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Summary 

1. A new palTUologia*l study hss been made qf 24 core samples and 17 cuttings samples 

from tire t-Jo. ctt.t;on~ cf the Belfast Mudstone, Flaxman and Waarre Formations. . . 

2. The otudy ‘Ja.5 confirmed t br; re-kia! p.~Iynr~gical succession and ages established 

from pcJynologica1 studies of wellz drilled in Pari. <lampbell Emhaymcnt betw ecn 1993 

anal 1995 and relates these to the type sections. In the process :.;-?e study bas reaclved 

anomalous species occurrences in the type sections recorded iu earlier palynological 

work due nainly to cnved materials accclmul.iii:~ ,I at and being collected from the tops 

of the conventional co-es. 

3. The Waarre Formation is nssigned theP. mawsoniispore-pollen Zone and 

P. infusorioidesmicroplankton Zone and is entirely Turonian in age, not Cenomarian 

as previously thought. All shales and siltstones from the Waarre were found to +.ontain 

rare to common marine dinoilagellates suggesting the formation is predominn:ltly 

marine. 

4. The Flaxm~n Formation can he characterised by theK. polypesSubzone of the 

P. InfusorioidesZone. This new subzone can be used to correlate the Flaxmar 

Formation within the Port Campbell Embayment and demonstrates the formation is 

not diaehronous, but dots vary significantly in thickness. The age of the Flaxman 

Formation is late Turonian and it WPS deposited in a probably deep water distal marine 

environment. 

5. The C. sCriaCoconusmicroplankton Zone is a thin biostratigraphic marker found above 

the type section of the Flaxman Formation and provides a uc*f~:l hiostratigraphic 

marker for mapping the upper limit of that formation. However, close palynological 

sampling is required to locate this marker in most wells. 

6. The type section of the Belfast Mudstone is shown to be restricted0 the 

I. cretaceummicroplankton Zone of mid to lnte Saatonian age. It was also deposited in a 

probably deep water distal marine environment. Restricting the use of the term Belfast 

h’ludstone to a concept closer to the type section is recommended to provide a more 

practical stratigraphic unit. This would require however the introduction of one or more 

new stratigraphic terms for the interval between the base of the Belfast Mudstone and the 

top of FIaxman Formation. 
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Introduction 
Late Cretaceous sediments wcrc first identified in the Otway Basin in the Nelson bar: in 

western Victoria (Baker & Cookton, 1955), b-a*. <he first sts.;ig raphic units were erected in 

the Port Campbell Zmbaymcnt follcai~:g ‘.hc first xlodern petroleum wells drilled in that 

area 3ctween 1959 and 1964. The key wcffs and spud dates are Port Campbell-l (9 

September 1959), Port Campbell-2 (12 JuJv 1960) and Flaxmans-l (3 May 1961). The units 

Belfast Mudstone, Flaxman and Wdarrc Formsticns P’ZT .: first recognised in stratigraphic 

succession in these wells, which in turn rcrc subacr:>cntly designated to cont.ain the type 

sections for these fo:lnations. The wells have also been designated as the p-in.: 1pa.l reference 

SIE ct ROXS for the Appcodlcisporit es distocarina tu$ Cfa vi/era tripZexa nd Tricolpites 

pacAyex&usspore-pollen Zones used for the age dating aud correlation of these formatio!As 

(Dcttmann & Playford, 1969). 

At the time they were drlrlcd the wells wcrc essentially “state of the art” for retrieval of 

subsurface rtratigraphic information. All three w+L.- ‘c contain numerous convcntiocal cores 

and, for their time, modern and zomprchcnsive suit cs of electric logs. However, over the 

last three decades IEgging technology has ad-ranted considerably and it is now difficult to 

b?p\>ssi’~lc- .o achieve an unal.\biguous correlations to more recent wells with more 

adxxuced Jcqts, even ah-n the resent wells arc located close to ibe orig’nul h:les. TSe 53.~2 

problem exists with the palyno:ogy. Rcs-rlts from recent wells dr’i’cd b:twcen 1994-!-$95, 

wJ&h have bean c.tmprehensively sampled by sidewall cores, have b:en difficult to 

rationalice with either the initial results or later palynologfcal studies o;‘the wcllr 

containing the type sections. 

In this study the cores and cuttings from Port Camphell-1, Post Campbell-2 and Flaxmalls- 

have been re-examined and aelcctively sampled for palynologv with the aired of clarifying the 

relationship of the type sections of the formations to a finer pclvnological zonation 

currently under development. 

Previous Palynological Work 
The initial palynological work on the three wells by Evans (1962, 1964) and Dcttmann 

(1964a, b) was conducted during the early days of stratigraphic palynology and was 

hampered by the largely undcscribed microflora. Much of the critical descriptive palynology 

was occurring at around the same time, and spares, pollen, dinoflagellate and algal 

palynomorph species described from these wells by Cookson (1965); Cookson & Balme 

(1962) and Dettmann 8s Playford (1968) have subsequently proved to be important index 

forms. This early work lead to the cstnblishment of first a microplankton zonation (Evans, 

1966) and subsequently a spore-pollen zonation (Dettmann & Playford, 1969). Both 
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involved the cci!cc:icn and processing 0; ‘I’ 5 new core samples from Port CamPSell-I, 2 and 

4, and Flaxmr.ts-1. Suln~~quently ‘!I: paiyrclo&aJ slides from Flaxmans-l were r-crxrowed 

aud re-cxpmined ab pzrt of a regional review of Otway Basin palynology by Morgan (15186). 

B&h these studies c;cre made p.-ior to ihe finrrlisation of the major review of Mt.Tozoic 

palyrological zonatio.,3 v  r 5y Helbyel’ a/. (1937) and lack enough reliable detail to 

unambi~llously charactcrise thz type scctioar of the formations. 

The critical l*cd to bcttzr characttrise the palynology of the type sections of the Belfast 

Xudstone.; FlaysIan and Waarre Formations has been highlighted by recent attempts to 

pr3vitie -s uh:fied stratigraphy for thr &way Basin (Mortornll al, 1944; Tickell et at, 1992) 

and the .ne sd to reconcile the latest palynological results obtained froI-? detailed siderrall 

core sur-=piing of these forrnatior.s in the recent wells Langley-Z, near Port Campbel’ 2 

(Partridge, 1934b) and Howmains- i, adjacent to Flaxmans- (Partridge, I?Y4c). 

Materials and Methods 
.“h? 4! core and cuttings samples analyscd here were inspected and colle-ted from tte 

department of Energy and Minerals Victoria car;: - ztoragc facility oc, 11-1’2 January 1436. 

Palynological prcLessing cf the s%rnpIcs W ;1;S pcyfi7rmzd by Latila W y  I,‘,:5 in Perth. 

Desc.:iptioLc of ~~rnnpl~ i;thc 1, q.:ies: quantity oi palyn; logical residue extracted; palync;r,n?:ph 

ccncent- stion, prederration and diversity are recorded on I’ablcC to 7. Zone identification, 

tbpir ConTrdenre Ratings and comments on microplankton abuni(r.nce and key t;pecies 

cecorded are proridcd on Tables2 to 4. All stratigraphicalty si@ficanr species recorded in 

;ile --a:mr!c: a:e tabulated on separate range charts for each of tbc t’nrec wells. Excluded 

from ths r;nqe charts are rare spcc!ts ix. 1 the samples which arc known to occur in older and 

yot*ng;tr sectioris, reworked spccics and cpcacies recorded in tl-.e cuttings known to he caved 

fram abo~ the sept;on of inttrcst. ?‘h:se species were omitted becau,;e they obscured the 

overall character of 1 \s L:SCX k  lages b;i arc included in the species diversity ccunts on 

Tables 5 to 7. 

Overall, although residue yields were mostly moderate to high, the prlynomorph 

concentrations were mainly low to moderate The latter when cnmbirad with the generally 

~92r to fa., ir >rzzz:-:ztion has meant that many key index sptcies were rare and not 

consistently found. The difficulty of !indi:lg key species was most severe in the cuttings 

::r-..xp’.es from the Flaxmran Formation in Port Campbell-2 and Flaxmans-I. The cuttings in 

both weJls were badly contaminated by cqvings from the Belfast Mudstone and younger 

units. For all samples spore-pollen diversity was modelate averaging 24+ species per 

sample. Microplankton diversity was also modcrate but lower, averaging 14+ species per 

sample. Total mizroylanhton abundance is  given on Tables to 7 but split between the fresh 

to presumed brackisir water algal cystAn~osopollis crzrciformisaud all othei microplankton 

on Tables 2 to 4. The abundance is exprcsscd as percentage of microplankton relative to 

combined spore-pollen and m?croplankton count. The calculation of the spore-pollen and 



Petroleum Uevelopmezt Unit Unpublished Report i 99?/34 15 May 1996 Page 5 
---- --- 

microplankton percentages excludes reworked Permian ano Tri&r.p!ic pitlynomorphs and 

fungal spores, hyZhae and fruiting bodies counted in the a6semblayc. 

Biostratigraphy 
This section discusses the zone determinations provided for the individua! samples given on 

Tables 2-4. The zonation appi’ ;d is the Australia wide Mcsc)coic Fpore-poIlcrr rnd 

microplankton zonation schemes described by Helby, Morgan & Fartn!<r,c !Y 9117). Increased 

biostratigraphic resolution is ?ri ecv~3d by recognition nf sc:*eral FZW lcrcp+ ‘.tu+ 64 . y.:t 

informal subzoncr. ~k.c,e new zones are ral:&d 8s suDzoncs in otdct t.v rr;teln the integnty 

and age rciationships of the existing zcnes, even though their palynomorpl: r:on::n+: r.*cg 

make them just as distinctive as the established zones. Also discus.rcd arc :he for,nerlg used 

Otway Ba:;in zones for microplankton (Evans, 1966) and spore-pollen (Dcttmann 8s Playford, 

1969) xh!ch have reference sections in the wells being analvsed. As this report has a 

hiostratigraphic ZDCUS no atteirpt is made to discuss s>ccics taxonomic or iden;iZcaticr. 

problems except Eol:ere misidentification has caused problems with zone naming and 

uubsequest identiiI::t+ ~3n. Instead, the reader is referred for species au;por citations %r 

spore-pollen to Helby, Morgan 8s Partridge (1957), Dettmann (1963). Stover & Partridge 

11973) or other references cited therein; and for microplankton to the indexes of Lentin & 

Williams (1993) and Fensome,ef al., j1990). U’ithin the text and on the range charts species 

names followed by “ms” are unpubli.:::erl manuscript names. 

SPORE-POLLEN ZONES 

Phyilocladidites mawsonii Zorc: _ ’ 7r;:l>y et a/., 1987 

The P. mawsoaiiZone is shown on samples examined in this study to range through the 

type section of the Waarre Formation, the type section of the Flaxman Formation and into 

the basal pzrt of what has been traditionally assigned to the Belfast M:rd;tone. It is not 

however associated with rhe type section of the Belfast Mu.istone which is youngc 0. 

Although the base of the Waarre Formation in the three wells was not sampled extensive& 

and the quality and results on the available samples was only fair, the results arc consistent 

with the hypothesis Chat the base of the Waarre Formation is no older than thQ. mawsoaii 

Zone and is thus largely if not entirely Turonian in age. The hypothesis was first advanced 

following the analysis of the Iona- and Langley-l wells (Partridge, 1994a, b). 1 he precise 

age of the base depends on whether the base of theP. mawsoniiZonc lies within the 

uppermost Cenomanian, a question which is impossible to answer on the evidence from the 

Otway Basin because of the presence .Df a major unconformity at the base of the Wazrr:: 

Formation and lack of datable calcareous microfossil within the succession. 

The assignment of the entire Waarre Formation to the. mawsoniiZonc is based on 

evidence, now .vailable from several wells in the Por? Campbc 11 Embaymcnt, that the key 

index species PhyUccIadidites mawsoniiand Cfavifcra friglex,which dcfinc the base oi the 
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zone, range down to the base of the Waarre Formation, even though they may not be 

recorded ir: crc,y sasr’plc. Support for this interpretation is also provided by the assignment 

ot‘ t!le as::;c is’.ed mic:op1ankto.r to the!‘. infLTscrio&fesZone. 

Dii’izc~titiari C’A~GC w:th przzise!y picking the top of theP. mawsooiiZol;?. fbis ieq< .&I J,! 

recording the first or eldest appeartnces of the ke.. n index specie&icolporites apox; c  ~!rl‘w 

anG Orname.~tifera sentosawhich define the base of the overlyingT. apoxyexlnusZone. In 

the Port Campbell Embayment the boundary between these z.juea lies within a distal and 

probably deap marine facies at the base of th e Belfast Mudstoac in \qhi;!.r the spore-pc>llen 

assemblages are distorted by facies and/or palynomorph distributronal problems such a: <r~** 

“Neves Effect” (Traverse, 1988). In this study, where the base ranges of the ir.dex species 

were 0uly recorded in cuttings, no sew evidence was obtained to verify or challenge the 

curreat cro:,s-correlation between the microplankton and snores-po’ ..P -&nts established in 

Helby et al. (1987). The unbztrtainty in the zone assignments is reflected in the low 

confidence ratings assigned to individual saitiples (Tablea-4). 

Yne former zones recorded over the intzrvzis now assigned to the. mawsoniiZone are 

discusset? be1 JW:  

Appendicisporitcs distocnt-ins trrs ICone - 3ettman; & Playford, 1969 

The original definition of theA. distoca:tnatusZo;le by De’.rmaon & Playfcrd (1969) was 

effectively the interval between the !2ut or ycungest occurrence oCoptospora paradoxaand 

the lart or youngest occur. ence ofAppeadicisporites distocarinatus.This was modified hy 

Helby et al. (1987) following work that sha .rcd the oldest occurrences of bot*&lavifers 

triplex and Phylll’ocladidites mawsoni~which defined the base of the overlyingc. triplex 

[now P. mawsoni4 Zone) overlapped with t?ze top range ofA. distocarinstus 

Tbe *reference section for theA. d&tocarinatusZone was given by Dettmann 8s Pjtpford 

(196!tj as Port Campbell-2 between 8096.8418 ft (cores 8 to 11 from original hole and corF 

15 from sidetrack hole) even though the index species4ppendicisporites distocarinatuk 

not recorded in any of these corfs on either of the early range charts by Dettmann (1964a) 

or Evans (1964) and is only recorded in this study in coze-15 the deepest in the refer ‘cc  

interval. It can only be assumed that Dettrnann had examined additional matcrial prior to 

selecting Port Campbell-2 as the dtsignated reference section. This study of Port Campbell-2 

shows that both C. triplexand P. mawsoniioccur in ccre samples throughout the reference 

section effectively destroying its validity as a reference section for the original concept of 

the zone. The data from the closely sampled Laugley-1 does however suggest that 

A. distocarinatuscan occur consistently witbin the Waarre Formation (Partridge, 1996b). 

The modified concept of theA. distocarinatusZone used by Helby et al. (1987) appears to bt 

exclusively Cenomanian in age and is not considered to be present in the Otway Basin. To 

avoid ongoing ambiguity it is recommended th .t both the origninal and revised concepts of 
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the A. cistccarinatusZone 3e r.bandoned and replaced by another name. Further discust ion 

of this r~~.cn~l~~rit~ Thange is bcyacd the scope of this report. 

Cia YiJexa ttiplex Z ‘: ne - Dettmann b Pla; fcrd, 1969 

‘I’? z ;~fz.zqti~ section fol th.: origiralc. ..&/cs’;one w%s given by De: :lann & PlAg.ord 

j1959J as Flaxmaoa-1 bC’:weca\ 6l.- 5 t?..,ti 1; :cores 17 r-0 20). This ~.Ic!&:s &t~::on irjm the 

upper part of the Z’!uz.* r’ormation, a)~d t>c i.>wev part of the Belfast Mudotonr followjrc: 

the criginal concepts far these units. The sectiorl r!lco in-ludes. b3sed on this study, the 

~.;~-.cpst pd~i of the P. izfusorioidesZr.ne the entire C. strlatoti~r~**sZ.r:le and the lowest 

jar’, 0 f tT;e G. porifera Zone. As a reference sect!:*n it wtm!d rci*rese.*.: only the youngest part 

of the modified.“. mawson!iZone r-d as wcil the r;?.,L!~r.* e&t sninples x*r:JN cord7 in rhe 

referenca stction can now be renr::z.led to t+zf’. &fpoxyexinusZone bPc,eJ on th.4 v,.-csence 

of Latrchonporites onir :nsi,cecc3 th r,UCqll the CpC’3p " lOUS species -25 not f cO.iiif.5. 

Tricolporites apoxyexirki... G*:~z’ - Htlor et &., 1987 

Only the shallowest corzs erlmined in Port Cnmi~~r!! 3 and FleAmans- are aasigned to this 

zone ?n Fort Campjell-1 tslu core and a cuttings oample from the type section fQr tr:, 

delfast Mudstone brtmcen 4925.5329 p if-Z. I?L::~, i’3.71) can be confidently assigned to the 

3‘. apoxyexi.. Ls sZone based on the presence of the sponymous spec!es in all samples. The 

common to abundant occ;rlrrencc ofProteaclditcsr.yp. from 7% ts 20% in these sample is 

also considered to be characteristic of this zone. rhe designated reference section for the 

T. pachyexinu.?Zonz (the prior name of the zone before nomenclature changes) in Flaxmans- 

I betwee- +9-?4-3370 ft I cr,rts e-16) were not sampled or analysed during this study. 

MICROPLAN? TO:< ZuKZS 

Palaeohpstrichophora infusori?itfc*s Z*>ne - Helby et al., 198:’ 

The type sections fov both the Waarre and Flaxman Formations as a result of this study can 

be c*;c?~~.:=.tly ?.s..i ,nrd :r, theR infusorioidesZone apd eqt.ally as confidently are .rrgely 

Turonian in age. The base of the zone may extend down into the very uppermost 

Cenomanian and the top may range up into the basal Coniacian, but these are issues which 

cannot be resolved from the Otway Basin data. 

In the Port Campbell Embayment theP. infusorioidesZone has a total diversity of over 30 

marine dinoflagellate species. It conforms tr, the origtnal observations in HelhJrt al. (1987) 

in that it is recognised on the negative evidence of the absence of index species for the 

underlying D. muItispinum Zone and overlying C. striatoconusZone. Sufficient new wells 

and samples have been examined in the Otway Basin since the publication of Helbyt al. 

(1987j to be confident that the index speciesDiconodinium multispinum, Pseudoceratium 

Iudbrsokiae, Canniqginopsis denticulatrand Litosphaeridium siphoniphorumwhose last 

occurrences define the top of theD. multispinumZone are not present in the Otway Basin. 

Therefore, the base of the Sherbrook Group, cvcrywhere that it has been drilled to date, is 
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younger than the D. multispinumZonc and therefore considered younger than the 

Cenomanian. The top of tbeP. infusorioidcsZone is even more confidently defined on the 

oldest occurrences of ConosPhaeridium striatocor;u.swhich is recorded in the Gtway Basin. 

Wittia the P. infusorioidesZcne two as yet informal subzones are recognised and discussed 

below: 

Cribroperidinium ednardsii Acme Zone 

The C. edwardsiiAcme Zone is found in the lower part of the Waarre Formation (Units A and 

B of Buflin, 1989) and is typically characterised by assemblages with low microplankton 

abundance (~10% relative to spore-pollen) in whichCribroperidinium edwardsiris the 

dominant species representing over 15% of all micruplanktcn and often over 30%. 

Palaeoperidinium cretaceumand Odontochitina operctilataare characteristic accessory 

species. Although C. edwardsiihas been recorded in the Waarre Formation above its acme 

its occurrence is inconsistent and abundance IowCribroperidinium edwardsiris also 

recorded from the Flaxman Formation but its occurrence is so sporadic it is considered 

highly likely that it reprrs?cts reworking of ..e occurrence acme found in the Waarre 

Formation. 

The C. edwardsiiAcme is best documented in Langley-l (Partridge, 1994b). It was recorded 

in this study only in the deepest cores examined in Port Campbell-2 and Flaxmans- and is 

considered not to be penetrated in Port Campbell-l. Because of the poor quality of the 

electric logs makes it is difficult to confidently identify Ruffin’s Units A, B and C in these 

three early wells it is not possrble to confirmed the lithological association. 

Kiokansium polypes Subzone 

The base of this zone is defined by the oldest local occurrence otralensiella griphusand the 

top by the youngest local occurrence ofKiokansium polypesand V. griphus As so defined 

its limits in Port Campbell-2 closely approximate the type section sf the Flaxman Formation 

designed between 7676-8184 ft (Glenie, 1971). 

Applying this zone criteria to Port Campbell-l suggests there is less than 50 feet of section 

time equivalent to the Flaxman Formation. The interval involved certainly extends from the 

cuttings at 5640-50 ft to top of Waarrc sands at 5655 ft (ie15 feet) but may extend as 

shallow as 5610-20 ft. This latter cuttings containing the shallowest occurrence of 

K. polypes, in association withC. striatoconus, and has been assigned to theC. striatoccnus 

Zone. It may however be slightly older ifC. striatoconusis interpreted as caved. 

In Flaxmans-l the correlation is less clear. ThcK. polypesSubzone is clearly present at the 

top of the Flaxman Formation in cores-18 to 19 between 6606-6626 ft, hut the cuttings 

analyscd below these cores between 6690-6870 ft are badly contaminated by down-hole 

cavings and cannot be confidently interpreted. Note also that all the material from core-21 
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is caved due to an error in measuring the drill string when cutting this core. In the well 

completion report this core is recorded as no recovery. Based on the gamma log character 

the preferred pick for the base of the Flaxman Formation is at 6750 ft considerably above 

the pick by Glenie (1971) at 6878 ft. Based on the occurrence of thC. striatoconusZone in 

cuttings at 6590-6600 ft the top of the Flaxman Formation is picked 6600 ft considerably 

below the pick by Glenie (1971) at 6510 ft. The net reduction in thickness is from 368 feet 

to 150 feet. This thickness, and the less than 50 feet thickness in Port Campbell-l, contrast 

markedly with the 508 feet of the Flaxman Formation in the type section. 

The microplankton in the interval between the base of thdr= pol’pcsSubzone and top of 

the C. edwardsiiAcme representing the upper part of the Waarre Formation are as yet too 

poorly characterised to propose a suitable subzone name. BotWctcrosphaeridiumspp. and 

Amosopollis cruciformisincrease in abuniance in this interval but as these feature are 

partly facies related it is considered unsatisfactory to name the interval after either. The 

only species currently identified as having a First Appearance Datum (FAD) within this 

interval is Isabelidinium sp. cf. I. gfabrum, which is probably the species previously 

identified as Ascodinium parvum The taxonomic problems with this identification xre 

briefly discussed below. For the purposes of the tables in this report the unclassified 

interval is referred to as thelsabelidiniumsp. Subzone. 

Ascodinium parvum Zone - Evans, 1966 & 1971 

The A. parvum Zone was originally defined by Evans (1966) in an unpublished but - ‘qely 

circulated BMR Record. The formal pub?!f:ation of the same work is Evarrs (197 le zone 

was originally only recognised in three wells. In Port Campbell-2 it was specifI* 

occurring between 5660-5708 ft (cores 6-S) over the type section of the Flaxman Formation. 

In Port Campbell-l it was recorded over the interval 7606-8102 ft (cores-22 & 23) in the 

Waarre Formation even though the index species4scodinium parwumwas not recorded It 

was also recorded in Geltwood Beach-l in South Australia but that occurrence has not been 

reviewed for this report. 

Ascodinium parvzJmcan be distinguished by its distinctive outline with a single antapical 

horn and its combination archeopyle involving both intercalary and apical paraplates. The 

only problem is that the characteristic archeopyle has not been identified on any specimens 

in any of the samples in this study or in any other palynological studies on new wells drilled 

in the Port Campbell Embayment over the last five years. The specimen illustrated by Evans 

(1966, ~1.2, fIg.6) from the Otway Basin also does not show the characteristic :rcheopyle 

morphology. It therefore must be concluded thatA. parvum, which was originally described 

from the Albian? in the Perth Basin, has been misidentified in the Otway Basin. 

The species that wacI being idcnt.iiied asA. parvum is here considered to be a undescribed 

species of Isabelidiniumwith a simple intercalary archeopyle It is similar td. acuminatum 

but lacks the apical horn on the endocyst that makes that species so characteristic. In this 
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report it is recorded asIsabelidiniumsp. cf. I. gfdbrum. It may however be the same species 

that Roger Morgan has identified as the European specie&abelidinium cooksoniae(Alberti, 

1959) Lentin 8s W illiams, 1977. blorgan’s records are from open file basic data from recent 

wells in the offshore portion of the Port Campbell Embayment and the palynological slides 

from these ~~11s have not yet been examinated by the author to confirm or refute this 

comparison. 

Isabelidiniumsp. cf. I. glabrum on available data is first recorded within the Waarre 

Formation above the C. edwardsn.Acmc and ranges through the Flaxman Formation to the 

top of the P. infusorioidesZone. It is not confidently identified from the. sfriatoconusor 

younger Zones. 

Conosphaeridium striatoconus Zone - Helby ct al., 1987 

The highly distinctive zone indexConosphaeridium striatoconvsoccurs over what appe-rrs 

to te only a very thin interval in each of the three wells. As this thin zone occurs above the 

type section of the Flaxman Formation in T.-- : Campbell-2 it is also considered to lie above 

the Flajrman Formation in the other two wells and the top of the formation needs to bc 

adjusted accordingly. 

,’ 

Anomalous occurrences of C. striatoconusdue to down-hole cavings which have 

accumulated at the top of the core barrels have been largely responsible for the confusion 

surrounding the precise age of the Flaxman Formation. The occurrence which originally 

causec’ “,ne most confusion was the record ofC. striatoconusfrom core-al (6832-38 ft) in 

Flaxmans- by both Stacy (1981) and Morgan (1986). As the well completion report states 

that core-21 was not recovered the source of this sampr: cou1.l not initially be explained. 

However, checking the daily drilling reports for Flaxmans-l confirmed that core-21 had 

indeed been cut and fully fccovered, but, because a measurement error on the drilI string, 

had been cut above the then T.D. for the well. Checking the actual core presented at the 

department of Energy and Minerals Victoria core store confirmed that it was composed of a 

breccia of rounded pebbles of hard mudstcne and the original interpretation that the core 

was entirely composed of caved material was confirmed. As similar interpretation is possible 

for the record of C. striatoconusfrom core-23 at 5700-!O ft in Port Campbell-l by Evans 

(1964; fig.8). The original lithological description and subseqtient inspection of t!lis core 

confirms it belongs to the Waarre Formation and the new palynology sample analysed gave a 

oldclr age without any evidence of younger contamination from the. StriqtoconusZone. A 

third caved occurrence 0: theC. striatoconusZone was recorded by the author in the Port 

Campbell-2 well from the sample analysed by Stacy (1981) from core-10 at 8306-11 ft. This 

sample contained Conosphacridium tubulosumand again is interpreted as derived from the 

cobbles of glauconitic mudstone recovered from the top foot - f the core. The remainder of 

the core is good quartz sandstone typical of the Waarre Formation and is clearly unsuitable 

for palynology. 
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The only early record ofC. slriatocanuswhose in situ occurrence is confirmed here is that 

of Cookson (1965) who recorded the species from Port Campbell-2 between core-4 at 7403 

08 ft and cuttings at 7440-50 ft. 

Odootochitina porifera Zone - Helby et al., 1987 

This zone is identified in one sample from each of the three wells and in each it is 

c.haracterised by the frequent to common occurrenr.e oEbdtangiclla tripartitaLsually in 

association with the zone speciesOdontochitina poriferaor the ciosely related 0. 

cribropoda 

Isabelidinum cretaceum Zone - Evans 1966 8s 1971 

This zone was only recorded from the Port Campbell-l well in this study where it occurs 

throughout the type section for the Belfast Mudstone. It is identified by the presence of a 

narrowly defined concept of the eponymous specieskabelidinium cretaceumwhich is 

closely similar to the holotype with separate apical and antapical pericocls (eg. Helbyt al., 

1987; fig.42L). As so defined the zone has been found to be more restricted in its 

distribution in these wells than recorded by either Evans (1966) or Stacy (1981). 

Palaeoenvironments 
In this review of the type sections of the Waarre, Flaxman and Belfast Formatiox all 

samples were fou nd to contained marine dinoflagellates and therefore it is reasonable 

conclude that formations are largely if not entirely marine. 

The Waarr: vnrmation contains the only plsssib!e non-marine environments in the sequence. 

These are the carbonaceous partings to possible thin coal seams reported in the cuttings but 

not seen in the cores, and probably some of the quartz sandstones which have not been 

analysed for palynology because of their unsuitable lithology. All samples tbat were analyscd 

contained marine microplankton (mostly dinoflagellates) with abundances ranging from less 

than 196 to nearly 30% and diversit,es typical1 p ranging between 5 to 10 species per sample. 

Also the upper part of the Waarre Formation can contain significant abundence of the fresh 

to brackish water algal cystAmosopoZlis cruciformiswhich may be significantly more 

abundant than all the marine microplankton. The highest abundance recorded was 38% in 

core-25 (6902-13ft) in Flaxmans- 1. 

Samples analysed from the overlying Flaxman Formation and Belfast MudstoLe show a 

significant increase in both abundance and diversity of marine micr::plankton. The 

exception are low yielding samp!- 0, in which the assemblage counts arc considered unvcliable. 

In all samples the marine dinoflagellates are more abundant than the algal cydmosopollis 

cruciformis In the three wells studied these two younger formations represent more distal 

and deeper water environments than the underlying Waarre Formation. 
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Stratigraphy 

This section is summarised the impact of the new palynological results on the age and 

depositional environment of the type sections. Recommendations are also made on how the 

correlation and application of the formation names can be improve. 

WMRRE FORMATION 

The Waarre Formation is argued to lie entirely within the. mawsonil’and P. infusorioides 

Zones and for all practical purposes to be entirely Turonian in age and not Cenomanian as 

previously recorded. The environment of deposition of the fine grained elastic mudsto.qes, 

shales and siltstones through the formation seem to be always marine, or at least r? th:‘s 

part of the Port Campbell Embayment. On lithology the Waarre Formation can be 

characterised by its quartz sandstone beds and carbonaceous partings and perhaps even thin 

coal seams. If the top of the type secf $on in Port Campbell-2 was changed from 8184 fi. to 

the shallower depth of -8145 ft as suggested by the palynological evidence the 

carbonaceous layers near the base of the type section of the Flaxman Formation would be 

excluded from the latter formation, thus removing a source of confusion concerning the 

lithological distinction between the two units. 

In Flaxmans- the top of the Waarre Formation is raised to 6750 ft to the top of the sands 

based on the gamma log. Cavings over the interval 6750-6878 ft are considered to mask the 

sands and give a false base to the Flaxman Formation. This interpretation is supported by 

the largely caved assemblages obtained from the palynological analysis. In Port Campbell-l 

the top of the Waarre Formation is unchanged at 5655 ft. 

The palynological analysis also suggests the presence of two microplankton subzones within 

the Waarre Formation with the potential to provide biostratigraphic subdivision and 

improved correlation of the unit. A similar subdiv;sion is believed to be possible on the 

spore-pollen but this could not be convincingly demonstrated on the samples examined in 

this study. These palynological subdivisions also seem to have some correlation with the 

lithological subdivision of the Waarre Formation proposed by Buffin (1989). 

FLAXMAN FORMATION 

It is found in this study that the type section of the Flaxman Formation could be 

characterised by a distinct microplankton assemblage which coul:’ te recognised in the 

other two wells. The microplankton assemblage is referred to as thK polypesSubzone cf 

the P. infusorioidesZone. The zone is late Turonian in age but could possibly extend into 

the Coniacian. The time duration of the subzone and also of the formation is believed to be 

relatively short. 
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The lithology of the Flaxman Formation can be distinguished as a dark grey mudstone to 

with floating quartz sa:rd or quartz pebbles or with minor fine sandstone laminae. The 

formation is not conspicuously carbonaceous like the undorlying Waarre Formation and the 

occurrence of glauconite in the unit stems to bc irregular, but certainly commoner towards 

the top of the formation. 

Core-8 (8096-8110 ft) from the base of the type section in Port Campbell-2 is a highly 

characteristic massive homogenclrs silty mudstone with up to 15% well rounded quartz 

pebbles which are up to 15mm in diameter and float without touching in the mudstone. The 

cuttings at about this level are also che.racteristic consisting of mudstone with a small 

percentage of broken shards of large quartz pebbles. When the underlying Waarre is 

penetrated the character of the quartz and pebbles in the cuttings change as they are loose 

and whole and not broken or shattered. As the Port Campbell-2 is the thickest section of the 

Flaxman Formation in the local area the pebbly mudstone lithology could be interpreted as 

a local Low Stand System Tract deposit. Because the quartz pebbles and sand in the 

mudstone get rarer and finer higher up in the formation it is suggested they arc being 

reworked from the Waarre Formation and are evidence of a significant unconformity at the 

top of the Waarre. 

The only other sand seen in the Flaxman Formation is the ferruginous sandstone found 

between 6600-6650 it in Flaxmans-1. This unit does not appear to be present in the other 

two wells. However, the high abundance ofCrrpressacitessp. pollen recorded from core-18 

(6606-10 ft) and core-20 (6626-36 it) is considered to be characteristic and provides a 

correlation to about the level of core-13 (7683-94 ft) in Port Campbell-2. In Port Campbell-l 

the Flaxman Formation is too thin and condensed to provide adequate resolution but red- 

brown fine grained sandstone to siltstone was recorded in the cuttings between 5610-50 ft. 

In Port Campbell-2 the type section is redefined as between 7676 ft to 8145 ft. In Flaxmans- 

1 the Flaxman Formation is redefined as 6600 it to 6750 ft, while in Port Campbell-l it 

probably extends from within the cuttings interval 5610-20 ft to 5655 ft. 

BELFAST MUDSTONE 

In the defined type section of the Belfast Mudstonc between 4925 ft to 5529 ft in Port 

Campbell-l both the cores and cuttings are a characteristic dark green to black mudstone 

with abundant sand size glauconite. The now well dried cuttings in the core store consist 

essentially of black powder (the mudstone) and black sand (the glaucouite). The 

palynological assemblages from the csrcs (the cuttings assemblages are distorted by cavings) 

are characterised by spore-pollen assemblages dominated by the gymnosperm pollen broadly 

assigned to Podocnrpiditesand Dllwynitcsand their high abundance can be taken as 

manifestation of the “Neves effect” (Traverse, 1988). These arc associated with abundant 

and diverse marine microplankton. The overall palynological and iithological character is of 

a distal marine condensed section. 
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At the type locality the Belfast Mudstone on the samples analysed is restricted to th& 

cretclceum microplankton Zone and upper part of theT. qoxyexinusspore-pollen Zone 

making it mid to late Santonian in age (Helbyet al, 1987). Away from the type locality the 

Belfast Mudstone has been broadly applied to any thick section of fine graincd elastics 

ranging in age from Turonian to Carnpanian. Many of these shales or mudstones on the 

evidence of the palynology are not always contiguous with shales the same age as the type 

locality. 

In the three wells under review the Belfast Mudstone has been extended down to include 

section in both Port Campbell-2 and Flaxman- 1 containing the oldet). porifera and 

C. striatoconusZones which are broadly of early Santonian to the Coniacian age. The 

lithologies however are not the exactly the same. TheO. poriferaZone samples seem to be 

typically non-glauconitic mudstones while the underlying. striatoconu.sZone sees a return 

to glauconitic mudstone. A similar change is seen in the sidewall cores in Langley-l 

(Partridge, 1994b). While a similar distal marine envircnment to the type section is 

indicated 

sufficient 

by both the 

differences 

lithologies and palynological assemblages there 

in the lithological and palaeontological content 

does seem to be 

to investigate further 

the possibility of separating these stratigraphic older sections from the Belfast Mudstone 

and establishing one or more new stratigraphic units. Further discussion of this 

recommendation is beyond the scope or intent of this report. 
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Table-2: Internretative Palvnological Data for Port Camubell-1. 

Sample 
Type 

Depths Spore-Pollen CR* 
(Microplankton 

) Zones 

Comments and Key Species Present 

Core-20 502631ft 
1531.9- 
33.4m 

Core-2 1 5223-33rt T. apoxyexinus A2 
1592-95m fI. cretaceumj A2 

Cuttings 55 lO-20ft 
1679.4- 
82.5m 

Cuttings 554049ft 
1688.6- 
91.3m 

Cuttings 5610-20ft 
1709.9-13m 

Cuttings 564O-Soft 
1719.1- 
22.lm 

Core-23 5700-18ft 
1737.4 
c1.2.8m 

Core-24 5928-34ft 
1806.9- 
OS.7m 

T. apoxyexinus A2 
(I. cretaceum) A2 

T. apoxyexinus Dl 
[I. cretaceumj D2 

0. porifera D2 

P. ma wsonii D4 
6 D2 

stria toconusj 

P. mawsonii D4 
(C. striatoconus D2 
and K. pclypes 

Subzone of 
P. infusorioides) 

P. mawsonii Al 
(P. infusorioides A2 

and 
Isa belidinium s 

p. Subzone) 

P. mawsonii A4 
P. A3 

in fusorioides) 

Microplankton 2 1% 
AmosopoUis cruciformisnot recorded in 
count. Proteaciditesspp. 20%. 

Microplankton 23% 
Amosopollis cruci,‘brmisc 1% . 
Proteaciditesspp. -12.5%. 
Forcipites stipula tuspresent. 

Microplankton 21%. 
AmosopoLIis cruciformis4%. 
Proteaciditesspp. -7%. 
Issbelidinium cretaceum with 
Odontochitina cribropodasuggests lower 
part of zone. 

Microplankton 15%. 
AmosopoLIis cruciformis9%. 
Proteaciditesspp. ~1%. 
Cupressautessp. -8%. 
LAD for C. tripeitasuggests lower part 
of zone. Spore-polleo zone uncertain. 

Microplankton 15%. 
Amosopoffis cruciformisl 1%. 
Proteaciditesspp. ~2%. 
Cupressacitessp. 11%. 
LADS for Conosphaeridium stria toconus 
and rare Kiokansium polypes 

Microplankton 27%. 
Amosopoliis CI -rciformis6%. 
Proteaciditesspp. ~3%. 
Cupressacitessp. 5%. 
Mixed assemblage containing 
C. striatoconus, K. polypcsand 
VaZensieUa griphus which suggests 
condensed secti,; involving two zones at 
base of shale sequence. 

Microplankton 13%. 
Amosopollis cruciformJslO%. 
Cupressacitessp. 5%. 
This core is equivalent to Waarre 
Formation on both lithology and 
palynology. Record of C. strla toconus in 
this core by Evans (1962) is interpreted 
as either caved material from top of core, 
laboratory contamination or drafting 
error on range chart. 

Microplankton 8%. 
AmosopolIis c,ruciformis4.5%. 
Cribroperidinium edwardsiirecorded 
from sample but is rare on slides. The 
C. edwardsiiAcme has probably not been 
penetrated. 
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Table-3: interpretative Palynological Data for Port Campbell-a. 

Sample 
Type 

Depths Spore-Pollen CR* Comments and Key Species Present 
(Microplankton) 

Zones 
-- 

*Core-12 7093-103ft T. npoxyexinus A4 
2161.9-65m /O. porifcraj A3 

Core-4 7403-09rt P, mawsonii A4 Microplankton 23%. 
2256.4-58.3 /C- A3 Amosopohis cruciformis26%. 

stria tocoousj Spore-pollen count low not diagnostic. 

*Cutting 7610-20ft P. mawsonii D4 
S 2319.5- /C. striatoconus D2 

22.6m J 

Microplankton 26%. 
AmosopoZs cruciformis7%. 
Proteaciditesspp. ~2%. 
FAD of Clavifera vultuosusms. 

*Core-l3 7683-94ft 
2341.8- 
45.lm 

P. mawsonii A4 
/P. infusorioides A5 

Subzone 
uncertain) 

*Cutting 7800-loft 
S 237’7.4 

80.5m 

P. mawsonii D4 
(P. in fusorioides D2 

K. polypes 
Subzone) 

Core-5 7885-97ft P. mawsonii A4 
2403.3- fP. infusorioidcs A2 
07.0m K. poiypes 

Subzone) 

*Cutting 7890-7900ft P. mawsonii D4 
S 2404.9- 

07.9m 

Core-6 790413ft 
2409. l- 
11.9m 

Core-7 7913-3oft 
2411.9- 
17.lm 

*Cutting 7960-7012 
S 2426.2- 

29.3m 

/P. infixsorioides D4 
Subzone 

uncertain) 

P. mawsonii Al 
/P. infusori>ides A2 

K. polypes 
Subzone) 

P. mawsooii Al 
fP. infusorioides AC’ 

K. polypes 
Subzone j 

P. mawsonii D4 
(P. infusorioides D5 

with caved 
species from 

C. striatoconus 
and younger 

zones) 

Microplankton 30%. 
Amosopolhs cruciformisl 1% 
Cha tangiefhz tripartita>35% of 
microplankton. 
Latrobosporites ampluspresent. 

Microplankton 9%. 
Amosopo flis cruciformis 10%. 
Cupressacitessp. 12% 
LAD of Cyatheacidites tectifera. 

Microplankton 2 1%. 
Am osopollis cruciformis 10%. 
LADS for Kiokansium poIypese.nd 
Valensiella griphus within type section for 
Flaxman Formation 

Microplankton 37%. 
Amosopollis cruciformis 3%. 
Cupressacitcssp. -2%. 

Microplankton 26%. 
AmosopoLIis cruciformisS%. 
Cupressacitessp. <7%. 

Microplankton 24%. 
Amosopohis cruciformis3%. 
Cupressacitessp. -9%. 

Microplankton 27%. 
Rmosopolhs cruciformis6%. 
Cupressacitessp. -2%. 
Palaeohystrichophora infusorioides 
dominates microplankton assemblage. 

Microplankton 20%. 
AmosopoUis cruciformisS%. 
Significant cavings occur in assemblage 
making it difficult to characterise this 
part of Flaxman Formation. 
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*cutting so5&6oft 
8 2453.6- 

56.7m 

P. ma wsonif D5 Microplankton 42%. 
(P. fnfusorfofdes D2 Amosopofffs crucfformfs3%. 

K. J’OIYPCS Heterosphaerfdfumspp. at >35% 
Subzone) dominates microplankton assemblage. 

Cupressacftessp. <I%. 
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Table-3. Inierpretative Palynological Data for Port Campbell-2. cont... -- 
Sample Depths SporL Pollen CR* Comments and Key Species Present 

Type (Microplankton) 
Zcnes 

Core-8 8096-l loft 
2467.7- 
71.9M 

*Cutting 8155-6Oft 
S 2485.6- 

87.2m 

Core-9 817488ft 
2491.e 
95.7m 

Core-l 1 8339-46ft 
2541.7- 
43.9m 

*Core-15 8409-18ft 
2563. l- 
65.8m 

*Core-16 8556-70ft 
2607.9- 
12.lm 

P. mawsoni! A4 
fP. infusorioides A2 

K. polypes 
Subzone) 

P. mawsonii D5 
(P. infusorioides D5 

Subzone 
indeterminate) 

P. mawsonii A5 
fP. infusorioides A5 

Possible 
Isa belidinium 
sp. Subzone) 

P. n.awsooii Al 
fP. infusorioides A3 

P. mawsonii Al 
(P. infusorioidcs A3 

P. ma wsonii A2 
(P. infusorioides A3 

C. edwardsii 
Acme) 

Microplankton 47%. 
Amosopollis cruciformis8%. 
Heterosphaeridiumspp. at >30% 
dominates uicroplankton assemblage. 
Cupressacite:sp. -6%. 

Microplankton - 10%. 
Amosopollis cruciformis<496. 
Palynomorphs arc rare in sample and 
poorly presemed, and count therefore 
considered to have low reliability. As 
cuttings contains first downhole 
appearance of finely laminated 
carbonaceous sandstone (laminae almm) 
and coal fragments this is interpreted as 
top of Waarre Formation. 

Palpnomorphs were very rare and poorly 
preserved making assemblage count 
unreliable. Lithology consists of mottled 
(bioturbated) muddy siltstone to 
sandstone with plant fragments but no 
pebbles. 

Microplankton 6%. 
Amosopollis cruciformis9X. 
Sample from shale which is possibly 
derived from caved material at top of 
core. 

Microplankton << 1%. 
Amosopollis crueifurmis<< l?‘o. 
Presence of Laevigstosporites musams 
an-i Ruguktisporites admfrabilisms are 
diagnostic index species for Waarre 
Formation. Single specimen of algae 
Wuroib tubiformisrecorded. 

Microplankton 15%. 
Amosopolfis cruciformis<< 1%. 
Cribroperidinium cdwardsiirepresents 
>SO?b of micropIankton. 

Note: Cores and zuttings marked with asterisks are from Sidetrack hole. 
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Table-4: Interpretative Palynological Data for Flaxmans-1. 
- < 

Sample Depths Spore-Polleti *CR Comments and Key Species Present 
Type (Microplankton) 

Zones 

Core-17 6375-91ft 
1944.6 
46.lm 

T. apoxyexinus 
(0. porifera) 

A3 
A3 

Cuttings 6520-30ft 
1987.3- 
90.3m 

Indeterminate 

Cuttings 6590-600ft P. ma wsoaii 
2008.6- /C. striatoconusj 
11.7m 

D4 
Dl 

Cuttings 6600-loft 
2011.7- 
14.7m 

Core-18 66C6-16ft 
2013.5 
16.6m 

Core-19 661626ft 
2016.6 
19.6ft 

Core-20 662636ft 
2019.6 
22.7ft 

Cuttings 6690-6700ft 
2039. l- 
42.2m 

Cuttings 6740-Soft 
2054.4- 
57.4m 

Cuttings 6800-loft 
iO72.6- 
75.7m 

Core-2 1 6832-38ft 
2082.4- 
84.2m 

Cuttings 6860-7Cft 
2090.9- 
94.0m 

Indeterminate 

P. ma wsonif 
/P. iqfusorioides 
and K. polypes 

Subzone) 

P. ma wsonii 
fP. infusorfoides 
and .Y. polypes 

Subzone) 

P. ma wsonii 
(P- infusorioides 
and K- poiypes 

Subzone) 

P. ma wsooii 
(P. fnfusorioides 

K. polypes 
Subzone) 

P. ma wsonif 
[P. fnfusorioides 
and K. polypes 

Subzone) 

P. ma wsonii 
/P. infusorioides 
and K. polypes 

Subzone) 

P. ma wsonii 
(C. strfa tocoous) 

P. ma wsooif 
(P. infusorioides 

K. polypes 
Subzonc) 

A2 
A3 

A4 
A3 

A2 
A2 

D4 
D4 

D4 
D4 

D4 
D4 

A2 
A2 

DS 
D4 

Microplankton 18%. 
,‘. z7osopoUis cruciformis 20%. 
Frequent ChatangieUa trfputfta 
L.strobosporites ohiaensiqwesent. 

Microplankton 55%. 
Amosopollis cruciformis3%. 
Cuttings dominated by caved 
microplankton. 

Microplankton 25%. 
AmosopoXs cruciformisS%. 
Proteacidites spp. 5% and 
Cupiessacites Sp. 4%. 

Low recovery sample with <SO specimens 
recorded on all slides. Count not reliable. 

Microplankton 21%. 
Amosopoffis cruciformis4% 
Cupressa cites s p. 2 5%. 

Microplankton ~10%. 
Yield low, with abundance 
distorted/biased by low count of only 41 
specimens. 

Microplankton 35%. 
Amosopollis cruciformis4% 
Cupressacitesup. 14%. 

Microplankton 26% dominated by 
Heterosphaeridiumspp. 55%. of 
microplankton. 
Amosopollis cruciformis < 1%. 
Cupressacitessp. 5%. 

Microplankton 17.5%. 
Amosopoilis cruci/ormfsl.4%. 

Microplankton 33%. 
Amosopollis crucifo.-mis4.7%. 
Common caved dinoflagellates. 

Microplankton 9%. 
Amosopollis CI xiformisl7%. 
Core-2 1 sample CAVED from above 
6600ft (2012m) 

Microplankton 37%. 
Amosopollis cruciformis 6%. 
Caved dinoflageliates common. 
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Table-4: Interpretative Palynological Data for Flaxmans-1. 

Sample 
Wpe 

Depths Spore-Pollen *CR Comments and Key Species Present 
(Microplankton) 

Zones 

Core- 
22A 

687x-7aft 
2994.3- 
96.4m 

Core- 
22B 

6871-77ft 
2094.3- 
96.lm 

Core-25 6902-13ft 
2 103.7- 
07.lm 

Core-27 7200-20ft 
2 194.6- 
200.7m 

T. apoxyexinus A2 
(IV. acerasJ A3 

P. ma wsocii 
(P. infusorioides 

and 
Isa belidinium 
sp. Subzone) 

P. ma wsonii 
(P. infusorioides 

and probable 
Isa belidinium 
sp. Subzone) 

P. ma wsonii 
(P. infusorioides 

C. edwardsii 
Acme) 

Al 
A2 

A4 
A3 

A4 
A3 

Microplankton 44%. 
Amosopollis cruciformis < 1%. 
Core sample CAVED from higher in well. 

Microplankton 29%. 
Amosopollis c.-uciformis 2 4%. 
He terosphaeridium spp. and K. polypes 
are dominant dinoflagella tee. 

Microplankton 15%. 
AmosopolIis cruciformis 3 8%. 
Heterosphaeridiumspp. and 
Palaeohystrichophora infusorioidesre 
dominant dinoflagellates. 

Microplankton 12%. 
AmosopolIis cruciformis 1%. 

Cribroperidinium edwardsiiixnd 
Palaeoperidinium cretaceumare 
dominant dinoflagellates. 
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Conf idence  Rat ings 
T h e  Con f i dence  Rat ings  ass igned  to the  zone  ident i f icat ions o n  Tab le -2  a re  qual i ty  codes  

used  in  the  S T R A T D A T  re la t iona l  da tabase  b e i n g  d e v e l o p e d  by  the  Aus t ra l ian  Geo log i ca l  

Survey  Organ isa t ion  ( A G S O )  as  a  Na t iona l  Da tabase  for in terpret ive b iost ra t igraphic  data.  

The i r  pu rpose  is to p rov ide  a  si t ip le re lat ive compar i son  of the  qual i ty  of  the  zone  

ass ignments .  T h e  a l p h a  a n d  numer i c  componen ts  of  the  codes  have  b e e n  ass igned  the  

fo l low ing  mean ings :  

A l p h a  codes:  L i nked  to sami’le  type 

A  Core  

B  S idewa l l  core  

C  Coa l  cutt ings 

D  Ditch cutt ings 

E  Junk basket  

F  M isce l l aneous /unknown 

G  Outc rop  

Numer i c  codes:  L i nked  to fossi l  as remb lage  

1  Exce l lent  conf idence:  H i gh  diversity assemb lage  reco rded  wi th  key 

zone  species.  

2  G o a d  conf idence:  Modera te l y  d iverse assemb lage  reco rded  wi th  

key zone  species.  

3  Fai r  conf idence:  L o w  diversity assemb lage  reccrded wi th  key 

zone  species.  
-7)  

4  P o o r  conf idence:  Mode ra te  to h i g h  diversity assemb lage  reco rded  

wi thout  key zone  species.  

5  Very  l ow  conf idence:  L o w  diversity assemb lage  reco rded  wi thout  key 

zone  species.  
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BASIC DATA 

Table-5: Basic Sample Data-Port Campbell-l. 

Sample 
Vpe 

Depths Lithology Residue Palynomorph Palynomorp Number Microplankton Number 
Yield Concentration h S-P Abundance M P  

Preservation Species Species 

Core-20 5026-31ft 
1531.9- 
33.4m 

Core-2 1 5223-33h 
1592-95m 

Cuttings 5510-2OfL 
1679.4- 
82.5m 

Cuttings 5540-49ft 
1688.6- 
91.3m 

Cuttings 56 lo-20ft 
1709.9-13m 

Cuttings 5640.Soft Red-brown siltstone to fine grained High 
1719.1- sandstone 60%; medium grey siltstone to 
22.lm mudstone 40%. 

Core-23 5700- 18ft 
1737.4- 
42.8m 

Medium grey mudstonc with irregular High 
sandstone layers or lenses I-5mm thick. 

Dark green to black, glaucoaitic 
mudstone. 

Low 

Dark green to black mudstone containing Low 
sand size glauconftic. 

Dark green-black fine grained glauconite Moderat 
(-80%) and dark grey mudstone (-20%). e 

Medium grcy mudstone without visible 
glauconitc. 

High 

Medium grey mudstone with secondary 
fine graincd glauconite in the finer 
portion of tha outtings, and a trace of 
red-brown fine graincd sandstone. 

High 

Dark grcy, hard, carbonaceous and pyriti Moderat 
mudstonc. 0 

LOW 

Moderate 

Moderate 

Moderate 

Moderate 

High 

Low 

Poor 

Poor-good 

Fair 

Fair-good 

Fair 

Fair 

Fair-good 

Poor 

25+ 

23+ 

39+ 

40+ 

35+ 

Abundant 
21% 

Abundant 
23% 

Abundant 
25% 

Abundant 
24% 

Abundant 
26% 

38+ 

36+ 

21+ 

Abundant 
33% 

Abundant 
23% 

Common 12% Core-24 5928-34ft 
1806.9- 
08.7m 

ll+ 

17+ 

18+ 

17+ 

26+ 

15+ 

6+ 
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Table-6: Basic Sample Data-Port Campbell-2. 

Sample Dopths Lithology Residue Palynomorph Palynomorp Number Microplankton Number 
‘LLPC Yield Concentration h S-P Abundnaco M P  

Preservation Species Species 

Core- 12 7093-103ft Poor 21+ Abundant 8+ 
2161.9-65m 40% 

Core4* 7403-09ft 
2256.4-58.3 

Dark grey to brown micaccous, pyritic Low Low 
mudstone, not glauconitic. 

Brittle dark grey shale with red-brown Moderat Low 
nodules of harder mudstonc. e 

Medium-dark grey mudstone. Moderat Moderate 
C 

Poor 16+ Ver/ Abundant 
49% 

6+ 

Cuttings 7610-20ft 
2319.5- 
22.6m 

Poor-fair 26+ Abundant 
33% 

18+ 

Poor 21+ 

Poor 30+ 

Poor 19+ 

Fair 25+ 

Poor 34+ 

Poor 27+ 

Core- 13 7683-94ft 
2341.8- 
45.lm 

Cuttings 7800-loft 
2377.4- 
80.5~11 

Core-S* 7885-97ft 
2403.3- 
07.0m 

Massive dark grey mudstonc with -10% High Low 
brown glauconite. 

Abundant 
’ 0% L- 

lO+ 

Abundant 
31% 

22+ Medium grcy shale. Moderat Moderate 
e 

Abundant 
42% 

16+ Dark grey-black massive/ heavy Moderat Low 
mudstone with -10% brown glauconite. e 

Abundant 
31% 

Dark grey shale 95%; and siltstone 5%. High Moderate 14+ Cuttings 7890-7900ft 
2404.9- 
07.9m 

Core-6* 7904-lsft 
2409. l- 
11.9m 

Core-7* 79 13-3ort 
2411.9- 
17.lm 

24+ 
1 
f 

Medium-dark greenish grey, very fine to Modera : Moderate 
fine matrix supported sandstone. No e 
obvious glauconite. 

Dark greenish-grey v.fine to fine grained High 
hard sandstone (greywacke) with rare 
patches of glauconito. 

Low 

Abundant 
27% 

Abundant 
33% 

17+ 
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Cuttings 7960-70ft 
2426.2- 
29.3m 

Medium grey siltstone 70% and fine 
grained sandstone 30%. 

H:gh Moderate Fair 24+ Abundant 13+ 
25% 

Cuttings SOSO-6Oft 
2453.6- 
56.7m 

=- 

Medium gray stltstonc 80% and dark gray High 
claystono 20%. 

Low Fair 12+ Abundant 19+ 
45% 
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Table-6: Basic Sample Data-Port Campbell-2. - 
Sample 

TYPO 
Depths Lithology Residue Palynomorph Palynomorp Number Microplankton Number 

Yield Concentration h S-P Abundnaco M P  
Preservation Species Species 

Core-S* 8096-l loft Medium grey siltstone with -15% floatin High Moderate Poor 22+ Abundant 16+ 
2467.7- quartz pebbles up to 15mm size. 55% 
71.9m 

Cuttings 8 155-60ft 
2485.6- 
87.2m 

Light grcy finely laminated coally High very low Very poor 9+ Common 3+ 
sandstone 50%; and dtrk grcy siltstonc - 10% 
to mudstonct 50%. 

Core-9* 8 174-88ft Mottled-bioturbatcd muddy High very low Very poor 7+ Common 7+ 
249 1.4- carbonaceous siltstonc to sandstona. No 
95.7m pebbles. 

Core- 1 l* 8339-46ft Light grey carbonaceous siltstone. Low Moderate Fair 29+ Common 15% 8+ 
2541.7- i 
43.9m t 

Core-15 8409-18ft Dark grey to brown carbonaceous High Modcrate Poor 24+ Rare <l% 5+ 
2563. l- mudstone. I 
65.8m 

Core- 1; 8556-7Oft Dark ,?;rcy to greenish groy silty High Low Poor-fair 
2607.9- mudstono. 
12.lm 

= 
*Cores 4-11 from original hole; Cores 12-16 and cuttings from Sidetrack hole 

20+ Common i5% 9+ 

I 
i 

! 
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Table-7: Basic Sample Data-Flaxmans-1. 

Sample 
WPe 

a 

Depths Lithology Residue Palynomorph Palynomorp Number Microplankton Number 
Yield Concentration h S-P Abundance M P  

Preservation Species Species 

Core-17 6375-9 lft 
1944.6-46. lm 

Cuttings 6520-30ft 
1987.3-90.3m 

Cuttings 6590-600ft Dark grey shale 90%; ar.d grey siltstone High 
2008.6-l 1.7m 10%. 

Cuttings 6600-loft 
2011.7~14.7m 

Core-18 6606-16ft 
2013.5-16.6~ 

Core-19 66 16-26ft 
2016.6-19.6ft 

Core-20 6626-36ft Brown grey-green grey coarse sandstone Very low High 
2019.6-22.7ft with -2% pebbles and limonitic matrix. 

Cuttings 6690-6700ft 
3039.1-42.2m 

Medium grey siltstone 50%; caved? 
dark groy shale 40%; and caved 
limestone 10%. 

High High 

Cuttings 6740-Soft 
2054.~57.4m 

Cuttings 6800-loft 
2072.6-75.7m 

Dark grcy mxnstone with -5% very fine itiodcrat Low 
to fine grainid glauconite pellets. e 

Dark grey r;z:e 60%; and brown grey High Very low 
siltstone 40%. 

High 

Dark grcy shalt 60%; add dark grcy Modcrat Very low 
siltstone 40%. C 

Dark brown to green medium-coarse Very low Very low 
grained quartz sandstone. 

Dark greyish brown coarse grained 
sandstone with -10% pebbles and 
limonitic matrix. 

Very low Very low 

Medium grey siltstone 60%; caved? 
dark grey shale 35%; and czved 
l imestonc 5%. 

High Moderate 

Medium grey siltstone 70%; fine-coarse High 
quarts sandstone 15%; and caved? dark 
grey shale 15%. 

High 

Fair 

Fair 

Fair 

Poor-fair 

Poor-good 

Poor-good 

Good 

Fair-good 

Fair-good 

Poor-fair 

28+ Abundant 
38% 

lO+ Very abundant 
58% 

35+ Abundant 
W %  

7+ Common 

19+ -4bundnnt 
25% 

12+ Common 
<lo% 

19+ Abundant 
39% 

43+ Abundant 
27% 

30+ Common 19% 

33+ Abundant 37% 

12+ 

13+ 

27+ 

7+ 

8+ 

3+ 

20+ 

32+ 

17+ 

27+ 
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Core-2 1 6832-38ft Dark grey mudstone-shale and rounded Low Moderate Poor 22+ Abundant 13+ 
2082.4-84.2m pebbles of hard mudstone. Core all 26% 

broken into piacos <4cm. 
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Table-7: Basic Sample Data-Flaxmans-1. 

Sample Depths Lithology Residuo Palyaomorph Palynomorp Numbor Microplankton Number 
Type Yield Concentration h S-P Abundance M P  

Preservation Species Species 

Cuttings 6360-70ft Light grey very fine to fine cemented High Moderate Fair 22+ Abundant 21+ 
2090.9-94.0m snadstone 40%; medium grey siltstone 43% 

10%; and caved dark grey shale 50%. 

Core-22A 6871.78ft Medium grey micaceous siltstonc wirh High High Poor-good 24+ Abundant 8+ 
2994.3-96.4m ff nc sandstone burrows. 44% 

Core-22B 68Tl-77ft Mottlod grcy to red-brown fine graincd High ‘Xoderatc Poor 27+ Very abundant 18+ 
2094.3-96.lm sandstone with -2% COWSO II nd up to 53% 

S m m  and -40% calcareoua matrix. 

Core-25 6902-13R Light-medium grey mottled/h ‘rrowed Moderat Low Poor-fa!r 17+ Very abundant 10+ 
2103.7-07.1m fine-medium sandstone with e 54% 

carbonaceous flecks and up to 10% 
pebbles. 

Core-27 7200-2oft Dark grcy micaccous and carbonaceous Modcrat Low P’(.Jl ‘t7+ Common 12% 6+ 
2 194.6- siltstone. e 
200.7m 

1 .-‘. . ..e S.-t 


