smooth. Stomata randomly

oriented, restricted to areas of irregularly arranged celIs. Stomatal

aperture elIiptical. Guard cells sunken. stomatal amangement

actinocytic. s.I.= 0.5. subsidiary cells 3 - 6. Anticlinal wall thin,

smooth. Periclinal wal1 irregularly thickened, granulate. Guard celI

poral wall heavily cutinised. Possibly petiole fragment. (>200)

Àffinity Unknown Figure 74, 130.

I

I
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Parataxon 34 Slide No. 118-245

Upper and Lower epidermis indistinguishable. Non-stomatiferous

surface only. Cells tetragonal to hexagonal, becoming rectangular over

veÍns. Cells 75 - 22.5¡.rm in length, 8.8 - 15pm in r¡idth. Ànticlinal

wall straight, thin, smooth. Periclinal walI irregularly thickened,

granulate. Trichome bases poral, abundant, uniform distribution. Basal

cells 6 - 9, radially arranged. Anticlinal wall straight, smooth, poral

wal1 thíckened. Periclinal wall irregularly thickened, granulate to

striate. (8)

Àffinity Unknown Figure 75.

Parataxon 35 Slide No. 111-010

Upper and Lower epidermis indístinguishable. Stomatiferous surface

only. CeIIs tetragonal to pentagonal, becoming elongate over veins.

Cells 77.5 - 27¡:m in length, 10 - 17.5¡rm in width. Ànticlinal wall

straight to slightly undulate, thin, smooth. Periclinal walI

irregularly thickened, striate to reticulate giving anticlinal wall a

sinuous appearance in some cells. Stomata randomly oriented, uniform

distribution. Stomatal aperture elliptical. Stomatal arrangement not

obvious. Guard celIs stighhly sunken. Subsidiary cells not obvious.

This is due to the particularly heavy striation around the thin

cuticular membrane of the stomata. Guard cells well cutinised. outer

stomatal ledge evident. (16)
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Affinity Unknown Figure 76, 131.

Parataxon 36 SIide No. 118-363

Hypostomatic: Upper epidermis cells undulate up to 3 waves/wall

Iength, amplitude rarely exceeds wavelength, to elongate over veins'

cells 25 - 45pm in length, 15 27.5¡rm in width. Anticlinal wall

undulate, thin, smooth. PerÍclinal wall irregularly thickened, striate'

Trichone bages complex, rare, uniform distribution. Basal cells 2 - tO,

surrounded by a number of radially arranged epidermal cells. Anticlinal

wall rounded to undulate, smooth, thicker than epidermal cells, up to

3um, some T-shape thickening. Periclinal walI irregularly thickened,

smooth to striate, striations radiate outwards into surrounding cel]s.

Trichome base scar is evident in aII bases. Glandular bodies numeroust.

Lower epidermis cells undulate up to 4 waves/wal] Iength, amplitude

rarely exceeds wavelength, elongate over veins. CeIIs 27.5 - 55¡rm in

length, 20 - 30pm in width. Anticlinal wall irregularly thickened,

smooth to ridged. Periclinal wall imegrularly thickened' smooth to

slightly granulate, folding occurs near margin due to undulations.

stomata randomly oriented, uniform distribution. stomatal aperture

elliptical. Stomatal arrangement paracytic. Guard cells sunken' S'I'=

15.1. Subsidiary cells 2. Anticlinal wall rounded, irregularly

thickened, smooth to fine beaded thickening. Periclinal walI

irregularly thickened, granulate. Guard cells strongly cutinised.

Trichome bases rare, complex, uniform distribution. Basal cells 1 - 4,

surrounded by numerous radially arranged epidermal celIs. Ànticlinal

r.rall undulate, smooth, thicker than surrounding cells. Periclinal wall
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irregularly thickened, smooth to etriate, striations radiate outwards

into surrounding cells. Hair base scars prominent. Glandular bodies

numerous. (>200)

Affinity Proteaceae Figures 77, 78, 132, 133'

Darlrngig:endemictreesoftropicalclosedforestinNorth

Queensland.

Parataxon 37 Slide No. 177-037

stomatiferous st¡rface only. Cells pentagonal to hexagonal, 15

25um in length , 7.5 - 15pm in width. Ànticlinal waII smooth, thick up

to 3pm. Periclinal wall irregularly thickened, granulate. stomata

randomly oriented, uniform distribution. Stomatal aperture narrowly

elliptical. stomatal arrangement possíbly paracytic, cuticle

particularly thin around stomata. s.I. insufficient material. Guard

celIs slighbly sunken. subsÍdiary cells possibly 2. Anticlinal wall

rounded, irregularly thickened, smooth to fine buttress thickening'

periclinal wall irregularly thickened, granulate to striate' Guard

cell poral wall cutinised. outer stomatal ledge evident. (10)

Àff inity Unknoç¡n Figure 79.

Parataxon 38 SIide No. 110-010

Hypostomatic: Upper epidermis cells tetragonal to pentagonal,

becoming elongate over veins. cells 15 - 35¡-rm ín length, 10 - 15¡rm in

width. Anticlinal walI straight, thin, smooth. Periclinal walI
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irregularly thickened, strongly granulate to reticulate. Trichome bases

poral, common, uniform dÍstribution. Basâl cells 5 to 7, radially

agangecl. Anticlinal wall straight, poral walI thickened' Periclinal

wallirregularlythickened,granulatetoreticulate.

Lower epidermis cells tetragonal to hexagonal, becoming elongate over

veins. cells t7.5 - 25pm Ín length, 7.5 - 77.5¡.rm in width. Ànticlinal

waI1 straight, irregularly thickened, smooth to fine buttress

thickening. periclinal walI irregularly thickened, strongly granulate

to retículate. stomata randomly oriented, restricted to areoles'

Stomatal aperLr-rre narrowly eIIiptical. Stomatal arrangement anomocytic'

occasionally paracytic. S.I.= 11.3. Guard cells not sunken' Subsidiary

cells 2. Ànticlinal wall rounded, thin, smooth. Periclinal waII thin'

smooth. Guard ce]l; poral wall cutinised. Outer stomatal ledge

prominent.

Trichome bases poral, common, uniform distribution. Basål cells 5 - 8'

radially arranged. Anticlinal wall straight, epidermal and poral walls

cutinised. periclinal wall irregularly thickened, granulate to

reticulate. (16)

Affinity Lauraceae Figures 80, 81, 134'

Crvplegegya?:Treesofsubtropicaltotropicalclosedforests

that extend along the eastern coast of Australia'

Parataxon 39 Slide No. 1L2-O2O

Stomatiferoussurfaceonly.Cellsundulate,UPto4waves/wa}l

Iength, amplitude rarely exceeds wavelength, elongate over veins' cells

15 - 30¡rm in length, 8.8 - t7.Spm in width. Ànticlinal wall undulate',
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irregular thickening, smooth to ridged. Periclinal wall irregularly

thickened, smooth, granulate to striate. stomata randomly oriented,

uniform distribution. Stomatal aperture narrowly etliptical to ovoid.

Stomatal årrangement anisocytic. S.I.= 15.1. Guard cells not sunken'

subsidiary cells 3 - 6. Anticlinal wall rounded to undulate,

irregularly thickened, ridged. Periclinal wall írregularly thickened,

striate. Striations in a concentric arrangement around guard cells.

Quter stomatal ledge thick, prominent, encircles stoma. Guard ceII

cutinised. Hydathodes present. Glandular bodies present. (20)

AffÍnity Unknown Figure 82, 135.

Parataxon 40 SIide No. 118-283

Hypostomatic: upper epidermis cells undulate, up to 5 waves/wall

length, amplitude rarely exceeds wavelength, elongate over veins' CeIIs

25 - 37.5¡.rm in length, 75 - 27.5¡rm in width. AnticlÍna} wall undulate,

iryegularly thickened, ridged. Periclinal wall imegularly thickened'

granulate. Trichome bases rare, complex, uniform distribution' Basal

celIs 2 - 4, suffounded by radíally arranged epidermal celIs.

Ànticlinal wall undulate, thin, smooth. Periclinal walI irregularly

thickened, thick, granulate to striate, thicker than surrounding cells'

darker staining. striations radiate out into surrounding cells. Hair

scar prominent. Glandular bodies present.

Lower epidermis extremely thÍn, making features difficult to interpret.

cells triangular to polygonal becoming undulate, up to 6 waves/wall

Iength, amplitude rarely exceeds wavelengrLh, urdulations extremely

small, elongate over veins. cells 22.5 - 35pm in length, 15 - 20Um in
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width. Ànticlinal walI straight to undulate, irregularly thickened,

finely beaded. Periclinal walI irregularly thickened, granulate'

stomata randomly oriented, uniform dístribution. stomatal aperture

elliptical. Stomatal arrangement paracytic. S.I.= 77.0. Guard cells not

sunken. Subsidiary ce1ls 2. Anticlinal r¡all rounded, thin, smooth'

periclinal wall irregularly thickened, finely striate. Outer stomatal

Iedge evident. Guard ceII polar r¡all cutinised'

Trichome bases abundant, scarcely modified, uniform distribution. Basal

cells 6 - 10, radially arranged around central cell. Anticlinal waII

straight, irregularly thickened, fínely beaded. Periclinal wall

irregularly thickened, granulate to striate. striations radiate

outwards. Trichomes short, terete, tn¡ncate apex' (88)

Àffinity Proteaceae Figures 83, 84, 136.

ÇeEdger]lc:EndemictreesoftropicalclosedforestinNorth

Queensland.

Parataxon 41 SIide No. 118-318

Àmphistomatic: upper and Lower epidermis índistinguishable.

Stomatiferous surface. Cells tetragonal to hexagonal, 12.5 - 32'Spm in

Iength, 8.8 - 15¡rm in width. cells arranged in ror.rghly linear pattern.

Ànticlinal wall straight, imegularly thickened, smooth. Períclinal

wall thin, smooth. Stomata long axes oriented perpendicular to ceII

roq,s, restricted to areas of hexagonal cells. stomatal aperture

eIIiptical. Guard celIs sunken. Stomatal arrangement paracytic' S'I'=

0.5. subsidiary celIs 2. Anticlinal wall rounded, thin, smooth.

Periclinal wall irregularly thickened, granulate. Guard cells heavily
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cutinised. Fragment possibly lauraceous petiole. (>200)

Affinity Lauraceae Figure 85.

Parataxon 42 Slide No. 177-O0t

Non-stomatiferous surface only. Cells undulate, up to 2 waves/wall

Iength, amplitude rarely exceeds wavelength. CeIIs 15 - 32.S¡rm in

length, 72.5 - 25pm in wídth. Anticlinal wall undulate, thin, smooth.

periclinal wall irregularly thiekened, granulate. Germlings grades 1 to

3 (Lange, !976) present. Similar to Parataxon 2. (3)

Affinity Unknown Figure 86.

Parataxon 43 SIide No. 117-003

Upper epidermis celIs elongate, long axes usually oriented

parallel to vein direction. Cells 60 - 118¡rm in length, 12.5 - 19¡.rm in

width. Ànticlinal watl straight, thin, smooth. Some cells have thicker,

darker staining wal1. Periclinal wall thin, some slight pitting.

Lower epidermis cells elongate, Iong axes oriented mrallel to vein

direction. cells 83 - 133pm in length, 15 - 23pm in width. Anticlinal

wall straight, thin, smooth. Periclinal waII thin, smooth. Stomata

oriented parallel to vein direction, occur in bands between veins.

Stomata] aperture elliptical to ovoid. Stomatal arrangement actinocytic

(haplocheilic, Greguss 1968), darker staining than surrounding celIs.

S.I.= 6.4. Guard ce1ls not sunken. Subsidiary cells 2 - 6. Anticlinal

waII rounded, thicker than that of surrounding cells. Periclinal waII
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irregularly thickened, strongly granulate. Epidermal cells in contact

with polar subsidiary cells perpendicular to vein direction. Guard

celts poral wall cutinised. Fine outer stomatal ledge evident. (115)

Affinity Zamiaceae Figure 87, 88, 137.

Ðggenía ecgenicg: Extinct understorey species that $,as first

identified from the Eocene megafossil flora of Anglesea, Victoria.

Parataxon 44 SIide No. 177-004

Stomatiferous surface only. Ce]1s triangular to pentagonal, mainly

rectangular, 17.5 - 42.5¡rm in length , 72.5 - 30¡rm in width. Cells

arranged in longitudinal rows. Anticlinal r.lall straight, irreg'u1arly

thickened, up to Sum thick, smooth. Periclinal walI irregularly

thickened, granulate to striate to reticulate. Stomata long âxes

oríented parallel to cell rows, uniform distribution. Stomatal aperture

elliptical. Stomatal arangement tetracytic. Guard cells sunken. S.I.=

2.0. Subsidiary cells 4. Ànticlinal wall rounded, irregularly

thickened, finely beaded. Periclínal wa1I irregularly thickened,

granulate. Guard cells poral wall cutinised. Outer stomatal ledge

evident. Trichome bases common, scarcely modified, uniform

distributÍon. Basal celIs 7. Anticlinal wall straight, irregularly

thickened, up to 7Fm thick, smooth. Periclinal walI irregularly

thickened, granulate, darker staining than surrounding cells. Trichomes

short, rounded apex. (22)

Affinity Unknown Figure 89, 138.
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Parataxon 45 Slide No. 117-005

stomatiferous surface only. Cells curved, tetragonal to

pentagonal, curved to undulate, becoming elongate over veins' CeIIs 20

- 37,5pm ín length, 12,5 - 20pm in width. Anticlinal waII straight to

undulate, thin, smooth. Periclina] walI irregularly thickened,

granulate, striate. Stonata randomly oriented, restricted to areoles'

stomatal aperture narrowly elliptical. stomatal arrangement

actinocytic. s.I. insufficient materÍal. Guard cells not sunken'

subsidiary cells 3 - 5. Anticlinal waII rounded to undulate, thin,

smooth. periclinal wal1 irregularly thickened, thicker than surrounding

cells, darker staining, granulate, reticulate. Guard cell poral wall

cutinised. (16)

Affinity Unknown Figure 90, 139.

Parataxon 46 Slide No. 7t7-006

stomatiferous surface only. cells hexagonal, 2t - 30¡rm in length,

10 - 22,5pm in width. Àntictinal waII straight, irregularly thickened,

finely beaded. Periclinal wall irregularly thickened, granulate to

papilliate. Stomata randomly oriented, unÍform distribution' Stomatal

apertgre narrowly elliptical. Stomatal arrangement not obvious' Guard

cells slightly sunken. s.I. insufficient material. subsidiary cells not

obvious. Guard cells cutinised. Outer stomatal ledge prominent. Similar

to Parataxon 21. (10)

752



Affinity Unknown Figure 91.

Parataxon 47 Slide No. 139-002

Stomatiferous surface only. Cells triangular to hexagonal,

becoming elongate over veins.Cells 12.5 - 27.Stsn in length, 12.5 - 15pm

in width. Anticlina] r.ralI straight, thin, smooth. Periclinal wall

irregularly thickened, smooth to granulate. Stomata randomly oriented,

uníform distribution. Stomatal aperture ovoid. Stomatal arrangement

mainly paracytic, anisocytic. Guard celIs not sunken. S.I.= 15.5.

Subsidiary cells 2ç 3). Àntictinal wall straight, thin, smooth'

periclinal wall irregularly thickened, granulate to striate. Guard

cell poral wall strongly cutinised. outer stomatal ledge evident.

Trichome bases poral, uniform distribution, abundant. Basal cells 4 -

8, radially arranged. Anticlinal wall straight, poral wall thickened,

occasionally epidermal wall. PerÍclinal wall irregularly thickened,

granulate to striate. Striations radíate outwards from pore. (2)

Affinity Unknown Figure 92, tAO.

Parataxon 48 Slide No. 139-003

Stomatiferous surface only. CelIs tetragonal to hexagonal,

becoming elongate over veins. Cells 75 - 22.5¡rm in length, 7.5 - 12.5¡rm

in width. Ànticlinal wall straight, ir-regularly thickened, strongly

beaded. periclinal wall irregularly thickened, reticulate. Stomata

randomly oriented, restricted to areoles. Stomatal aperture ellipt,ical.

Stomatal arrangement anomocytic. Guard cel}s not sunken. S.I.
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insufficíent material. subsidiary celIs 2. Ànticlinal walI rounded,

thinner than surrounding cells, smooth. Periclinal wall thin, smooth'

Guard celI poral wall cutinised. outer stomatal ledge evident-

Hydathodes present. Trichome bases common, poral, uniform distribution'

Basal cells 4 - g, radially arranged. Anticlinal waII poral wall

thickened. Periclinal wall identical to that of surrounding cells. (10)

ÀffinitY Lauraceae Figure 93, t[t.

Çryplqçeryg:Treesofsubtropicaltotropicalclosedforests

that extend along the eastern coast of Australia'

Parataxon 49 Stide No. 111-002

Upper and lower epidermis indistinguishable. Stomatiferous surface

. cells elongate, generally rectangular, 57.5 - 222.5pn in length, 7,5

- 25pm in width. Ànticlinal wall straight to curved. Periclinal waII

irregularlY thickened. (3)

Àffiníty l{onocotyledonae Figure 94.

Parataxon 50 Slide No. 111-1101

stomatiferous surface only. cetls tetragonal to hexagonal,

becoming elongate over veins. cells 15 - 32.5¡rm in length, 12.5 -

17.5pm in width. Ànticlinal well straight, thin, smooth. Periclinal

wall thin, smooth. Stomata randomly oriented, restricted to areoles'

stomatal aperture closed. stomatal arrangement anisocytic. Guard cells

sunken. S.I.= 16.6. Subsidiary cells 3 - 6. Ànticlinal waII straight,
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thín, smooth. Periclinal wal1 iregularly thickened, smooth to finely

granulate. Guard cells cutínised. (5)

Àffinity Cunoniaceae? Fígure 95, t42'

The family consists mainly as trees that occur in subtropícal

to tropícal closed forests of eastern Àustralia, but regional endemics

are found in south 9lest, ïfestern Australia and Tasmania.

Parataxon 51 Slide No. 177-Ot6

Upper and Iower epidermis indistinguishable. Non-stomatiferous

surface. cells rectangular, some triangular to tetragonal, 15 - 30¡rm in

Iength, 7.5 - 15¡.rm in width. Anticlinal wall straight, irreqularly

thickened, smooth to beaded. Periclinal walI irregularly thickened,

granulate. Rectangular cells predominate, arranged in distinct rows'

Other cells, Iocated along the margins of fragment' Trichome bases

restricted to area of polygonal cells, abundant, poral. Basal cells 6 -

!2, radially arranged. Anticlinal wall straight, t'hin, smooth, some

poral wall thickening. Periclinal walI irregularly thickened,

granulate. (5)

Affinity Unknown Figure 96.

Parataxon 52 Slide No. 178-28

Hypostomatic: upper epidermis cells tetragonal to hexagonal

becoming undulate, elorgate over veins. Cells 20 - 37.5¡rm in lenqrth, 10

- 22.5¡rm in width. Anticlinal r.ra]I undulate, irregularly thickened'
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smooth to finely ridged. Períclinal walI irregularly thickened, smooth

to granulate. Trichome bases complex, rare, uniform dÍstribution' Basal

cells t - 2, surrounded by 70 - 72 radially amanged cells. Ànticlinal

wall straight to undulate, irregularly thickened, smooth to finely

ridged. Periclinal walt irregularly thickened, granulate to striate'

striations radiate outwards into surrounding cells. Hair scar appears

as two concentric circles over basal cells. Glandular bodies present'

Lower epidermis cells tetragonal to hexagonal becoming undulate, up to

3 waves/wall length, amplitude rarely exceeds wavelength, elongate over

veins. cells 12.5 - 37.5pm in length, 10 - 22.5pm in width. Anticlinal

walt undulate, irregularly thickened, ridged. Periclinal walI

iffegularly thickened, smooth to granulate to striate. stomata

randomly oriented, restricted to areoles. Stomatal aperture narrowly

elliptical. stomatal affangement paracytic. Guard cells not sunken'

s.I.= 14.0. Sub,sídiary celIs 2. Anticlinat walI rounded, irregularly

thickened, smooth to finely ridged. Periclinal wall irregularly

thickened, smooth to granulate. Guard cell poral wa]l cutinísed' Quter

stomatal ledge evident.

Trichome bases abundant, uniform dístribution. Tr'ro types present, i'e'

scarcely modified and complex. Scarcely modified; Basal cells 6 - tz

radíally arranged cells suffound a central cell. Anticlinal wall

straight to undulate, irregularly thickened, smooth to finely ridged'

periclinal wall irregularly thickened, granulate to striate. striatíons

radiate outwards into surroundíng cells. Trichomes short, terete with

truncated apex. complex bases; såme as those on upper surface. (125)

Àffinity Proteaceae Figures 97, 98'

ÇefdWellfa: Endemic trees of tropical closed forests in North
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Queensland.
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4.2 ldcnLiÍicatls4 st Ueqglsser! Baralaxa (i-e' Aullglc lypes)

InitialIy it was estimated that the Curlew Formation contained 85

cuticle types but re-examination shosted that only 52 distinctly

different parataxa existed. These parataxa have been described above

and their possible affinitÍes to extant families also listed. The

famíIies represented in the flora are the Casuarinaceae (1 parataxon),

possibly Cunoniaceae (1), Cyperaceae (1), Ebenaceae (1), Lauraceae

(10), podocarpaceae (1), Proteaceae (5) and zamiaceae Q). of this

group only two famÍIies occur regularly throughout the Formation, i.ê'

the Lauraceae and Proteaceae. The Lauraceae, because of its larger

representation and higher frequency of distribution, is the primary

floristic component.

The remaining families are rarely found in more than one sample

and usually in very low numbers, with the only exception being the

Zamiaceae which has been recorded in five samples, being the dominant

taxa in one of these, and the cyperaceae which was found in three

samples in very low frequencies.

4.2,7 LÀURàqEAE

Identification of lauraceous fossils has typically been carried

out using classical taxonomic features like floral, leaf architectural,

and occasionally leaf anatomical features, although they possess a very

distinctive cuticular morphology. This led to the situation whereby

only fossil floras consisting of complete, intact, well preserved

specimens $rere examined and described. Reference to cuticular features

was generally neglected.
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Bandulska (!927), in her examination of the Middte Eocene flora of

Bournemouth, United Kingdom, provided the first, and until recently

(e.g. Dilcher, !963', Sturm, 1973) the most comprehensive, investígation

of fossil lauraceous cuticles. Kovach and Dilcher (1984) described

seven fossil cuticles from the Hidd1e Eocene Claiborne Formation of

Tennessee (North America) as having possible Lauraceae affinities but

assigned them to form genera of the morphologic classification system

adopted by Roselt and Schneider (1969). Solereder (1908) considered

cuticular features and their diagnostic importance in classification in

his lengthy work on the anatomy of dicotyledons but the information

provided on the Lauraceae was limited and at times incorrect.

The most clearly diagnostic features of these cuticles are those

assocíated with the stomata] arrangement. Solereder's (1908) statement

that the Lauraceae are accompanied by subsidiary cells on either side

and parallel to the pore has since been confirmed by Bandulska ( 1927),

She also showed that this paracytic arrangement was characteristic of

fossil forms. The presence of depressed guard cells and an outer

stomatal Iedge (Stace, 1965), referred to as cuticular scales by

Bandulska ng27), in association with this predominantly paracytic

arrangement distinguishes both extant and fossil representatives of

this family. Both of these features, i.e. morphology of guard cells and

their assocÍated cuticular ledge, h,ere emphasised as diagnostically

important by Solereder ( 1908 ) . 0ther important f eatr.¡res noted by

Hutchinson 1964) were a uniform indumentum (when present), simple,

unicellular hairs and an absence of glandular hairs.

Solereder (1908) had previously noted that these projections were

confined to the abaxial surface of ]auraceous leaves but this is not
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the case. Trichomes are found on both the adaxial and abaxial leaf

surfaces. A well defined areolation (see Hickey in Metcalfe and Chalk

(eds. ), tg7g) could also be considered a diagnostic feature of the

Lauraceae.
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The

specific

has been

(eds. ),

stomatal

taxonomic importance of cuticular features at the generic and

levels varies considerably between familiee. This variation

discussed in some detait by lJilkinson (in Hetcalfe and Chalk

797Ð through the use of numerous examples, some of which are:

size, stomatal atrangement and the shape of hydathodes.

In the Àustralian Lauraceae the identification of the genera is

based primarily on epidermal cell characters while those associated

with the stomatal apparatus tend to be more diagnostic at the specific

level. These will be discussed in more detail in the relevant sections

beIow.

Of the approximahe 47 extant genera of Lauraceae (Hutchinson,

1964), it is possible to assume that the fossils are most likely to

have as affinity to those genera present in the modern Àustralian

flora. gnly seven genera occur naturally on the Àustralian mainland*:

ÞeilgghnlediaandEndfendeeofthetribeApollonieae,EÐ¿ploceEyeof

the cryptocaryeae, ci¡¡qugflluE of the cinnamomeae, lilseq and Ncelilece

of the Litseae and Caggylha of the Cassytheae. As Çqegythe includes

only leafless climbers, this genus may be excluded from these

* This is based on the existing taxonomy of the Australian
Lauraceae which is at present being revised by B. Hyland.
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comparative investigations. This leaves 6 genera with a total number of

species in excess of 60 (Hutchinson, 796Ð and up to 90 (Hyland, 1983)

available for examination. It is obvious from this wide range in

species number that the family is not particularly weII known in

Australia. The taxonomic uncertainty of the family is further

emphasised by Hyland's proposal to erect more genera. In view of this

present situation in the Àustralian Lauraceae the number of possíble

species available for examination could not be determíned with any

certainty. Therefore the following generic determinations are based on

species present in leaf and cuticle collections of, and those recently

made available to, the Palaeobotanical Laboratory, Botany Department,

University of Adelaide.

For Ðeilgqhuredig all 4 of the 4 known species l^tere examined.

En iendre 10 of 18

Qr-rplssårye tS oÍ. 29

ell¡anel[\u! 2 of 5

Lrlece 5of.7

Neolrlgeq 7 of' 2

In addition a further !7 non-Australian species were examined, i'e'

Ðellsqhnlcdrs 2, E¡drsndee 4, QrvBlessETg 5, Ginnsmonu!! 3, Lilsea 1'

NCeffÈeCe 1, and Dcbeeeie 1, which is also a representative of the

tribe Apollonieae (See, Table 4).
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4.2.1.1 ÇgUlculss charesteristls9 qf. Uodem Àuglrsben Geners

gunueEv qf Sensce

The sinuous nature of the antíclinal waII of the upper epidermal

cells is a feature displayed in all genera except Endfgndfe. and all

but one species of Þcileqhmlcdie (i.e. B- qþlusÍfelie)' These two

genera also possess other similar features which ínclude Írregular

thickening of both the anticlinal and perictrinal walIs of aII epidermal

cells, a generally poorly defined guard ceII - subsidiary ceII wall,

unequal sized subsidiary cellg and a prominent outer stomatal }edge.

This close morphological similarity could be expected as both are of

the tribe Apollonieae.

Despite this similarity the genera may be separated by the type

and degree of thickening of the anticlinal waII of the upper epidermal

ce]ls. In Endiendgg the anticlinal waII ís thin, i.e. <2'5¡rm in width,

and finely beaded, but the beading is not continuous around the entire

ce]I. EcrfechnlcdÍc, on the other hand, has an upper epidermal

anticlinal wall that is much thicker, i.e. > 2.5¡-rm in width, and

continuous, very pronounced beaded thickening which in some species has

become stronglY buttressed.

GfnnenegUU is a small Àustralian genus that is easily

distinguíshed from the other lauraceous genera by the hÍgh degree of

sinuosity of the epidermal cells (type 8'), extremely dense granular

thickening on the periclinal wa}l of aII epidermal cells, a prominent

butterfly shaped outer stomatal ledge and lobed guard cell - subsidiarT

cell walI.
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ÇffpLqqerya is the largest genus of the Australian Lauraceae and

by far the most diverse. However, a number of diagnostic cuticular

features do exist. A1I specíes have either rounàed or progressively

more sinuous shaped upper epidermal cells with a thín, i.e. ( 2.5Um in

width, regularly thickened (straight) anticlinal walI. The lower

epidermal cells alt tend to be undulate (type 3'upwards, see page

153; Wilkinson, 7979) with a narrow, regularly thickened anticlinal

wall. A well defined, regularly thíckened guard ce]l - subsidiary celI

wall is also diagnostic. Another feature commonly asociated with the

genus is the presence of triangular subsidiary celIs.

Lrlgce and Ncglitsea are both of the tribe Litseae and show a

considerable amount of cuticular similarity. The only possible

distinction between the two is an increased upper epidermal sinuosity

in Neglfleeg from type 3 to type 5, otherçise the genera âre

characterised by a thin lower cuticle, Sunken guard cells, poorly

defined (if not absent) guard cell - subsidiary cell waII, a narrol^,

outer stomatal ledge that lies near to the stomatal pore and unequal

subsidiary cells of which one is generally triangular in shape.

* The "types" used to describe the degree of sinuosity of the
epidermal cells have been taken from lJilkinson's (979) Figure 10.14.
titfe¿ "Basic patterns of anticlinal walls (flanges) as seen in surface
vie$r", page 153.
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cutisuler [ey !s åustrelren Sene[e

1a) Upper epidermal cells are straight walled, angular
in appearance (type 1).

ght walled, rounded

2

3

¡
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1
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I

I
I

1b) Upper epidermal ce1ls are not strai
to sinuous in appearance (types 2 to 8)

2a) Anticlinal r¡al] of upper epídermal cells ( 2.5¡.rm in width,
shows irregular beaded thickening... ..E¡drendre.

2b) Anticlinal wal] of upper epidermal cells > 2.5¡.rm in width,
shos,s continuous, regular beaded thickening tending to
buttressins... .Bellsqhuiedre'

3a) Hiqh degree of sinuosity (type 8) _for epidermal cells of
both súrfacãs, periclinal wall of epidermal cells
highly granular in appearance. ...ÇfnneUom l!!.

3b) Degree of sínuosity of epidermal cells less pronounced
(< typá 8), periclinal wall of epidermal cel}s not
highiy gr.nui.t in appearance.. ..... "4'

4a) À well defined guard cell/subsidiary cell wall in stomatal
apparatus, difference in sÍnuous nature of epidermal
cefts of both surfaces common, outer stomatal ledge of
variable shape ...GrrPlogglTg.

4b) A poorly defined guard cell,/subsidíary ceII wall in stomatal
apparat,rs, difference in sinuous nature of epidermal

"äits of both surfaces uncommon, outer stomatal ledge
narror{ confined to poral region. . " " '5'

5a) Degree of sinuosity of upper epidermal cells generally
< type 4. ...tr!eee.

5b) Degree of sínuosity of upper epÍdermal cells generally
) type 4.... ..Nee$!gce.
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EerlsshUredre

Both cuticular surfaces are robust (Figures 160, t6t, 163, 164).

pronounced buttress thickening of the anticlinal wall of the epidermal

ce1ls (Figure 165) and the rarity of trichome bases (poral type) on the

upper surface are features common to all species including the non

-Àustralian species Ð- gEaDdtqgg. The trichome bases are characterised

by a rosette arrângement of modified, triangular epidermal cells trhich

have thickened radÍal anticlinal r¡alls. The pore is also thickened.

Stomata are abundant, randomly oriented and uniformly distríbuted

v¡ithin well defined areoles over the lower surface. A prominent outer

stomatal ledge of variable thickness overlies slightly sunken guard

cells, except in the non Australian species þ- tqwq (Figrures 166 , 167).

The guard cell subsidiary cell wall is not weII preserved in most

species. The stomatal arrangement is paracytic with the subsidiary

celIs showing some variation between species.

In Þ- ellipticq (Figure 76Ð and Ðellsqhsrqdrg sp. No.t the

subsidiary cells are of equal size (i.e. Iength to width) and uniform

in shape giving both cells a similar appearance. The guard ceII

subsidiary ceII waII is obscured by a prominent outer stomatal ledge in

both species but in BCllgghUfCdfe sp. No.l the ledge is doubled (see

tJilkinson, 7979; fig.10.4 (i)). This easily distinguishes the species.

Àn interesting and specifically important feature of E- etuplrqe

(Figure 161) is the presence of darker staining encircling cells (3-5)

around the stomate. The two other Australian species Ð- gÞluerfgHe

(Figure 165) and Þ- qligandra have unequal sized subsidiary cells with

at least one of them being triangular in shape, i.e. the greatest width
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is perpendicular to

outer stomatal ledge

restricted to the

subsidiary ceII wall

two species.

The

slishtly

the stomatal pore and at the celt's mid-point. The

is prominent though very thin in both species and

poral region. The absence of a guard cell -

in B- eþlUeifellg (Figure 165) distinguishes the

EndrerdËe

The lower cuticular surface is more delicate than the upper'

Areolation is very distinctive on both surfaces. Epidermal cells of

bsth surfaces are angular with straight anticlinal walIs which are

generally thin, showÍng beaded thickening. This is a feature of aII

Australian specíes, except E- puÞens (Figr-res !75 ' 776) whích has

sinuous lower epidermal celIs. The non-Australian species examined

display both anticlinal waII characters, e.9. in E- pglyEeurg (Figures

777, 77Ð and !- gQreacCg they are undulate while in E- gfggqg¡pg and

E- gngilyc¡glg (Figures 173, t7Ð Lhey are straight. Poral trichome

bases âre a feature of all species. However, frequency and degree of

cuticular thickening varies considerably. For example, the lower

surface trichomes of E- heyesf (Figure 182) have a large pore

surrounded by a number of modified epidermal cells in a radial

arrangement, whereas the same surface of E- pgþglg has trichome bases

which are thickened around the pore and along a section of the radial

r+al] of the surrounding cells, giving a star-shaped pattern (Figures

776, 777).

stomatal arrangement is paracytic with the guard cells

sunken and one particularly obvious subsidiary celI. This
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generally results in unequal sized strbsidiary ce]Is. Triangular cells

are only found ín E- S.qggglflotg (Figure 180) and E- ngelleri (Figure

189), and the non-Australian species !- ancllyenglg and E^ BqIyDcuEe'

The guard cell - subsidiary cell waII is evident in all species except

L gggsgtf.Iqfe and E- dfeqgþf (Figure t7ü where the extensivelv

thickened outer stomatal ledge obscures it. In these species the ledge

is very distinctive with an arrow-shaped section occurring in the polar

area of the guard cells. The shape of the outer stomatal ledge varies

in the other species. In E- hayesi (Figures 182, 183), E^ nUCIIerl and

L sgnheygng the ledge is most prominent around the stomatal pore (see

fíq. 10.4 (b); tJilkinson, tg7Ð, whereas in the other species the ledge

is butterfly-shaped, with no thickenÍng occurring around the poles oË

guard cells, e.9. E- uÉEglgê (Figure 186). À unique featrrre of E-

geasgiftgrg is the presence of darker- staining encircling ce1]s,

(Figure 179) Whoge number varies from 4 to 8, around the stomatal

apparatus.

CiAnemqnUn

The cuticles of all species of Çrnnemenun examined, including

non-Australian species, were distinctly different from those of the

fossil lauraceous parataxa. The most distinctive feature of this genus

is the sinuous nature of the epidermal cells of both epidermal gurfaces

(Figures 192, 193). In all species examined the degree of sinuosity is

such that the (anticlinal) walls are deeply convoluted, i.e. "Omega"

shape (see påge 153; tlilkinson, 7979). Qther features which

characterize the genus are a paracytic stomatal arrangement in which
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guard cells are sunken, unequal sized subsidiary

butterfly-shaped outer stomatal ledge, dense

periclinal r¡aII of all epidermal cells of both surfaces and

appearance of the guard cell - subsidiary ceII waII'

ceIls, a prominent

granulation of the

the lobed

Qrvp!gqqrye

The lower epidermis is more delicate than that seen in most other

genera,excepttileeeandNeelllsee.InmostAustralianspecies

examined the angular nature of the epidermal cells, characteristic of

Eudiendua,iglessconspicuous.Theepidermalcellsoftheupper
surface are rounded or undulate with undulation becoming more

pronounced in the lower epidermal cells. The only possible exceptions

are c- qleþellq and Q- qlgugegqels (Figure t96) which have straight '

angular upper epidermal cells. At the other extreme, sinuous upper

epidermal cells are characteristic of C- elylbloxylqn (Figure 199), c-

eÞIele(Figure206)andCryplqqgrTgsp.No.3.Thereforetheshapeof

the upper epidermal cells of ÇgypleggEyg are generally in the range,

using stace's classification for patterns of anticlinal walls (see page

153,fíg.10.14; t{ilkinson, 797Ð, type 2 to type 6'

The stomatal arrangement is paracytic with the guard cells

positioned below the subsidiary cells. The size and shape of the

subsidiary celIs varies considerably throughout the genus, but in aIl

species both celIs are unequal in size. Tríangular subsidiary cells

occur in a number of specÍes, e.9. Q- ilegg¡g, Ç- qþIgLe (Figures 207 '

208), C- murrayi, Ç- lrrp[ncryis and ÇrypleqilTg spp. Nos.1 and 3' An

outer stomatal t'edge is well-defined in aII species but shows some

variation in form. For the majority of species a butterfly-shaped ledge
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completely covers the guard cell - subsidiary ceII wall but this waII

can still be seen, which suggests it is well cutinized.

0nly in G- cllusEqnff,qllg (Figure 205) and Qgfplogerye sp. No.2

where heavily cutinized subsidiary cells completely overly the guard

cells is the outer stomatal ledge absent. However, some poral

thickening of the guard celt is still evident. A thin, though

recognisable, outer stomatal ledge is found in C- qþIaÈe (Figures 207,

208) and Ëryplggqrya sp. No.3. The guard cell - subsidiary ceII waII is

wetl-defined in aII specÍes. Lobing of this wall is a feature of three

species, the Australian species Ç- gleUqggqgns (Figure !98) and Ç*

lrrplr¡eryis and the non-Australian species Ç- wggdll. The only species

which do not display any thickening of the guard,/subsidiary celI wall

are Ç- qIeþeIIe and the non-Australian species, Ç- lufffllianq and L

þreqhvþatrvs.

Trichomes åre common throughout the genus. However, frequency and

distribution differ significantly between species. ÀIl trichome bases

are poral with up to 10 modified epidermal ce}ls radially arranged

around the pore. Thickening is generally restricted to the area around

the pore, but in 9- lUblfnen¿fe (Figure 210) and C- q¡qlÉe the

thickening appears star-shaped with a small portion of the radial walls

of the sur-rounding cells thickened. 0nly C- gleucesqg¡g is devoid of

trÍchomes.

The cuticular characteristics of tlleCe and Neolilgeg have been

described by Bandulska 1927) using extant European and tropical

species. No Àustralian material was examined by Bandulska. The

following generic descriptions are based on Australian species but
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other species including those investígated by Bandulska (1927), are

also considered.

tilgee

The cuticle of the lower surface is delicate. The shape and

structure of the epidermal cells of both surfaces is variable, a

feature already noted by Bandulska (7927). The only species where

straight anticlinal walIs are characteristic of the epidermal cells of

both surfaces are Llleee legfeena (Figures 212, 213) and the non

Australian L- noÉanq. Litsee fgtguqineg (Figures 215, 216) and L-

qlUlfnoeq (Figures 223, 224) have sinuous epidermal cells on both

surfaces, while L- felicUlelq (Figures 218, 219) exhibits sinuosity

only on the lower surface. The stomata âre randomly oriented and

distributed evenly over the surface, except in L- Iccfceng, t' iepguige

and L- glulinqsg where numerous areoles cause the stomata to be

clustered. In L. jepenicg the areolation is so pronounced that the area

between these thick veins tends to be sunken. Bandulska (7927) noted

that there $,ere no distinct grouping of the stomata, which would

suggest the Australian species mentioned above are exceptional. The

stomatal arrangement is paracytic. In those species where su-bsidiary

cells are easily recognised, they are generally of equal dimensions and

range from elongate (L- religUlêle), i.e. the longest dimension is

parallel to the guard ceII waII, to triangrular (L- qlulinggg)' The

guard cell - subsidiary ceII wall is generally evident, only in t-

qfutt¡qgg (Figure 225) is the wall not obvious.

The outer stomatal ledge is also thin, with most cutinization

being around the pore. striatÍons in the vÍcinity of the pore are also
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a common feature, for example in t- f.errugrugg (Figure 277). Trichomes

are absent from both surfaces of t- fCllgU1atq, rare on L- IggÉ.ggÐa and

common on L, f.CffUgfneë, L- glutinqgg and !- Eg¡Èqle' The single-celled

trichomes are particularly long (up to lmm in length) on t- gfulrneee

and !- fcffUqfngg. The majority of these trichomes occur over veins'

The density of trichomes in L- jgponice (Figure 222) is such that al]

other features of the lower surface are completely obscured.

Neelr!gee

Although no fossil parataxon was shown to be related to ÌlCqlfleee

it should be noted that the cutÍcle of the genus is very simil'ar to

that of L!!eCe. The only difference observed between the two genera is

an increase irr cel] sínuosity in Neo1llgea (Figures 226, 227)' This was

also observed bY Bandulska (7927),

4.2.7.2 Çerusglssns wrlh f.ggsil tegrageae

From the examination of the extant Australian species of

ÞcilgghnredreÍtisevidentthatthereisconsiderablevariation
between these species and the fossil cutÍcle types. 0f all the fossil

parataxa only one, No.29 (Figures 70, 728), with a tendency towards

beaded thickening of the anticlinal waII of lower epidermal cells and

the occasional triangular shaped subgidiary celIs, could be considered

possibly related to the genus. However, this parataxon along with the

majority of others are more similar to Endrgndee which with

Egffsshnfg{lq comprise the Apollonieae in Australia'
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0f the six fossil parataxa, i.e. Nos.9, 10, 14, 16, 18 and 29,

which appear to be related to EnQlg¡dra only No.16 (Figures 53, 54,

115) and No.14 have particularly close affinities to any of the

examined extant Australian species (E- f¡lggrye and E- pgþgng

respectively). The similaríties between E- fnlfgfsa (Figures 184, 185,

186) and No.16 include the arrangement, shape and structure of the

epidermal celle of both surfaces, â stomatal arrangement that is

usually paracytic (this shor.¡s some variation), a define outer stomatal

Iedge and variation in size and shape of the subsidiary cells. Despite

the sinuous nature of epidermal cells in parataxon No.14 most other

features suggest an affinity to Endrcndee. E- puþene (Figures 175,

IZ6), the only species examined that exhibited cell sinuousity does

compare favourably with the fossil. Both have irreqrular, beaded

thickening of the anticlinal and periclinal r¡alIs of the lower

epidermal cells, a poorly defined guard cell - subsidiary ceII waII,

prominent, though thin outer stomatal ledge and slightly sunken guard

cel Is.

parataxon No.29, which has a slightty more undulate cell shape and

irregularly thickened anticlinal walI, but stíII maintains the same

overall appearance of the epidermal cells, bears some resemblance to E-

muellecr (FÍgures 787, 188, 189). Both have similar guard cell,

subsidiary cell and outer stomatal ledge shape. The straight walled

epidermal cells of parataxon No.9 (Figures 40, 47, 107) suggest a

possible association to either !- {isco!q! or E- g,tggglflqfe but no one

species displays a sufficient degree of similarity to permit a more

positive association.
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The similarity of Nos.10 and 19 to Endrendre is less obvious.

Parataxon No.10 (Figures 42, 43, 108) could be related to E- i¡lgqfsa

and !- nggflgEi, but the fossil also bears some resemblance to the non

Augtralian species DCheeeia f¡qtgsggla (Figures 190, 197) which belongs

to the ssme tribe as Endie¡dlg, the ÀpolLonieae. An abundance of hairs

covers the lower surface of parataxon No.18 (Figures 56, 776) obscuring

most cuticular features and making a positive identification

impossible. None of the modern Australian species examined have as high

a trichome frequency as the fossil.

The undulate nature of the lower epidermal cells and the presence

of triangular subsidiary cells suggests a possible affinity between

this genus and parataxon No.14. Sinuoeity of epidermal cells is indeed

a diagnostic feature of the genus and some species, e.g. q' ilgqqng

andÇ_ Bullgyi (Figures 202, 195 respectively), do have such a

subsidiary ceII shape but the many different features exhibited by the

fossil cuticle suggests the relationship is very tenuous or distant.

Similarty, parataxa Nos. 38 (Figures 81, 134) and 48 (Figures 93,74t),

which both exhibit granulate cuticular thickening on the periclinal

watl of the lower epidermal cells (at. Ieast) and darker staining

encircling cells around the stomata, do not compare favourably to any

species. gnly one Australian species displays any kind of thickening of

the periclinal wall of the epidermal cells and possesses what could be

considered encircling celIs, and that is c- grylbrelylen.

Parataxon No.15 (Figures 51, 52,114) appears to be related to

tfleeg leefegnq (Figures 212, 213,214) becausê several features are

common to both species. These include straight to sliqhtly undulate

epidermal cells of the upper surface; straight, thin walled epidermal
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cells of the lower surface; paracytic stomatal arrangement; an overa]l

scarcity of trichomes and Iittle guard ceII cutinization. None of the

other species examined display this same degree of similarity.
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IgþIg 4: Hodern Species of Lauraceae used in the Identification of

the lauraceous cuticles of the Curlew Formation.
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AUSTRALIAN NON-ÀUSTRALIAN
CENUS

Beilsc dia

Cinnamomum

CrvDEocarva

Dehaasia

Endiandra

Li t sea

Neolitsea

C. laubatil
C. oliveri

. sP.
C. sp. No.2 (New

C. sp. No.3 (Qld)

Mr.., N.S.l'¡.)
England, N.S.W.)

B. erandiosa
B, tawa

C. culitlavau
C. oedat.inerinnum
C. verum

D. lncrassata

E. introrsa
E. muelleri
E. Þubens
E. sankevana
E. sieberi

L. ferruginea
L. glutínosa
L. japonica
L. leefeana
L. reÈiculata

N. dealbata

ra

L. monÈana

N. neRacarpa



4.2.2 PBqIEâEEÀE

The Proteaceae with five parataxa is the only other family that

occurs consistently and in relative a.bundance throughout the Curlew

Formation. The family is large, being represented by 74 tribes, 75

genera and 1,500 species and having a primarily Southern Hemisphere

distribution. However, a few genera do extend into China and southern

India (Johnson and Briggs, 1983). Diversity in Australia is high (45

genera, 900 species) with the majority of species occurring in either

south-western or eastern Australia. Only one tribe and two subtribes

are absent (Johnson and Briggs, 1983).

Unlike the Lauraceae, a good fossil record exists for the

proteaceae in the Southern Hemisphere. Early contributors included

Cookson and Duigan (1950) and Patton (7957) and those responsible for

the recent expansion of the proteaceous megafossil record include

Christophel (1984), H'Namara and Scott (1983), Blackburn (1981),

Christophel and Blackburn (7978) and Lange (1978b). Cuticular

characters were used exclusively by Lange (1978b) in the identification

of the megafossils from Eocene localities in South and lüestern

Australia. Blackburn (1981), åIso considered cuticular features in his

investigation of megafossils from the same South Àustralian deposit

Ínvestigated by Lange, i.e. Maslin Bay.

The bulk of proteaceous fossils have been recovered form

south-eastern Australia, in a region which extends from Maslin Bay,

South Australia (35o 13',S; 1380 28',E) in the west to Nerriga, New

South lJales (35o 05',S; 1500 05',E) in the east and as far south as

Ànglesea, Victoria (38o 25' ,S i t44o 11' ,E). Sites within this
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region include the Yallourn Coalfields (Cookson and Duigan, 1950) and

Dean's Marsh, both of r¡hich occur in Victoria. Other smaller localities

which have reported proteaceous megafossils are scattered over the

continent and include Lake Lefroy, flestern Australia (31o 20' ,S;

72!o 40" E) (Lange,1978b), Kennedy Range, llesterr Àustralia (240

25' ,S; 1150 05',8) (M'Namara and Scott, 1983) and the sÍte of this

study, Rundle, Queensland.

]'he family is an ancient and isolated one (Johnson and Briggs,

1983) and for these reasons has maintained a distinctive homogeneity

which is reflected in the morphology of aII representatives. Therefore

features of the floral, folíar and wood anatomy may be used to

clistinguish Proteaceae fosgil material. The cuticular characters which

best identify the family are brachyparacytic stomates and those of the

trichome bases. There åre two principle types: (A) the scarcely

modified trichome base (Figure 118), (B) t'he very distinctive

multicellular trichome base (Figure 1lC). The Àraliaceae have a similar

multicellular trichome base structure (Lange, 7978b) but exhibit other

cuticular features more diagnostic of the family, e.g. biseriate hairs

and a beaded stomatal ledge. The trichome bases appear on both

cuticular surfaces but are more conspicuous on the non-stomatiferous

(adaxial) surface. The multicellular trichome base is geen as a cluster

crf modified epidermal cells, ranging in number from 2 - 16, arranged in

such a fashion as to distinguish the base from the surrounding

epidermal ce]ls. The most obvious feature is that the cell junctions

are angular and cell $¡aIIs thicker. For example, in those bases where

four cells are incorporated, a cruciate pattern is common. The overall

shape of the base is variable, ranging from circular to modified ovoÍd.
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A deciduous trichome scar, which is closely assocÍated with the

base, overlies the structure and appears as two concentric circles

(Figwe 11c). The circular outline may vary dependíng on the actual

shape of the trÍchome base. Cuticular striations which radiate outwards

from the trichome base are another feature commonly associated with

this structure. The trÍchome scars on the stomatiferous (abaxial)

surface are identical in appearance to those of the upper surface. The

trichomes themselves are generally of the scarcely modified type and

less robust.

Scarcely modified trichome bases (Stace, 1965) consist of a

central, scarcely modified foot celI, surrounded by numerous epidermal

cells. These cells maybe radially arranged around the foot cell giving

the base a rosette-Iike appearance,' however, occasionally these cellg

are not distinct and the base appears as a single cell. The foot cell

differs from the other hair base cells by displayinq sIighLly more

cutinization along the anticlinal wall. SmaIl striations are not

uncommon also. The trichome scar only overlies the central foot cell.

In determining the affinities of the Lauraceae, species of all

eight genera sJere examined, but using guch a procedure for

investigating the Proteaceae of Australia is not practical. A more

appropriate method of Ínvestigating this family is to initially consult

the Australian Eocene fossil record and determine the relationship

between the Curlew fossils and those of other localities (e.9. Maslin

Bay). If similarities are observed then extant relatives may he

examined. In this way only the most Iihely extant genera wÍth possible

aff inities are considered.
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!ùhile a goocl fossil record for the Australian Proteaceae exists it

is based primarily on palynological reports (e.g. Martin, A. and

Harris, 1g74). However, the megafossils that have been recovered are

generally well documented, with cuticular descriptions included making

thís section of the fossil record particularly useful in the

identification of the curlew proteaceous parataxa. 0f all the Eocene

deposits with a recorded proteaceous element, Maslin Bay and Anglesea

are probably the most diverse. The Anglesea flora has yet to be

properly documented but research to date, carriecl out by the

palaeobotany Laboratory at the university of Adelaide, reveals the

family ç¡as well represented during the Eocene.

The older deposit, Maslin Bay is better known and five proteaceous

taxa have been identified. The family was first recognised by Harvey

1974) from díspersed cuticle fragments. In t978, Lange formally

described three proteaceous cuticle types and made comments on the

fossils possÍble modern affinities. He concluded that Maslin Bay cf.

Proteaceae III was most similar to DgfLfnqlg, MaslÍn Bay cf. Proteaceae

1I showed some resemblance to Deglfnqlg also while Maslin Bay cf'

proteaceae IV displayed features indicative of a number of modern

genera but 1acking a sustantíal combination of characters to favourably

compåre any one genus. Þeüelegephyllum lDglgu! and ueelfnfe

qqgy.].Lleqidcg two more proteaceous fossils were described from leaf

compressions and cuticles by Blackburn (1981). Architectural and

epidermal features show that B- tDqfgu$ has a range of characters

possessed by the modern genera Ee¡here and Deye¡dre. Ueelinie

qEcyl-Ilegldeg is architecturally most similar to the specÍes Greyrlfee

hrlf¡ene and therefore of the tribe Grevilleae (Blackburn, 1981 ).
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The other proteaceous fossil described by Lange (1978b) was from

Lake Lefroy, l¡estern Australía, which he related to the extant genus

$y¡gphee on the basis of trichome base and papillae morphology. The

trichome base featureg a central, scarcely modified foot ce11

surrounded by numerous (up to 12) radially arranged epÍdermal cells. It

is also important to note that the trichome scar always overJiesthe foot

cell. papÍllae, unlike the trichomes, are confined to the lower surface

and associated with the epidermal celIs only. They are short',

cylindrical prot-uberanceg with truncate apices.

0f the five proteaceous cuticle types recovered from the Curlew

Formation only one parataxon, No.12 (Figures 46, 47, t7].,7t2), has a

vestiture which would suggest an affinity to gynephec. An examination

of cuticles from seven extant species, i'e' s- egu!]Igþg' E-

deqg*fgeng, Ë- fgvoss, S- petioferfe, S- pinnatg, S- pqlyUefpbg and $-

prelggii (some of these cuticle specimens $,ere those originally

examined by Lange (1978b) and Lange's Lake Lefroy fossil shows that

parataxon No.t2 ís more closely related to the lJest'ern Australian

fossil than any of the extant species.

The other parataxa, i.e. Nos.11, 36, 40 and 52, represent tr¡o

distinctly dífferent types. Parataxa Nos.ll (Figures 44, 45, 109, 110)

and 36 (Fíguces77,78,732,133) both have very similar cuticles but

display subtle differences in the degree of sinuosity of epidermal

cells, cell size and stomatal frequency. An examination of cuticles

representing the 42 proteaceous genera suggesLs the two fossil cuticles

are most similar to Derlinqlg. of the extant species considered (D-

ferrUqi¡Ce Figures 228, 229, 230, D- gpCqlgl5gima, D- deflf¡giana and

Derffngfe sp. (after Lange, tg78b)) D- speclg!¿sg¡nq appears to have

+'
0

Ði

fl

180



the greatest similarity. The sinuous nature of the anticlinal wal1 of

the epidermal cells of both surfaces, paracytic stomatal arrangement,

uniform stomatal distribution on the lower surface, mult.icellular

trichome bases on the upper surface and cuticular thickening of the

guard cells and stomatal pore are features which compare favourably

with those of the fossíl types. It would appear the two fossils are

more closely related than previously proposed and have a strong

affinity to the extant species Degfi¡qre speçlgllsgÀmg.

parataxa Nos.40 (Figures 83, 84,136) and 52 (Figures 97,98) algo

appear similar, both possess scarcely modified trichome bases on the

lower surface, multicellular trichome bases on the upper surface,

uniform distribution of stomata on the lower surface, paracytic

stomatal arrangement and high trichome frequency on the lower surface.

of all the extant species examined, only the cuticle of ÇefdWellfe

gUþffEIg (Figures 231, 232, 233) bears any similarity. The upper

eurface with angular epidermal cells is very different in appearance to

that of the fossils even though multicellular trichome bases åre

present. It is on the lower surface of C. gUÞIimfe that the major

cuticular similarities occur. The scarcely modified trichome bases,

with the central foot ceII covered by an obvious circular hair scar,

are a common feature of this surface. Two Iightly staining subsidiary

ce1ls are associated with the stomata which are abundant and evenly

distributed over the surface. The epidermal cells are generally angular

in shape but undulate cells are occasionally observed. ÂI1 these

features would tend to support the proposal that these two fossil

cuticle have a closer affinity to ÇefdEqllfg, at least, than any other

extant genera of the Knightieae, i.e. DeElinqlê, E-ug.qfphg and Kuqhlfe.

a

I
l'¡

ù^

I

{
1r
t:

.'

'l

i

I

I

i

181



.t
a
I

.l¡

Þ-

4.2.3 ZÀU$qELE

The Zamiaceae is the only other family to be represented by more

than one parataxon, that is, Nos.23 and 43. Parataxon No.23 (Figures

6!, 62, 119 to 123) is both more common and abundant than parataxon

No.43 (Figures 87, 88, 137) having been recorded three times in the

younger sediments of the Formation and on two of these occasions the

parataxon $,as the dominant cuticle type. No.43, on the other hand, is

based on a síngle cuticle fragment and has been recorded only once (See

Appendix 2, Parataxa distribution in ERD 118).

The family comprises eight genera which åre arranged in three

tribes (Johnson, 1959). Three genera, Boh¡enia, Lepfdg¿gUfg and

ueqrgzqnia, are endemic to Australia. Distribut.ion is restricted to

small disjunct areas within the tropical and warm temperate regions of

Africa, Australia and North and south America (HIII, 1980). HilI (1978,

1980) has shown that the distribution of the Zamiaceae

in Àustralía, now rclict, was once far more extensive. The cuticular

morphology of fossil and extant taxa of the Zamiaceae is well

documented (Cookson, 1953; Pant and NautÍyal, 1963; Harris,7964i

Greguss, 1968; HilI, !978, 1980). Hilt's recent papers dealt with the

identification and evolution of Australian Tertiary cycads and have

been particularly useful in assigning the specific affinities of both

fossil cuticle tyPes.

A number of specimens of parataxon No.23 were examined and in some

instances stomata were observed on both upper and lower surfaces. The

À,
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stomata were scattered over the upper surface and grouped into broad

Iongitudinal bands on the loç¡er surface. Greguss (1968) found such an

arrangement to be unique to B-ggenrg. Other features of the fossil which

Greguss also considered characteristic of the genus are the much lower

stomatal frequency on the upper surface and thin walled epidermal

cells. A serrate margin was observed on two leaf fragments, intact

teeth had acute apices and on clearing a vein $rås seen to terminate in

each tooth. This feature is characteristic of three of the four species

of Bowenia, The extant B- serrulele and the fossil species E- mprflqse

HilI (Nerriga) and B- eocCnigs HiIl (Anglesea). The fossil species

described and identified by HiII 4978) are separable on cuticular

features. The most distinguishing feature is the presence of papillae

or papillae bases on the upper and lower surfaces of E- PgpilIqgg.

These papillae are consídered distinct (HiII, 7978) from the deciduous

hairs desciibed by Johnson (1959).

Trichomes and trichome baseg were not observed on any of the

fossil fragments; however, papillae baseg very similar in appearance to

those found on B-- pgpillggg were observed on the upper surface of most

fragments. papillae/papillae bases occurred over the upper surface of

most fragments. They were identical in structure to those of E-

pgpÅIlgse, i.e. unicellular, more or less circular and having a

thickened wa]1. gther similar epidermal features include epidermal celI

shape (narrowly elongate) and subsidiary cell number (3-(5)-7). The

high degree of similarity between the two fossil cycads leaves Iittle

doubt that they are identical. Therefore, parataxon No.23 is a new

record for Þ- pgpfllggg.
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The lack of cuticle fragments made the generic identification of

parataxon No.43 difficult. An examination of specÍes from the three

Australian genera included, L-gBldqzil¡¡e hopC!, t- pelgf f ÊErcne,

XeqleZegle SeqdqDnglll, and the fossil species LærdqZeUle f'qveglglg,

L, hgpeflCe (Cookson) Johnson, EggeUlq eocg¡igq, Ð- pætl]ggq,

PlCfeelqUe gtqslgnqgÊDg and P- Zenleldes. AII fossil species, ç¡ith the

erxception of tæfdqzgnlg hopelleg, were described and identif ied by

Hili ( 7978, 1980).

The orientation of the long axes of the epidermal cells para1le1

to the 1ong axes of the pinna is a feature of the fossil and also

characteristic of the B-qgenfe and Uqgggzgllia. In tCpfdqzÊglle, however,

the long axes of the epidermal cells are obliquely oriented and

ElCfqeleUa with sinuous epidermal celI r¡alIs is distinctly different.

T'he similarities between B-gEenfe and UgcrozaBlg are numerous and

jnclude, the arrangement of the stomata of the lower surface into

longitudinal bands, the number of subsidiary cells (although variable

in UggeqZgUia, a number of species have the same number characteristic

of B_qUenfe) and amphistomatism. This makes their separation difficult.,

however, subtle differences are evident and based on these the two may

be distinguished. The most distinguisþing feature is the position of

the guard cells, i.e. in UqggeZqnlq the guard cells are positioned at

the base of a stomatal pit. Greguss (1968) points out that the depth

of the stomatal pit varies, but in aII instances the pit is present. In

ÞgWfllg the guard cells are not sunken. As the fossil does not possess

sunken stomata it is assignable to EqUC¡ig.
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0f the four ÐqEgnlq species examined (B-- æCqlqþflfg' E'

geqzuIeLe, B- pqplllgge and þ. CqqeDlgq) only one E- gcç.gntgg compares

favourably with the fossit. The shape , size and arrangement of the

epidermal cells and stomatal size and shape all closely resemble those

of parataxon No.43.
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4.2.4 CÀSUÀRINåçEÀE

The single parataxon No.31 has been assigned to the Casuarinaceae.

The cuticle type is restricted in its distribution in the sequence,

being concentrated in core ERD 717 where it occurs at irregular

Íntervals but generally as a high percentage of the respective

cuticular flora.

The family CasuarÍnaceae has a centre of diversity in Àustralia

which extends into the islands of the Pacific and North and South-East

Asia (Johnson and 90i1son, 1983). The recent taxonomic revision of the

family by Johnson (1980, 1982) saw the creation of three new genera,

i.e. ÀIIqqqgUglIDg, Êyn¡qglcgq and an as yet unnamed genus referred to

as Genus nov. A by Johnson and lJilson (1983). ÀIlgqcgggEi¡gwas

established for a number of species formerly assigned to Çggugffng.

Gymnostomae f.,as elevated to the generic level (i.e. Gyu¡qelene) by

Johnson after Ít was originally created (but r¡ith no true taxonomic

significance) as a division of the genus ÇeeUeUtne by Poisson (t|7t).

The undescribed Genus nov. A (also referred by Johnson (1982) as "Genus

C") is confined to Malesia.

Australian Tertiary megafossils attríbutable to the Casuarinaceae

have been reported by Paterson (1935), Patton (1936), Píke (1953),

L.ange (1970) and Christophet (1980, 1981) from south-eastern Australian

deposits. In almost aII of these reports suþeneric affinities received

tittte consideration and the fossils were discussed in comparison to

ggguqrrlg, Efl important exception was the recent study by Christophel

(1980) on the o""uån"" of Çgggql!¡q megafossils in the Tertiary of
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south-eastern Australia. He reported that all Eocene megafossils were

shown to have clear affinities to the extant generic division

Gymnostomae (note: this nas prior to Johnson's 1980 nomenclatural

changes) and the Hiocene fossils a similarity to Cryptostomae.

Cuticutar descriptíons of these fossils permitted a comparison being

made with the Curlew parataxon No'31.

0f the cuticles described by Christophel those which are most

closely related to the extant genus Gynnqglgna compare very favourably

with parataxon No.31. Features which strongly support an affiníty to

the modern genus are the high percentage of hexagonally- shaped

epidermal cells (>65%) and the subsidiary cell number which ranges

between 0 and 1 (Figures 72, 72Ð. These diagnostic features are

dÍscussed in detail by Christophel (1980).
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4.2.5 PADqEÀBPÀSEôE

A single cuticle fragment represents parataxon No.8 and has been

assigned to the Podocarpaceae. As in the Zamiaceae, the use of

cuticular morphology in the identification of Iiving and fossil

podocarps is also s,ell documented (Florin, 1937 and 1940i Cookson and

Pike, 1953a and 1953b; To$tnrow, 1965; Dilcher, 7969; Blackburn, 1981).

This greatly assisted the generic identificatÍon of parataxon No.8. The

fossils' most distinctive characteristics Ínclude rows of

Iongitudinally oriented stomata, a feature diagnostic of the family

(Dilcher, ti691' Blackburn, 1981), buttress thickening of the anticlinal

wall of the epidermal cells and broadly rectangular shaped'epidermal

cells which are both dÍstinctive at the generic level (Figures 39,

106).

À similar degree of huttress thickening of the anticlinal waIl of

the epidermal cells is common in both Pqdggqtrpgg s.s., DecussocalBug and

some species of PrUnnqBllyg. The broadly rectangular epidermal cells

with straight anticlinat walls and square ends is characteristic of

Decusgoqgrpgs, compared with narrowly rectangular cells and irregular

ends in pqdegerpus s.s and PEgB¡gprlyg which has irregular anticlinal

walls (D.Greenwood pers. comm., 1984). One other feature of the fossil

is the ring effect of the subsidiary cells which is characteristia of

(thoughnot unique to) DeguggeggEpug (Florin, 1931). This is in

comparison to the lateral subsidiary cells of Pgdqge5pgg s.s which are

greatly enlarged in relation to the polar celIs, PgUnngpilys is similar

to Pqdecsfpug.
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It would appear the fossÍl has a strong affinity to DeqUggqqggEUg.

This is supported by closely resembling D- wetlfqbfqnus and D- nagi (P-

þlunci and P- nagi respectívely; Florin, 1931). Both species occur in

Section DeEBefgfdCs of Deq.UggeqqfpUg(sensu, de Laubenfel, 1969)'
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4.2.6 EBE-NÀÇELE

Parataxon No.29 is attributable to the Ebenaceae, a pantropical

and subtropical family whose greatest diversity is found in the

Indo-Malaysian region. As many as nine generå $rere previously

recognised, but a more recent revision has included all but one of

these genera, Euglgq Mur., in DiggpEgg L., the currently valid type

genus (Christophel and Basinger, 1982). Of the two genera,D!9spy!99

sensu lato is the larger, containing in excess of 400 species (only 74

are attributable to EUqIee). The family is represented in Àustralia by

15 species of Dicsnvfos s.l.(Bailey, 1900; Beadle et aI, 1963).

The Australian Tertiary fossil record for the Ebenaceae is poor.

In most instances the leaf and floral remains assigned to the family

are poorly preserved making positive identifications impossíble. The

recent reports of ebenaceous leaf and floral remains from the Late

Eocene of Ànglesea by Chrístophel and Basinger (1982) and Basinger and

Christophel (1985) are exceptions. Identification of both the leaves

and flowers as ôuelredrqæyEqg qrÏplqglgne Basinger and christophel

(1985), and their associationhrirh each other, has been based primarily

on cuticular analyses.

ÀIthough parataxon No.25 $tas a small group, represented by only a

few specimens, the recognition of distinctive cuticular features made

an identifícation possible (Figures 65, 125). These included extensive

thickening of subsidiary cells which extended over the stomata, an

actinocytic stomatal arrangement and the degree of ornamentation of the

periclinal waII of the epidermal cells. An examination of recognised

taxa from other Àustralian Tertiary deposits (eg, Anglesea, l'laslin Bay,
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Nemiga and Yallourn) resulted ín only Àustrgdlos¡vros from Anglesea

displaying any sÍmilarity to the fossil. The símilarity nas, however,

strong with both fossil types exhibiting extensive thÍckening of

subsÍdiary cells which exterded over the stomatal pore, an actinocytic

stomatal arrerEtement ard pnominent ornamentation of the periclinal wa]I

of the epidernal cells. Therefore parataxon No.25 is assigned to

ÀUeggdlegp[ru. These features, díscussed above, were identifÍed by

Chrístopù¡el ard Basinger (1982) Ín meny of the extant species of

Dlegpvree.
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4.2.7 CUNqNIACEAE

The placing of parataxon No.50 in the Cunoniaceae is very

tentative. The simÍlarity between this cuticle and a number of species

representing different families, e.g. Lauraceae, suggests other

possible affinities. The small size of the fragments prevents a

comprehensíve cuticular exanination being undertaken to accurately

determÍne a positive family affinity. The recovery of more material is

necessary before identification is possible.
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4.2.8 UqNqgqrYLEDqNÀE

Monocotyledons are weII represented in the cuticular flora of the

Curlew Formation, dominating the floras of the lignitic bands. This

abundance is unusual as in most past and modern individual floras the

monocotyledons are generally not as common as the dicotyledons. There

are approximately six times as many dicotyledon as monocotyledon genera

recogrnised in the total angiosperm flora and this is also reflected in

their fossil records (Daghtian, 1981). The earliest record of a

supposed monocot plant (Í.e. gqnnfqUelia; Brown, 1956) is dated Late

Triassic but both the age and affinity of the fossil to the

Monocotyledonae are disputed by palaeobotanists. Pollen and leaves from

the Middle Cretaceous are considered the oldest fossils with

monoiotyl"dïo,r" affinities (Daghlian, 1981). Many of the Tertiary

fossils, which include fruits, pollen and seeds, have been assigned to

modern families. Vegetative remains, primarily, Ieaf (including

cuticle), rhizome and stem fraqfments, are also common in Tertiary

deposits but family affinities are generally difficult to determine

using these fossils. This has been made evident in the examination oÊ

the Curlew monocot cuticles.

Parataxon No.7 (Fígures 37, 38, 105) is the only cuticle to be

assigned to a modern family, ie. Cyperaceae, but this has been done

with some reservation. The Cyperaceae belongs to the Cyperales, one of

several orders of the Commelinidae which Daghlian (t987) could not

easily differentiate on the basis of vegetative fragments. There is,

however, a combination of features which suggest a possible cyperaceous

affínity, i.e. the paracytic stomatal arrangement, thín walled,
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reniform guard ce]ls, a generally uniform epidermal ceII length and

orientation of stomata parallel to the long axis of the leaf/stem.

Qne feature which would positively identify the fossil as

Cyperaceae, but could not be distinguíshed on parataxon No.7, is the

presence of silica-bodies, more specifícally conical shaped

silica-bodÍes, in the anticlinal wall of the epidermal celIs. As

pointed out by Daghlian it is possible that the silica-bodies, if

present, qrere removed through the action of percolating ground water.

The high frequency of papillae on the periclinal waII of the epidermal

cells made it difficult to determine if the cavities, which would have

contained the silica-bodies, were present in the anticlinal walls of

the epidermal celIs.

The Cyperaceae has a reliable fossil record based mainly on fruit

and pollen. Had these fossils been positively identified in the Curlew

sediments, the proposed affinity of parataxon No.7 would be more

feasible. It should be noted that cyperaceous pollen has been reported

from other Àustralian Eocene deposits in Central Australia (Kemp, 1976)

and the St. Vincent Basin, South Àustralia (Harris pers. comm. in

Martín , 7978).

I'he remaining parataxa (Nos.13, t9 and 20) cannot be closely

related to any of the modern monocotyledon families. No.13 is

represented by small strip-Iike cuticular fragments that are devoíd of

stomatal apparatus and have rectangular epidermal cells arranged in an

interlocking brick work pattern (Figure 48). Each celI has a darker

staining stripe passing longitudinally down the centre of the cell.

CelI size varies to some degree which may suggest an affínity to the
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Gramineae. The family is characterised by having an arrangement of

short and long cells (Metcalfe, 1960).

Parataxa Nos.19 and 20 are similar in general morphology but

features are better defined Ín the latter parataxon due to the thicker

anticlinat walt of the epidermal cells. Both have epidermal cells

arranged in lorqitudinal ro$rs with stomata orÍented parallel to the

Iong axis of these cells (the assumed long axis of the leaf/stem) and a

paracytic stomatal arrangement. A difference in epidermal celI shape

exists betr¡een the two cuticle types. In parataxon No.20 (Figure 58)

the ce1Is are predominantly hexagonal whereas in No.19 they are

r'ectangular. Another distinguishing feature is the nature of cutícular

thickening on the periclinal wall of the epidermal cells. Irregular

cuticular folds are corunon on aII cells, including subsidiary ce1Is, of

parataxon No.19 (Figures 57, 777), Two crescenFshaped papilla /folds

are centrally located in all epidermal cells of No. 20 and occasionally

overlie the subsidiary cells.

possible affiníties for both parataxa include the Juncaceae and

the Cyperaceae. Parataxon No.19, the most common cuticle type

associated with the lignites, is also EI possible relative of the

Alismataceae, but the family possesses few vegetative fea-tures which

allow accurate identification (Stant, 7964, 1967; Àncibor, 1979). Like

the other major monocot families (e.9. Cyperaceae and Juncaceae) the

Àlismataceae is best identj.fied from fruits, seeds and pollen.

Reinforcing rlhat has been stated earlier, all familial affinities of
o .u53¿dtC l¡êts

the monoóntyledons^are only tentative.
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4.3 Desqrrplrsn e! QÈbcr 9!zuqLuree end 9ccdg

CF1 ERD 118 33.4m

Ovoid fruit-like structure 1.4mm in length, 1.3mm in çridth.

Surface features, numerous angular pits concentrically arranged. These

structures not particularly common, only found at this depth (Figure

148).

Capsule-Iike structures occur throughout the Curlew sediments.

TheÍr variety of form suggests they could represent a number of

diverse, very distinct plant groups. Some may be associated with the

Bryophytes, possibly as moss capsules, others appear as anther heads,

therefore having angiosperm affinities $,hiIe others resembl.e the seed

coat of a rush-IÍke plant similar to that of the Typhaceae.

cF2 ERD 112 727.2n

Ovoid in shape, 890pm in length, 470pm in width. Cellular detail

poorly preserved. CeIIs at the polar regions dark staining, polygonal,

radially arranged around smalI apical pore. Numerous longitudinal

creases run the entire length of the stRlcture (Figure 149>.

Slide No.112-026 (Coordinates 90.5, 26.7)
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cF3 ERD 112 108.3m

Roughly ovoid in shape, 380¡.rm in length, 290¡.rm in width. Cells

polygonal. Anticlinal wall variable thickness. Periclinal walI granular

thickening. Sizes vary. Dark stainÍng narrow bard of tÍssue runs down

the length of the structure. 4 tricolpate pollen grains (cf.

Helgrggegidilgg hefqlgff) lie within the structure in close proximity

to this band (Figure 155).

Slide No.112-021 (Coordinates 95.1, 31.2)

cF4 ERD 117 49.0m

Obovate in shape, l.lmm in lenqith, 0.7mm in width, attached to

delicate stem 0.2mm in length,0.3mm in width. No cellular detail,

proximal aperture evident. Inner seed-Iíke structure, ovoid, with a

small apical verruca. Basal thickenirq also evident, 0.9mm Ín length,

0.5mm in width (Figure 150).

SIide No.117-015 (Coordinates 122.8, 32.9)

cF5 ERD 118 28.2n

Capsule-like structure, ovate. Cells polygonal, randomly arranged,

uniform size, darker staining basal region where remnants of stalk

evident. Apical region, darker staining. Dimensions, 1.9mm in lengfh,

1.1mm in width (Figure 152).
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Slide No.1,t8-276 (Coordinates 97.8, 30. 4)

cF6 ERD 118 58.0m

Rootlet, 2.8mm in length, central axis 0.5mm in width. Central

axis comprÍses rectangular longitudinally oriented cells with thickened

longitudinal anticlinal walIs. Numerous, multicellular uniseriate

filaments, apices are rounded and length varies. Filaments arise from

the central axis at random (Fiqrure 157).

Slide No.118-383 (Coordinates 95.1, 28.0)

cF7 ERD 139 110.0m

Scale-like structure, roughly triangular in shape. 1.2mm in

l.ength, 0.9mm in width. Cells hexagonal, affanged in rows which nrn

parallel to curved edge. Cell wall thickening extensíve, lumen

represented as a very naffo$, aperLure (Figure 151).

SIide No.139-001 (CoordÍnates 97.5, 27.2)

CF8 ERD 118 33.4m

Rhizome (af. Cyperaceae or Juncaceae). 1.8mm in length, 1.Zmm in

ç¡idth. Nobby in appearance. CeIIs triangular to polygonal, in groups of

2 - 4, arranged roughly longitudinally, range from 50 to 80¡rm in

tength, 35 to 50¡rm in width. Seven swollen nodule-like processes
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randomly occur over the cylindrical fragment,

appearance (Figure 156).

Slide No.118-420

responsible for knobby

(Coordinates 93.4, 27.4)
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CHAPTER 5

BIOSTRATIGRÀPHY AND CORRELÀTIONS

5.1 Bslelrenehlpg Þelscen Lrlhslsqr end Ucsef.qsslle

Identification of atl fossil-bearing sediments (and their

associated floras) of the entÍre sequence was considered a necessary

prerequisite to biostratigraphic correlations. ERD 118, being the only

drillcore with a complete Curlew sectionrwas selected as the starting

point for these investigations. Once the core had been logged, i.e.

lithotogy and dispersed cuticular flora recorded, other drillcores were

similarly examined.

The plant assemblages of the 41 lithotypes identified in ERD 118

are described separately as they represent the major successional

intervals of fossil deposition. Each lithotype is considered to be a

discrete stratigraphic unit but a number of possible

biostratigraphically usefu] zones have been recogmised in the

Formation. These zones will be discussed in section 5.2. In the upper

section of the Formatíon the stratigraphic uníts åre generally thick and

separated by distinct intervals where fossil accumulation dÍd not

clccur. These intervals are marked by the presence of the barren green

claystones. However, in the lor¡er part of the Formation (below 53.0m)

units are much narrower and closer grouped. In this part of the

Formation the barren sediments are mainly oilshales.

Forty-one units r.rere recognised (Figure 12) and their respective

plant assemblages are described below. These have been summarised in

Table 5. The lithological changes that occur between these units also

reflect a number of floristic changes. It is evident from Figure 3 that

the sequence is not exposed but overlain by a considerahle amount. of

weathered and reworked fluvial materÍal and that an unconformity exists
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between the overburden and tha Curlew Formation. The units are

discussed in order of descent down through the sequence.

IJNITI(26.0m-27.6n)

À shale with two minor carbonaceous bands. Dicotyledonous and

gymnosperlnous cuticles dominate the plant assemblage. The most common

parataxa are Nos. 10 (aff. Lauraceae), 14 (aff. Lauraceae), t6 (aff.

Lauraceae), 77 (aff. Lauraceae),18 (aff. Lauraceae),40 (aff.

proteaceae) and the cycad No. 23 (aff. Zamiaceae). Honocotyledon

cuticles were recorded ín low frequencies in the claystones'. Some

ÀZqIIe caprtcqnligq megaspores were present ín the claystones.

UNIT 2 (27.6n - 28.8m)

Lignite. l.tonocot cuticles dominate the plant assemblage. The most

common parataxa are Nos. 13 (reedy unknown) and 19.

INIT3(28.9m-29.3m)

Shale. Dicot cuticles dominate the plant assemblage. The most

common parataxa are Nos. 40 (aff. Proteaceae) and 52 (aff. Proteaceae).

UNIT4(30.6m-30.9m)

Claystone. À single monocot parataxon (i.e. No. 19) dominates the

plant assemblage but the dicot parataxon No. 10 (aff. Lauraceae) is

also common.
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UNIT 5 (31.0m - 31.4m)

Shale. Dicot and gymnosperm cuticles

assemblage. The most common parataxa are

remains are common.

dominate the plant

Nos. 4 and 28. Ostracod

UNIT6(31.6m-33.5m)

Lignite. Ìfonocot cuticles dominate the plant assemblage. The most

common parataxa are Nos. 13 (reedy unknown) and 19. Ostracod remains

and ÀZgIIq qepllqqmicg megaspores are also present.

UNITT(36.0m-36.6m)

Claystone. Monocot cuticles dominate the plant assemblage. The

most common parataxa are Nos. 13 (reedy unknown) and 19. Ànother

monocot parataxon present is No. 7 which is assignable to the

Cyperaceae. ÀZgIIg gepticoËn:Lca megaspores are parbicularly common.

Ostracod remains are also present.

UNITS(37.0m-37.4m)

Claystone. ilonocot cuticles dominate the plant assemblage. The

most common parataxa are Nos. 13 (reedy unknown) and 19. ÀZgIIg

qapliggEÐica negaspores are common. Ostracod remains are present.

UNIT9(40.0m-40.2m)

Claystone. Monocot cuticles dominate the plant assemblage. The

most common parataxa are Nos. 13 (reedy unknown), 19 and 21. ÀZ9IIC
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gepElgg¡nicg megaspþres are present.

UNIT 10 (40.3m -40.4m)

Shale. Dicot cuticles completely dominate the plant assemblage.

The most common parataxa âre Nos. 10 (aff. Lauraceae) and 16 (aff.

Lauraceae). Some ÀZgIIg qapricornigg megaspores are present.

UNIT 11 (40.5m - 42.2n)

Lignite. Monocot cutícles completely dominate the plant

assemblage. The most common parataxon is No. 13 (reedy unknown). A few

ÀZgLla capqicgrnigg megaspores are present.

UNIT 12 (50.9m - 51.0m)

ShaIe. Dicot cuticles completely dominate the conserr,rative plant

assemblage. Of the four parataxa, No. t2 (af,f.. Proteaceae) is the most

common.

UNIT 13 ( 53.3m - 53.4m)

Shale. Dicot cuticles completely dominate the plant assemblage.

The most common parataxa are Nos. 2 and 10 (aff. Lauraceae).

UNIT 14 (53.8m - 53.9m)

Shale. Dicot cuticles completely dominate the plant assemblage

The most common parataxon is No. 10 (aff. Lauraceae).
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UNIT 15 (54.2m - 54.3m)

Claystone. Dicot cuticles completely dominate the plant

assemblage. The most common parataxa are Nos. tZ (af.f.. Proteaceae), 74

(aff . Lawaceae) and 76 (af,f.. Lauraceae).

UNIT 16 (55.0m - 55.1m)

Shale. Dicot cuticles completely dominate the plant assemblage.

The most common parataxa are Nos. 16 (aff. Lauraceae) and 33.

UNIT 17 (55.5m - 55.6m)

Shale. Dicot cuticles completely domínate the plant assemblage.

Three lauraceous parataxa are equally common, i.e. Nos. 10, 15 and 16.

UNIT 18 (56.5m - 56.6m)

Coal. Dicot cuticles completely dominate the plant assemblage. The

most common parataxon is No.11 (aff. Proteaceae).

UNIT 19 (56.7m - 56.8m)

Claystone. Dicot cuticles completely dominate the plant

assemblage. The most common parataxon is No. 72 (af.f.. Proteaceae) but

the lauraceous parataxon No. 16 is algo well represented.

UNIT 20 (58.0m - 58.1m)

Claystone. Dicot cuticles completely dominate the plant

assemblage. The most common parataxon is No. 16 (aff. Lauraceae) but
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the unknown parataxon No. 2 is also well represented.

UNIT 21 (58.4m - 58.9m)

Shale. Dícot cuticles completely dominate the plant assemblage.

The most common parataxa are Nos. 3 and 15 (aff. Lauraceae). The

proteaceous parataxon No. 7t is also abundant. Ostracod remains are

also present.

UNIT 22 (60.3m - 60.4m)

Coal. Dicot cuticles completely dominate the plant assemblage. The

most common parataxa are Nos.9 (aff. Lauraceae) and t6 (aff.

l,auraceae) but parataxon No 12 (aff. Proteaceae) is a]so abundant.

UNIT 23 (61.0m - 61.1m)

Claystone. Dicot cuticles completely dominate the plant

assemblage. The most common parataxon is No. 16 (aff. Lauraceae).

UNIT 24 (62.1n - 62.2n)

Claystone. Dicot cuticles dominate the plant assembJ.age. The most

common parataxon is No. 16 (aff. Lauraceae). A small monocot element is

represented by parataxon No. 13 (reedy unknown).

UNIT 25 (62,4n - 62.5m)

Lignite. Ì,tonocot cuticles dominate the plant assemblage. The most

parataxon is No. 13 (reedy unknown). Parataxon No. 16 (aff.common
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Lauraceae) has a minor occurrence.

UNIT 26 (63.4m -63.5m)

Lignite. Honocot cuticles completely

assemblage. The most common parataxon is

ggprtgggÐica megaspores are present.

dominate the

No. 13. Some

plant

Àzol la

UNIT 27 (64.4m - 64.5m)

Lignite. Monocot cuticles completely dominate the plant

assemblage. The most common parataxon is No. 13 (reedy unknown).

UNIT 28 (65.0m - 65.1m)

LÍgníte. I'fonocot cuticles dominate the plant assemblage. The most

common parataxa are Nos. 13 (reedy unknown) and 19. A small dicot

component is represented by the unknown parataxon No. 2.

UNIT 29 (65.4m - 65.7m)

Lignite. l{onocot cuticles dominate the plant assemblage. The most

eommon parataxon is No. 19. Parataxon No. 13 is absent. A small dicot

component ís represented by parataxon No. 16 (aff. Lauraceae).

UNIT 30 (66.5m - 66.6m)

Claystone. A conservative dicot assemblage is dominated by the

Iauraceous parataxon No. 16. Parataxon No. 12 is also common.
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UNIT 31 (68.0m - 68.1m)

Lignite. l.lonocot cuticles completely dominate the plant

assemblage. The most common parataxon is No. 19 but No. 13 is also well

represented.

UNIT 32 (68.8m - 68.9m)

Claystone. Dicot cuticles dominate the plant assemblage. The most

common parataxon is No. 16 (aff. Lauraceae).

UNIT 33 (69.0m - 69.1m)

Lignite. Honocot cuticles dominate the plant assemblage. The most

common parataxa are Nos. 13 (reedy unknown) and 19. Parataxon No. t7

(aff. Proteaceae) is the only dicot present.

UNIT 34 (69.8m - 69.9m)

Claystone. Dicot cuticles completely dominate the plant

assemblage. The most conmon parataxon is No. 9 (aff. Lauraceae) but

parataxa Nos. t2 (af.f.. Proteaceae) and 16 (aff. Lauraceae) are also

well represented.

UNIT 35 (7O.7n - 70.8m)

Claystone. Dicot cuticles dominate the plant assemblage. The most

common parataxon is No. 18 but the monocot parataxon No. 19 is also

well represented.
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UNIT 36 (71.4n - 71.5m)

Lignite. Monocot cuticles completely dominate the plant

assemblage. The most common parataxon is No. 13 (reedy unknown).

UNIT 37 (73.6m - 73.7m)

CoaI. The conservative plant assemblage is dominated by the

unknor+n parataxon No. 5, but the lauraceous No. 16 is also common.

UNIT 38 (74.3m - 74.4n)

Lignite. Monocot cuticles completely dominate the plant

assemblage. The most common parataxon is No. 13 (reedy unknoç¡n). Some

ostracod remains are present.

UNIT 39 (75.m - 75.1m)

Claystone. Dicot cuticles dominate the plant assemblage. The most

common ¡rarataxon is No. 16 (aff. Lauraceae). A small monocot component

is represented by parataxon No. 21. Some ostracod remains are present.

UNIT 40 (75.8m - 76.0m)

CoaI. Dicot and gymnospenn cuticles completely dominate the plant

assemblage. The most common parataxa are Nos. 9 (aff. Lauraceae) and 23

(aff. Zamiaceae).
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UNIT 41 (78.0m - 78.lm)

Lignite. Monocot cuticles completely dominate the plant

assemblage. The most common parataxon is No. 13 (reedy unknown). Some

ostracod remains are present.

9unnggy

It is evident from the analysis of ERD 118 that the

cutÍcle/Iithotype relationships mentÍoned in Chapter 1 do in fact

exist. In the lignites the plant assemblage is always dominated by

monocot cuticles. The most abundant and common monocot parataxa are

Nos. 13 and 19. Dicot cuticles, if present, only occur in very low

frequencies. The reverse association is a feature of the shales, i.e.

dicot cuticles dominate the plant assemblage, and in many of the strata

(e.g. UNIT 21) the dominance is complete. Gymnosperm cuticles are also

pnesent in â number of the shale bands (e.9. UNIT 1). The

dicot/gymnospenn cuticle flora is more diverse than the monocot flora,

but stil} only a few parataxa occur regularly and in consíderable

abundance, i.e. Nos. i,10 and 16, all of which have an affinity to the

Lat¡raceae. Other parataxa r¡hich occur occasionally include Nos. tl and

72, both with an affinÍty to the Proteaceae, and No. 23 t+hich has an

affiníty to the Zamiaceae and is the most commonly occurring gymnosperm

cuticle type.

Dicot cuticles also dominate the plant assemblages of the coal

bands. The coal is very friable and contains sizeable cuticle fragments

(0.5cm2) interspersed between thin, irregularly bedded charcoal
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Ienses making it quite distinct from the Iignite, both lithologically

and botanically. The most abundant cutÍcle types are again the

Iauraceous parataxa Nos. 9 and t6 and the proteaceous No. tt.

Gymnosperm cuticle types are also found in the coal.

The claystone has an unusual relationship with the two cuticle

groups, i.e. dicot,/gymnosperm and monocot. It could be considered an

intermediate bets¡een the shale and lignite because it shows strong

relationships with both cuticle groups. It is Ínteresting to note that

these relationships occur at different levels in the sequence. From the

top of the Formation to the base of Unit 11 (42.2n), prior to the large

barren green claystone interval, these sediments are dominated by

monocot cuticles. Following this barren interval to the base of the

Formation the association is reversed, i.e. the dicot/gymnosperm

cuticle types now domÍnate the claystone.

ÀZeILC qqpElqggllge is found to be associated with the monocot

floras of the lignítes and the claystones above the depth of. 42.2n.

gstracod remains, probably carapace fragments, are mainly associated

with the shales.

These Iithotype/cuticle relationships (between monocot cuticles

and lignites and dicot/gymnospeñn cuticles and shale and coal) can also

be identified in other Cur1ew Formation cores which suggests that the

deposítional events responsíble for the relationships were widespread,

occuming throughout the graben. The overaLl similaríty of the

floristic composition of the cutícle groups in all cores implies that

deposition of sediments occurred concurrently and in similar

environments. Hence it may be possible to biostratigraphically relate
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all of the Curle$, cores, i.e. ERD 118, 717, ttz,111 and 110.

An oscillating lacustrine,/paludal system appears to have exísted

t.hroughout the deposition of Curlew sediments and these environmental

changes produced a number of distinct assocÍations between the flora

and sediments which have already been discussed. It is generally

accepted that lignites are produced from the accumulation of plant

material in a swamp environment and therefore the swamp is responsible

for the production of the Curlew lignÍtes which s¡ere dominated by a

monocot flora. Inundation of the swamp, e.g. by flooding, sar.t the

deposition of sediments and plant remains from outside the basin which

produced the dicot/gymnosperm dominated shales. The presence of dicot

and gymnospenn fragments in the coals Ís possibly the result of a

tocalised accumulation of this material in a small channel along the

floor of the lake. Therefore the Curlew vegetatÍon comprises an

autochthonous (monocot) and allochthonous (dicot/gymnosperm) element. À

more detailed explanation of these interpretations are presented in

section 5.2.1 .
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Lgþle 5: fhe Lithological Units recognised in the Cr-rlew Formation

of ERD 118 and the associated plant assemblages, shorJing dominant

parataxa and their modern affinities.
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UNIT LITHOTYPE DOMINANT FLORA DOMINANT PARATAXA MODERN AFFINITY

2

I

7

Sha 1e

Ligni te

Shale

Clays Èone

Dicot/Gymnosperm

Monoco E

Dico c

Monoco E

Dicot/Gymnosperm

Monoco t

Monoco t

Dico E

DicoË

Dicot

Dicot

Dicot

Dicot

Dico t

Dicot

I
10,14,16,17,18
28
40
AzoLLa
t3
t9

Unknown
Lauraceae
Zamiac eae
ProËeaceae

Reedy Unknown
Unknown

Proteaceae

Reedy lJnknown
Unknown

Unknown

Reedy Unknown
Unknown

Unknown
Reedy Unknown

Reedy Unknown
Unknown

Reedy Unknown
Unknown

Lauraceae

Reedy Unknown

ProEeaceae

Unknown
Lauraceae

Lauraceae

Proteaceae
Lauraceae

Lauraceae
Unknown

Lauraceae

Pro Eeaceae

Proteaceae
Lauraceae

Unknown
Lauraceae

3

4

40,52

4,28

7 ,19
13
Azol 1a

I3
t9
Azo1la

13
19,2r
Azol la

10,16
Azolla

r3
AzoLLa

l2

2

IO

t0

13
r9
Azol-la

5

6

I

9

l0 Shale

ll Lignite

L2 Sha 1e

t3 Shale

T4 Shale

I5 Clays Èone

l6 Shale

T7 Shale

Coal

Clays Èone

CIays tone

l8

19

Shale

Lignite

ClaysÈone Monocot

Claystone Monocot

Claystone Monocot

Dicot

13
l9
Azol-]-a

t2
14,16

16
33

T2
l6

10,I5,16

ll

220 Dico c
16



2t Shale

22 Coal

Dicot

Dico E

DicoÈ

Dico E

Monocot

MonocoE

Monocot

Monocot

Monocot

Dicot

Monocot

Dico r

Monocot

DicoÈ

Monocot

Dicot

Monocot

Dicot

DicoÈ/GymnosPerm

Monocot

3

11
15

t2
9, l6

Unknown
Proteaceae
Lauraceae

ProEeaceae
Lauraceae

Lauraceae

Lauraceae

Reedy Unknown

Reedy Unknown

Reedy Unknown

Reedy Unknown
Unknown

Unknown

Proteaceae
Lauraceae

Reedy Unknown
Unknown

Lauraceae

Reedy Unknown
Unknown

Lauraceae
Pro Èeaceae

Lauraceae

Reedy Unknown

Lauraceae

Reedy Unknown

Lauraceae

Lauraceae
Zamiaceae

Reedy Unknown

23

24

25

26

31 Lignite

Clays tone

Clays tone

Ligni ce

Ligni te

Li gni te

Lignite

Lignite

Clays Èone

Clays tone

Ligni te

Clays tone

Li gni te

Coal

Lignite

Clays tone

CoaI

r6

t6

13

r3
Azol^la

27

28

29

30

32

33

I3

l3
r9

I9

l2
15,16

13
19

34 Claystone DicoË 9, l6
T2

l6

l3
l9

t8

13

5, I6

13

16

9
23

13

35

36

37

38

39

40

4I Lignite







5.2 B_roglreliqrruhiq Itlercrelelteue qrlbrn !þs Curlew Eernelrst

s.2.1 luleeduqlron

Having established forty-one discrete fossiJ.-bearing units in the

reference core it is perceived that these r.¡ill prove useful in

determining stratigraphic correlations within the Curlew Formation.

ÀIthough the Curlew seguence was found to be incomplete in the other

cores (ERD 117, !12, ttt and 110) correlations could still be made if
index fossils (more specifically distributional trends in cuticle

types) could be identified and used to relate strata of the five cores.

Recently, plant megafossils from some geological periods have

tnen useful in biozonation when used in the formulation of assemblage

zones (Taylor, 1987r. However, using cuticles in this capacity is
unique to this study. The cuticles must still comply r,¡ith the criteria
for index fossils if they are to be suitable biostratigraphic

indicators. The necessary criteria are: an index fossil should,

1) be digtinguÍshable from other fossils and easily

identified.

2) have existed during a relatively short period of geological

time.

3) be abundant.

4) be widely distributed geographically.

5) have lived in different sedimentary environments so that it
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The regular alternation between these two systems (i.e. lacustrine

ard paludal) suggests the basin wag tectonícally stable and the regular

flooding and drying of the basin led to the development of a succession

of lignite and shale/coal/claystone strata.

stage 5 comesponds to an open lake system in which there rJere

regular inflows of leaf material from outside the basin, i.e. dÍcot and

grymnosperm cuticles. Stage 4 is associated with the deåication of the

lake ard the formation of a swamp. climati" 
"nung"J, 

e.g. increased

temperatures and decreased precipitation, are probably responsible for
this change ín environment. Tectonic activity cannot be discounted as a

possible explanation for the environmental change as intensive faulting

is associated with the region (see Figure 2).

Further environmental changes, probabty bought about by a reversal

in the climatic strategy (discussed in reference to stage 4) and

subsidence, resulted in the swamp reverting to an open lake in stage 3.

Towards the end of this stage continued environmental fluctuations

result in a period of minor swamp development followed by flooding of

the basin again and the lake reforming.

Stage 2 corresponds to å reåsonåbly stable environmental period in

t¡hich the lake has dried and a swamp produced and maintained in the

basin. One final inundation of the srJamp again sees a lake formed

(Stage 1) and this is maintained to the top of the Formation.

218



5.2.2.2 Dielr!þulisn cqmpsrlsq¡s þclween Qsreg

Àn examination of the total dicot/gymnosperm and monocot Nos. 13

and 79 distrÍbutions for each core reveals a number of definite

similaritÍes which may be correlated. Theee similarities are discussed

below in terms of the distributional stages identified in the reference

core ERD 118.

Ihe eqnpstlsen Þclwcen EBD 119 qnd ERD 112,

The floral distributions of both cores are very simiLar,

particularly in the upper part of the sequence (see Figure 14). stages

7,2,3 and 6 can all be identified in ERÐ r!7, shaqe l correlates with

the shale and claystone bands at the very top of the Formation (i.e.

between 46.1m - 60.lm). The dicot,/gymnosperm distributional trend is
almost. identical showÍng a complete dominance of the ftoral assemblage,

with two similarly positioned intervals, one near the top of the stage

(i.e. 47.9n) and the other near the base (59.2m), where the dominance

is reduced to less than or equal to 90%. The monocot trend over the

interval 62.8m 66.2n compares wetl u¡ith that of stage 2. The only

major difference between the two cores is that in ERD 118 parataxon No.

13 is the most common whereas in ERD 717 iL is parataxon No. lg.

Stage 3 can be correlated in ERD 117 r.lith the distribution of both

cuticle groups over the intenral 66.2m - 83.1m. The same ERD 118 trends

are recogmised, a nårro$, initial dicot,/gymnosperm peak (66.9m) is
followed by a monocot peak (68.0m - 68.Bm) with another broader

dicot/gymnosperm peak signifying the end of the stage.
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stages 4 and 5, which represent the middle section of the f]ora1

distribution curve in ERD 118, are not recognised in ERD 117.

From a depth of 83.5m to the base of the Formation the floral
distribution in ERD 117 oscillates bet$reen dicot,/gymnosperm and monocot

dominance. This trend is also displayed in the basal sediments of ERD

118 where it is recognised as Stage 6.

Qqnpeuissn Þetween EBD 1$ etd EBD 112-

The floral distribution of ERD 112 (see Figure 15) has a number of

obvious similarities to that of ERD 118, Í.e. stages 1,2 and 3. stage 1

can be identified at the top of the Formation, between 92.5m and

104.0m, where the dicot/gymnosperm cuticles completely dominate.

Although minor monocot occurrences are characteristic of Stage 1 in ERD

118 the overall distributional trends are identical.

The monocot flora that dominates the ínterval 104.1m - 107.4m

compares favourably with stage 2 in ERD 118. The only sigrnificant

difference in ERD 112 is that both parataxa Nos. 13 and tg are

codominants whereas in ERD 118 No. 13 is by far the most abundant

cuticle type.

Two dicot./gymnosperm peaks, separated by an interval of monocot

abundance, are evident in ERD 112 between 108.3m and 119.5m. ThÍs trend

ís characteristic of stage 3 in ERD 118 although the monocot peak in

ERD 7tz is less prominent and parataxon No. 13 is not a major

contributor. From a depth of 120.3m to the base of the Formation

cuticle dominance oscillates between the tç¡o cuticle groups. This trend
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compåres well with Stage 6 in ERÐ 118.

Çsnpensen þclwecn ERD 119 srd EBD 111-

The floral distribution of ERD 111 (see FÍgure 16) is not as

closely related to ERD ttg âs the previous two cores. The broad

dicot/gymnosperrn peak characteristic of stage 1 in ERD 11g is not

present, there is instead a narro$r dicot,/gymnosperm peak (106.gm -
717.2n) whÍch could be considered the latter part of stage l, The

following monocot distribution over the interval 7t7.7n - 111.8m does

appear to correlate with stage 2 but the abundance is not as great as

found in ERD 118. As shosrn in ERD 117 and 112, parataxon No. 13 is not

particularly common.

stage 3 is probably the most welr def ined in ERD r!7, occuring

over the interval 112.5m 124.8m. The proportions of the

dÍcot/gymnosperm peaks in ERD 111 are very similar to the respective

paeks in ERD 118 and monocot parataxon No. 19 also dominates the

central monocot peak. Às ín the other cores, a number of oscillations

occur towards the base (127.7n - 737.6m) which may be compared to stage

6 in ERD 118.

cqrcerleen ÞeLween EBÐ 1!g enq EBD 11q-

The floral distribution of ERD 110 (see Figure t7) appears to

compare most favourably wíth that of the middle section of ERD 118,

i.e. stage 3 and 4. À slightly incomplete stage 3 distribution (the
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initial increase in dicot/grymnospenn abundance of the first peak in ERD

118 Ís absent) can be identified at the top of the core between 30.1n

and 39.3m. À central monocot peak (30.8m), completely dominated by

parataxon No.19, is followed by the characteristically broader

dicot./gymnosperm peak. Over the intenrar 40.3m - 54.1m the floral
distribution is very similar to the upper section of stage 4 in ERD 119

which is characterised by a broad monocot peak followed by a naffolt

central dicot,/gymnosperm peak (see Figure 13). This dicot/gymnosperm

peak occurs at the very base of ERD 110 (54.0m - 54.1m).

I

i
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DISTRIBUTION CURVES

The following distrbution curves, Figures 13, 14, !5, t6 andt7, are sequential

representations of the frequencies of the three selected

biostratigraphic indicators, Í.e. Total Dicot,/gymnosperm, Monocot

paratexon No. 13 and Monocot parataxon No. 19, which occur in the

sample intervals within the carbonaceous lithotypes of the five cores,

i . e. ERD 110 , ttt , t!2 , 777 and 118. Because båffen intermediate

Iithotypes (green claystones ar¡d oilshales) have not been considered

these curltes are not truly chronological. The floristic stages

identified for each core are represented as a broken line across the

three distribution curves for each core and labelled on the right side

of each figure (Àdditional comparisons may be seen in Àppendix 4).

Fiqgse 13: The Distribution Curve of ERD 118 showing the Stages identified.
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EfqUfe 14: The Distribution Curve of ERD 117 showing correlations with ERD 118.
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Distribution Curves of ERD I l7 showing correlations with ERD I l8 (Stages 1,2'3,6)
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EiqgEe 15: The Distribution Curve of ERD 112 showing correlations with ERD 118.
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Distribution Curves of ERD I I 2 showing correlations with ERD I I I (Stages | ,2,3,6)

0t0 30
FREOTJENCY.¡0 50 60 10 80 90 .IOOZ

FREOUENCY
20 30 40 50 60 ¡10

. FREüIENCY
30 ¡0 50 bo

gel
oe2
geó
ge6

Sta
7.4n
8.3m
9.5 m

O.3m
9.lm

9

to
ro
rott
t?
t2

30
UJû
Ë¿on

50

2.5n
4.Om - T

-E
ta
ta

Sta

s0

D icot./GYmnospeîm Monocot No. I 3 lvlonocot No. I 9

€1':i Ë+
=/-5;--:



ù
I

,l|:

rìþ

¡

I

i
li
'(

.,

T
)

I

I

I
I

EfqUEe 16: The Distribution Curve of ERD 111 showing comelations with ERD 118.

fi,

Ë

226



Distribution Curves of ERD I I I showing correlations with ERD I ¡8 (Stages 1,2,3,6)
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Distribution Curves of ERD I lO showing conrelations with ERD I l8 (Stages 3 '4)
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5.2.3 Clcss Ðesln Çegcleþene

A comparison of the four Curlew cores with the reference core has

shown a number of correlatable stratigraphic zones exist. These zones

can be identified by the floral distribution stages, i.e. Stages 1 - 6.

The most distinctive zone comprises Stages 1, 2 and 3 and is recognised

in cores ERD 118 , 777 , tt7 and 111. The thickness and depth at which

the zone is located varies between these cores. In ERD 118 Stages 1 - 3

extend from 26.0m - 31.4m, in ERD 117 from 46.1m - 83.1m, in ERD ltz

from 92.5m - 119.5m and in ERD 111 from 106.8m - t24.8n (see Figure

72). The overall floristic sequence of the zone is a dicot/gymnosperm

dominated flora (Stage 1) followed by a monocot dominated flora (Stage

2), followed by a period of alternation between the two floras before

the final more prolonged interval of a dicot/gymnosperm dominated flora

(Stage 3). These floristic changes are associated with the following

respective lithological changes; shale/claystone, Iignite,

shale,/claystone, lignite, shale/claystone.

Another correlation zone in the cores is represented by Stage 6.

The zone is characterised by an extended period of oscillation between

dicot/gymnosperm and monocot dominated floras and occurs towards the

base of the Curlew Formation in all cores, i.e. from 63.4m - 78.1m in

ERD 118, 83.5m - 98.1m in ERD 117, 120.3m - 72i.2n in ERD 772 and

127.\n - 737.6m in ERD 111.

The only other correlation zone identified is between ERD 118 and

ERD 110. It comprises the latter part of Stage 3 and the first part of

Stage 4. The zone represents the entire floristic distribution pattern

of ERD !70, i.e.its entire Cur1ew sequence from 30.1m - 50.7m (Figure
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t7), The floristic sequence of the zsne commences with a

dicot/gymnosperm dominated flora which is immediately replaced by a

monocot dominated flora which in turn is replaced by a more stable

period of dicot/gymnosperm dominance (this part of the sequence

represents the latter mrt of Stage 3). À monocot dominated flora

follot¡s and is maintained for an extended period before finally being

replaced by a dicot/gymnosperm dominated flora (this part of the

sequence represents the first part of Stage 4).

It is evident from these correlations that ERD 118, tt7, 172 and

t7t alI show a símilar stratigraphic sequence. This relationship is

strongest at the beginning (Í.e. Stage 6) and towards the end (i.e.

Stage 7,2 and 3) of the Curlew Formation. The floral distribution of

both the Total dicot/gymnosperm assemblage and the two monocot parataxa

are most simÍlar over these depositional intervals. ERD 110 can algo be

correlated to ERD 118 but the strength of this association is less than

that between the reference core and the other four cores noted above.

The entire stratigraphic sequence of ERD 110 has a floral distribution

that compares to the middle section of ERD 118, i.e. the latter part of

Stage 3 and the initial part of Stage 4.

The ídentification of part of Stage 3 in ERD 110 indicates there

is a relationship between this and the other cores. Only the floristic
distribution of this interval biostratigraphically links the five cores

of the Curlew Formation. The series of floristic events that define

this interval are; the upper Iimit (the youngest shale,/claystone

sediments) is represented by a cuticle assemblage completely dominated

by dicot,/gymnosperm parataxa. This dominance is only for a short period

before the monocot parataxa become dominant. The reappearance of a
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dicot/gymnosperm dominated flora that persists for a considerably

longer period than on the first occagion indicates the end of the

interval.

T'his interval or module shows a considerable variation in

thickness across the basin, ranging from 2.2 metres (29.2n - 31.4m) in

ERD 118 to 16 metres (66.9m - 83.0m) in ERD 117. The depth at whÍch it

occurs also varies (see Figure 72), in cores ERD 111 and ERD 172 Lhe

module is found at much greater depths which is probably because the

drillholes are located within the hÍghly faulted region near the

western boundary of the graben, where subsidence $,as most likely.

There are three distinct floristic bands of the module; two

dicot/gymnosperm bands that define the upper and lower limits and a

central monocot band. The thickness of these bands varies from core to

core due to the presence of intermediate barren sediments. The

florístic composition of the dicot/gymnosperm bands is similar within

the module as well as between cores. Some differences do occur and

these are mainly confined to ERD 118 and ERD 117. In the former core

the upper dicot,/gymnosperm band consists mainly of the proteaceous

cuticle of parataxon No. 52 whereas the lower band is dominated by the

unidentified parataxon No. 4. The cuticles of parataxon No.52 have been

compared favourably to those of the extant rainforest genus egfdWe]Ife.

Another unknkor¡n cuticle type (No. 2) occurs in great abundance in the

top band of ERD 117 while the Lauraceae parataxon No. 16, which has

been assigned to Endie¡dfe, is very common in the lower band.

The dicot/gymnosperm bands of the other three cores all contain a

significant quantity of parataxon No. 16 cuticles. Cores ERD 111 and
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112 are very similar with Lauraceae cuticles dominating the flora of

both bands. In ERD 112 the Proteaceae parataxon No. 77 (aff . Dail:Lr¡qia)

is also common. Proteaceae cuticle is even more aburdant in ERD 110

where the upper band is domínated by parataxon No. t2 (af.f.. S_ynephCe)

and the lower by No. 11. Parataxon No. 16 is still common in both bands

(see Table 6).

The monocot flora of the central band of all cores is dominated by

either of the two prÍnciple euticle types, i.e. No. 13 or 19. The

latter perataxon is most abundant, occuring in all cores in

significantly large quantities. The reed-IÍke cuticle of No. 13 only

dominates the monocot assemblages of ERD 118 but is common in both ERÐ

777 a¡ñ, ttT. It is completely absent from the monocot band in ERD 110.
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5,2.4 Drgqugsrsn.

Àn examination of the topography of the basin in which the Curlew

Formation is located, ând the position of the cores within the

Formation may assist in interpreting these correlations. The drillhole

localities from which the cores have been recovered are affanged in two

parallel rows which run in a Northwest - Southeast direction through

the Formation. ERD 177 is situated almost in the middle of the

Formation with ERD 118 above and to the northwestern end and ERD 110,

along the såme transect, below and to the southeastern end. Drillholes

ERD 112 and 111 lie to the west of the other three on a paralle1

transect, close to the l,lestern Fault which marks the edge of the

Narrows Graben (see Figure 2). Between the two transects is another

extensíve fault system which runs parallel to the Western Fault for

almost the entire length of the graben. Ilinor faulting occurs around

ERD 171, the southern most drillhole, while ERD 112 is in an area of

considerably more extensive faulting. The tectonic activity experienced

ín this area has probably influenced the relationship between the

western drill sites and those in the more stable central region of the

basin.

The depth at which the Curlew Formation occurs in the cores varies

considerably. This would tend to suggest an irregular basal relief

which would subsequently bring about variations in deposition rate over

the basÍn. In turn this would affect the accumulation of sediments and

plant remains. From Figure 18 it is evident that the base of the

Formation at the site of drillhole ERD 110 is well above that level in

the other drillholes. Therefore deposition of the sediments would occur
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at a greater rate in deeper, more gently sloping areas of the basin,

leaving the ERD 110 core with a shallower sequence. In thig instance

the top and basal Cr-¡rlew sediments present in the other cores are

absent in ERD 110.

Drillholes ERD 118 and tt7 are situated next to one another on the

same transect in an area where the gradient at the base of the Curlew

Formation is relatively shallow. This physical closeness is reflected

in their biostratigraphy. In both cores the vertical thickness of the

Formation is approximately the same and carbonaceous lithotypes more

common than in any other cores. Their floral assemblages and vertical

distributions are also similar.

The two other drillhole sites are located within the hiqhly

faulted area along the western edge of the Narrows Graben and both are

associated with small fault systems (see Figrure 2). In the vicinity of

ERD [tZ thís is very intensive. The major tectonic activity (lJestern

Fault) was responsible for the formation of the graben and therefore

had little influence on the subsequent depositions within. Small faults

however appear to have occurred more recently and in doing so have

probably dísrupted the str-ucture of the basin and deposition of Curlew

sediments even further. Faults occurring to the west of each drill site

immediately prior to deposition would cause downward displacement of

those blocks in which the holes are located, resulting in a lowering of

the basin and an increase in depth at which the Curlew sediments are

found. It is in the lower parts of the sequence that these eores are

correlated to sediments in ERD 118.
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By comparing the floral distribution trends of alL cores

palaeoenvironmental interpretations concerning the whole basin (during

the deposition of Curler¿ sediments) are possible. It is evident from

the discussÍon of environmental changes associated with ERD 118 that

similar changes, i.e. from swamp to lalre and vice versa, $rere

widespread throughout the basin. The synchrony of the sedimentology as

a result of these changes åppears to have been disrupted by tectonic

activity, which has already been mentioned in section 5.2.2.1. These

disntptions have probably led to the increased number of fossil bearing

strata in ERD 118, particularly in the middle of the sequence (Stages 4

and 5). The absence of these strata in the other cores, except in ERD

110 where part of Stage 4 is evident, may be the result of subsidence.

The base of each core (except ERD 110) shows an alternation

between lignite ard shale,/claystone/coa1 bands rlhich could be

interpreted as a period of tectonic stability whereby the shallor{ basin

has been subject to repeated flooding and desicatíon. FollowÍng the

period j.n which additional fossil bearing sediments in ERD 118 were

deposited there appears to have been increased temporal and regional

tectonic stability in the basin with environmental changes having had a

wídespread influence throughout the basÍn.

ERD 110 is somewhat unique in that Ít only compåres well

(biostratigraphically) with ERD 118 ard only through the middle of the

Formation. It could be suqgested that the geographic relief in the

vicinity of ERD 110 was different, possibly elevated, so that the

deposition of fossil bearing sediments did not occur until much later

in respect to the other cores.
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Identification of correlatable sedimentary zones in cores of the

Curlew Fonnation hightights the usefulness of cuticular analysis in

biostratiçfraphy, and the recognition of a singte floristically similar

sedimentary module that persists across the basin confÍrms it. They are

consÍdered similar in the sense that the floral distributional seguence

Ís the same, although the cuticle assem.blages associated with the three

floristic bands of the module show some differences (see Table 6).
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Fíqurg 18: It is evident from the six cores in the upper half of thís figure that

the thickness of the Curlew Formation varies considerably across the

basin in which it occurs (see inset). The feults associated with this
part of the Rurdle DeposiL pnobabty influenced the cross-sectíonal

thíckness of the Ctrrlew Formation.
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ERD |l8 t a7 I t2 ilt ilo
UNIT Dominant Parataxa

I st Dicot Band 52 z t2 l6 t6 t6

Monocot Band t3 t9 t3 t9 t9 t3l9

2nd Dicot Band 4 t6 il 16 r6 l| 16

fabþ É: The Cuticular composition of the Correl'ation Module

in the five Cr¡rlew Cores. The module is represented as three

distinct floristic bands.
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CHÀPTER 6

COMPÀRISON t.]ITH OTHER AUSTRÀLIAN TERTIARY DEPOSITS

6.1 Çsreqrrsq! Erlh EeseÐc Ueqsf.essrl DcpqsrLÊ

The Curlew Formation, as a part of the Rundle Deposit is unique in

that it is the only Eocene (or any other Tertiary) sequence in

Queensland whose megafossil flora has been extensively studied.

Isolated records of plant remains have been reported from the Red Bank

Plains Formation (HiIl, Playford and lJoods, t97O; Churchill, 1969) of

Queensland, However, it is considered to be Palaeocene (Harris, pers

comm.1985).

The fragmentary nature of the plant remains recovered from the

Curlew sediments resulted in all identification beÍng based on

cuticular features. Comparative cuticular studies have been made with

the south-eastern Australian Eocene floras of Anglesea, Victoria;

Maslin Bay, South Australia and Nerriga, New South útales. AII three

floras have taxa comparable r¡ith elements in the Curlew flora.

The Ànglesea Flora, has been studied for the past 7 years by David

Christophel, of the University of Adelaide, and is the only one

presently under continuous investigation. Twelve t.axa have been

assígned to 6 extant families which are GymÐosto$a, Casuarinaceae

(Christophel, 1980); AUglfgdiggpyrgg, Ebenaceae (Basinger and

Christophel, 1985); EqECÐrg gogcnie (HilI, 7978) and PlcrqeÈqne

zenlgldcg, Zamiaceae (HiIl, 1980); I'tusqrgyeiDe¡lhue (Christophel,

1984), QrflCe (Christophel pers. comm., 1985) and EenhgiCaephyllUn

(Christophel, 1981 ), Proteaceae; [y¡leqÀpbyl]Um, Myrtaceae (Christophel

and Lys, 1986) and DggrygefpUg ( sp), DCguggqqegpUg (1 sp),

FalqeÈifelrun (7 sp), Podqcarpug fl sp) and Prg[nepilye (2 sp)

Podocarpaceae (Greenwood pers. comm., 1985). The Lauraceae is also r¡ell
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represented but as yet no taxa have been formally described.

Four of these families are represented by the same genera in the

Curlew Flora, i.e. Casuarinaceae (Gynngglgnq), Ebenaceae

(ÀUelfqdfospytqs), Zamiaceae (ÞqWe¡fe CggCDÀqq) and Podocarpaceae

(DCqUgggqglpqg). The Proteaceae is also represented but by different

genera, i.e. EynruÞeg, Dgtlinglq and ÇeUdUeIIfe. A similarly large

Lauraceae component is present in the Queensland deposit.

The Maslin Bay Flora is Iargely undescribed, but a number of

studies have been undertaken by Lange (1970, t978h), Blackburn (1978),

Harvey (7974), Christophel and Blackburn n978), Blackburn (1981) and

Christophel (1981). The number of recognised taxa is less than that

for Àng1esea, only 5 fossil taxa assignable to 3 modern families have

been identified, they are ÐenehfeæbyllUU inglgum, Ueelfnrg

qEeyilleqideg, Proteaceae (Blackburn, 1981), Qy&noÊ!c$a, Casuarinaceae

(Christophel, 1980) and Decussog.qrpug, Podocarpaceae (B1ackburn, 1981 ).

Lange (1978b) suggested a dispersed proteaceous cuticle type (i.e.

Proteaceae III) was similar to that of the genus Defff¡qfe and this Ís

considered a most likely affinity. Â11 of these families are

represented in the Curlew flora, the Casuarinaceae and Podocarpaceae by

the same genera. 0f the Proteaceae component only the Dgflingia-related

cuticLe type occurs in the Queensland deposit, i.e. parataxon No.11

(parataxon No.36 has also been assigned to Deellngie).

Another proteaceous cuticle type recovered from core material from

Lake Lefroy, llestern Australia (Lange, 1978b), has a strong affinity to

the extant genus Synepheq which is also present in the Cur1ew flora.
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The majority of taxa identified from the Nerriga flora are cycads

of the Zamiaceae, i.e. BeWCnre peÐIÀqge (HilI ,1'978), Plefqgtene

eneglggqgalg and LgprdgZeqq fgyCAfele (Hilt, 1980). The only exception

is Gymnqelgna of the Casuarinaceae (Christophel, 1980). Another taxon,

possibly of the fern family Gleicheniaceae, has tentatively been

compared to Elrehezug fleþellelUe (HiIl, 7982). Only two of those taxa

appear in the Curlew Flora EgWe¡ia pepllloge and Gyn¡eelgne. An

examination of photographic plates in Hill's Ph.D thesis suggests that

two other families are represented in the assemblage, i.e. Proteaceae

and Lauraceae. HiIl's (1980) parataxon NER/025 has cuticle very similar

to the Curlew parataxon No.12 which is assigned to Synæhee.

6.7.L Çsnsfugre¡

1 ) Only Synnqglqnq occurs in all four floral assemblages which

indicates the genus was more widely distributed during the Eocene,

occurring down much of the eagt coast of Australia..

2) The Proteaceae is represented in aII of the floras but the

composition of this component differs in each. It can be concluded that.

although the distribution of the family throughout eastern Australia

has continued, changes in habitat have resulted in compositional

changes. For example, the sclerophyllous gynephee is today confined to

southwestern gJestern Australia. ThÍs genus evidently had a much wider

distribution during the Eocene.

3) The Lauraceae occurs in the three eastern deposits and has

undergone minor distributional, as well as compositional changes since

the Eocene. The most significant alteration has been the slight

t
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northward movement of the southern limit to around the Victoria/New

South llales border which has led to the exclusion of the famÍly from

the modern Victorian vegetation. The absence of EndfeUdfg (see Table 7)

from rainforests in the vicinity of the Rundle Deposit is one floristic
difference that may be associated with a change in habitat.

4) The Podocarpaceae is only absent from

is ínteresting to note that some of the

Eocene (i.e. DcgUsgqqe¡pss and Eelqelrfe$Un)

modern AustralÍan flora by other podocarps.

has otherwise remained the såme.

the Nerriga flora but it
genera present during the

have been replaced in the

The family's distribution

5) The Anglesea Flora is similar to that of the Curlew Formation

having an identical (family) composition although slight differences

occur in the diversity of families represented, e.g. the Proteaceae and

Zamiaceae. The three proteaceous genera of the Curlew flora are not

found at Anglesea and símilarly the Ànglesea genera, i.e. QflLeg,

EenhefCeCphyllUn and MgggfgVergnlhgg do not occur in the Curlew

flora. Two cycad types, from BowenÍa are present in the Curlew flora

but only one of these (B- eggCnlqg) is represented at Ànglesea.

Similarly, the cycad component of Anglesea consists of two species but

from different genera, i.e. Eeqeniq and PlefqglgUe.

Both floras have a large, diverse Lauraceae component and an Ebenaceae

component consisting of one genus (ÀUgtfqdiogpyros) (see Table 7).

6) ÀIthough the Curlew Formation and Anglesea deposit have similar

floristic elemente, their sources are different. At Anglesea the fossil

flora was actually slerived from the vegetation situated within the

depositional basin. The preservatíon of material, i.e. intact leaf

ü
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material, confirms this and therefore ít is autochthonous. On the other

hand, in the Curlew Formation the same floristic elements are not of

local origin. They have been transported into the basin from a flora or

floras that existed outside the area of deposition and therefore

consídered allochthonous. Streams probably transported the material

from the highland regions to the west of the Narrows Graben where

closed forests existed.
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6.2 Qenpsrisqng wrlh Eeqerc Palyneflqree

Palynological research is the major source of Ínformation

regarding Australian Tertiary floras, Hicrofossil deposits are located

throughout the continent. l.lany have made valuable contributions to our

understanding of these floras, but possibly none more than those of

southern Australia, particularly in the Gippsland Basin, Victoria.

Stover and Partridge (7973) used the palynological data collected in

this region over a congiderable period by numerous workers including

Cookson (7946), Cookson and Pike (1954), Harris (1965) and Stover and

Evans (1973) to produce ten biostratigraphic spore-pollen zones which

spanned the Late Cretaceous to Miocene. This spore pollen zonation has

proven invaluable in the correlation and dating of Àustralian Tertiary

deposits. These zones have already been discussed in Chapter 1.

In this study the Curlew palynoflora has been compared to seven

other Eocene palynofloras from Anglesea, Victoria (Syber,1983);

Nerriga, New South tJales (Owen, 7975); Yaamba, Queensland (Foster,

1982) and four originally discussed by Martin 1982, see Figures 9 and

10). These were from Hay, New South lJales (llartin, 1977); Off icer

Basin, Central South Australia (Hos, 1978); St. Vincent Bagin, southern

South Australia (Hos, 1977> and the Murray Basin, western New South

9Jales (Hartin, 7978).

The Curlew assemblage is very diverse comprising 163 spore-pollen

types of which 106 are of angiosperm origin, 45 fern, 12 gymnosperm and

1 probable bryophyte. Less than a third of the species have been

recognised. The large angiosperm component contains several recognised

pollen taxa of the Myrtaceae, Proteaceae, Casuarinaceae, Fagaceae and
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Liliaceae along with numerous unidentified tricolpate and tricolporate

grains. Palynomorphs of the Myrtaceae are the most abundant

representíng 75% of the total assemblage, while those of the

Casuarinaceae (10%) and Liliaceae (6.97.) are also common. Proteaceae

and Nethgfegfdfles pollen types are very poorly represented, i.e. 0.9%

and 7% respectively. The rather diverse gymnosperm component is of

minor importance in the overall composition of the assemblage

representing 0.97. (Table 2).

The Yaamba Basin, which is located near to the Rund1e deposit (see

FÍgure 1 ) has a similar floral composition but of markedly different

proportions. There are 92 spore-pollen species of which 70 are of

angiosperm origin, 13 fern, 5 gymnosperm, 3 algal and one of probable

byrophyte origin (Foster, 1982). The most significant difference is

the strong showÍng of the gymnosperms which represent ti.O% of the

total microfossil assemblage, in which Afegqeffeglgeg sgsltqllg and the

related po1len types DffWynrlCs qrgnulslug and Dilgynfles gp, C are the

major contributors. These pollen species occur very infrequently in the

CurIew microflora. Similarly, large quantities of the algal species

9eepÊqdfnN¡¡ gpgyelle¡Sfg are present at Yaamba, in one particular

sample (CPY 27:6520x) recording a frequency of 93.5%, but only a few

specimens have been recorded in the Curlew Formation. Another

significant difference is the absence of Halorqgggfdflgg Þefffgff
( Casuarinaceae ) , r^¡hich dominates that component in the Curlew

Formation.

Comparing the Curlew microflora to that of the southern deposits,

differences are recognised in almost every component. The Ànglesea

microflora consists of. 778 spore-pollen species. 0f these, 131 are of
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angiosperm origin, 22 gymnospefln and zs fern. The angiosperm

NelhofeqrdrËcs spp. represent z0% oE the total palynoflora. This is a

significant increase compared to that of the curLew but is in
accordance with the trend discussed by Hartin (,982) and mentioned

previously in Chapter 3. À similar trend is shown in the proteaceae

and Gymnospermae components, but not to the same degree. Casuarinaceae

pollen occurs in approximately the same frequencies in both floras but

the Curlew microflora has a greater abundance of Myrtaceae and fern

palynomorphs.

The Nerriga deposit also has a diverse microflora but there is an

overall increase in abundance of angiosperm polJ.en when compared to

that of the Curlew Formation. The microflora comprises 112 (owen lgis)
spore-pollen species of which 72 are of angiosperm origin, lz
gymnosperm, 25 fern and 3 unknown.

ûJithin the angiosperm component ez.B3Ð, proteaceous paJ.ynomorphs

account for 20"" of the assemblage which is a significant increase

compared to their representation in the Cur]ew microflora (i.e. ( !"¿o).

Gymnosperm palynlorphs are more common in the Nerriga deposit than in

tkre curleç¡ sediments but not by a large quantity (i.e. 3.5 Ð. In

contrast, however, the Myrtaceae, Casuarinaceae and fern components are

all of minor significance. These differences are possibly due to
differences in altitude.

The following comparisons are made with those Eocene microfloras

that were originally compared by Martin (1982).

The Hay microflora has a typically large angiosperm component, but

number of compositional differences are evident. The most obvious,a
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are the very high frequencies of NelbgfeqUs-related pollen which

represent approximateJ.y 50% of the microflora. Such an a-bundance is

unmatched by any of the microfloras discussed to date. By comparison,

the Curlew NgthoEeqidilCg component is insignificant. The differences

between the cesuarinaceae and Gymnospermae components are less

pronounced. An approximate 5% and 10% respective increase is recorded

in these components of the Hay microflora. Only fern spores (50%) and

Myrtaceae grains (< 10?.) are not as common as in the Curlew microflora.

The Officer Basin microflora is suhstantially different to that of

the Curlew Formation. An exceptionally large Casuarinacae component is

the most distinghishÍng feature. It represents approximately 37% of

the assemblage which is at least a three-fold increase on the Curlew

component. Nglhefqqfdflgg species are also abundant, but occur at

lower frequencies than recorded in the Hay microflora (i.e. 25Ð. A

gymnosperm frequency of t7% ís much greater than that recorded in the

Curlew microfloral (> 7%). Higher frequencies of Myrtaceae pollen and

fern spores are again recorded for the Curlew microflora.

The St. Vincent Basin microflora is dominated by palynomorphs of

the Casuarinaceae ( 4O% of, the total palynoflora) but Proteaceae pollen

is also common (20"¿). In the Curlew palynoflora, these groups do not

achÍeve the same level of significance (i.e. Proteaceae ) 1% and

Casuarinaceae 107.). The Hyrtaceae component is possibly more common in

southern South Àustralia than in the eastern deposits but it is still
less than that recorded for the Curlew. Fern spores are more abundant

in the Curlew deposit.
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The Murray Basin microflora is very similar in composition to that

of the Hay deposit which is located in the same geological region and

therefore the major difference between this microflora and that of the

Curlew are almost identical to those díscussed in reference to the Hay

microflora.

6.2.7 Çs¡slusisng

The Yaamba palynoflorå wÉrs similar in composition to that of the

Curlew Formation, with the exception of the gymnosperm component which

was larger. This suggests that the pollen rain responsible for both

palynofloras came from the same source vegetation. The high

Araucariaceae frequency recorded in the Yaamba deposit is most likeJ.y a

loca1 event, âs these trees are known to have poor pollen dispersal

capabilities (LuIy et aI., 1980).

It is evident from the comparisons that all deposits located

outside Queensland had microfloras with higher proportions of

Nqthgfgqrdltes, Proteaceae, casuarinaceae and Gymnospermae pollen

types. However, the Myrtaceae and Pteridophyte components $¡ere

generally smaller than those of the Curleç¡ microflora (with the St

Vincent Basin being the possible exception in regards to Myrteaceae

pollen).

The variations betç¡een the southern and western Eocene microfloras

have already been discussed by Martin (t982) and the inclusion of the
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Queensland microfloras provides fr-rther evidence for the floristic
trends she and Hekel n972) recognised. The most important difference

between northern, i.e. Queensland, and southern Eocene deposits is the

proportion of NethgÈeqrdrËce pollen (of the Þrgssir type) recorded.

This low frequency appears to have persisted throughout the Queensland

Tertiary up until the Miocene, where NgLhef.eg.l.dllqg was abundant for a

short interval. Hekel (1972) assumed this peak to be associated with a

climatic change, âs â result of the elevation of highlands in the

region, and suggested that the North was not as suitable for Nqlhefcgus

as in the South. Martin (7978) reaffirmed this view by suggesting that

there may have been a North-south temperature gradient during the

Tertiary judging from the greater abundance of NethqÉeqUe in

south-eastern Australia when compared to Queensland. An inability to

migrate quickly may have contributed to the absence of these plante ín

Queensland but more importantly climatic factors were probably

responsible for confining NqlhqleqUs to southern Australia.

The existence of a climatic gradient across the Australian

continent (from equator to pole) during the Eocene is now generally

accepted. Based on the available palaeogeographical, palaeoclimatic ancl

palaeobotanical (mainly palynological) evidence Kemp (797Ð considered

this gradient to be low with Australia surrounded by warm oceans and

situated within a zone (605 80s) of sluggish and variable

atmospher'ic circulation. It was this system that produced the warm, wet

climate over the continent at this time. The palynological evidence

which comes mainly from southern and central Australian localitied

suggests rainforest extended across Australia from the east to the

south-west, and locally, inland central Australia (Kemp, tg7Ð.
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The northward movement of Australia ar^ray from Àntarctica had

produced a large southern gulf which was fed by the warm Indian Ocean

greatly influenced the composition of rainforests across southern

Australia. The warm, wet conditions extended inland, possibly as a

result of intense summer storms (Kemp, 7978) to produce the local

pockets of rainforest in central Australia. AII of these forests

contained a strong temperate element, i.e. Nqthglgqus (of the þreggu

type) trees and podocarps, and a diverse tropical element represented

by relatives of the Cupanieae, Myrtaceae, Santalaceae, Anggglggg and

EeeUpfeq. The westerly wind system prevailing in Àntarctica and moving

north during the wínter is considered responsible for the increased

rainfall in south-eastern Australia (Kemp, 7978) and the resultant high

proportion of temperate rainforest taxa, i.e. Ngthgf.eqUe.

Nix (1982) also pointed out that as the Tertiary progressed

or-ographic influence became more important in extending the range of

southern temperate vegetation. He suggests the development of the

eastern highlands of Àustralia provided the avenues for mesotherm (e.9.

closed canopy Eucalypt spp., ArqUggflg, Nqlhefqzus spp. þregeff type)

and microtherm (e.s. NglhefeeUe spp., Pbyfloclgdug, DgqtryQlg4 and

Pgdqqe$Ug) taxa to move northward into lower latitudes. It would

appear mountain development climaxed in Queensland during the Miocene

when Nglhqlgqus was abundant (Hekel, 7972) for a short period.

The Queensland Eocene vegetation is poorly known but of the

available information it ís evident that compositional differences

exist. The high proporbion of Myrtaceae, the presence of other tropical

indicators, i.e. Cupanieae and Anacologe (and mesotherm Nix, 1982), and

the very low quantities of Nolhefeqfdflge pollen types indicate a
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warmer climate existed in northern Australia during the Eocene. The

climatic gradient was probably stightly steeper than that considered by

Kemp (7978). The climatic influences associated with the large southern

gulf and the Antarctic wind systems appear to have had little affect in

Queensland which suggests or-ographic influences were probably

responsible for maintaining the smalI temperate element in the

vegetation. The presence of both tropical and temperate taxa in the

Curlew flora implies a marginal tropical./subtropical vegetation

persisted in the region duríng the Eocene. Based on Nix's

classification (1982, see Figure 9) the vegetation would be described

ås an overlap between mesotherm and megatherm environments.
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6.3 Qempsrreqn qf. lhc Gurlew Esrnclrgn Ueqefoggrl end Ursrefseerl

Elqree.

The Megafossil and Microfossil floras of the Curlew Formation are

quite distinct. They exhibit some compositionat similarities but the

importance of the components vary considerably. The proteaceae,

Casuarinaceae and Podocarpaceae are present in both floras. In the

microflora, Casuarinaceae pollen is reasonably abundant throughout the

sequence, 
, 
recording frequencies as high as 7O% aL specific intervals,

and representing to"¿o of the total floral assemblage, whereas

megafossils (cuticle fragments) were scattered throughout the sequence

in very small quantities. They s,ere mainly concentrated in the

sediments of core ERD 177. A reverse situation existed for the

Proteaceae components where cuticles $rere common in all cores and

pollen scarce, representing less than 7"¿ of. the total palynoflora.

úûithin the megafossil gymnosperm component podocarps are exceedingly

rare only two fragments have been recovered. simílarly, pollen

assignable to the family recorded a frequency that was a fraction of

the total percentage recorded for the entire Gymnospermae which was

only 0 . 97..

The Hyrtaceae and Lauraceae were parbicularly abundant in the

microfossil and megafossil floras respectively. Myrtaceae pollen was

common throughout the seguence and represented 237- of the total
palynoflora. only the combined angiosperm component $ras more common. No

Myrtaceae megafossils were found in any of the Curlew sediments. The

Lauraceae component $ras a major contributor to the megafossil flora but

no palynomorphs with an affinity to the Lauraceae were identified.
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In 1980, Hill commented on the fact that the Nerriga microfossil

and megafossil floras could not be satisfactorily compared due to the

"paucity of taxonomic determinations of megafossils". It is evident in

thÍs study that this situation unfortunately still exists in 1986 and

wirl continue until more workers become involved in Tertiary,

megafossil research.
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CHÀPTER 7

PALAEOENVIRONMENTAL INTERPRETATIONS

7,1, Introduction

One of the aims of this study sras to propose a number of

hypotheses concerning the palaeoenvironment in which the CurIew

megaflora was deposited. Initially it was envisaged that the main

analysis would involve foliar physiognomy and taxonomÍc studies of the

gross community structure. These approaches have been summarised by

Dilcher (973) and their usefulness in determining the palaeoclimate of

Àustralían Tertiary megaflora is to be discussed here. HiII (1980) in

a similar investigation noted that taxonomic approaches outlined by

Dilcher must be treated r¿ith caution because Australian Tertiary plant

fossils are taxonomically very poorly known thereby Iimiting the

opportunity of finding modern equivalents on which the palaeoclimatic

estimations are based. He suggested these approaches when used in

conjunction with others may enable more accurate comparisons being

made.

lJorks presently beÍng undertaken by a number of palaeobotanists

have continued to broaden our knowledge of the composition of

Australian Tertiary megafloras thereby improving the åccuracy of

palaeoenvironmental reconstruction. Some of the more important

contributions have been made by Blackburn (1981), Christophel

(1980,7981,7984) Christophel and Basinger (1982), HilI (1983a, b) and

Hill and ilacPhail (1983). Despite this additional information, these

approaches must continue to be used in conjunction with others to make

comparisons more accurate. The four additional approaches considered

in this study are epiphyllous fungi, palynology, geology (including

both physical and chemical factors) and biology (i.e. faunal).
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7.2 lnlerprelslryc Àppreeqhce Àyerleþle

7 .2,7 FoIiar Physiognomy

Hodern foliar physíognomy is based on the research of Bailey and

sinnot (7916) who concluded that "there is a very clearly marked

correlation between leaf margin and environment in the distribution of

Dicotyledons in the various regions of the earth". As an approach

independent of taxonomy it has been favor-¡red by many Í.rorkers,

particularly those investigating Tertiary climates (e.9. llolfe , 7977,

1978i Dilcher, 1973; Blackburn and Christophel , 7978), The increased

application of foliar physiognomy led to the introduction of new foliar
features that could also be correlated to cLimate, e.ç1. Ieaf size

(DiLcher, 7973; lJolfe, 7978) and the presence or absence of drip tips
(tJo1fe, 7978) but at the same time the whole philosophy of the approach

was receiving increasing criticism.

It became apparent that an inaccurate interpretation of fossil

floras would be developed unless the features (e.9. differentiat

preservation) that exist within living floras are fully understood.

From the combined research of the following workers - Spicer, 7975.,

MacGinitie, 1953; Dolph, 1974, 1.975, 7976, 1979b and tg7gi Dolph and

Dilcher, 7979a and b; Roth and Dilcher, 1978; Chaney, 1924 and

Ferguson, 7977 - it was concluded that the foliar physiognomy of

fossil deposits cannot be compared directly to the foliar physiognomy

of living plant communities until the relationship between Iiving plant

communities and the leaf deposits derived from them are better

understood.
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This has led to numerous studies being carried out on potential

megafossil environments, i.e. lakes and other closed water systemswhich

have an influx of floristic elements. These studies include those of

the Northern Hemisphere, i.e. Birks and Birks (1980) and MacGinitie

(1969 ) and â large numher from Àustralia and New Zea1and, i.e.

M'Queen (1969), Burrows (1980), Drake and Burrows (1980), HÍII (1981)

and HiIl and Gibson (pers. comm., 1985). Às a result of these

investigations long distance dispersal sras highlighted as a

potentially important feature that would probably affect any foliar
physiognomic analysis if it caused species from more than one

vegetation type to be present in an assemblage, (e.9. HilI, 1980).

Long distance dispersal is one of the simplest methods by which

plants from a number of habitats may enter a depositional site but the

input of megafossÍIs by this process is considered minor by Hill
(1980). This is definitely the case if only intgct foliar megafossils

are considered but a wealth of dispersed cuticle floras exist (see

Kovach and Dilcher, 1984), which would surely Índicate the impact this

mechanism has had in forming fossÍI deposits.

Àlthough applicabJ.e to the majority of known Australian Eocene

fossil floras, foliar physiognomy is of Iittle benefit in trying to

interpret vegetation types represented in the Cur1ew Flora because it
consists entirely of leaf fragments. No intact fossils have been

recovered. À better understanding of J.ong distance dispersal is

required if these floras, which have the potential to be very numerous

throughout the Australian Eocene, are to be accurately interpret.ed.
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The fact that foliar physiognomy could not be employed in this

study is in itself a particularly useful piece of information. Foliar

physiognomy can only be used in the examination of intact leaves which

has been interpreted by workers as leaves that have been deposited by

source plants growing within the depositional area. Christophel and

Blackburn 1978), noted that "because of their delicate nature leaves,

flowers and fruits can be transported only limited distances before

decay, mechanical disruption and hydrodynamic sorting have effects".

They suggested a dispersal distance of a few kilometres is possible

before leaves and flowers begin to breakdor¡n. The fragmentary nature of

the Curlew foliar remains therefore implies these fossils srere

transported long distances from their source area outside the

depositional hasin.

The geography of the Narrows region would suggest that the source

area of the Curlew foliar fossils was in the highlands to the west of

the Narrows Graben in the northern Calliope Ranges and around Mt.

Larcom. The streams which originate on the eastern fringe of the

rånges, near Mt. Alma, (e.9. Raglan and Munduran Creeks) flow generally

east, through the Mt. Larcom Range, into the Narrow Graben (Figure 10).

A similar river system may have exigted during the Eocene.

Considering the other approaches in reference to the long distance

dispersal of Curlew foliar fragments a rather confused picture arises.

During the analysis of the palynoflora of the Cur1ew Formation a

number of pollen types, mainly angiosperm, have been noted to occur in

clusters or clumps. This has been a particularly common feature of

Myrtaceae and Casuarinaceae palynomorphs. The presence of these clumps,
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which r¡ould easily be destroyed if transported over long distances,

suggests the source plants must have grown near to the deposÍtion site.

However, Casuarinaceae, (despite normally having very small Ìeaves) is

also represented in the megafossil flora by tiny foliar fragments

(approx. .5mm2) which would, to the contrary, suggest source plants

were located some distance from the depositional site.

An examination of the lithology of the Curlew Formation adds more

complications. It has already been suggested (section 5.1) that both an

autochthonous and allochthonous element exists in the flora. The

monocots are considered the autochthonous element even though the plant

remains åre fragmentary. Their delicate nature suggests a loca1

deposition; the lignites being the result of in situ' deposition of

vegetable matter. The absence of stomata on the recovered material

could imply either root periderm or non-aerial epidermal material which

would most probably be accummulated at the immediate site.

ConsÍdering the more robust nature of the dicotyledon and

gymnosperm cuticles, t.he degree of fragmentation must have resulted

from long distance transport. Therefore these cuticle types are the

allochthonous element of the Curlew Flora. Periodic flooding of the

'monocot' swamp was responsÍble for the deposition of these fragments.

The liqht coloured clays and shales in which the cuticle remains Í¡ere

deposited are f ine-grained indicating a low ener'rly system r.Jas

maintained even during flooding. The flooding was probably not a

catastrophic event because there has been little disruption to the

sedimentation process, ro erosion of beds or introduction of coarse

grained material.
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Therefore it can be concluded that the allochthonous element of

the curlew flora is represented by the dicotyledon and gymnosperm

remains that were introduced Ínto the basin during low level flooding.

The plants responsible for these cuticle fragments were probably

located in tropical/subtropical closed forest communities some distance

from the site of deposition. The Mt. Larcom Range (Figrure 10) which

encloses the south-western end of the graben is approximately ten

kilometres away and appeårs the most likely source region. The

autochthonous element is represented by the monocot cuticles that were

deposited 'in situ', within the limnic swamp.
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7 .2.2 Çe4psretiyq lqxensmiq LdeÉiflqelione

Of the 27 praLaxa identified in the Cur1ew megafossil f lora , !7

have determined affinities to 7 modern families and 9 genera (plus 1

extinct genus), i.e. Casuarinaceae (Qynngglgmê), Cyperaceae, Ebenaceae

(Àusteodiogpytos), Lauraceae (Ctyploggfyg, Endfendgg and Lflgee)

Podocarpaceae (Decugsoqqrpus), Proteaceae (Ee[duelliq, Dgrlrngle and

$ynephCg) and Zamiaceae (B_oEenig, 2 spp. Ð- eoqg¡iga and E- pgpillggg).

The family Salviniaceae is represented in the megafossil flora by

megaspores of [¿9]Ig gqprlqqfn¿qq.

ËyUnggtema is at present confined to a single locality in

Australia, in tropical northern Queensland (L.A.S. Johnson pers comm.).

In P.N.G. and New Caledonia it is a true rainforest plant often
(cr,,rieh"¡.l, pcrs . comrn.) .'

associated with swampy conditions¡ Cuticular remains $rere recovered

from all but one drillhole locality (i.e. ERD 118) which suggests

plants existed in substantial nunbers throughout the area. The fact

that these fossils are so morphologically similar to modern Gynnegleng

infers this genus has undergone very Iittle evolutionary change since

the Eocene. Therefore it cquld be interpreted that the Curlew plants
wilhin thc, Nqrr¡w¡Gtrbtrt ol^

r^rere located^ near to a s$ramp, probably situated along a river or

stream, within a tropical rainforest community that flor¡ed into the

Narrows Graben.

The Cyperaceae is a cosmopolitan family and well represented in

the Âustralian flora, particularly in wetter habitats, or where

permanent water exists. Cyperaceous remains $rere recovered from the

lignitic sediments dominated by a number of other unidentified

monocotyledons (i.e. parataxa No. 13 and 19). It could be concluded
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that plants related to this family in association with other

sedge,/reed-like plants occupied the takeside, river-bank and swamp

habitats within the depositional basin.

The Ebenaceae is pantropical and subtropical in distribution with

minor occuffences ín temperate regions. liospvgeg is the only genus

represented in Àustralia, $here it extends across the top of the

continent down the east coast to the southern limit of the subtropical

zone.

Fossil flower and leaf remains from Ànglesea províde evidence that

both floral and foliar features typical of many Ebenaceae were welL

established by Eocene times (christophel and Basinger, lggÐ. The

curlew fossÍls are rare, having occurred sporadÍcalIy through the

sequence of drillhole ERD 118, r.¡hich suggests very few plants would

have been located within, or near, the depositional basin. Again these

plants were probably associated with a subtropical/tropical rainforest

community.

The Lauraceae has a worldwide distribution concentrated around the

tropics and subtropics r.,ith major centres of distribution in the

South-East Asian, South and Central American rainforests (Hy1and

1983). In Australia, the family has a coastal distribution which

extends from tropical north-easterî llestern Àustralia through the

Northern Terrority and Queensland down the east coast to the

subtropical limit in the vicinity of the New South gtales,/Victoria

border (Figure 19 B). ÇgyBleqqryq, E¡die¡dra and tilsea are three of

the six naturally occurring genera in Àustralia.
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Species of these genera occur in the three 'ecofloristic' regions

described by l,lebb et al (1984) as; A) Temperate and subtropical humid

evergreen rainforests. B) Tropical humid evergreen grading into highly

seasonal raingreen forests and C) Subtropical moderately seasonal

humid,/subhumid raingreen forests. !¡gía¡{rg inlteEsg, which has a

close affinity to parataxon No. 16, is a component of subtropical humid

evergreen rainforests. This rainforest type (42) is centred in

subtropical coastal southern Queensland and northern Ner¡ South llales.

There are outliers, one to the north is located on patches of basaltic

red earths on wet upJ.ands (600-900 m) to the west of Gladstone (ltebb et

al. 1984, see figure 2(h)), not far from the Narrows Graben, to the

east.

ParataxonNo. 15 has an affinity to lltegg lceÍeene. This extant

species is not as restricted in its distribution as E- lnlrggsa and is

known to extend from subtropical northern New South llales to tropical

northern Queensland. Therefore t- lggf.eeDa probably occurs in aII three

of the ecofloristic regions of tJebb et al. (1984).

None of the Australian Çryplgqerrg species compared favourably

enough with parataxon No. 14 to make a positive association. The two

most similar species were c- Eurygyi and a Fi jian species c-

turnrreng. The latter appears to be most closely related to the

fossil. t{ithout any strong affinity being evident between the fossil
and a particular modern species only a generic association $ras

possible. Çfyplocagyq is represented in a]l three ecofloristic regions

end therefor'e has a distribution simitar to that of Liteea Leefeana.
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The Lauraceae dominate the Curlew cuticular f]ora. Parataxon No.

t6 is the most abundant ånd all other types, (many of which are

unidentified) are very common also. Therefore it is suggested that aII

of these plant types existed in reasonably high frequencies in probable

subtropical closed forests some distance a$,ay from the Narrows Graben,

possibly in the vicinity of Mt. Larcom. Parataxon No. 16, with its
proposed similarity to E- r¡!trqEgg $,as probahly associated with a

subtropical humid evergreen rainforest. The presence of t- lgglqg¡g and

QqyploqeEyg species in this vegetation type also sugqests the other

identified lauraceous parataxâ may well have occurred in the same plant

community or a very similar one, i.e. subtropical humid evergreen

rainforest.

Thre overall distribution of the Proteaceae may be considered

Gondwanic with the three "super regions" (Johnson and Briggs, 1,975)

centred on Australia, South Africa and South Àmerica. In Australia, the

family is spread over the entire continent with the greatest diversity

occurring in south-west, lJestern Australia and down the east coast from

Cape York, in North East Queensland to TasmanÍa and around into South

Australia (Fígure 19 A). Çeedqelltê, DaEII¡gig and gy¡æÞee are located

in two compJ.etely different vegetation types. $ynepheg is at present

restrÍeted to the sclerophyll forests of south-west, llestern Australia.

laflingia and Çefdweflfe åre present in the tropical rainforest of

north-east Queensland, the former is an endemic to this region. Both

gienera are consÍdered relicts that possess numerous primitive Ëeatures

(e.9. peduncle, pluriovulate condition and rainforest habit) but were

probably more widespread in the past (Johnson and Briggs, 1975). It
could therefore be suggested that these Curlew plants $rere probably

l
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numerous in a tropical rainforest community some distance from the

deposit, ê.g. the Mt. Larcom Range.

Sclerophyllous vegetation in Àustralia is by no means confined to

areas of Mediterranean clÍmate but it is very largely restricted to

infertile soils. Floristically rich sclerophyllous communities are

found in eastern Australia, under actual tropical conditions of monsoon

climate. S,ith a virtually rainless 'srinter', heaths and scrubs may

occur on highly deficient soils (Johnson and Briggs, 197Ð. It is

therefore possible that the sclerophyllous gyngpheq, today restrícted

to south-west, lJestern Àustralia, was more wÍdely dÍstributed

throughout the continent during the Tertiary prior to the major marine

incursions of the Eocene (Churchill, !973) and that plants related to

9ynqphCe !,ere common on infertile soils in the vicinity of the deposit.

Such a comparison is not unique for some southeastern Tertiary fossils

of the Banksiinae, i.e. Eenhgægephyllgn pfn¡gÈUm (Cookson and Duigan,

1950) from victoria and L ingigum from south Àustralia, exhÍbit types

of leaf division now confined to certain f'lestern Àustralian species of

both þq¡ksig and Dryendrg. This possibly suggests a former extension to

the east by such forms.

DeqUggggelpgs has a predominantly tropical Gondu¡anic distribution.

Hor^rever, the section D_eunqleideg, to which the curlew fossil (parataxon

No.8) is attributed is distinctly Indo-Malaysian in its distribution.

The section Decuggeqgrpus is found in montane rainforests r.rhereas the

section Denneeefdeg is confined to lowland rainforest and s$ramp forests

(de Laubenfels, 1969). The nearest modern relatíve to the fossil is
found in the rainforegts of New Guinea. The fossil was extremely rare

in the Curlew sediments which suggests its deposition $,as an isolated

I

I

I

f--

I

It
r
I

264



event and that the source plant was located a considerable distance

from the basin.

Eggenle is a distinctive, though small (2 extant species and z

extinct) genus and Iike the other cycad genera is evolutionary

conservative, making it a particularly useful palaeoclimatic indicator.

The two parataxa (Nos. 23 and 43) have a very strong'affinity to the

two extinct species B- pgpiflggg (No. 23), which was recovered from

Eocene sedíments of Nerriga, and E- ggqgnlgq (No. 43) from Eocene

sediments of Ànglesea.

The two extant species of Eguc¡lq are restricted to North East

Queensland (Johnson, 1959). B_qgenia gclrulelq generally forms a dense

understorey in eucalypt (dry sclerophyll) forests, while E- Spegleþflfe

is found in and around rainforest (Johnson, 1959). B- eocenicq and B-

pepllfggg are distinct from both extant species (HitI , !g7B). Modern

Eewenfg is a shrublike plant, with no above ground trunk and extremely

leat.hery and persistent leaves. Therefore it can be concluded that

potential fossil material would have to grorr near to the depositional

basin. Assuming then that B- eegqtfqe and Þ- peBillqge had similar

habits to the modern ÞeWenfg species, they probably grew along a river
or lake shore near dry sclerophyll vegetation or on the margin of a

rainforest (Hil1, 1980).

An abundance of megaspores and massulae of Àzollg ggpglggllrca

Foster and Harris (1981) have been recovered from the Curlew and other

sediments of the Rundle deposit. These fossils are assumed to have the

same ecological requirements as extant Àzg]Ig, which Foster and Harris

(1981) consider to be a valuable environmental indicator in present day
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environments. ÀZgllg is mostly a warm temperate to tropical genus,

inhabiting freshwater. [- fflfeUlqfdCg is common in Austra]ia today.

Ideal growing conditions for Àzqflq are still water where the effects

of turbulence and periodic flooding will not fragment the colonies.

Should intermittent turbulence occur, the fern has the ability to

regenerate rapidly once favourable conditions are restored (Foster and

Harris 1981). They conclude that the abundance of ÀZelfe fossils

indicates that sedimentation occurred in a freshwater environment with

little turbulence and low detrital sedimentary influx.

The recovery of âZelle qåptiggr¡ica remains from the lignites and

upper claystones would tend to suggest guch an environment exÍsted in

the Curlew Formation prior to flooding and the deposition of the light

coloured sediments.

Based on these comparisons it is suggested that the Curlew

allochthonous taxa occurred in a maratinal tropical,/subtropical closed

forest where lauraceous taxa dominated the canopy layer which included

some proteaceous trees and the understorey contained cycade and

proteaceous shrubs. The source plants probably occurred in the

south-western highlands of the Mt. Larcom Range. Locally, Gynnqglgne,

sedges and reedy plants were probably restricted to the wetter swanpy

areas in the basin and ÀZolla ceB¡rqqgllqg floated on the swamp waters.

266



Efgufe 19: el Present Distribution of the Proteaceae and its Centres of

Diversity in Àustralia.

B) Present Distribution of the Lauraceae in Àustralia.
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7 .2.3 Geqlsqiqel bpEscqbse

The geologicaJ. reports about the Narrows sediments concentrate on

the more financially important Rundle Formation and only a IimÍted

amount of geoJ.ogical data is available on the Curlew sediments.

Prior to ueing geological features in environnental

reconstructions ít must be established that the features obsewed are

those that were produced at the time of deposition and not the result

of processes of compaction, diagenesis and metamorphism. Therefore

only primary features can be used in the reconstruction of the

depositional environment for a particular rock (Reineck and Singh,

1980).

The minerological and chemical composition of a sediment can be

altered by diagenesis and caution must be taken in their application.

Faunal and Physical feat.ures, although susceptable to diagenesis, are

much more reliable than the other features (Reineck and Singh, 1980).

7.2.3.1 lcunel åppresqb

The faunal features of a sediment are those which have been left
behind by animals generally in the form of fossils. These may include

1 ) hard skeletal and biogenic parts e.g. shells, teeth. 2> sedimentary

bioturbate structures. 3) excretory matter. 4) organic matter. 0f aII

the animal communities, benthic communities are the most important in

characterising a given environment because they are preserved within

the sediment therefore' giving excellent information about the

depositÍonal environment (ReÍneck and Singh, 1980).
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In the sediments of the Narrows Graben fossil ostracod caråpaces

are common. Beasley (1945) believed these fossils could have no other

origin than burial 'in situ' . He also observed that ostracods urere

generally more abundant in the oilshales, common in some of the

non-bítuminous shales, but rare and completely absent from some of the

bituminous as well as the non bituminous shales. Based on this

distribution Beasley concluded that the ostracods themselves had not

played the principal role in the formation of the oilshales. Species of

the freshwater genera, ZoDogypgis, Cyprig, Cendqla, EUqendgne and

ÇypffnqtUg have been identified (Lindner and Dixon, 1976). Freshwater

ostracods are known to favour a stilI shallow water environment

contaÍning sufficient organic material for them to pursue their

scavenging habits and in such an environment they may be found in vast

sçrarms swimming near the surface, or creeping among the plants and in

the mud of the lake floor (Beasley, 1945).

Ostracod remains were only common in the grey shales of the Cr-¡rlew

Formation. As this sequence conteiins the greatest quantity of
orærqll

carbonaceous materÍal this^scarcity of ostracods is not unexpected.

Beasley (1945), noted ostracods were absent from the higher bituminous

shales and suggested a change in environment which resulted in a large

increase in vegetabl.e matter in the water body. Henstridge and Missen

(1981) proposed an environment change from a lagoon/mud flat in the

Rundle Formation to a limnic swamp in the Curlew Formation. (Such a

change would most probably be acccompanied by an increase in vegetable

matter. )

Bioturbation structures are produced by

animals within the sediments or on the

the activity of

gediment surface.

I iving

These
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structures are noted in the Narrows sediments by Henstridge and Migsen

(1981). Althouqh the products of these animals activities were not

observed in the Cur1ew Formation, jaw fragments of a polychaete worrn

have been recovered from a sample Ín ERD 110. The overall lack of

anirnal remains in the Curlew Formation confirms a change in

environment. As density of animal population and bioturbation depends

mainly on the oxygen content of water (Reineck and Singh, 1980) it is

Iikely the environment became more anaerobic, possibly the result of a

much increased vegetative content. Rapid deposition and rapid erosion

also affects the density of bioturbation but there is no evidence to

suggest these factors were responsible for the absence of animals in

the Curlew Formation.

An absence of recognisable excretory matter in the CurIew

sediments reaffirms the proposal that the environmental change was not

favourable to the benthic and pelagic faunal communities that had

existed previously.

À difference in the type of organic matter of the older Rundle

Formalion and the CurIew Formation again reflects environmental

changes. The Rundle Formation, which ig the most extensive, consists

almost entirely of oilshales. The organic content of these sediments

is mainly kerogen. Hutton et aI. (1980) determined that kerogen is

composed of numerous thin laminae of organic matter, i.e. Alginite B (a
proùeÞcf.

,,plankton algae), cryptically interbedded with mineral matter.

Kerogenous sediments are not a significant feature of the Curlew

Formation. only at the base of the sequence are very low grade

oilshales present. The bulk of the sediments are cårbonaceous,
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resulting from the accumulation of vegetable matter. Barrier green

claystones are also present in the sequence. Henstridge and Missen

(1981) considered the carbonaceoue sediments t.rere deposited in

freshwater swamps in a reducing environment and that regressive phases

(perhaps climatic or tectonic changes) Led to alterations in the s$,ampy

conditions (removal of organic matter), resultÍng in the deposítion of

the green claystones. Hutton (1978) suggested, based on petrological

evidence, that with the change in envÍronment there was also a change

in provenånce f soura,s),

7 .2.3.2 PhyerqeJ Eeatures

There are numerous physical features that may be considered in

determining post depositional environments. These can be divided into

two major groups: primary sedimentary structures and sedimentary

textures. These provÍde information about the mode and medium of

transport and energy conditions at the time of deposition. some

examples of energy conditions are; depth of water, velocity of flow,

turbulence, wind velocity (Reineck and Singh, 1980).

À) Primary Sedimentary Structures.

Primary sedimentary structures are defined as those formed at the

time of deposition or shortly thereafter and before consolidation of

the sediments in which they are found (Pettijohn and Potter, 1964).

They include various kinds of surface marking and spÍral bedding.

Surface markings are all those observed on the sediment surface or a

bedding plane surface. Bedding features include all the forms observed

in a section cut normal to the sediment surface.
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Investigations of the Curlew Formation have been carried out

solely on core material thereby restricting the information on primary

sedimentary structure to that concerned with bedding.

i) Bedding:

The Curlew sediments are recognised ås having massive bedding.

This type of bedding is used to describe more or less homogeneous

looking sediments (Reineck and Singh, 1980). The feature may be the

reeult of:

1 ) Strong bioturbation activity

2) The draining of water out of sediments during compaction

3) The upward movement of gases through the sediments

4) Very rapid sedimentation

5) Sediments deposited by grain flow.

Any one of these processes could have produced the massive bedding

in the Curlew Formation except bioturbation because of the scarcity of

benthic animals in the sequence. Unfortunately none of the remaining

processes provide åny useful information regarding past depositional

environments therefore making it impossible to interpret the Curlew

environment from the type of bedding represented.

ii) Sedimentary Textures:

Important features of sedimentary textures are grain size, grain

síze parameters, shape and roundness, surface texture and primary

fabr'ic. These are controlled mainly by the medium and mode of
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transport, and to a lesser degree by the depositing medium. They

provide more accurate information about the transport medium and only

Iimited information about depositional conditions. Therefore they are

not important in the reconstruction of ancient physical environments.

Grain size does provide some information about the energy of the

depositing medium and the energy of the basin of deposition (Reineck

and Singh 1980) and therefore the energy status of the environment. It
is generally accepted that coarser sediments are found in high energy

environments and finer sediments in low energy environments. The Curlew

sedÍments are predominantly fine grained indicating a low energy

environment existed during their deposition. For a short interval,

during which coårser sandy claystones were deposited, a slightly higher

energy environment must have existed.

7.2.3.3 Çhemiqcl cnd Urncreleqfsef EqqlqEs

Chemical factors existing in an environment are important in

defining a given environment. Salinity and temperature are possibly

the most important because they control the distribution of fauna and

with that the biogenic sedimentary structures. Reconstructing the

chemical environment is based maÍnly on the minerals which have been

precipitated at the time of deposition. It should be noted, however,

that chemical attributes sensitive to the environment are also

susceptible to diagenetic changes.

Important chemical factors are Eh (oxidation-reduction potential),

pH (acidity-alkalinity), salinity and temperature (Pettijohn, 1957).
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Iron minerals are commonly associated with oxidizing and reducing

environments. Haematite indicates a fully aerated or oxidizing

environment while pyrite indicates an oxygen deficíent or reducing

environment.

Pyrite is common in the Curlew Formation, particularly in the

green claystone which lies between the major carbonaceous sections. The

green claystone forms a distínctive band (10 m thick in ERD II8) in the

middle of the sequence. Reineck and Singh (1980) highlighted the

association between pyrite and the absence of benthonic fauna and

traces of benthonic activity, referring to it as positive evidence of

anaerobic conditions of depositÍon. They also noted that a high content

of preserved organic matter is also good evidence of anaerobic

conditions.

In the north-west of the graben towards the limits of the

Formation, reddish-brown (haemâtitic) sediments have been recorded by

Henstridge and Missen (1981).

It is evident by the amount of pyrite present (and preserved

organic matter) that deposition occurred primaríIy under anaerobic

eonditions, with the occasional short aerobic period. The absence of

minerals like gypsum, anhydrite, halite and potassium salts indicates

the low salinity of the Curlew environment. The presence of minor

calcareous sandstone and limestone beds (Henstridge and Missen, 1987',

Lindner and Dixon, 1,976) suggests short periods where an alkaline

medium existed in a rather warm environment.

Based on the geological features

sedimenLs $rere deposited under warm,

discugsed above the Curlew

quiet, predominantly reducing
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conditions in a fresh water swåmp. The swamp contained a high content

of vegetable matter and possibly few fauna. However, it should be noted

that even though animals åppear to be absent they may be present as

they are often not incorporated into plant bearing sediments.
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7 .2. 4 Pelvnqlqqrqel Àpprqeqh

Palynology has provided the most recent and thorough analysis of

Australian Tertiary floras (Christophel and Blackburn, 7978) but its
usefulness in palaeoenvironmental interpretation is limited. This is
primarÍIy due to the difficulty in judging the geographical

relationships between depositional site and the source of the pollen

flora (Potter, 1976). Despite this difficulty, palynological data q¡e

stil] very ueeful in biostratigraphy (HiIl, 1980). Voriog¡¡i1, in

dispersal ability of pollen types resultsin a pollen flora that may

represent several vegetation types, not alÌ located within the area of

depositÍon. NeÊhgfegUg, for example, produces large amounts of pollen

which may travel over very long distanceg (in excess of 700 km; Dodson,

t976) thereby being deposited in areas well outside its vegetative

range. Therefore caution must be taken when interpreting pollen

floras. LuIy et al. (1980) have taken this factor into consideration in

defining the representative value of pollen types in a deposit and this

has greatly improved the usefulness of palynology in
palaeoenvironmental interpretation.

In addition to this problem, Christophel and Blackburn (1978)

noted others, i.e. I 1) the difficulty in determining exact taxonomic

affinities of palynomorphs, particularly at the generic and specific

level, due to their relatively simple structure;2) An approach

independent of taxonomy cannot be carried out on palynological data

(c.f. foliar physiognomy). These additional problems are not

necessarily inhibitory. There is a wealth of identified Tertiary

palynomorphs. l1any have no known modern affinities while others have
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more than one (even at the family level), but there is a group of very

distinctive grains whose generic affinities are known and accepted.

Tfiese graíns are easily recognised and particularly useful climatic

indicators. À taxonomÍcally independent approach to palaeoenvironmental

ínterpretation is particularly useful but none of those presently in

use are without faults. Foliar physiognomy deals with many unknown

foliar parameters and its application is only acceptable when used in

conjunction with the taxonomic approaches.

In Chapter 3 the elements of the Curlew Formation palynoflora have

already been discussed in detail. A summary of the modern affinities
of several pollen types and their environmental implications wiIl be

congidered in this section.

The Myrtaceae component comprised a number of po1len types, noncof

which have easily recognised modern relatives. The genera Àngophora,

EUqafypËUg, MeËregldC[As and Syncarpiq have all been mentioned âs a

possible relatÍves of the Uyqleqfdflgg species. The Myrtaceae is

considered an Âustralasian element wÍth its centre of diversity in

Australia. Genera are represented in almost all vegetation types

ranging from dry open scrub, through heathlands, to tropical closed

forest. Àlthough an ecologically diveree family that produces

characteristic, though morphologically, very similar pollen it is a

recognised indicator of a $rarm climate (Kemp, t97Ð. Based on the

dj.spersal capacitÍes of modern eucalypts it would appear the source

plants that contributed to this pollen component were trees of the

canopy or undergtorey layers which gre$, åround the site of deposition.

The source plants of UyfleqCtd$Cg EegAIegUg probably grew closer to

the site of deposit.ion than those of other species because its greater
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abundance end clumping of grains.

The Proteaceae component, though a minor element in the Curlew

pollen flora, contains a few palynomorphs that can be assigned to

rnodern taxa with some degree of confidence. Qanlglgqgidlles gfqgglgg is

easily distinguished from other proteaceous fossÍl pollen type by Íts
bilateral, biaperturate poJ.len. The recent discovery of ÐenLgreaerdrlce

êrqgegqg in an anther of the fossil MugqrqvCe-related flower,

UUegrgyClnanthgg algge¡gig (Christophel, 1984) suggests a strong

affinity to UUgqfeyge. This genus is represented by tall cånopy trees

that are restricted to the tropical closed forests of North East

Queensland.

EegWæefdfles CleggfifuEnig is another distinctive species whose

affinities are r¡ith the "*iunt 
genus EeeUpree. This genus is no Ionger

present in the Australian flora and is only found as an endemic in the

tropical to warm temperate closed Forests of New Caledonia (LuIy et

aI, 1980).

LuIy et al. (1980) considered all proteaceous taxa to have a

limited aerial dispersal abilit¿ resulting in either local or

extra-local pollen dÍspersal. Therefore the source plants, as either

understorey or canopy taxa or scramblers, grow in the vicinÍty o[-, or

at the site of, cleposition. It has also been suggested by Johnson and

Briggs (1975) that based on morphologÍcal analysis and biogeographical

evidence, the Proteaceae were (at the time of their early

diversifÍcation Ínto subfamÍIies, tribes and most of the subtribes, and

their spread amongst. the southern landmasses), trees growing in closed

forests. It is therefore probable that the sclerophyllous shrubs
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present in the modern Australian flora were originally derived from

closed forest trees. EUqelyptUs has probably a similar phylogenetic

development to the Proteaceae. The groups retaining most primitive

characters tend to be associated with tropical conditions whilst those

groups more closely associated with the highly sclerophyllous

communities of southerrr Australia åre more advanced (Johnson and

Brisss, 1975).

It can therefore be concluded that the Proteaceae component t.rås

probably produced by a small number of canopy and/or understorey plants

from subtropical,/tropical closed foregt located within the depositional

basin near to the sample site.

The Casuarinaceae component is another important contributor to

the overall palyrTflora of the sequence (see section 3.5). It is

dominated by HelqqggfqfdflCg be¡gieii which ig attributed to the modern

genus GyUnegtqnq. Helqregeqrdrlge lffefglUe, the only other fossil

pollen type recovered, occurred in very low frequencies.

AIl previous palaeoenvironmental reconstructions have been based

on features characteristíc of Çggua¡Uq (e.çI. Luly et aI., 1980) with

little discussion of Gymlcgloma (see section 3.5). The recovery of

clumps of. H- hgfffgff pollen and intact anthers from both Curlew and

Anglesea sediments (Syber, 1983) suggests the source plants grew at the

margin of a tropical closed forest community very close to the site of

deposition. These plants were probably common in the forest community.

There were very few NqLhgfegfdfteg pollen grains in the Curlew

sediments. Even though the quantÍty of pollen was small, all three

living groups of NqlhqfaqUg were present, Nelhsf.e tdfleg e[êEqfdgg
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(þgeeetf type) has been assigned to Nelhgfqqug qle!4is (Martin, 1978).

Thig modern tree species is only found in the tropical and temperate

montane closed forests of New Caledonia and New Guinea. Nelhqfcgldrtcg

þfeqhyeprtglqge (fUegetype), in the past has been attributed to

Nelhgf.eqUe qumtt (Martin, 1978; Hili and Macphail, 1983) which is a

small deciduous tree endemíc to the suhalpine and cool temperate closed

forests of Tasmania. Similarty, NolbefegldllCg ggBezug (nCnZlegli type

) has been assigned to Nqlhefeque quDnlnqbeull (HiIl and Macphail,

1983) a dominant canopy species of cool temperate (mossy) closed

forests of Tasmania and Victoria. Alth"ilh ìr is unlìk¿! l{rÂ{ cli'nntic,

<,ørotitrånr ne1.^i'^crl È- ¡¡,g=t^il e--t N.-*^^^€hg!aij- citsted in hne.

vioïni\ oÊ t¡^.6.'h¡ d¿ço'¡il d..*-ig !h<- F¿c-n. itis æ's¡b\¿ thqt qt

q consiol¡.r.bte "lislqnc¿. ç-,-- Fl-.,.- lo<.ol\ (Upt"?ook¡'') q s¡i,tcbìe ,rflo.d

rricro,lhcry".¡*l Çk¡r.. orårst .l .

The scarcity of Nqlhefegrdllcg suggests that the source plants

$rere rare or located far away from the depositÍonal site Ín vegetation

types which ranged from subalpine to tropical closed forest. These

source plants would have been located in restricted upland areas that

r^¡ere subject to high precipitation or humidity. NqLbeíegUg is

congÍdered to be part of the Antarctic element in the Australian flora.

As stated previously, it is evident that this element was not common in

Queeneland during the Middle to Late Eocene.

The majority of the Angiospermae component is represented by

tricolpate and tricolporate palynomorphs. These types of grains are

produced by many different modern plant taxa making it very difficult

to identify the modern relatives of these fossÍl pollen types. There

are however a few distinctíve palynomorphs that can be related to

modern taxa, Five species with strong affinities to modern taxa are
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Àngqelqgidfleg sectug, GUmuerdrlee qrlhglerqhUg, c- tlajoE, C-

tcËqulq[rg and genlclunrdrlee qqtnozqtgug and all are considered

indicators of tropical, albeit high altitude, conditions (Kemp, 1978:

Truswell and Harris, 1982). The ÇUmn¡efdites species resemble po1len

of a number of species in the tribe Cupanieae (Sapindaceae) which is

considered by LuIy et aI. (1980) to have extra-local pollen dispersal

characterÍstics suggesting the source plants $,ere associated with a

closed forest canopy or understorey layer. The proposed modern

relatives of ÇUBqnfCtdItCg pollen types (see Chapter 3) are all
rainforest trees of the canopy layer.

The two species of UelVeqfpglllg, i.e. U- eUþlflie and

Uqlyggfpeflfg sp., present in the Curlew Formation are considered to

possess morphological features of both Malvaceae and Euphorbiaceae

(Martin, 1974). The affinities within these families (see Chapter 3)

are associated with either subtropical or tropÍca1 rainforests.

There is a small percentage oË the tricolpate and tricolporate

grains that have however heen either identified or tentatively assignecl

to fossil species. Some of these species are recognised as having

modern affinities and these have already been discussed in Chapter

Three. 0f the tricolpate palynomorphs ]ftgqlpflee gIBqlUg and I-
lheUeeff are both considered affiliates of the predominantly tropical

family Loranthaceae (Martin, 1978; Cookson and Pike, 1954). Similarly

the tricolporate palynomorphs, i.e. ZgncggglflCg EgngDge, TrlqglBg¡¡leg

gphecErqe, Ietgg-IBgrflcs sp. af. Drqepyrge, IrlgglpgErleg sp. af.

I-edelefdengig and glqpgqnæq]fig sp.A, all have modern relatives that

occur in either subtropical or tropical rainforests, r.¡ith the exception

of Zercqeelfleg fenqnae which has an affinity to the Rhizophoraceae, a
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family predominantly associated with mangrove habitats. This affinity

suggests a gmall part of the vegetation, i.e. to the east of the

graben, may have been under a maritime influence. The rarity of these
(oF e"lb-)grains suggests there wag minimal easterly movementnfrom the coastal

areas.

The smaIl sclerophyllous element represented in the CurIew

Formation tends to indicate that less favourable climatic and edaphic

areas persisted near the site of deposition. The sclerophyllous

Proteaceae have already been mentioned and this only leaves two other

pollen species to be discussed, i.e. Pqlypgrfß qhgnepgdfeqCqfdCg

(ChenopodÍaceae/Amaranthaceae) and Pqfyqqlpq+lCg CgeÞellegg

(Polygalaceae). The modern relatives of these speciee are shrubs or

ground covers that are not regarded as true rainforest taxa. Based on

the habit of these plants local pollen dispersal would be expected,

which would suggest the source plants grew near to, o^r witìin, the
in tlr¿ Cu.kv Ërtt qþio..

depositional basin. However, these polJ.en types are not common^in which

case the source plants were rare or through gome isolated event a few

grains ç¡ere carried into the Narrows Graben from some distance ar^ray.

The affiliates of Eqfypqqfne shenepqdregggldeg both have

representatives in the tidal salt rnarsh community which is part of the

succession that begins with the coastal mangrove community and

progresses inland through less saline marsh communities. The presence

of this pollen species in association with ZqnqqqgtitCg tgtlenge implies

such a succession may have existed east of the Curlew Formation along

the coast but the species çras only a minor contributor to the Curlew

palynoflora.
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Çergr¡rpelleUrlge eqULUe ngq,Lrg is clearly related to EBrleþrUn

(Onograceae) whose modern species are low annual herbs which occur in

more open, possÍbly sclerophyllous, habitats. A Iimited pollen

dispersal caçncity is expected for these plants which would suggest

that source plants were Iocated wihin the depositional basin.

It would appear from this analysis that a significant number of

different tropical and subtropical canopy taxa, were located, within

the depositional basín, in the vicinity of the sample gite. Canopy

trees of the Cupanieae and MyrLaceae were probably the most common. A

few plants of tropical closed forest margin taxa (e.9. Êynnqetqng)

probably occurred along stream, river banks and lake/swamp sides while

a few scLerophyllous shruhs were found in Less favourable areas of the

understorey and possibly away to the east in a sall marsh/coastal

environment.

An important feature of the Australian gymnosperms noted by LuIy

et aI. (1980) was that all, except PgdqgetpUs and DegfydfUn to some

extent, have restricted production and dispersal which would suggest

that only those plants growing in the vicinity of the deposition site

will be represented in that palynoflora. Therefore it could be

concluded that the scarcity of gymnosperm po1Ien in the Curlew

palynoflora is most likely due to few source plants being located in

the vicinity of the deposition eite. It is also possible that no

suitable habitat existed in the area as the gymnosperms listed above

(section 3.7) tend to be asgociated with moist cool temperate closed

forests or subalpine communities. AfgUgae¡g is an exception, being a

common emergent of drier vine forests (Kershaw, 1,976).

I
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EpbCdfg, a sclerophyllous shrub, prohably occurred in less fer'tile

areås well away from the basin, because the genus is a recognised long

distant potlen disperser (Faegri and lversen, 7964). The low

frequencies recorded could also indicate that few plants existed in the

area around the depositional gite.

The pteridophyte component is one of the major contributors to the

Curlew palynoflora. It is comprised almost entirely of fern spores but

small bryophyte and lycopod elements are also present. The modern

famÍlies to which these spores have affinitÍes include Cyatheaceae

(tr'ee ferns) Schizaeaceae (Epiphytic fer¡s) Ogmundaceae (Terrestrial

and subaquatic ferns) and Gleieheniaceae (scramblíng fern). For most

of the modern fern taxa (including epiphytic taxa) over-representation

of EF,orEs is typical which suggests that plants generally grow near to

the site of deposition.

It is evident from the cornparisons in Chapter 3 that the

terrestrÍal and epiphytic ferns probably dominated the understorey of a

tropical to warm temperate closed forest located near to the Curlew

depositional site.

The Monocotyledonae component is well represented in the

palynoflora. It is dominated by po1len types of the tfffeqfdflgg with

the morphologically similar [rgglpfÊCg and an unidentified palynomorph

(Genus A sp. ) also common. The modern relatives of the fossil types are

either herbs or-grasses and most likely disperse po1len

IocalIy. Afegfpileg, the palm-related taxon, is a possible exception.

Distribution of these plants ranges from open grasslands through to

tropical closed forest. Sedges and palms are usually associated with
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swamp or ptorly drained areas, in drier areas they are often restricted

to permanent water. Therefore it could be concluded that source plants

were located near to the site of deposition and occupied both drier and

swampy areas in the understorey. Liliaceous plants were probably the

most common with a few scattered eedges and palms.

The palynological data suggests a marginal tropical/subtropical

closed forest community $ras located in the vicinity of the Narrows

Graben. The forest probably had a mixed canopy layer containing

eucalypts as well as tropical and subtropical taxa of the Sapindaceae,

Euphorbiaceae, an understorey dominated by ferns with Iiliaceous taxa

also common. In the less fertile areas of the forest sclerophyllous

trees and shrubs (e.9. $g¡lgfUU and Beauprga) occurred in association

wÍth other liliaceous plants, annual herbs and grasses, ÀIong the

lake,/swamp margin and river banks a few palms and re,eds \^rere scattered

under Gynneelene. In the lake/swamp ÀZgIIe qgptlqqg¡ica flourished. In

the eastern coastal region a mangrove and tidal salt marsh successional

vegetation persísted.

Baged on this data it could be proposed that the source plants

responsible for the Curlew fossil floras were not located as far from

the graben as previously suggested,. It would appear that the rainforest

communities, which are generally restricted to highland regions today

in Queensland, $rere more widely spread during the Eocene. The discovery

of Gym¡sglqma and Þggenie in the Curlew Formation would tend to support

this proposal. The valleys and gorges in which many rainforest refugia

now exist (see, I'lebb and Tracey, 7987) were probably the corridors down

which the migration onto the coastal plains occurred.

I
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7 .2.5 Eprphrlleug Funsi

The uee of fossil epiphyllous fungi as a method of estimating

palaeohabitat $ras first attempted by Lange (7976). using the presence

and absence of different "grades" of germlings (Dilcher, 1965) showed

thaL some direct indicator value for the Àustral.asian area could be

demonstrated on the basis of precipitation and vegetation type. Àn

Ímportant feature of this approach $ras that it was independent of

taxonomy.

In a later study (978a) Lange added several other easily

identified epiphyllous fungi to the original scheme. Lange's

conclusions were based on the acceptance of the assumption that the

fossils occupied the same habitat as their living equivalents and that

for the Australasian region "as sampling of a Tertiary flora discloses

cumulatively (a) grade 5 "germlings", (b) form 1 manginuloid hyphae,

(c) rangiferoid setae (d) the combination of germinat.ed rnelioloid

spores (e) callimothalloid shields and (f) cribritoid shields then the

inferred pelaeohabitat is progressively restricted towards conditiong

of present day wet tropical vegetations".

The main advantageg of the approach are (1) its simplicity, the

forms used by Lange are easily identified and quickly assesged (HiIl,

1980). (2) It can be applied to a wide range of deposits because it
only requires dispersed cuticle fragments.

Epiphyllous fungi are not particularly comrnon in the Curlew

Formation. The highest grade of germling recovered r¡as 5. Fragments of

CallimotbellUe shields were present in one sample (ERD 110, 37.3 M). À
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single cuticle fragment (see Figure 158) exhibited markings which

could be interpreted as Maryinuloid hyphae but they show little

similarity to the formg recognised by Lange (1978a).
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7.3 Conclusions

The Curlew Flora consists of two distinct elements; an

autochLhonous element which was contained within the Narrows Graben and

included vegetation of the snamp margin and marginal

tropical/subtropical closed forest; and an allochthonoug element

represented by closed forest ranging from subtropical to tropical anci

located weII away from the depositional basin, probably in the eastern

highlands. The floristic composition of these elements wilI by

discussed in more detail in the following chapter, section 8.4.

The deposition of all organic material occurred in a low energy,

anaerobic environment under a $rarm, moigt climate,

An improved knoç¡Iedge of the Australian Tertiary flora, through

the work of a tireless few, has enabled taxonomic comparisong with

modern equivalents being made with greater accuracy and subsequently

this approach has become a most useful method for estimating

palaeoenvironments. The reconstructíon of these vegetation . types iS

based mainly on such comparisons. Palynological etudies, although

dismissed outright by HitI (1980) as unrelÍable, do provide information

concerning past environments which can be used if the limÍtations of

the approach are fully understood. Epiphyllous fungi are potentially

useful in interpreting palaeoenvironment, but Lange's (1976, 1978a)

classÍfÍcation needs refining and this can only be achieved ç¡ith

further regearch.
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From t.he examination of the approaches used in estimating

palaeoenvironments it became apparent that foliar physiognomy is not as

simple as first believed. Most studies to dete have been hased ún

either canopy (tlebþtsss+61) or herbarium (Roth and Dilcher, 1978) data

and are not representative of the physiognomy of the whole communiLy

and Ín guch a situation the foliar features, i.e. Ieaf size and margin

type, used to determine types of fossil floras are greatly influenced

by a wide range of factors. These include climatic factors, e.g.

precipitation and temperature; physical factors, e.g. posit.ion of tree

(Hi1I, 1980) and deposition factors, ê.e. leaf floating ability and

more than one vegetation type being represented in the deposit. A

fossil deposit is a subset of a whole community or communities

therefore it is concluded, based on canopy and herbarium data, that

foliar physiognomy cannot be successfully employed for estimating

palaeoenvironments unless these factors are taken into consideration.

This method of. analysis is presently being tested on leaf litter of

known types of tropical rainforest with promising results (Christophel

and Greenwood, pers.comm.,1986).

Palynology has become a very useful approach for estimating

palaeoenvironments through the recent Íncrease ín information regarding

pollen production and dispersal characteristics of modern plant types,

particularly in the Australian region (e.9. LuIy et al., 1980). This

has enabled the source area for pollen rain being more accurately

defined through the identification of local, extra-Iocal and regional

components. This provides a much firmer hasis for Tertiary vegetation

reconstructions if account is also taken of possible evolutionary

changes in the ecology of component taxa and their community
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relationships (Luly et al., 1980).

The most reliable geologícal features for use in reconstructing

påst environnents are primary ones, i.e. those features not altered by

compaction, diagenesis or metamorphism. Faunal features, on which the

study of palaeontology is based, provide a wealth of valuable

information on past environments. The most important physical featureg

are those involved with sedimentation, e.g. bedding and sedimentary

texture. Chemical and mineralogical features are subject to alteration

by diagenesis but with caution some of these, such as Eh, pH and

salinity, can be used.
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CHÀPTER B

DISCUSSION AND CONCLUSIONS

8.1 DrequgËÀqr

Dispersed cuticular analysis has long been a neglected fie1cl of

palaeobotany. This is unfortunate because it is potentially one of the

most significant approaches available for use in palaeohotanical

reseårch, partÍcularly in the areas of palaeoecology, bioetratigraphy

and systematics. Its advantages over whole leaf megafossil studies have

been noted by Kovach and Dilcher (1984). They write "Many kinds of

sediments contain abundant cuticular fragments that can be freed kry

bulk maceration. This procedure yields remains of a large number of

individual plants, giving a large statisticalJ.y reJ.iab1e sample slze,

much larger than is practical with megafossilg. AIso, since sediments

containing leaf fragments are generally more common t.han those with

whole Ieaves, more individual localities can be sampled".

In Australia, very few dispersed cuticle studies have been rnade.

Harvey 1978) investigated the diversity of a number of cuticular

features of dispersed cuticle fragments from MasIin Bay, South

Australia, but never actually described any of the different cuticle

forms. Lange (1978b) also looked at dispersal cuticles from the same

locality but was primarily concerned with the proteaceous cuticles and

their fossil and modern affinities. Therefore this study is the first
to use the dispersed cutÍcIe approach to determine palaeoenvironments,

carryout biostratigraphic correlations and identify plant fossils.

As the first Australian study to use this approach only a limited

amount of cuticular information is avaitable and if the aims of the

project are to be achieved additional information must be obtained from

other sources. 0f those selected and discussed in a previous chapter,
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palynology has proved the most usefuL.

Australian Tertiary palynological data is extensive and & vast

number of palynomorphs have been identified. For some, their name

implies their proposed generic affinity ç¡hereas others are named in

accordance to Potonie's systematics (1956, 1958). In the early days of

Australian palynology, pollen named in the former fashion was used with

Iittle reservation in making bold conclusiong about palaeoclimate and

vegetation type, on the basis of the distribution of their modern

relatives. tüith the development of palynology it was realised that

many of these early statements of affinity were incorrect and this left

numerous po1len types with names that suggestecl incorrect modern

relatives, ê.8. Hefqfeqegfd¡lge herrfg¡f is known to be related to the

genus GymngglqUa in the Caguarinaceae.

Fortunately, the number of workers in the fíeld is quite large so

progress has been rapÍd over such a short period enebling many of the

incorrect affinities of the past to be corrected. Today palynological

data is a valuable tool for estimating palaeoclimate and vegetation

type but, because some confusion regarding Tertiary pollen and sporé

taxomony persists, caution is always necessary. lJhen combined with

megafossil palaeobotany and taxonomic studies, estimations of

palaeoclimate and vegetation types are more conclusive.

Megafossil palaeobotany has also been a usefuL aid in the taxonomy

of pollen and spores. For example, Christophel (1980, 1984) has

reported pollen grains in the anthers of male inflorescences of fossil

Gym¡geËgne (1980) from Anglesea and Ín the fossil inflorescence

UUgqfeyefnq¡lhgg qlqqg¡gfÊ (1984); and Basinger and Christophel (1985)
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the identification of tricolporate grains in association with

ÀUglfgdfegpyros (Ebenaceae). Similarly, pollen grains comparable to

those of Synnqgtgng have been found within an anther in the Curlew

sediments. Blackburn (pers comm. ) has also discovered a complete anther

containing pollen from the YaIlourn coal depths.
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8.2 Xeqelqeerl lerunsmrq, Çerqlusælg

The identification of the Curlew cuticles has had some success. 0f

the 52 parataxa comprising the flora, 27 have been identifÍed as having

affinÍties to either other known fogsils or modern plant groups. This

has only been possible through the increased use of cuticular analysis

in the analysis of angiosperm leaf remains. The very recent increase in

cuticular informatÍon in Augtralia is primarily the result of more

regearch being done on Tertiary megafossil floras (e,q, Blackburn,

l9STiChristophel, 1980, 1981; HilI, 1978). Only one other fossil taxon

has been identified, Í.e. ÀZgLIC qæffgqrnlqg.

Of those assigned to extant families the only tentatÍve

identification has been made with the Cyperaceae, which has a very poor

megafossil record. AIl the other identifications are supported by good

cuticular evidence, i.e. favourable comparisons with both modern and

known fossil relatives. lùíthin the Àustralian sectíon of the Lauraceae

it has been possible to distinguish the six naturally occurring genera

on their cuticular features, particularly those related to the

structure and form of the anticlinal wall of the epidermal cells. This

distinction has enabled the fossil lauraceous parataxa being assigned

to a number of modern genera. The specific affinities suggested here

are only tentative because the taxonomy of the Augtralian Lauraceae is

at present undergoing a complete revision. The outcome and extent of

this revision is unknown hut it is possible a number of new species

wiII be included. Two fossil cycad species have been idenlified, i.e.

Boweniq egqCnlge and E- napilloga. These are the only specific

identifications (i.e. based on cuticle analysis) made in the Cur1ew
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megafossil flora. Both species are extinct and morphologicatty quite

distinct from their modern relatives E- Cocg¡icg was first recovered

from the Anglesea deposit while Þ- mpillogg $ras found at Nerriga.

ÂIl of the identifications åre the "first" records of these

families in the Queensland Tert,iary megafossil flora, with the

exception of the water fern AAgIlg ggBsfgsË¡ieq. They also represent

new geographical distributions for the families, genera and species.

The presence of both B_gEgEig species in the one deposit has not

occurred before.
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8. 3 llq¡ofoggll lq¿qnomic Çe¡qlUglqng

The microfloral assemblage of the Curlew Formation comprises 1É,5

different pollen-spore types of which approximately 50% have been

either identífíed or tentatively assigned to species. A fresh water

dinoflagellate SegptgdfnfUm sp. cf. S- qteyettClsis (Harris, 1973;

Plate 5, Figure 1) and shield fragments of the epiphyllous fungue

ÇeLlfqqlhellUg (Lange, 1978a; Figure 159) were also present, as well

ôs, numerous unidentified fungal spores and hyphae. The pollen and

spores have been placed in eight groups, representing the major

floristic components of the Àustralian Tertiary palynoflora. The eight

components are the Angiospermae, Casuarinaceae, Gymnospermae,

Myrtaceae, Monocotyledonae, Fagaceae, Proteaceae, Pteridophyta.

The Casuarinaceae, Myrtaceae and Proteaceae components are

considered the Australian element (0wen, 7975). Australia is the

centre of diversity for aIl three families. Proteaceae and Myrtaceae

are thought to have originated in the rainforest environments of

eastern Australia and the south-western Pacific region (Owen, 7975;

Johnson and Briggs, 1975) during the late Cretaceous before divergíng

into a wider range of habitats at a later time. The Casuarinaceae and

Myrtaceae components are both major contributors to the Curlew

palynoflora through HefqfgqgqldÀlCg herrfgff and UyfleqefdfËCe spp.

respectÍveIy.

The Antarctic element ie represented hy the NgthgfgqUe and

Gyn¡gsperueg components. The latter contains mainly pollen of the

families Podocarpaceae and Àraucariaceae (Owen, 197Ð but is of minor

importance in the Curlew palynoflora.
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The Àngíospennae component, which is mrticularly large, contains

a definite tropical element that is represented by palynomorphs of the

family Sapindaceae (e.9. Çupanfefditee eçlheLefchgg) and Olacaceae

(e.9. ÀnegelgefdilCg gegtgg). The Santalaceae is often included as

part of this element even though it has a wider ecological range. This

is another well-represented element in the Curlew palynoflora.
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8. 4 Eeleeqcnvlrqnüsutel lntsrpuetaLrqne

0n the basis of the approaches employed, the following conclusions

çg¡s reochcd;

1 ) The Curlew Flora consists of an autochthonous and allochthonous

element. The autochthonous element has been defÍned as a predominantly

monocot lined (proknbly reed-Iike plants) snamp bordered by marginal

tropical/substropical closed forest with a mixed canopy layer of

eucalypts, tropical and subtropical taxa and having an understorey of

abundant ferns and liliaceous plants. Gynngsleng is also common in the

tree layer of this habitat, particularly along the swamp margin.

A much broader classification is given t.o the vegetation of the

allochthonous element. The vegetation type ranges from tropical to

subtropical closed forest. The canopy layer contains mainly tropical

closed forest taxa, i.e. laurels, and Proteaceae tree species, such as

Dqflfnqfg. Cycads and some sclerophyllous proteaceous shrubs are

present in the understorey. The presence of SymnggLqng implies the

vegetation $ras near to a river or stream, probably restricted to &

river valley. The eastern-facing valleys of Lhe highlands to the west

of the Narrows Graben are far enough away and serviced by small east

flowing streams to be considered the source area for thie kind of

vegetation.

2) The deposition of all organic matter ç¡as in a low energy, freshwater'

paludal system.

3) The deposition of all inorganic and organic matter occurred in an

anaerobic environment.

4) A warm moist clim-ate persisted throughout the Narrows regions.
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8. 5 Ðreelqqtrqræhic lntcrprcLetrene

The biostratigraphic correlations undertaken in this study lrere

based on the distribution of 3 cuticle groups that occurred regularly

throughout the Cur1ew Formation. Both groups $rere lithotype specific

with the monocot parataxa dominating the Iignitic bands and the dicot

parataxa dominating the lighter coloured clays, coals and shales.

Gymnosperms $rere only found in these latter sediments.

Comparing the distribution of the chosen stratigraphic indicators

in all cores, i.e. ERD 118, !77,7t2,777,110 has enabled a number of

correlations to be made. All cores have been compared to the reference

core, ERD 118, The strongest correlationg are with cores ERD 117, 1.1.2

and 111. which exhibit similar distribution patterns to ERD 118 at the

commencement (Stage 6) and near the end of the Curlew Formation (Stages

7,2 and 3). A rather unique correlation exists between ERD 118 and

710. The entire distribution of the indicators in ERD 110 is evident in

the middle section of ERD 118, i.e. the latter part of Stage 3 and the

beginning of Stage 4. A comparison of a1l cores does reveal a single

interval where similar distribution patterns can be recognised. This

interval or module is represented by the latter part of Stage 3 whose

upper limit is defined by that dicot/gymnosperm distribution at the top

of the Formation in ERD 110.

The module is not extensive but varies in thickness between cores.

Floristically it may be divided into three distinct zones; An upper

clicot/gymnosperm zone that is dominated by either Proteaceae parataxa

(e.9. No.52 aff. ÇefdWelffe) or Lauraceae parataxa (e.9. No.16 aff.

Endfendfe). A central monocot zone in which both cuticle types are
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common. Parataxon No.13 appears

cores;A lower dicot/gymnosperm zone

Lauraceous parataxon No.16. The

types within the zones of the

biostratigraphic usefulness to

examination of the Stuart deposit,

therefore prove to be a most ugeful

to be more scarce in the southern

r^¡hich is generally dominated by the

absence of very distinctive cuticle

module would probably limit its
within the Narrows Graben. An

to the north of Rundle, would

exercise in the near future.

I

{
{
't

i
I

I

I
I

The stratigraphy of. the Formation would suggest the basin

increased in depth towards the r¡estern barrier of the graben (i.e. the

F1 fau1t, see Figure 1). The sedimentary events characterised in ERD

118 s,ere of a greater thickness and occurred deeper in the column in

the cores ERD 111 and ERD 1,72. ExtensÍve minor faultíng along the

western barrier during the deposition of these sediments resulted in

further subsidence and cause of thicker sedimentary layers being

produced. Continued subsidence after the deposition of the Curlew

Formation increased the depth at which the sequence could be

identi f ied.
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8.6 Eulur_e $lugree

The single most important problem facing Australian Tert.iary

palaeobotany is the need for increased research. In recent years, the

few workers in the field have taken on this task wÍth vigor and made

some major discoveries. For example the identÍfication of Sglhqfqqqg

leaves Ín Tertiary deposits of both mainland Australia, i.e. Bacchus

Marsh (Christophel, 1985) and Tasmania (HIII, 1983 a e b). Although the

use of cuticular analysis has expanded as a result of these recent

studies, dispersed cuticle analysis has been neglected. An expansion of

the study of íntact fossil leaves, which most Australian Tertiary

deposits contain, to include more cuticular research would greatly

benefit palaeobotany, particularly in the area of biogtratigraphy. The

creation of a large reference collection of Àustralian Tertiary cuticle

types would make it possible to formulate a Tertiary biozonation for

the entire continent. Therefore initial emphasis is on the production

of such a collection that would require the assistance of all workers.

Deposits containing well preserved foliar remaÍns are Iimited

whereas dispersed cuticle source materialg (i.e. driLlcores)are not.

The variety of sediments that contain dispersed cuticles is enormous

(Kovach and Dilcher, 1,984) making the analysis of these fogsils an

integral part of any proposed biostratigraphic studies of the

Australian Tertiary megaf lora.

The preparation of an extant leaf cuticle collection is also

needed. This task is at present being incorporated in Dr. David

Chrístophel's (University of Adelaide, South Australia) extant leaf

collection which is based on modern rainforest species of the Gondwana

)
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continents. These pJ.ants are the probable descendants of the past

representatives of the Australian Tertiary flora. This wiII assist

greatly in estimations of palaeoenvironments based solely on cuticles.

Further research into the production of a weII defined character

set for use in dispersed cuticle anaJ.ysis is required. The character

set used in this study was based on those proposed by Stace (1965) and

Díl.cher (974) but some of the characters selected in this instance

proved to be of little discriminatory value, ë.g. Shape of stomatal

aperture. For comparisons to be made with ease and precÍsion, a rnore

refined character set could be designed.

Recent studies of foliar physiognomy have highlighted the

complexÍty of fossil deposition, i.e. many factors influence the

representation of leaves in a fossil deposit. Long distance dispersal

is one of these factors but proving that it has occurred in a fossil

assernblage is difficult (Hi11, 1981). Research into the effects of

mechanical disruption and hydrodynamic sorting have on the cuticular

featur'es (e.9. trichomes and epiphyllous fungi) of transported leaves

may provide some information regarding the occurrence of long distance

dispersal.

Díspersed cuticle appears to be the ultimate product of long

distance dispersal. Christophel and Blackburn (7978) stated that,

because of the delicate nature of leaveg only limited distances ("up to

a few kilometres") could be travelled before decay. Therefore using

leaves of modern taxa known to be represented in the fossil record of

the Àustralian Tertiary it could be possible to determine rates of

decay (over distance). Superficial cuticular features could also be

i

{;
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used in determining distances travelled.

The work of Kershaw (e.9. t97Ûh, 1976) and LuIy et aI. (1980)

highlighted the need for more research into the polJ.en production and

dispersal ability of modern plants which has proved an invaluable tool

in interpreting plant community relationships and distributions of

fossil palynofloras.

In conclusion, there should be greater emphasis on dispersed

cuticle analyses in future palaeobotanical research. In

biostratigraphic investigations these fossils are potentialì.y very

useful, not only within a single A"poJtiona1 basin as shown in this

study but on a much J.arger scale. Similarly, in recongtructing past

environments, dispersed cuticles provÍde valuable information about the

regional vegetation that contributed to the floral assemblage of a

deposÍt and when used in conjunction with megafossil information a more

detailed picture of the past environment is possible. Therefore

megafossil studies must be continued but expanded to include dispersed

cutícle investigations along with all related modern projects.

Unfortunately, in Australia there are very few Tertiary palaeobotanists,

making it difficult if not impossible for aII the necessary research to

be undertaken. This is the major problem facing Australian Tertiary

megafossil research.

l'ertiary palynology, on the other hand, is in a very healthy

state with a large number of researchers. The main problem here is that

very little research beside taxonomy, and palaeoenvironmental

determination based on the taxonomy is undertaken. An increased

accuracy for palynological interpretations of past environments could

I
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be achieved if more taxonomic revisions and new interpretative

approaches (e.g. pollen production and diTersal ability of modern taxa)
a'

were undertaken.

I
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APPENDIX 1

Psrle¡ ËBcsles frs! frsu EBD 119 sf tbc Curfesr Esrmsllen

The 162 different palynomorphs identified from the sediments of

the Curlew Formation have heen listed here under the same eight

categories used in Chapter 3.
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POLLBN SPECIES LIST OF THB CURI,EW FORMATION

Myrtaceae

Myrtaceidites
M. rnesonesus

M. parvus

M. verrucosus

Myrtaceidites
Myrtaceiclites

Myrtaceidites
Myrtaceidites
Myrtaceidites
Myrtaceidites

eucaTyptoides

SP. A

sp. B

sp. c
sp. D cf . M. eugeniioicles

sp. E cf. M. rhannoides

sp. F cf. M. eucaTYPtoides

Casuarinaceae

HaToragacidites trioratus
HaToragacidi tes harrisii

Proteaceae

Banksieaeidites arcuatus Stover in

Beaupreaidi tes eTegansi fornis
PropyJipoTTis sP.

ProEeacidites kopiensjs

Proteacidites pachYPoTus

ProteacidiËes sp. cf. P. tenuiexinus SLover in

ProteacìdiÈes sp. cf. P. granuTatus

ProteacidiËes sp. cf. P. anguTatus Stover in

Proteacidites sP. cf. P. TePidtts

ProteacidiËe.s sP. cf . P. grandis

ProieacidiÈes sp. cf. Proteacidites sp' H

Proteacidites sP. A

Proteacidites sP. B

ProteacidiÈes sP. C

Proteacidites sP. D

ProteacidÍÈes sP. E

Proteacidites sP. F

Coolcson & Pike 1954

Cookson & Pike 1954

Cookson & Pike 1954

Partritlge in SEover & Partridge 1973

Cookson & Pike 1954

Martin I973

Cookson & Pike 1954

Couper 1953

Mildenhall & tlarris 1971

Stover & Partridge I97l
Cookson 1950

Harris I972

Cookson & Pike 1954

Stover & Partridge 1973

Cookson 1953

Stover & Partridge I973

I{arris I97O

Cookson 1950

Foster I979
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Fagaceae

Nothofagidites
Nothofagidites
Nothofagidi tes

Nothofagidites
Nothofagidi tes

Nothofagidites

heterus / enarcidus

brachysPinulosa

incrassata

asperus

SP. A

SP. B

Pteridophyta

Azo71a sp.

Fern sp. A. cf. BacuTatisporites comaunensis

Fern sp. B. cf. DictYoPhYTTidites

Fern sp. C. cf. DictYoPhYTTidites

Fern sp. D. cf. DictYoPhYTTidites

Lycopod sp.A cf . Camarozonosporites

Fern sp. H. cf. SteretsPorites

CrassoretitriTetes van raadshooveni

Cyathidites sPlendens

Cyathidites ninor

Fern .sp. I cf . CYatheacidites

DictyophylTidites sp. cf. D. concavus

Fern sp. J. cf. DictYoPhYTTidites

Fern sp. K. cf. GTeicheniidites circinidites
HamuTatisPoris sP.

KuyT isporites waterboTkii

LaevigatosPori tes najor

Laev i gatosPor i tes ovatus

Fern sp. L. cf. Osnundacidites weTTnanii

DictyophylTidites sP- A

Po7 ypo d i aceo i s por i tes r et i r t 19, atus

RugulatisPorites sP.

PunctatisPorites sPP-

Rouseisporites sP.

Fern sp. M. cf. TodisPorites

Harris 1970

(Cookson) Dettmann 1963

PoÈonié 1956

(Cookson) Krutzsch 1959

I'lilson & l,rlebster 1946

Couper 1953

Muller 1968

Cookson

Cookson

Cookson

Cookson

19s9

19s9

19s9

1959

(Cookson) Potonié 1956

Germeraad, HoPPing &

Mu11er
Harris
Couper

1968
I 965

1953
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SrereisporiÈes sP.

Stereisporites sp. cf. S. antiquasporites

Todisporites sPP.

VerrucatosPorites sP.

Fern sp. N.

Fern sp. O.

Fern sp. P.

Fern sp. O.

Fern sp. R.

Fern sp. S.

Fern sp. T.

Fern sp. U.

Fern sp. V.

Fern sp. W. cf. CeratosPorites

Fern sp. X. cf. GTeicheniidites
Fern sp. Y.

Osnundacidites sP. A.

Fern sp. Z. cf. GTiecheniidites

Gymnospermae

Ph ¡'1 TocTadidi tes nawsoni i
Ephpdra notensìs

Podocarpidites sP. A.

LygistePoT Teni tes f Torini i
Podocarpidites sp. cf. P. nagnificus

Podocarpidites sP. B.

Dacr ycar pidi tes aust raTiensis

M i crocach r Yi d i tes antar ct i cus

DiTwynites granuTaÈus

Cycad sp.

Ph y7 7 oc1 ad i d i Èes s'PP .

Araucariaciûes sP.
Ephedra sp.

Monocotyledonae

LiliacidiÈes sP.

LiTiacidiËes sP.

LiTiacidi¿es sP.

LiTiacidites sP.

LiTiacidites sP.

A.

B.

c.
D.

cf. L. avienorensis
335

hlilson & hlebster 1946

(Cookson) Couper 1953

Cookson 1957

(Cookson & Pike) Stover & Evans 1974

Flarris 1970

Cookson & Pike 1952

Cookson 1947

Harris 1970

Mclntyre 1968



LiTiacidites sP. E.

LiTiacidites sp. cf. L. bainii Stover in

? Graminidi tes sP. ,4.

?GraminidiÈes sP. B.

IJnknown A. cf . SparganiaceaeipoTTenites

Unknoutn B.

RectosuJciÈes sp. cf. R. nicroreËicuTatus

Restioniidi Ëes sp. cf . R. honeopunctatus

Arecipites sP. A.

Angiospermae

TricoTporiÈes sP. A.

Tricolporites sp. B. cf. Diospyros?

TricoTporiÈes sP. C.

TricoTporiËes sp. cf. T. deTicatus

TricoTpiËes sP. cf T. aTveoTaËus

TricoTporites sp. cf. T. sphaerica

TricoTporiËes sP. il
TricoTpites sp. cf. T. coprosnoides

Trico.Tpori Ëes sp. cf - T. concinnus

TricoTporiËes sP. D.

Tricolporites sP. cf. T. vaTvatus

TricoTporites sp. cf. T. microreticuTatus

TricoTPorites sP. cf. T. Prolata
TricoTporites sP. E.

TricoTporites sP. F.

TricoTporiÊes sp. cf. T. adeTaidensis

Triorites orbicuTatus

TricoTpiËes sp. cf. T. voraginosus

SinpsoniPoTTis sP. A.

TricoTpiËes sP. B.

TricoTporites sP. G.

TricolPiÈes simatus

TricoTpites thonasii
TricoTpites sP. C.

TricoTpites sP. cf. T. ninutus

Harris 1970

Harris 1970

Cookson 1947

Harris 1970

Mclntyre 1965

Harris 1970

Partridge in Stover & Partridge 1973

Cookson & Pike 1954

Stover & Partridge 1973

Harris 1970

(Mclntyre) Partridge 1973

ChrisEophel & Basinger
1982

Harris 1970

Couper 1953

Cookson 1947

Couper

Harris
1960

r970
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TricoTpites sP. D.

TricoTpites sP. E.

TricoTpites sP. F.

TricoTpites sP. G.

DiTwynites sP. A.

San t. aTuni di tes caì no zo i cus

CorsiniPoTTenites ocTus noctis

AnacoTosidites secÊus

ConcoTPites sP. cf. C. TePtus

PolycoTporiËes sp. cf . P.esobalteus

TetracoTPi tes sP. ,4 .

Cupanieidites sP. cf. C' najor

Cupanieidites sp. cf. C. orthoteichus

CupanieidiÈes sp. cf. C. reticuiaris
Cupanieidites sP. cf. C. sP' B

TricoTpites sP. H.

TricoTporites sP. H.

MaTvacipollis sP. cf. M. sP' C

MaTvaciPoTTis sP, cf. M' subtilis
Zonocostites ranonae

CTavaci Po7 Tenites hughesi i
TiTiaepoTTenites sp. cf' T' notabiTis

Po7 ypor i na chenoPodiaceoides

MargocoTPorites sP. A'

PoTycoTPorites sP. A.

TricoTPites sP. I.
TricoTPorites sP. I.
TricoTpites sP. J.

TricoTPorites sP. J.

TricoTPoriËes sP. K.

TricoTPoriËes sP. L.

IleTciporiÈes sP. cf . H' astrus

Cookson & Pike 1954

(ThiergarE) Nakoman 1965

Stover & Partridge 1973

Stover & ParLridge 1973

Mclntyre 1968

Cookson & Pike 1954

Cookson & Pike 1954

Cookson & Pike 1954

Foster 1982

Foster 1982

SLover & Partridge 1973

ParLridge in
Partridge in

Stover in
Germeraad, HoPPing &

Mu11er 1968
Couper 1958
Harris 1970

Marcin 1973

ParLridge in Stover & Partridge 1973
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ÀPPENDIX 2

Drsleiþutlsn of Psralexe scrcss lbe Çur]ew Eeruelron.
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Dletriþulreu qf Perelexa tn Çeee EBD !lÊ or
Çurles EeEnatrqn

PARATAXA

33,40
,40

t7 ,79,20,23,27 ,33,40
27,40

4 ,\6 ,28,33 ,40 ,52
,47

,t7 ,19,28,29,33
,29,33,38
3 ,25 ,28, 39

79,25,26,41 ,52
9,47

3,74,77 ,79,21 ,47 ,44

47

,21 ,26 ,41 ,46
4 ,19 ,21 ,22,30,35,38

35
13,19

3
3,26,35
24
5,40

1 ,15,16,3
2,73,76,2
70,12,16,
2,',LD,74,7

6,23,24,77 ,
77 ,!9,26,33

2,9,70,77,1
1 ,10, t2 ,t6 ,
3,19,23,34
7 ,t0,tt,!6,
6,12,13,19 ,

13,19,
73,19,27
73,16,!9,
13,16 ,!9 ,2t
13,19

,40

,\4
,24
6,2

,to,t7 ,72,7
,9 ,!4, 16, 33
4,1,i
,3,10 ,tt ,13
, 
g ,10 ,16 ,1,7

,3 ,4 ,9 ,!g ,t
28,
,76,
t6,t

,13,
,4,9
,10,
3,19
3,19
3,19
,9,7

,79,21
14,28,

3,79,
3,19,30,
,7 ,13,19
,12,13,7
3,79,21
,?,77 ,13
, 3, 9,10,

33282,!9,16,

26.0
26.2
26.3
26.4
26.7
26.9
27.0
27.3
27.5
27.6
27.7
28.0
28.2
28.3
28.7
29.0
29.2
30.6
30.7
30. I
31 .0
31.2
31 .3
31 .6
31 .9
32.2
32.7
33. 4
36.0
36.5
37.0
37.3
39.0
40.0
40.3
40.5
41 .0
47.2
41 .5
41,.9
42.7
43. 4
45.1
46.2
49.0
50.9
53.3
53.8
54.2
55.0
55.5

6
2
7

2
2
2
9
2
1

7

t
t
7
7

7

2

I
t
7

7

,!9,2!
73,1.6,79 ,27
,76,19 ,21,

13
6,
13

,41,4673,16,!9,21
t3 ,16,19,33

13

1,9,'1.2,16
2,3,70,12,15,16

t7
,tt ,t2,14,15,16
,16,33
0,15, 16

10,
2,9
3,6
3,1
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!,16
14,15,16,41
,15,16,24,29,40

26,52
14,!6
6,29,33
4,16,52
,35

2,3,9,1
5,9 ,72,
3,10,11

t
2
2
2
6
t
2
7

56.5
56.7
58.0
58.4
58.8
60.3
61 .0
62.1
62.4
63. 4
64.4
65.0
65.4
65.6
66.5
68.0
68.8
69.0
69.8
70,7
71.4
73.6
74.3
75.0
75.8
75.8
78.0

13,16,19,21
13,79,21,35
2,73,19,21
2,13,76,19 ,21
19,44
16,79
!2,15,16

16,79
77,13,19,2t

22
5,18, t9 ,21 ,4tt

,27 ,35,4!
6,23,33

2,5,9,12,16
9,11 ,12,74,
73,19,21
5,15,16
7 ,13,19
2,5 ,7 ,16 ,79
2,9,1!,14,1
1,10,14,76
73,19,21

340



Drglriþullqn of. P-erelaxe ln Çsee EBD 1!Z
Çnslcs Eqgnatien

PARATAXA

33,50

33
29 , 33, 40

40

4443

,31

31,
,41
44

6,13,1,9,27
13,19,27 ,
7 ,13,76,79,28,27,46
! ,2,73 ,16 ,79 ,21 ,24,30,33
2 ,3 ,9 ,14 ,76 ,!9 ,24 ,28 ,29,32,33,
2,13,19,21
!3,79,27

2,g,to,']..6,18,33,42
7 ,2,3,!6,22,29 ,37 ,33,44
9 ,79 ,29 ,21,35, 43
7 ,2 ,3 ,5 ,9 ,!2,14 ,16 ,22 ,29 ,

t ,2,3,10,16,22
7 ,3 ,6 ,72 ,76 ,29 ,32 ,

46.7
47.2
47 .9
48.6
49.0
55. 9
57.0
58.2
59.2
59.5
60.0
60. 6
62.8
63.7
64.1
65.0
66.1
66.9
68. 0
68.7
69.2
77.3
81 .5
82.0
83.0
83.5
84.0
85.6
8çr.2
86.9
88.3
88.8
89.0
90.7
92.1
93.2
94.t
95.3
95.9
98. 3
98.8

28,
,28
4!,

t ,6,9 ,14,15,16,24,28
6 ,10 ,16 , 33 ,40 , 43
9 ,13 ,16,18 ,t9 ,21 ,26 ,
7 ,2 ,3 ,70 ,77 ,76 ,23 ,24
1 ,10, t3 ,16 ,24 ,29 ,33 ,
10,13 ,79,21,30

6,45,46
6 ,17 ,24 ,28,30,33,40, 41

3, 41
t9 ,2! ,22 ,28,33,41
o ,21 ,22 ,29,33,41

33

2 ,12 ,13 , 16 ,79 ,21 ,52

3 ,12 ,73 ,t6 ,18 ,19,32,33, 40

,6,t4,76,28,3

,79,27 ,22,43,44
3,79,20,2t

7 ,2 ,3 ,tO ,12 ,13 ,7
1 ,3,9 ,!t ,12 ,14 ,7

,tt ,13,t4,76,
,6,13,16,79,2

4

t ,'l..2,76
!,22,24
19,22,2
9,21,22
,77,16,
9,21,22
,9,17 ,7
6,19,27
t6,!9,2
,16,19,

2,3
2,3
7,3
2,1
7,7
7,1
76,
7,1
1,3
3,1
2,3
2,7
13,
2,3

,41,43

,28
22,28,41
,24,28,31 ,43
2,14,76,77 ,22,
,22,43
1,22
27 ,28,29,33

6,79
22

2,3,!t ,72,!
2,76,79,21 ,
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DrelE!þugion sf. P-ÊEalele in Çqre EBD lle
Curlew Formation

PARATAXÀ

22,24,34,35,37 ,

4,28,31

4341,

t436

,43
,76

,33

39

t
2,2
,52
,33

DEPTH/SAMPLE
92.5
92.8
102.2
103.1

30
30

! ,!t ,13 ,t4 ,76 ,19 ,2O ,21 ,28 ,29, 33,36, 41

73,t6,19,21
16,19,21,24,28
2,73,76,\9 ,21

,3313,19 ,27 ,22 ,
13,19 ,21 ,22 ,
13,79,2! ,22

103. 5
103.9
104.1
106.5
707,3
108.3
111.3
114.0
118.5
119.4
120. 3
721.4
123.8
724.5
126.3
127.2
729.7
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Djstriþulisn ef. Parataxa in Csre EBD 1L1
Cqelew Formatþn

DEPTH/SÀMPLE
106. I
110.8
171.7
117.7
712.5
113. s
114.5
115. 9
119.3
121.4
123. 3
124.4
724.7
727.7
127.4
728.9
130. 0
131.4
133. 3
133.8
135.1
136.0
136. 5
137.5

2,76,41
,27,31
,21

PÀRATÀXA
1,2,3,6,9,17,12, 14, 15,16,28,29, 4t
71,14,15,76,!7,19,28.33,36, 41,43,44
5 ,tt ,73 ,16 ,19 ,21,33, 41
13,76,19,27
75,16,24,32,33
15,16,19,21,22,28,33, 41
2,16,19,21 ,24

2,3
2,1
2,3
2,3
1,2

,tg ,16 ,19 ,24 ,28 ,4!
t,t6,4t
,70 ,tt ,16 ,28,31 ,33, 41

,tt,t
,9,t6
76,19
t9,21

9,2!,28,41
2t
21,41

6,1
7i,
!9,
t6
,t
7613,

13
t6
9,
t6
76
13
2,

9,13,
13,!6
76,19

t

3
,19,43
7,76,79,21,25,36,41,44
,19
16,79 ,2! ,22,44
,19,2!,22
,21,22
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19
3,
3,

30.1
30.8
34. 4

35.9
37. 3
38. 4
39.2
39.9
40.3
47.4
42.9
43.9
45.6
46. 3
47.5
48.6
49.6
50.6
51 .9
52.9
54.0
54.8

ÐreÈErþu!þn ef, P_:aretsxe in Çore EBD llq
Curlew EgEEegigE

PÀRATAXÀ
3,12,16,!7 ,28,33,4!
79,21 ,22,24
3,12,1A,16,22,
7 ,?,3,9,79,!7 ,
11 ,31 ,36 ,37 ,39

4t

t ,11,76,36,41
t ,2,3,6,9,11 ,12,14,
t ,tt ,13 ,16,28,31 ,33
2,13,16,t9,27 ,?2,33
13,19 ,20 ,21 ,22
13
tt
3,
13
19,22

9 ,12 ,76 ,19 ,22 ,28,33, 41
11 ,13 ,19 ,2! ,41

79,22
19,22,31
9 ,16 ,19 ,28,30,31

33,
t?,
,4t

14,76,28,33,41
52

15,16 ,3t,41
,38,41 ,47

21,22
31,44
9,2!,
!9,21

,ti
,19
13,
,16

t 22
,28,33,36,41 ,45

I

!l
llN
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ÀPPENDIX 3

occurrenceg of Nothgfggug i! lhC Àusttrafig! Eoceng

Quantatitive Relationships of Eocene Nothofagus occurences

Site Nothofagus 96 Source

Ot,way Basln - PrinceEown

Kings ton

Ne rrl ga

Àngles ea

Murray Basin - Hay

4-67"

32 - 467"

2 - LOI"

11 -(L9)- 2911

40 - 45%

Harrís, 1965

Irlood, 1981

Owen , L97 5

Syber, 1983

Mar Ein , L9j7

Age

lfld -

EarIy

Early

Mtd -

ìrid -

Late Palaeocene

- Mid Eocene

- ùtl d Eo cene

Lale Eocene

LaËe Eo cene
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Erquue 23: comparison of the Dicot,/gymnospenn Distribution curves of

ERD 118 and ERD 112.

E¿gUfC 24: Comparison of the Monocot No.13 Distribution Curves of

ERD 118 and ERD 112.

Ergure 25: comparison of the Honocot No.19 Distribution curves of

ERD 118 and ERD 112.
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*Lqgge 26: Comparison of the Dicot/gymnosperrn Distribution Cr.¡rves of

ERD 118 and ERD 111.

EigUEC 2Z: Comparison of the Monocot No.13 Distribution Curves of

ERD 118 and ERD 111.

Flgure 234: Commrison of the Monocot No.19 DÍstrÍbutÍon Curves of

ERD 118 and ERD 111.

Note:Figures2s-233refertotheMegafossitcuticlefigures
which occur immediately after these appendíces'
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EfqUfe 235: Comparison of the Dicot./gymnospenn Distribution Curves of

ERD 118 and ERD 110.

EfqUfC 23É: Comparison of the Monocot No.13 Distribution Curves of

ERD 118 and ERD 110.

Efql¡gg 232: Comparison of the Monocot No.19 Distribution Curves of

ERD 118 and ERD 110.
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EXELôNÀTION gE UEGAT9SSIL E$UBES.

l,lost of the figures shown here are of either the dispersed cuticle

parataxa recognised from the Curlew Formation or cuticles of species

from related modern families. The best preserved fossil cuticles have

been used to illustrate the Curlew parataxa which are not necessarily

the type specimens. Many of thege cuticles were mounted in association

with other cuticles and therefore both the slide number and

coordinates are included in the figure captions. The first three

numbers of the Slide Number identify the core from which the cuticle

$¡as r'ecovered. The depth at which the cuticle was recovered from the

core is also listed. AII cuticles have been photographed at a

magnification of either 125X or 500X from a Zeiss research microscope

(Bot. Res. No.10). The scale is defined on each Figure page.

The famity affinity is also included in brackets after the slide

coordinates. If the affinity is not known the term "Unknown" occurs in

the brackets.
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Figure 28: Parataxon No.1, Upper Epidermis. Slide No. 718-327,

100.2, 33.3. 40.3m. (Unknown)

Figure 29: Parataxon No.1. Lower Epidermis. Slide No. tt8-327,

127 .3, 36. 0. 40 . 3m.
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Figure

Figure

Figure

Figure

30:

31:

32:

33:

Parataxon No.2, Upper Epidermis. Slide

90.0, 36.0. 58.0m. (Unknown)

Parataxon No.2, Lower Epidermis. Slide

95.0, 27 .5 . 58.0m.

Parataxon No.3, Lower Epidermis. Slide

7A6.2,33.2.56.5m. (Unknown)

Parataxon No. 4, Stomatiferous Surface.

92.0, 25.CI. 31.0m. (Unknown)

No. tt8-373,

No. 778-373,

No. 118-367,

Slide No. tt8-307,

l',
'tl

Sca1e Bar = 50um
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Figure 34: Parataxon No.5, Stomatiferous Surface. Slide No. 118-408,

99;0, 31.0. 69.8m. (Unknown)

Figr.rre 35: Parataxon No.6, Upper Epidermis. S1ide No. 118-338,

102.2, 32.2. 47.2n. (Unknown)

Figure 36: Parataxon No.6, Lower Epidermis. Slide No. tt8-291,

100.8, 31.5. 29.0m.

Figure 37: Parataxon No.7, Upper Epidermís. Slide No. 118-399,

82.9, 35.0. 75.0m. (Cyperaceae)

Figure 38: Parataxon No,7, Lswer Epidermis. Slide No. 718-401,

96 . 0, 23 . 8. 75 . 0m.

Figure 39: Parataxon No.8, Stomatiferous Surface. Slide No. 246-036,

104.0, 26.3. 37.3m. (Podocarpaceae)

Scale Bar = 50um
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Figure 40: Parataxon No.9, Upper Epidermis. Slide No. 118-306,

85.1, 25.1. 31.0m. (Lauraceae)

Figure 41: Parataxon No.9, Lower Epidermis. Slide No. 118-306,

92.4,31.0. 31.0n.

Figure 42: Parataxon No.10, Upper Epidermis. Slide No. 118-385,

88.3, 41,3. 61.0m. (Lauraceae)

Figure 43: Parataxon No.10, Lower Epidermis. Slide No. 718-352,

85.7, 30.0. 50.9m.

Figure 44: Parataxon No.ll, Upper Epidermis. Slide No. 178-266,

99.8, 29.2.27.5n, (Sca1e Bar = 12.5um) (Proteaceae)

Figure 45: Parataxon No.1l, Lower Epidermis. Slide No. tt8-265,

97 .6, 29,1. 27 .5n.

Scale Bar = 50um
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Figure 46: Parataxon No.12, Upper Epidermis. Slide No. 118-351,

104.0, 26.4. 50.9m. (Proteaceae)

Figure 47: parataxon No.12, Lor¡er Epidermis. Slide No. 118-368,

707,5, 27.4,56.7m.

Figure 48: Parataxon No.13, Non-stomatiferous Cuticle.

Slide No. 246-006. 37.3m. (Monocotyledonae)

Figure 49: parataxon No.14, Upper Epidermis. Slide No. tt8-379,

94.3,35.0.60.3m. (Lauraceae)

Figure 50: Parataxon No.14, Lower Epidermis. Slide No. 118-295,

88. 0 , 32. 5 . 30. 7m.

Figure 51: Parataxon No.15, Upper Epidermis. Slide No. 718-407,

1O7.2, 26,8. 73.6m. (Lauraceae)

Scale Bar = 50um
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Figr-rre 52: Parataxon No.15, Lower Epidermis. Slide No. 178-407,

83.6, 23.8. 73.6m. (Lauraceae)

Figure 53: Parataxon No.16, Upper Epidermis. Slide No. 118-369,

113.0, 29.3. 56.7m. (Lauraceae)

Figure 54: Parataxon No.16, Lower Epidermis. Slide No. tt8-369,

t77 ,2 , 29 ,3. 56.7m.

Figure 55: Parataxon No.17, StomatÍferous Surface. Slide No. 718-270,

104,1, 35.0. 27.5n. (Scale Bar = 12.5um) (Unknown)

Figure 56: Parataxon No.18, Stomatiferous Surface. Slide No. 778-2t4,

97.7, 36.0. 26.0m. (Lauraceae)

Figure 57: Parataxon No.19, Stomatiferous Surface. Slide No. t78-273,

96.0, 34.7. 28.2n. (Monocotyledonae)

Scale Bar = 50um
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Figure 58: Parataxon No.20, Stomatiferous Surface. Slide No. tt8-272,

96.5, 32.5. 27.5n. (Monocotyledonae)

Figure 59: Parataxon No.21, Stomatiferous Surface. Slide No. 118-280,

702.0 , tg .9. 27 .7n. (Monocotyledonae?)

Figure 60: parataxon No.22, Featureless Cuticular Surface.

Slide No. 118-336, 95.0, 26.2, 41,0m. (Unknown)

Figure 61: Parataxon No.23, Upper Epídermis. SIíde No. 118-415. 75.8m.

(Zamiaceae)

Figwe 62: Parataxon No.23, Lower Epidermis. Slide No. 778-415. 75.8m.

Figure 63: Parataxon No.17, Stomatiferous Surface. Slide No. tt8-297,

87 .Q , 27 .9. 30.7m.

Sca1e Bar = 50um
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Figure 64: Parataxon No.24, Non-stomatiferous Surface.

Slide No. tt8-370, 97.4, 37.6, 58.0m. (Unknown)

Figure 65: Parataxon No.25, Stomatiferous Surface. Sl.ide No. 118-310,

93.5, 34.7, 31.0m. (Ebenaceae)

Figure 66: Parataxon No.26, Mesophyll ?. Slide No. 178-325. 37.0m.

(Unknown)

Figure 67: Parataxon No.27, Stomatiferous Surface. Slide No. 778-248,

89.9, 35.9. 27 .On. (Unknown)

Figure 68: Parataxon No.28, Upper Epidermis. Slide No. 118-332,

92,3,30.6. 40.3m. (Unknown)

Figure 69: Parataxon No.28, Lower Epidermis. Slide No. 118-384,

116.4, 34,4.61.0m.

Sca1e Bar = 50um
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Figure 70: Parataxon No.29, Stomatiferous Surface. Slide No. tt8-294,

92,2, 22.0. 30.7m. (Lauraceae)

Figure 71: Parataxon No.30, Non-stomatiferous Surface.

Slide No. tt8-324, 102.8, 39.7. 36.5m. (Unknown)

Figure 72: Parataxon No.31, Stomatiferous Cuticle. Slide No. tt7-029,

108.7, 40.3. 47.2n. (Casuarinaceae)

Figure 73: Parataxon No.32, Petiole Cuticle ?. Slide No. 118-401,

704.2, 34.2. 75.0m. (Unknown)

Figure 74: parataxon No.33, Petiole Cuticle ?. Slide No. 118-358,

103.0, 29.4. 55.0m. (Unknown)

Figure 75: Parataxon No.34, Non-stomatiferous Surface.

Slide No. 178-245, 104.0, 36.3. 27.3n.

(Scale Bar = 12.5um). (Unknown)

Scale Bar = 50um
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Figure 76: Parataxon No.35, Stomatiferous Surface. Slide No. 110-014,

111.8,40.8.30.7m. (Unknown)

Figure 77: ParaLaxon No.36, Upper Epidermis. Slide No. 118-365,

104.1 , 29,7. 56.5m. (Proteaceae)

Figure 78: Parataxon No.36, Lower Epídermis. S1ide No. 118-363,

110.0 , 23.7. 56.5m.

Figure 79: Paråtaxon No.37, Stomatiferous Surface. Slide No. 117-037,

89.7, 40.5. 90.7m. (Unknown)

Figure 80: Parataxon No.38, Upper Epidermis. Slide No. 110-010,

85.0, 26.5.39.9m. (Lar.¡raceae)

FÍgure 81: parataxon No.38, Lower Epidermís. Slide No. 110-010,

91.4, 29.7.39.9m.

Scale Bar = 50um
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Figure 82: Parataxon No.39, Stomatiferous Surface. Slide No. 118-310,

104.6, 32.6. 31.0m. (Unknown)

Figure 83: Parataxon No.40, Upper Epidermis. Slide No. 118-283,

88.8, 30.6. 29.2n. (Proteaceae)

Figure 84: Parataxon No.40, Lower Epidermis. Slide No. 118-283,

100.0, 35.0. 29,2n.

Figure 85: Parataxon No.41, Stomatiferous Surface. Slide No. 118-318,

93.0, 34.0. 31.6m. (Lauraceae)

Figure 86: Parataxon No.42, Non-stomatiferous Surface.

Slide No. 177-001, !02,0, 32,9. 46.1m. (Unknown)

Figure 87: Parataxon No.43, Upper Epidermis. Slide No. 177-025,

100.1, 33.7. 59.5m. (Zamiaceae)

Scale Bar = 50um
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Figure 88: Parataxon No.43, Lower Epidermis. Slide No. 117-003,

80.5, 33.8. 47.9n. (Zamiaceae)

Figure 89: Parataxon No.44, Stomatiferous Surface. Slide No. tt7-0Û4,

98.3, 41.6. 47,9n, (Unknown)

Figr.rre 90: parataxon No.45, Stomatiferous Surface. Slide No. 117-005,

82.7, 24.5, 59.2m. (Unknown)

Figure 91: Parataxon No.46, Stomatiferous Surface. Slide No. tt7-006,

98.0, 24.3,59.2m. (Unknown)

Figure 92: Parataxon No.47, Stomatiferous Surface. Slide No. tt7-022,

82.3, 24.6.60.0m. (Unknown)

Figure 93: Parataxon No.48, Stomatiferous Surface. Slide No. 139-003,

100.1, 30.0. 110.0m. (Lar.¡raceae)

Scale Bar = 50um
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Figure 94: Parataxon No.49, Non-stomatiferous Surface.

S1ide No. 7tt-002, 135.lm. (Monocotyledonae)

Figure 95: Parataxon No.50, Stomatiferous Surface. Slide No. 111-001,

106.4, 27.1. 119.3m. (Cunoniaceae?)

Figure 96: Parataxon No.51, Non-stomatiferous Surface.

Slide No. tt7-076, 92.5, 26,0. 57.0m. (Unknown)

Figure 97: Parataxon No.52, Upper Epidermis. Slide No. 178-289,

103.0, 32.5. 29.0m. (Proteaceae)

Figure 98: Parataxon No.52, Lower Epidermis. Slide No. 118-289,

107 .4, 28,5. 29.0m.

Figure 99: Parataxon No.1, Stomate. Slide No. tt8-326,.

711.1,33.9. 40.0m. (Scale Bar = 12.Sum). (Unknown)

Scale Bar = 50um
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Figure 100: Parataxon No.2, Stomate. Slide No. 118-285,

87.3, 29.4, 29.2n. (Unknown)

Figure 101: Parataxon No.3, Stomate. Slide No. 778-367,

86.4, 28.3. 56.5m. (Unknown)

Figure 102: Parataxon No.4, Stomate. Slide No. 118-307,

89.7, 26,8. 31.0m. (Unknown)

Figure 103: Parataxon No.5, Stomate. Slide No. 118-408,

90.3, 28.3. 69.8m. (Unknown)

Figure 104: Parataxon No.6, Stomate. Slide No. 778-291,

100.8, 31.5. 29.0m. (Unknor¡n)

Figure 105: Parataxon No.7, Stomate. Slide No. 118-401,

96.O, 23.8, 75.0m. (Cyperaceae)

Scale Bôr = 12.5um
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Figure 106: Parataxon No.8, Stomate. Slide No. 246-036,

104.0, 26.3. 37.3m. (Podocarpaceae)

Figure 107: Parataxon No.9, Stomate. Slide No. 778-260,

100.5, 29,0. 26.9n, (Lauraceae)

Figure 108: Parataxon No.10, Stomate. Slide No. 118-352,

98.3, 28.1. 50.9n. (Lauraceae)

Figure 109: Parataxon No.11, Stomate. Slide No. t!8-296,

106.2, 23.4. 30.7m. (Proteaceae)

Figure 110: Parataxon No.11, Trichome Base on the Upper Epidermis.

Slide No. 118-390, 107,6, 32,6. 62.tn.

Figure 111: Parataxon No.12, Stomate. Slide No. t78-413,

98.8, 29.5, 62.1n. (Proteaceae)

Scale Bar = 12.5um
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Figure 112: Parataxon No.12, Trichome Base on the Upper Epidermis.

Slide No. 718-281 , 96.3 , 29.7 . 27 .6m, (Proteaceae)

Figure 113: Parataxon No.14, Stomate. Slide No. 718-295,

88.5, 32.7. 30.8m. (Lauraceae)

Figure 114: Parataxon No.15, Stomate. Slide No. 718-236,

707.5, 28,4. 26.0m. (Lauraceae)

Figrure 115: Parataxon No.16, Stomate. Slide No. 118-200,

95,2,32.6.26.0m. (Lauraceae)

Figure 116: Parataxon No.18, Stomate. Slide No. 118-233,

7O4.7 , 37 .7 . 26,7n. (Lauraceae?)

Figure tt7: Parataxon No.19, Stomate. Slide No. tt8-277,

77.4, 38.3. 28.0m. (Monocotyledonae)

Scale Bar = 12.5um



ra

t

tJ

It
?l_

1

l,

1

,t lË

t2

il4

-4

¡

I
\

rll
\

Jr
- !'\

r5
ùl

I t7

-

\ I

I

\

I
t

.ì
¡

i\\s
4

,i

-tt-\ \l

I

\,f
{t

a.I

II t

!6



Fígure 118: Parataxon No.21, Stomate. Slide No. 118-340,

101.0, 24.8. 41.5m. (Monocotyledonae?)

Figure 119: Parataxon No.23, Leaf Ì.largin Tooth.

Slide No. 118-415, 78.5m. (Scale Bår = 500um).

(Zamiaceae)

Figure 120: Parataxon No.23, Stomate on the Upper Epidermis.

Slide No. 118-500, 75.8m. (Scale Bar = 50um).

Figure 121: Parataxon No.23, Stomate On the Upper Epidermis.

Slide No. 118-500, 75.8m.

Fignre 722: Parataxon No.23, Stomate on the Lower Epidermis.

Slide No. 118-500, 75.8m.

FÍgure 123: Parataxon No.23, Trichome Base on the Upper Epidermis.

Slide No. tt8-474, 75.8n.

Scale Bar = 12.5um
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FÍgure 124: Parataxon No.17, Stomate. Slide No. tt8-297,

90.1, 32,4, 30.7m. (Unknown)

Figure 125: Parataxon No.25, Stomate. Slide No. 118-310,

101.0, 25.9, 31.0m. (Ebenaceae)

Figure 126: Parataxon No.27, Stomate. Slide No. tt8-248,

89.9, 35.9. 27.0n. (Unknos¡n)

Figure t27z Parataxon No.28, Stomate. Slide No. 118-332,

92.3, 30.6. 40.3m. (Unknown)

Figure 128: Parataxon No.29, Stomate. Slide No. 7t8-276,

98.1, 29.7. 26.0m. (Lauraceae)

Figure 129: Parataxon No.31, Stomate. Slide No. 110-014,

112,3, 39.5. 37.3m. (Casuårinaceae)

Scale Bar = 12.5um
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Figure 130: Parataxon No.33, Stomate. Slide No. 118-235,

101 .3 , 27 .7 , 26.0m. (Unknown)

Figure 131: Parataxon No.35, Stomate. Slide No. 110-014,

171.8,40.8.37.3m. (Unknown)

Figure 132: Parataxon No.36, Stomate. Slide No. 118-363,

82,1, 39,2. 56.5m. (Proteaceae)

Figure 133: Parataxon No.36, Trichome Base on the Upper Epidermis.

SIÍde No. 118-365 , 104.1, 29.7. 56.5m.

Figure 134: Parataxon No.38, Stomate. Slide No. 110-010,

91.4, 29.7. 39.9m. (Lauraceae)

Figure 135: Parataxon No.39, Stomate. Slide No. 118-310,

104.6, 32.6. 31.0m. (Unknown)

Scale Bår = 12.Sum
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Figure 13É,: Parataxon No.40, Stomate. Slide No. 118-283,

99.7, 35.3. 29,2n. (Proteaceae)

Figure 137: Parataxon No.43, Stomate. Slide No. 117-003,

80.5, 33.8. 47.9n. (ZamÍaceae)

Figure 138: Parataxon No.44, Stomate. Slide No. 777-004,

98.3, 47.6, 47.9n. (Unknown)

Figure 139: Parataxon No.45, Stomate. Slide No. 117-005,

82.7 , 24.5. 59.2m. (Unknown)

Figure 140: parataxon No.47, Stomate. Slide No. 177-022,

82.3, 24.6, 60.0m. (Unknown)

Figure 141: Parataxon No.48, Stomate. Slide No. 139-003,

100.1, 30.0. 128.0m. (Lauraceae)

Scale Bar = 12.5um
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Figure 142: Parataxon No.50, Stomate. Slide No. 111-001,

706.4, 2!.1. 119.3m. (Cunoniaceae?)

Figure 143: Lower Epidermis of Dlggp[Eeg No.312, from Ànglesea

Deposit, Victoria. (Sca1e Bar = 50um).

Figure 144: Stomate of Diegpysgs No.312, from Anglesea Deposit,

Victoria.

Figure 145: Stomate of DlegpyEog No.085, from Ànglesea Deposit,

Victoria.

Figure 746: LZgLla capr.Lqefni_qg microspore massulae showing glochidia.

ERD 118 . 40. 3/2 , 72.9 , 39 ,7 .

Figure t47z One of the larger Fossil Leaf Fragments recovered from

the deposit. ERD 111. 106.8m (Scale Bar = 21um).

Scale Bar = 12.5um
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Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

148:

749:

150:

151 :

t52i

153:

1.54:

155:

Seed Structure, CF 1. ERD 118, 33.4m.

(Scale Bar = 500um).

Seed Cuticle, CF 2. Slide No. tIZ-026,

90.5, 26.7. 727.2n. (Scale Bar = 90um).

Seed Cutic\e, cF 4. Stide No. t77-015,

722,8, 32.9. 49.0m. (Scale. Bar = 110um).

Sca1e-Iike Structure, CF 7. Slide No. 139-001,

97,5, 27.2. 110.0m. (Scale Bar = 240um).

Se,ed Cr,rlriq\e., CF 5. Slide No. 7t8-276,

97,8,30.4. 28.2n. (Scale Bar = 190um).

ÀZoIIg gqpfLqgl¡ice microspore massulae.

Slide No. 717-028, 75,5, 29.6. 68.7n. (Scale Bar = 43um).

A¿elle gsprigornicg megaspore float. ERD 118. 37.3m.

(Scale Bar = 35um).

se.c-dCubicle., cF 3. slide No. 172-OZt,

95.1, 37.2. 108.3m. (Scale Bar = 38um)
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FÍgiure 156: Rootlet, CF 9. Slide No.118-420,

93.4, 27.4. 33.4m. (Scale Bar = 170um).

Figure 157: Rootlet, CF 6. Slide No. 118-383,

95.1, 28.0. 58.0m. (Scale Bar = 50um).

Figure 158: Manginuloid Hyphae marking on Proteaceae cuticle.

Slide No. 110-011 , 172,8, 27.4, 39.5m. (Scale Bar = 50um).

Figiure 159: Epiphyllous Fungal Shield. Slide No. 772-O27,

112,0, 35.7. 108.3m. (Scale Bar = 12.Sum).

Figr.re 160: Þeilgchmcdrc elliptise, upper Epidermis.

(Scale Bar = 50um).

Figure 161: Beilgqhmiedie ellipÈÅge, Lower Epidermis.

(Scale Bar = 50um).
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Figure 162'. ÐeiLsghniedie elliptice, Stomate.

(Sca1e Bar = 12.5um).

Figure 163: Þcilegbmicdie gþlugifglia, upper Epidermis.

(Scale Bar = 50um).

Figure 164: BeileqbUiedig obtusifol:Lg, Lower Epidermis.

(Scale Bêr = 50um).

Fisure t05: Þcitegbgicgie qþlusrfqlia, Stomate.

(Scale Bar = 12.5um).

FÍgure 166: Eeilegh4iedie tawa, Upper Epidermis.

(Scale Bar = 50um).

Figure t67i !-.[Leghgiedåe tawa, Lower Epidermis.

(Scale Bar = 50um).
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Figure t68: Endiendre dfsgolor, Upper Epidermis.

(Scale Bar = 50um).

Figure 169: EndialtdEE 4lgcqfgE, Lower EpÍdermis.

(Scale Bar = 50um).

Figure 170: EneleÉe dissqlor, Stomate.

(Scale Bar = 12.Sum).

Figure 171: Endiendfe pglyneuEg, Upper Epidermis.

(Scale Bar = 50um).

Figure t72: Endigndre pglyÐeurq, Lower Epidermis.

(Scele Bar = 50um).

Figure 173: EEdiandre eneÅlygnsis, upper Epidermis.

(Sca1e Bar = 12.5um)
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Figure 174: Endiandrg anei!+ensís, Lower Epidermis.

(Scale Bar = 12.Sum).

Figure 175: Endlêndgg puþens, Upper Epidermis.

(Scale Bar = 50um).

Figure 176: Endiqndra pUþCDg, Lower Epidermis.

(Scale Bar = 50un).

Figrure 777i E$dLandrg Buþcng, Stomate.

(Scale Bar = 12.5um),

Figure 178: EnÈlendre srgsgiÉþEq, Upper Epidermis.

(Scale Bar = 50um).

Figure 179: Endiqndra crgggltlora, Lower Epidermis.

(Scale Bar = 50um).



a
a
a

.,ì 
( t74

'r1ùrr* - j
twl

t7

t77

¿
lrl

\

t7 r79



Figure 180: Endieldrq crqseifþUg, Stomate.

(Scale Bar = 12.5um).

FÍgure 181: Endilndre hgyCsi, Upper Epidermis.

(Scale Bar = 50um).

Figure 182: Engliendre hgyegi, Lower Epidermis.

(Scale Bar = 50um).

Figure 183: EEdIenqEg havesi, Stomate.

(Scale Bar = 12.Sum).

Figure 184: Endiendra inÈEoËgg, Upper Epidermis.

(Scale Bar = 50um).

Figure 185: Endiandfe inlrefgg, Lower Epidermis.

(Scale Bar = 50um).
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Figure 186: Eudfe¡dfe inlSeEgs, Stomate.

(Scale Bar = 12.Sum).

Figure 187: EEdie¡gþE muelleEi, Upper Epidermis.

(Scale Bar = 50um).

Figiure 188: Enqlendrg muelþtri, Lower Epidermis.

(Scale Bar = 50um).

Figure 189: E¡drendgg muelleri, Stomate.

(Scale Bar = 12.5um).

Figure 190: Deeheeie ingSeÊgelq, Upper Epidermis.

(Scale Bar = 50um).

Figure f91: Deebgsiq lEqtrgssglg, Lower Epidermis.

(Scale Bar = 12.Sum).
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Figure 192: Çin¡eUe$Um oliveËi, Upper Epidermis.

(Scale Bår = 50um).

Figure 193: Çi¡namonUm gfiver!, Lower EpÍdermis.

(Scale Bar = 50um).

Figure 194: çËyplegeEÏs tlluEEgyi, Upper Epidermis.

(Sca]e Ear = 50um).

Figure 195: CEyBlogEEyg [lUEEgyi, Lower Epidermis.

(Scale Bar = 50um).

Fígure 196: ÇfyBtqqan¡s qlaucCsseng, Upper Epidermis.

(Scale Bâr = 50um).

Figure 197: Çrræleggrye glgugeegeng, Lower Epidermis.

(Scale Bar = 50um).
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Figure 198: QfypleqeEye qleUgesceng, Stomate.

(Scale Bar = 12.5um).

Figure 199: çE1plegaryg Cgythefylg¡, Upper Epidermis.

(Scale Bar = 50um).

Figr.re 200: Cnrptogesye enËheäylg¡, Lower Epidermis.

(Scale Bar = 50um).

Figure 201: gEIBÈgcgrve ilqcana, Upper Epidermis.

(Scale Bar = 50um).

Figure 202: gEÏplgsgEyq !!ocaEa, Lower Epidermis.

(Scale Bar = 50um).

Figure 203 : Qryplqggg¡¿g qinnanguife.Lrg, Upper Epidermis.

(Scale Bsr = 50um).
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Figure 204: ggypLqqelTs c:þ¡emgmifoliq, Lower Epidermis.

(Scale Bar = 50um).

Figure 205: grapÈgseryg ci¡nemguifqlia, stomate.

(Scale Bar = 12.5um).

Figure 206: ÇfyBLgggEye gþIels, Upper Epidernris.

(Seale Bar = 50um).

Figure 207: ÇEypÈocEr"rrg gþIege, Lower Epidermis.

(Scale Bar = 50um).

Figure 208: ÇrypEecqryq gþIgle, Stomate.

(Scale Bar = 50um).

Figure 209 : gtrypggggETg !E¡.8À:[Egtrvis, Upper Epidermis.

(Scale Bar = 12.Sum).
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Figure 210: Çfyptegggye triBlincgyig, Lower Epidermis.

(Scale Bêr = 50um)

Figure 211 : Çfyptoga¡ye lriplÍneqy¡g, Stomate.

(Scale Bar = 12.5um).

Figure 212: Liteee lgefeqEg, Upper Epidermis.

(Scale Bar = 50um).

Figure 213: Litgea leefegna, Lower Epidermis.

(Scale Bar = 50um).

Figure 214: Liteee lgefgsna, Stomate.

(Scale Bar = 12.5um).

Figure 215: lilsCe ferzugÅ¡ga, Upper Epidermis.

(Scale Bêr = 50um).
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Figure 216: tfggeg genegginCg, Lower Epidermis.

(Scale Bar = 50um).

Figure 217: Lílgeg ferruglneg, Stomate.

(Sca1e Bar = 12.Sum).

Figure 218: Lltsee feticUlele, Upper Epidermis.

(Scale Bar = 50um).

Figure 219: tilgCg retigUletq, Lower Epidermis.

(Scale Bar = 50um).

Fiqrure 220: titgea ggliculatg, Stomate.

(Scale Bar = 12.Sum).

Figure 221: tlggee jepgnlca, Upper Epidermis.

(Scale Bar = 50um).
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Figure 228: Degllneie !.ergqlnee, Upper Epidermis.

(Scale Bar = 50um).

Figure 229: Dag]fngis feffggi¡Cg, Trichome Base on the Upper

Epidermis. (Scale Bar = 12.5um).

Figure 230: D_erf:fnqig fer]euqingg, Lower Epidermis.

(Scale Bar = 50um).

Figure 231: gqEdwellle gublinig, Upper Epidermis.

(Scale Bar = 12.5um).

Figure 232: Çerdgellie sublimig, Lower Epidermis.

(Sca]e Bar = 50um).

Figure 233: qgrslgefl¡e ÊUþliuig, Stomate.

(Scale Bar = 12.Sum).
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