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Chapter 6

EARLY CRETACEOUS the ranges of several important species are different, e.g.
Dettmann (1986). As a result, the base of@héwughesii
Palynology Zone has a been correlated differently by different authors.

Plant microfossils are abundant and diverse in thdn particular, the oldest occurrence®dbsisporites notensis

claystone and coal of the Casterton Formation, CrayfisttndForaminisporis asymmetricuare nearly always coinci-
Group and Eumeralla Formation, and only absent from sandi€nt in the Eromanga Basin, but consistently different in the
stone. Terrestrial spores and pollen dominate the asserf2tway Basin. Morgan (1980), working in the Eromanga
blages with high diversity in the Aptian-Albian, but reduced Basin, used olde8t notensiso correlate the two. As aresult,
diversity in the Neocomian-?Tithonian. Dispersed cuticle isthe C. hughesiZone gensuDettmann and Playford, 1969)
also well represented throughout this interval and is part of 12y extend to slightly older horizons th@nhughesiizone

current MESA biostratigraphic study of the Crayfish Group (SensuHelby et al. 1987, fig. 10) This different usage has
(Rowett, 1994b). been most confusing and the simplest solution is to introduce

) a new zonal nameP( notensisZzone) for the Helbyet al
Non-marine algae can be frequent, but dvligrofasta (1987) concept (Appendix 6.1).

evansiiappears to have time significance. Spiny acritarchs
and dinoflagellates are very rare, indicating some brackis
intervals. A paralic dinoflagellate assemblage, probably o
Diconodinium davidiizone age, occurs in a few wells, pos-
sibly reflecting a marine maximum. Marine influence is
concentrated in the western part of the basin, and may b

more widespread in deeper rifted blocks as an extension of; oungesCrvbelosporites stvlosug species found to be
the more persistent marine influence seen in the Duntroo young y P yloSHa Sp

Basin. Such marine horizons have high correlative value a 0 scarce to be reliable. Attempts to redefine this boundary

they probably reflect isochronous maximum flooding sur-ogo(\)/teher grelt?enrzl ri?ﬁgfngngcﬁgsr;fetfgt ;S%ge?tr%sztg'rl]%d
faces, but they may be thin. Drill cuttings may be the besF :

%carcity of key species

The above difficulties were largely caused by the extreme
carcity of some zonal fossils. Specifically, the base of the
. hughesiZone was defined on the basis of the occurrence

means of detecting marine fossil indicators. Other fossi o%usgclgfc(el?of()aTgygb?ge:n?z?ﬁe?ghae Cl'{[:]ri%?;%ortsr;%:)ee
groups do not yet have proven potential for correlation. ' ' Xa With Siml u

consistent ranges have been substituted. Specifically, young-
estCooksonites variabilifas been substituted for oldést
asymmetricusoldestP. notensishas been substituted for
The widely used spore-pollen zonation of Hedliyal. ~ youngestMurospora florida and oldestDictyotosporites
(1987) is essentially that of Dettmann (1963), based ormspeciosushas been substituted for young&st stylosus
Otway and Eromanga Basin data (Fig. 6.1). Subsequertthese substitutions have varied the respective boundaries
Otway Basin studies have produced the refinements of Evargnly slightly up, not at all, and down, as shown on Figure 6.1.
(1966) and Dettmann (1986). Problems applying the zona- S :
tion are due to three factors, all of which complicate the Another .ke_y taxon Wh'(.:h IS very rare near its oldest
correlation of the Neocomian-Apti@yclosporites hughesii occurrence |§:|catr|c03|spor|'ges austrahens(_sr other spe-
Zone. These factors are (1) differences in ranges of tax jes of _the genus), the Species uset_:l to_deflne the bz_ase of the
between basins, (2) extreme scarcity of some index taxa, a stralian Cretaceous. This species is very consistent to

(3) different ranges being used by different authors in th requent in thhimopollenites pannostis basaP. notensis
Otway Basin. ones, rare but consistent in the upperaminisporis

wonthaggiensi€one, and extremely rare beneath. The de-
Differing inter-basin species ranges fining criterion for the base of th@. australiensiZone is
thus useless in the Otway Basin, and the I@vewustralien-

Dettmann and Playford (1969) and Helglyal. (1987)  sis Zone cannot be distinguished from tRetitriletes
have attempted to produce zonations valid for all of easteravatherooensigone. They are therefore lumped as a ‘lower
Australia (including the Otway and Eromanga Basins) de-C. australiensiso R. watherooensisinterval, which may
spite some key species having different ranges between bekrerefore be entirely Cretaceous in age, but which might be
sins. Although generally successful, correlation of the baseartly Late Jurassic (Fig. 6.1). The presence of a Jurassic
of theC. hughesiZone of Helbyet al (1987) or its equivalent  section in the Otway Basin is therefore unproven; this interval
subzone of Dettmann and Playford (1969) is a problem, sincs usually recorded from the Casterton Formation.

Problems in dating
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F. wonthaggiensig also consistent in the pannosuso horizon noted above is a useful datum and more close-spaced
upperF. wonthaggiensiZones, very scarce or absent in the sampling of cuttings, especially in deep palaeogeographic
lower F. wonthaggiensiZone (as defined by oldest spe-  settings, may prove a more extensive marine section.
ciosusdiscussed above) and absent beneath. Correlation

using oldesE. wonthaggiensisan thus be risky. In summary, the correlative framework is fair to good.

Too few core and sidewall samples have been studied from
o ) the bland assemblages of the Casterton Formation to consider
Differing species range concepts them well controlled, and they could be all Cretaceous or
Another significant problem is different ranges reportedpartly Jurassic. Further work to be undertaken on the Cray-
by different authors for the same species. In particularfish Group is expected to provide an answer. Within the
Dettmann (1986) reported the following oldest occurrencedNeocomian, all zonal boundaries are based on oldest occur-
in descending ordeE asymmetricus, Triporoletes reticula- rences of fairly rare species and so boundaries may appear to
tus, coinciden®. notensis/F. wonthaggiensikenD. specio-  be diachronous due to scarcity of marker species. Experience
sus The current authors see them in a different order, namelgas shown that if these are absent from three or more con-
F. asymmetricud®. notensigoincidentT. reticulatuséonsis- ~ secutive samples then the absence is real. In the Laira For-
tentF. wonthaggiensighen absoluté. wonthaggiensithen ~ mation, local high resolution can be achieved using algal
D. speciosus.Clearly the two ranges f& notensicannot ~ acmes. The top Crayfish Group unconformity can usually be
be easily reconciled but may be caused by diachronisrocated fairly precisely at the base of Bi@otensiZone as
within the basin, or by sample mix-up or contamination. Thefrequent excellent markers are available. Zones in the
senior author believes that old®shotensiss synchronous Eumeralla Formation interval can be confidently identified
in the Otway and Eromanga Basins at base Aptian, for som&ith the possible exception of the upper/lo#/emotensis
of the geological reasons outlined below. Zone boundary which is of lower confidence, being based on
the youngest occurrence of the rare speCiesriabilis.

Current status Age control in the section is poor in the Neocomian as

Because of these complicating factors, the best approadhese continental palynofloras lack associated marine fossil
is to erect a zonation which works in the Otway Basin (whilecontrol. The Aptian-Albian is well calibrated due to the
changing the existing framework as little as possible) andnarine megafauna associated with these zones in the Ero-
makes sense against the geological and seismic constraineganga Basin to the north.

The sequence of events shown on Figure 6.1 can be con-

structed and general agreement reached amongst palynolpaATE CRETACEOUS

gists active in the basin with the possible exception of

Dettmann regarding oldeBt notensis.These zones can be Palynology

named as on Figure 6.1 and applied easily in the South
Australian Otway Basin at least. Close liaison with industry
geologists and geophysicists indicates thaPthetensis/F.

Plant microfossils are abundant and diverse in claystone
of the Late Cretaceous Sherbrook Group and only absent

haogiensis? bound : I h from sandstone lithologies. Terrestrial spores and pollen
wonthaggiensisZone boundary occurs consistently at t € dominate, but are of more limited diversity in the Santonian

angular unconformity at the base of the Eumeralla Formag,” cenomanian, reducing resolution. Dinoflagellates are

t'o?' and %an u?#a"y be Icf)cate_;j W'thc'ln metres E:smg ORIeSt 1;ch less frequent throughout, but are common and distinc-
notensisabove the uncontormily, and youngest OCCUITENCeSy e 4t certain horizons, providing useful correlations. Again,

ofttklu_e atlﬁa\/lldev?psit)_elowf };rhtese Easlyn%lotglcal Cg.te”.? aret resolution is less in the early Santonian to Cenomanian.
vitalin e igentification or Ratnook sandstone. SIgNMCant qoip e fossil groups are not very useful, although foraminifera

blooms oM. evansiican occur in the uppérwonthaggien-  1,5y6 some application in the marine horizons.
sisZone in the Laira Formation and can be correlated locally

(Morgan 1993) and probably represent maximum lake devel-
opment. Much or all of the underlying section can also bd>°llen and spores
truncated at the unconformity. The spore-pollen zonation evolved in two halves. The
Current research using quantitative dispersed cuticle anglder half {Iricolporites apoxyexinugo Appendicisporites
spore-pollen data has improved resolution of the CrayfisiflistocarinatusZones) was developed in the Otway Basin in
Group. A joint MESA-GSV-petroleum company sponsored'€Sponse to oil company exploration (Dettmann and Play-
study of 14 wells focusing on floristic trends and associationd0rd. 1969). - Palynofloras above this point were loosely
of common, well-represented taxa has successfully subd@rouped into @NothofagiditesMicroflora’. - The younger
vided theF. wonthaggiensiZone of Helbyet al. (1987) into  half of the palynological successidwdthofagidites senectus
six palynological and three dispersed cuticle zones (Rowetfﬁ Tricolpites (Forcipites) longugones) was developed in
1994b). Results of the study are confidential to project® Gippsland Basin by Esso, and was published by Stover
sponsors, and will not be made available to others untitnd Evans (1973), Stover and Partridge (1973) and Partridge
mid-1995. Research is continuing with several other welld1976). These two halves were brought together by Helby
being added, and the study has been expanded to establ@h(1987), and provide the current framework (Fig. 6.1). The
dispersed cuticle and palynological biozonations forGhe bases of the zones are mostly defined on oldest occurrences
australiensisZone of Helbyet al. (1987). of key marker species, several of which are quite rare, near
_ ] _ ~ to the base of their range. They may therefore appear
~No dinoflagellate zonation can yet be applied as maringjiachronous at times, especially in cuttings where specimens
influence is too minor and ephemeral. The late Aptian maringnay be caved. The base of thieapoxyexinusZone is
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especially difficult, as the nominate species is always exPollen and spores
tremely rare. However, the base of a large increase in
Amosopollis cruciformiss nearly coincident and may be
more regionally valid. Other criteria are currently being
tested.

Two main spore-pollen-based zonations exist for the Ter-
tiary of southeastern Australia. Harris (1965, 1971) devel-
oped a zonation based mostly on the onshore Otway Basin,
but condensed and incomplete sections make resolution dif-
) ficult. The scheme of Stover and Evans (1973), refined by
Dinoflagellates Stover and Partridge (1973), was developed largely from

The dinoflagellate zonation also evolved in a piecemea?Xter‘SiVe_ offshore oil drilling in thi_ck and complete sections
fashion. The Campanian to Santoni@nikoon australiso N the Gippsland and Bass Basins by Esso. Subsequent
Isabelidinium cretaceurand Cenomaniaéscodinium par-  refinement is unpublished, but the zonal framework was
vum Zones were developed by Evans (1966) in the OtwaypPublished by Partridge (1976) without explanation. The two
Basin. The youngest zones are certainly the most distinctivechemes are largely compatible due to relative uniformity in
miella druggii Zone was developed in the Gippsland BasinScheme has become more widely used due to its greater
and published by Partridge (1976) without definition. It is fesolution.
ea.sny'ldentlfled in the Otway Bas!n.althoug.h oftenonlyasa However, the application of the scheme developed in
brief interval. TheConosphaeridium striatoconuand  goytheastern Australia is not without problems in more west-
Odontochitina poriferaZones were described from New grjy and northerly basins. This is mainly a reflection of the
Zealand by Wilson (1984), but the oldest occurrences of th@jfferent ranges of key pollen and spores elsewhere, the use
nominate species can be very rare. All these were compileg the assemblage concept to define some zones and first
and the last three zones added, by Helt®l. (1987, fig. 2).  appearances for others, and the lack of evolutionary points in

the Oligocene-Early Miocene intervarbteacidites tuber-

Several aspects of this framework require commentculatusZone). Attempts at subdividing the latter interval
Resolution is certainly best in te australistol. cretaceum  (Martin, 1984; Macphail and Truswell, 1989) in the adjacent
interval and new subzones are being tested. Below this, tHdurray Basin have met with only partial success or may have
O. porifera and C. striatoconusZones frequently appear only local application.

](cjlac_hronous due to extreme scarcity to absence of z_onal Recent work in the Murray, Otway and other South
ossils. New zonal definitions in this interval are being AU

tested, although the published definitions can be applied in stralian basins shows significant differences in species
' gn put X pp ranges and in ratios between dominant taxa used to recognise
more open marine sections in the Carnarvon and Perth Ba-

sins. ThdPalaeohystricophora infusorioides, Isabelidinium some zones in the Gippsland area. NotW|.thstalnd|ng these
. . X : o weaknesses, most zonal boundaries are still valid, although
korojonenseandM. druggii Zones can be reliably identified

. : . . .__some may be recognised on other evidence.

in favourable facies, but marginally marine to non-marine

facies sometimes make interpretation difficult. The  Since the youngest Late CretacedusongusZone en-

CenomaniarDiconodinium multispinunZone has not yet compasses the early Paleocene (Hadbyal, 1987), the

been identified in the Otway Basin although it occurs in theCretaceous-Tertiary boundary is not recognisable on pal-

Duntroon Basin to the west. This may be due to restricteg¢inological evidence in Australia. The transition ibygiste-

marine facies and the absence of key fossils in the basin, gollenites balmepalynofloras may also be blurred by the

may be caused by a regional mid-Cretaceous hiatus. recycling of older taxa into younger strata. Moreover, spe-
cies thought to be tightly constrained chronologically, such

Age control for the Late Cretaceous is good, being base@S Grapnelispora eyansiin the latest Maastrichtian, are .
on planktonic foraminifera and nannofossils associated witfound to range up into the Late Paleocene-Early Eocene in

the Bight and Duntroon Basins. ing the upper boundary of the balmeiZone are the last

appearances @ambierina rudatandLygistepollenites el-
lipticus (although very rare outside of southeastern Australia)
TERTIARY and a decline in the overall frequency Adistralopollis

Plant microfossils are abundant and diverse in clayston@Pscurus Intratriporopollenites notabilisDryptopollenites
of the Pebble Point-Dilwyn succession (Paleocene to Middl§emilunatusand Cyathidites splendensOtherwise, Early
Eocene). Terrestrial spores and pollen are dominant angoceneMalvacipollis diversugpalynofloras are similar to
diverse, but marine dinoflagellates usually minor. Above théhose of the Late Paleocene.

Dilwyn Formation, plant microfossils become less frequent  The most widely recognised change appears at the Early-
and sporadic in occurrence because of the establishment gfigdie Eocene boundary, or badthofagidites asperus
marine conditions represented by carbonates. However, pagone. Here there is a large increase in the frequency of
ynology is still quite useful up to the Early Miocene, at leastothofagiditesspp. pollen, especially in tHeassii group.
in Victoria. In contrast, foraminifera (particularly planktonic Although the first appearancef asperuss a good indica-
foraminifera) are not abundant in the Paleocene to Middlgor of the base of the zone, it is generally rare outside the
Eocene part of the succession but are often abundant in “Gippsland Basin, and the first appearance (concurrent with
younger strata. the nominate species) of the more common spétiéaica-
tusis more reliable. The oldest and most consistent occur-
rence ofTriorites magnificuss still useful in defining the
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Fig. 6.2 Foraminiferal events (first and last appearances) recognised in southern Australia, ODP leg 113, and New Zealand.




base of the largely Late Eocene MiddleasperuZone, even  and correlation in southeastern Australia. The data are used
though some workers find that it may appear sporadically into relate local successions to the standard P and N planktonic
the Middle Eocene. Recognition of the Upperasperus foraminiferal zones erected in the tropics.

Zone on the basis of key species is very problematic. Prob-
ably the great decrease in the diversity and frequency oé
Proteaciditesspp. along with the preponderanceNutho-
fagidites spp. are the only clues to the transition into the
subzone, but this fails to separate the palynofloras from th
succeedingp. tuberculatugZone.

While most of the zonal schemes previously used include
atum levels (first and last appearances) in their zonal defi-
nitions, elimination of zonal names has served to clarify the

imilarities between successions. However, the problems of
acies control on taxa and possible diachroneity encountered
in recognising zones, also apply to datum recognition.

Work in progress (Martin, Macphail and Truswell, and
Alley) is attempting to subdivide the lorig tuberculatus
Zone and calibrate these divisions against the marine reco
through associated foraminifera and microplankton. Th
upper boundary of the zone (i.e. b@sporopollenites bellus

Sedimentation in the Murray and St Vincent Basins is
more restricted than in the open marine Gambier Basin. The
r . . ; .
resulting lower abundance and diversity of planktonic
Soraminifera has meant that at least some of the age diagnos-

tic taxa found in the Gambier Basin are rare or absent in the

Zone) has been shifted downwards to the Early Miocen . I )
(Macphailet al, 1994) but is still recognised on the oldest(?\/Iurray and St \ﬁncen_t basins. S_|m|Iar_faC|es p“’b'ems are
osed when attempting correlation with the low latitude

appearance of the nominate species. Several other younder : . .
PP P y Oonal schemes. In this case the environmental factor is

zones have been informally defined in the Gippsland area antemperature. The tropical, warm-water faunas are consider-

the Murray-Darling Basin, and are in the process of bemgably more diverse than their temperate, cool-water counter-

tested for potential application in the Otway and other basmsparts_ Although some taxa are common to both regions, the

) large distance over which correlation is being attempted
Dinoflagellates introduces the possibility of diachroneity. Nevertheless, cor-
No comprehensive dinoflagellate zonal scheme is availfelation of local datum levels with the P and N zones has been

able for the Australian Tertiary. Partridge (1976) publishedP0ssible and continues to be refined. A major contributing
a set of zonal names for the Paleocene to Early Oligocene @ctolr to th|§ refinement has been the adoption of a sequence
the Gippsland Basin, but the zones were not defined. Sonfgratigraphic approach by McGowran and others (e.g.
of these were based on a dinoflagellate sequence describBfGowran, 1991; McGowraat al, 1992; McGowran and

by Wilson (1967, but not defined as a formal zonation untilli» 1993). The foraminiferal events recognised in southern
1984) from New Zea'and and app"cab'e in Austra"a_ Sub.AUStra“a fOI’ Wh|Ch CO.I’I’elatlon W|th the P and N ZQHES haS
sequent refinement of these zones in Australia is unpubR€en attempted are listed on Fig. 6.2 together with others
lished. Harris (1985) published a set of four dinoflagellate"®cognised in the high latitudes.

zones for the Otway Basin (Early Eocene to Early Oligo-

cene). Since dinoflagellates in the basin are often rare and

nondescript, the zones are less precise than the spore-pollen

data and thus have not been widely accepted. However, some

samples in some sections can be assigned confidently to

zones from either scheme.

Age control of these schemes is excellent in the Middle
Eocene and younger deposits through associated planktonic
foraminifera and nannofossils although the foraminiferal
faunas are not well represented in the South Australian part
of the basin. Age control beneath Middle Eocene strata is
only good to fair, mostly relying on dinoflagellate correlation
to New Zealand where more marine equivalents have excel-
lent planktonic foraminiferal and nannofossil control.

Foraminiferal zonations

Several zonations based on foraminifera have been pro-
posed for the Tertiary of southeastern Australia (e.g. Crespin,
1943; Carter, 1958, 1964; Wade, 1964; Taylor, 1966; Lud-
brook and Lindsay, 1969) and various attempts have been
made to correlate these with each other, similar schemes in
New Zealand, and the standard planktonic zones of the low
latitudes. The growing confusion resulting from the prolif-
eration of foraminiferal zonations for the extratropical Aus-
tral region gradually led workers to abandon these schemes
in favour of using foraminiferal events or datum levels (e.qg.
Hornibrook, 1967; Hornibrook and Edwards, 1971;
McGowran, 1978; Lindsay, 1985). Datum recognition is
now the generally accepted method of foraminiferal dating
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