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I SUMMARY 

570-6OOm(cutts) : diversus Zone : Early Eocene : brackish to non-marine : immature 

6000620m(cutts) : apparently balmei Zone : ? Paleocene : marginally marine : 
immature c 

_ 620-740m(cutts) : balmei Zone : Paleocene : marginally marine : immature 

740-60m(cutts) : upper longer Zone (druggii dino Zone) : Maastrichtian : nearshore 
marine : immature 

760~840m(all cum) : longus Zone (druggii dino Zone markers are probably caved) : 
Maastrichtian marginally marine : immature 

860.940m(cutts) : lillei Zone (900-940m korojonense dino Zone) : MAastrichtian- 
Campanian : marginally marine : immature 

) 

I 
4b 

960-l 140m(all cutts) : upper senectus Zone (96q-1020m upper australis dino Zone, . 
1040-l 140 lower austrah dino Zone) : Campanian : very nearshore to 
marginal marine : immature 

1140-1300m(all cutts) : middle senectus Zone (1140-l 180m upper aceras dino Zone 
1230.1300m middle to lower aceras Zone) : Campanian : nearshore to very 
nearshore marine : immature 

1340.60m(cutts) : lower senectus Zone (middle to lower aceras dino Zone) : 
Campanian : nearshore marine : immature 

13 80( cut&)-l 565.5m( swc), upper apo4~exinus Zone ( 13 80- 1460m upper cretaceum 
dino Zone, 1480-l 565.5m lower cretaceum Zone) : Santonian : nearshore 
marine : immature 

1589Sm(swc)-170 1 .Om(swc) : middle apoxyexinus Zone (1589.5m lower cretaceum 
dino zone, 1620.0~1643.5m upper porifera dino Zone) : Santonian : nearshore 
to very nearshore : immature 

17 17.75m(swc)-1820.5m(swc) : lower upoxyL?xinus Zone : Santonian : nearshore 
marine : immature 
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1828.0m( swc)-19 17.35(Core) : upper mawsonii Zone : Coniacian : marginal marine, 
brackish and non-marine : marginally mature for oil 

1926.25m(Core)-2049.Om(swc) : lower mawsonii Zone : Turonian : nearshore 
marine below 1970m, very nearshore, brackish and non-marine above 1970m : 
marginally mature I 

2066.0m( swc)-2 13 1 .Om( swc) : distocarinatus Zone : Cenomanian : nearshore to non- 
marine : marginaliy mature. 

. -..w_ 
.- - - --_---I_.. 



I Depth Sample S/F Zone Dino %  Dino Algai %  Likciy Environment 

1728.50 Core lower apoqexinus 10 
1733.60 Core lower apoxyexinus 8 
1755.0 swc lower apoxyexinus 26 
1774.0 swc lower apoxyexinus 15 
1801.5 swc lower apovexinus 36 
18205 SWG lower apoxyexinus 24 
1828.0 swc upper mawsonii 15 
1839.75 Core upper mawsonii 1 
1841.00 Core upper mawsonii 1 
1843.20 Core upper mawsonii Cl 
1857.30 Core upper maws& 1 
1860.30 Core upper mawsonii 3 
1866.50 Core upper mawsonii 5 
1876.50 Core upper mawsonii 2 
1879.00 Core upper mawsonii 7 
1881.00 Core upper mawsonii 5 

1900.0 swc 
1917.35 Core 

, 1926.25 Core 
1933.10 Core 
1935.50 Core 

1 1939.35 Core 

1941.65 Core 

1943 .OO Core lower mawsonii absent 0 5 
1948.00 Core lower mawsonii absent 0 4 
1953.00 Core lower mawsonii 6 3 3 
1955.60 Core lower mawsonii 3 10 1 
196 1.25 Core lower mawsonii 5 10 6 

1968.25 Core lower mawsonii 3 7 8 

1996.5 swc lower mawsonii 13 13 0 
2012.5 swc lower mawsonii 28 9 1 
2049.0 swc lower mawsonii 9 12 0 
2066.0 swc distocarinatus 16 13 0 
2077.0 swc distocarinatus 11 7 0 
2105.0 swc distocarinatus 9 8 0 
2119.0 swc distocarinatus absent 0 4 
2131.0 swc distocarinatus 1 5 0 

upper mawsonii absent _ . 
upper mawsonii 3 
lower mawsonii absent 
lower mawsonii 3 
lower mawsonii 8 

lower mawsonii 6 6 8 

lower mawsonii 3 

diversity 
7 
10 
11 
12 
17 
16 
16 
1 
1 
1 
2 
2 
5 
4 
9 
4 

0 
0 
0 
0 
0 
0 
1 
S 
11 
20 
10 
10 
2 
2 
1 
2 

0 0 
5 1 
0 1 
3 0 
8 5 

11 4 

nearshore marine 
nearshore marine 
n-shore marine 
nearshore marine 
nearshore approaching intermediate marine 
nearshore marine 
nearshore marine 
slightly brackish anoxic lake 
slightly brackish oxic lake 
slightly brackish oxic lake 
slightly brackish anoxic lake 
brackish lake (tidal influence) 
marginal marine lagoon or estuary 
marginal marine lagoon or estuary 
nearshore (?tidal lagoon or estuary) 
very nearshore anoxic (?stagnant brackish lagoon 
or estuarine backwater) 
non-marine (?levee bank or freshwater swamp) 
brackish swamp (wood shards) 
non-marine (?levee bank .or freshwater swamp) 
brackish swamp (wood shards, spores) 
nearshore marine lagoon or estuary (significant 
freshwater algal influence) 
nearshore marine lagoon or estuary (significant 
freshwater influence) 
nearshore marine lagoon or estuary (significant 
freshwater influence) 
non-marine (freshwater lake) 
non-marine (freshwater lake or swamp) 
brackish lagoon or estuary 
very nearshore (near normal salinity estuary) 
very nearshore (?backbarrier tidal lagoon-note 
significant freshwater and saline influences) 
very nearshore (?backbarrier tidal lagoon-note 
significant freshwater and saline influences) 
nearshore marine 
nearshore marine 
nearshore marine 
nearshore marine 
nearshore marine 
nearshore marine 
freshwater lake or swamp 
very nearshore (?brackish tidal lagoon) 

Table 1 Detailed suggested environments, reservoir section of Minerva-2A 
REF:OTWMINERV2 

_ _----- --I-s 
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INTRODUCTION 

After well completion, sixty eight samples (23 core chips, 20 swcs, 25 cuttings) were 
submitted for detailed study. These results are summarised herein. 

. 
Palynomorph occurrence data are shown as Appendix I and form the basis for the 
assignment of the samples to fourteen spore-pollen and dinoflagellate units of Early 
Eocene to Cenomanian age. 

Specimen counts were made on all assemblages and expressed in the raw data as 
percentages. In the running text, percentages from cuttings are always bracketed 
(5%) to show that they may be inaccurate due to caving. 

The Cretaceous spore-pollen zonation is essentially that of Dettmann and Playford 
(1969), but has been significantly modified and improved by various authors since, 
and most recently discussed in Helby et al (1987), as shown on Figure 1. The Late 
Cretaceous zonation has been modified by Morgan (1992) in project work for BHPP 
(Figure 2). Tertiaq zones are essentially those of Partridge (1976). 

Maturity data was generated in the form of Spore Colour Index, and is plotted on 
Figure 3 Maturity Profile of Minerva-2A. The oil and gas windows on Figure 3 
follow the general consensus of geochemical literature. The oil window corresponds 
to spore colours of light-mid brown (Staplin Spore Colour Index of 2.7) to dark 
brown (3.6). These correspond to vitrinite reflectance values of 0.6% to 1.3%. 
Geochemists argue variations on kerogen type, basin type and basin history. The 
maturity interpretation is thus open to reinterpretation using the basic colour 
observations as raw data. However, the range of interpretation philosophies is not 
great, and probably would not move the oil window by more than 200 metres: 
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PAWNOSTRATIGRAPHY 

A 570430m(cntts), 580-6OOm(cutts) : diversus Zone 

Assignment to the middle Malvacipollis diversu Zone of Early Eocene age is 
suggested at the top by the absence of younger markers and at the base by 
oldest Proteacidites kopiensis (5 80m) P. clarus (600m) and Triporopollenites 
ambiguus (580m). The presence of Cyathidites gigantis at 580m may suggest 
the lower diversus Zone or older, but its range is not well documented in the 
Otway Basin. In these cuttings, the middle diversus markers may be caved, so 
a general diversus assignment only is made. Common species are 
Proteacidites and Dilwynites granulatus with frequent Lygistepollenites 
florinii, Haloragacidites harrisii, Falcisporites and Cyathidites. 

Amongst the very rare dinoflagellates, Deflandrea medcalfii is consistent with 
the Early Eocene age. 

Marginally marine (580m) to non-marine $aOm) environments are indicated 
‘--7j~th?X5tiiiiti~ && diverse- s@G-pojien, abundant cuticle, and rare 

dinoflagellates (1% and absent downhole). Common freshwater algae (26% . ..- ^ _ 
and 39% downholg indicate lak&&vironments, although brackish at 580m. ,/’ * -- \ ----.&----- 1. 

Colourless spore colours indica!e immaturi$ i&hydrocarbons. 

B 600=620m(cutts) : apparently balmei Zone 

This assemblage appears to belong to the Lygistepollenites balmei Zone on 
youngest L. balmei without older markers. However, only one good specimen 
was seen and the other key marker Gambierina rudata was not seen. It is 
therefore possible that this sample might belong to the diversus Zone with 
minor reworking of L. balmei. Taxa normally restricted to the diversus and 
younger zones include C. orthoteichus, Intratriporopollenites notabilis, 
Proteacidites cIarus, P. ornatus and Spinozonocolpites prominatus, but these 
could all be caved slightly in these cuttings. Proteacidites spp are common, 
with Dilwynites and Falcisporites very frequent and H. harrisii, Cyuthidites 
and Gleicheniidites frequent. 
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Amongst the very rare dinoflagellates, youngest Deflandrea speciosus supports 
tie balmei assignment and rare Apectodinium spp and Wetzeiiella articulata 
suggest the very youngest part of it, but could be caved. 

-_ 
-.-. 

Brackish l&e~~&ne&kre favoured by the high freshwater algal content 
--~i~~~~~-r~~~-~~~~~~~.(4%) and diversity of dinoflagellates. : Spores and 
pollen are dominant and diverse. Considering the high Botryococcus contents 
above, part of their presence in this sample may be caved. 

-- ---3 Colourless spore colours indicate nnmaturity for.hydrocarbons. _-- 

C 620=40m, 720=40m(cutts) : balmer Zone 

The presence of consistent L. balmei and G. rudata without older markers, 
indicates the L. balmei Zone. Falcisporites and Proteacidites are common 
with DiIwynites, Cyathidites and Microcachryidites frequent. 

The dinoflagellate Deflandrea speciosa confirms the Paleocene assignment. A 
single Homotriblium tasmaniense is caved from upper diversus to asperopolus 
zones unsampled at the top of the section. 

._.- -_ -. 
karginally marine e>vironments are indicated by the low dinoflagellate -- 
c6ntenm%-and 6%) and their low diversity. Botryococcm content is 
significant (7% and 4%) but could be partly caved. 

Colourless spore colours indicate immaturity for hydrocarbons. 
_. 

D 74&60m(cutts) : upper longus Zone 

Assignment to the upper Tricolpites Zongus Zone of late Maastrichtian age is 
indicated at the top by youngest i? longus supported by youngest 
Grapnelispora evansii, Tricolpites confessus, Tricolporites lillei and 
Triporopollenites sectilis. At the base, oldest Stereisporites punctatus and low 

Nothofagidites content is diagnostic. Proteacidites and Fakisporites are 
common with Cyathidites and Dilwynites very frequent. 

Amongst the scarce dinoflagellates (6%), Manumiella coronata and M. druggii 
indicate the druggii dinoflagellate Zone, correlative with the upper longus 
Spore-Pollen Zone. MI tioronatu and Spiniferites are the most frequent 
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d ino flage l la tes . D e fland rea  speciosa,  D . str iata a n d  D . pachyceros  a re  al l  ra re  
a n d  cons idered  caved . 

_  --- -. . 
, -zearshore mar ine  e n v & m e n ts a re  ind icated by  th e  low d ino fiage l la te  con te n t _ _ _ _ _  .._ ..- ---. 

(6% ) a n d  the i r  low diversity. B o t lyococcus is f requent (9% ) sugges tin g  
signif ic~ t f reshwater  inf luence, b u t cou ld  b e  caved  

Y e l low spore  co lours  indicate i m m a turity fo r  hydrocarbons . 

E  7 6 0 = 8 0 m , 8 2 0 = 4 0 m ( c u tts) : fo n g u s  Z o n e  

A ss ignmen t to  th e  lower  T . longus  Z o n e  o f M a a s tr icht ian a g e  is ind icated a t 
th e  to p  by  th e  absence  o f younger  markers  a n d  a  downho le  inf lux o f 
N o th o fagid i tes a n d  a t th e  base  by  o ldes t T . l ongus  (a l though th is  cou ld  b e  
caved  sl ightly). C o m m o n  taxa  a re  P ro teacid i tes a n d  Falc ispor i tes with 
Phyl loc ladid i tes mawson i i  very  f requent. N o th o fagid i tes (3% ) o u t n u m b e r  G . 
ruda ta  (1  a n d  2 % ). M inor  P e r m i a n  rework ing  was  seen . The  p resence  o f M : 
co rona ta  sugges ts th e  d rug@  d ino  Z o n e  b u t these  a re  cons idered  caved . 

-- - -_  
Env i ronmen ts a re  p robab ly .marg ina l ly  mar ine  & h o u g h  th e  d ino flage l la te  ---  -  _  --  ---  
con te n t (11%  a n d  8 %  downho le )Xgges ts nearshore  env i ronmen ts. This  
con te n t is d iscounte d  he re  as  it is p robab ly  caved . The  cor re lab le  sect ion in  
M inerva-1  con ta ins  6 %  a n d  0 %  d ino flage l la tes . 

Y e l low spore  co lours  indicate i m m a turity fo r  hydrocarbons . 

F 8 6 0 - 8 8 0 m , 9 0 & 9 2 0 m , 9 2 0 = 9 4 0 m ( c u tts) : M e i  Z o n e  

A ss ignmen t to  th e  Tr icolpor i tes l i l lei Z o n e  o f C a m p a n i a n  a g e  is ind icated a t 
th e  to p  by  th e  absence  o f younger  markers  a n d  a t th e  base  by  o ldes t T . Zi/Zei 
( 920m)  a n d  T . sect&  (940m)  wi thout o lder  d ino flage l la te  markers . 
P ro teacid i tes a re  c o m m o n  a n d  Cya thidites, Falc ispor i tes a n d  Podospor i tes  
m icrosaccatm a re  f requent. Tr icolpor i tes apoxyex inus  a n d  T . con fessus a re  
ra re  e l e m e n ts. Ra re  Cre taceous  a n d  P e r m i a n  rework ing  were  seen , a n d  th e  
Cre taceous  taxa  n o tab ly  inc lude D ingod in ium cerv icu lum a t 9 2 0 m  (sugges tin g  
th a t mar ine  A p tia n  is p resen t in  th is  pa r t o f th e  basin) .  
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Dinoflagellates are rare and some are clearly caved. Present and probably in 
place is lsabelidinium korojonense at 920m and 94Om indicating the 
korojonense Dinoflagellate Zone, correlative with the Mei Spore-Pollen Zone. 

__ /--------. 
Environments are marginally me dinoflagellates (3%, 2%, 4%) 
of low div&ty,>$i@hZb are clearly caved (M coronata). 
Bot?yococcus is common (4%, 13%, 3%) suggesting a brackish lake. 

Yellow spore colours indicate immaturity for hydrocarbons. 
.,-- -- 

G 960-80m, 100~102Om, 1040-60m, lOSO-llOOm, 1120-40m(all cutts) : upper 
senectus Zone 

Assignment to the upper Nothofagidites senectus Zone of Campanian age is 
indicated at the top by the absence of younger markers confirmed by the 
dinoflagellates and at the base by oldest G. rudata (although this could be 
caved slightly). Common are FaZcisporites and Proteacidites with frequent 
forms Cyathidites, Gleicheniidites, Dilwynites and Microcachlyidites. 
Tricolpites sabulosus has a distinctive acme at 11 OOm (5%) and 1140m (3%). 
T. confessus was not seen below 1060m. Rare Permian and Triassic 
reworking was seen. 

Amongst the dinoflagellates, youngest Xenascus australense (980m) and 
Xenikoon australis (1020m) without older markers indicate the upper australis 
Dinoflagellate Zone, correlative with the upper secectus Spore-Pollen Zone. 
Beneath this, youngest Nelsoniella semireticulata at 1060m (also present at 
1 loom), the presence of frequent to common Xenikoon australis, and the 
absence of older markers indicate the lower X. australis Zone, correlative with 
the upper senectm Spore-Pollen Zone. X. australis is the only common form, 
all other being rare. Nelsoniella aceras is a rare component of all 
assemblages. 

Environments are vMy nearshore to marginal marine, as shown by the low 
dinoflagellate content (2% 2%J6%, lo%,?% downholie). Spores and pollen 
are dominant and diverse. 

i 
Yellow spore colours indicate immaturity for ‘hydrocarbons. 

.” --- 
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H 1140=60m, 116&80m, 1220-40m, 128~1300m(aIl cutts) : mid senectus Zone 

Assignment to the mid N. senectus Zone of Campanian age is indicated at the 
top by the absence of younger markers and at the base by oldest T. sabuiosus 
(although this could be caved slightly). Common taxa are Dilwynites, 
Falcisporites and Proteacidites with Cyathidites and Mcrocachryidites 
frequent. Nothofagidites are rare (1 -2%) and T. sabulosus is very rare but 
consistent. 

Amongst the dinoflagellates, Nelsoniella tuberculata at 1160m and 1180m 
indicates the upper Nelsoniella aceras Dinoflagellate Zone, while the rare 
presence of N. aceras to the base suggests the middle to lower aceras 
Dinoflagellate Zone. X australis occurs to the interval base but is considered 
caved below 1180m. Heterosphaeridium heteracanthum, Spiniferites and 
caved X australis are the most frequent of the rare dinoflagellates. 

---------__ _ 
Nearshore tovery near-shore marine environments are indicated by the low 

I _____, --.------- //.---- - 
dinoflagellate content (12%, 5%, 8%, 9% downhole) with low to moderate 
diversity. Spores and Pollen are abundant and diverse. 

Yellow spore colours indicate immaturity for hydrocarbons. 
- 

I 1340=60m(cutts) : lower setzectza Zone 

Assignment to the lower N. senectus Zone of Campanian age is indicated at the 
top by the absence of younger markers and at the base by oldest N. senectus 
(which could be caved slightly in these cuttings) and the absence of older 
markers. DiIwynites and Fakisporites are common with Proteacidites and 
Cyathidites frequent. Minor Permian and early Cretaceous reworking was 
seen. 

Amongst the dinofl@lates, M aceras and Odontochitina obesa suggest the 
middle to lower aceras Zone, but these elements could be caved in these 

. 
cuttings. H heteraCanthum 1s frequent (4%) with all other dinoflagellates rare, 
including OdontochitinQ Porifera, Gillinia hymenophora and i=&(-spheri&um 

suggestium. 
-- ‘.- .  .  

Environments appear to be near&e with 10~ dinoflagellate content (10%) 
but moderate diversity- Spores and pollen are abundant and diverse. 
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Yellow spore colours indicate immaturity for hydrocarbons. 
- _ 

J 1380=1400m, 1440=60m, 1480-1500m, 1535=38m(all cum), 1565Sm(swc) : 1 
upper apaxyexinus Zone 

Assignment to the upper Tricolporites apoxyexinus Zone of Santonian age is 
indicated at the top by the absence of younger markers and confirmed by the 
dinoflagellates, and at the base by very rare Amospopollis cruc$+mis and 
frequent Proteacidites without older markers. Within the interval, Dihvynita 
and Falcisporites are common, with Microcachlyidites, Podosporites and 
Proteacidites frequent. Rare Permian reworking was seen. 

Amongst the dinoflagellates, the presence of Isabelidinium be&tense (14OOm 
and 1460m) and youngest Chatangiella victoriensis ( 1400m) indicate the 
upper lsabelidinium cretaceum Dinoflagellate Zone, but could be caved at the 
base. Beneath this, oldest 1. cretaceum down to 15655m(swc) without 
younger markers, indicates the lower I. cretaceum Dinoflagellate Zone. 
Heterosphaeridium and Odontochitina spp are the most common taxa. 
Trithyrodinium glabra occurs at 1400m, 1460m and 1500m but could be caved 
at the base range. 

._ 

Nearshore marine environments are indicated by the low dinoflagellate content 
(12%, 30%, 30%, 22%, 13% downhole) and moderate dinoflagellate diversity. 
Spores and pollen are dominant and diverse in generally inertinite dominated 
assemblages. 

Yellow spore colours indicate immaturity for hydrocarbons. 
/’ --__ - 

K 1589.5m, 162O.Om, 1643.5m, 1664.0m, 1701.0m(all SW@ : middle 
apoxyexinus Zone 

Assignment to the middle T. apoxyexinus Zone of Santonian age is indicated at 
the top by the downhole influx of A. cruciformis (from ~1% above to 2-9% in 
the interval) and at the base by the absence of older markers. Within the 
interval, Falcisporites are common with Cyathidites, Microcachryidites and 
Dilwynites frequent. A. cruciformis is mostly around 5%. Minor Permian 
reworking is seen. 

P 
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Amongst the dinoflagellates, oldest I. cretaceum at 1589.5m indicates the 
lower cretaceum Dinoflageikite Zone. At 1620.0m and 1643.5m, consistent 
Isabelidinium rectangu/are OCCUTS, indicating the upper Odontochitina 
porifera Dinoflagellate Zone. Beneath that, dinoflagellates do not clearly 
indicate workable dinoflagehk zones. Conosphaeridium striatoconus and 
Isabelidinium balmei occu at 170 1 .Om(swc). H. heteracanthum is very 
frequent with Spini,ferites frequent. Other taxa are rare. C. deflandrei is 
consistent from 1565.5m and below. Oldest 0. porifera is at 1643.5m. 

.. -__ -- 
,~~eGshore to very nearshore marine environments are indicated by low 

d.&fiageIlate content (16%, 20% 14%, 9%, 23% downhole) and their low to 
intermediate diversity. Spores and pollen are dominant and diverse in 
inertinite dominated assemblages. 

Yellow spore colours indicate immaturity~~ hydrocarbons. --.---. __ -’ 

L 1717,75m(swc), 1728.5m(Core), 1733.60m(Core), 1755.0m(swc), 
1774.0m(swc), 1801.5m(swc), 1820.5m(swc) : lower apoxyerinzs Zone 

Assignment to the lower T. apoxyexinus Zone of Santonian age is indicated at 
top and base by the common presence of A. cruc~~rmis (10% plus). Within 
the interval, Fakisporites are consistently common to very common, with 
Cyathidites frequent to common. DiZwynites are rare at the top (1,2% at . 
1717.5m and 1755.0m) but frequent to common (8-31%) beneath. A. 
crucz@rMs is also frequent to common, mostly around 10%. Minor Permian 
reworking is seen. 

Amongst the dinoflagellates, zone diagnostic taxa were not seen. Potentially 
useful are 1. balmei (consistent down to 1755,Om) Apteodinium granulatum 
(top at 1733.6Om), Aptea sp (top at 180 1.5m) and Chlamydophorella 
nyeilambigua (top at 1820.5m). H. heteracanthum and Spintfkrites are the 
most frequent forms. A single Cribroperidnium edwardsii occurs at 1820.5 
but is considered reworked. 

Nearshore marine environments are indicated by the low dinoflagellate Content _. I- ,- 
(30%; lo%, 8%; 26%, 15%:36%, 24% do~o]e) and their moderate to high 
diversity. Spores and pollen are abundant and diverse in in&&e dominated 
microfloras. 
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Yellow to light brown spore cdOUrS ind 

M  1828.0m(swc), 1839,75m(Core), 1841.OOm(Cbre), 1843.00m(Core), 
1857.SOm(Core), 1860.30m(Core), 1866.50m(Core), 1876.50m(Core), . 
1879.OOm(Core), 188l.~m(cOre), 1900.0m(swc), 1917=35m(Core) : upper 
mawsonii Zone 

Assignment to the upper phyllocladidites mawonii Zone of Coniacian age is 

indicated at the top by youngest Appendicisporites distocarinatus coincident 
with the dow&o]e decrease of A. crucz$rmis (from  10% ~1~s above, to near 
5% within the tit), ad at the base by the downhole decrease of A. 
cmci,fonnis (from  5% within the unit to 1% or less beneath). W ithin the zone, 
Dibvynites and Falcisporites are common with Cyathidites and 
M icrocachryidites very frequent, and A. cnrc@rmis frequent (around 5%). A. 
distocarinatus and P. _mausonii are consistent but rare. Rare Permian and very 
rare Triassic reworking-were seen. Dinoflagellates are scarce to very scarce 
and are not zoneV&jpostic. Heterosphaeridium and Botlyococcus are the _- 
most fkquen~j&Z&&&ton. 

E  ,nviro 
non-marme, .a 
lo/a, <I%,:@  ;’ i ,.* 
diversityLT@  

towards th$ e--“” 
freshwater:& 
suggesting 13 :Erc 
througho*-$g 
0qpliC rnig 

. t-2. 
on the *Yn4 .--i 
sedimento!$ 

Light 1 

?---- 
=<‘7%, 5%, absent, 3%) and low to very low i: - . 
s of -- ‘fion is the tomost smde (15% dinoflagellates 

Thnsidered nearshore marine. More detailed 
&kable 1 which also tabulates the dinoflagellate Es- - 
$@gal content. Dinoflagellate diversity is higher 

) Suggesting m ire marine infl~ence,while 
towards the top (1839.754 86030m) 

Cuticle fiamnents are abundant 
i!@Onments are suggested by common amorphous 
&&led environments are suwestions or&. baset 

- -  - - - - - - w I  -  -  ‘-aa---- 
*  .  

&should be evaluated in concert with the 

?%te martin4 matiwitv fnr nil but immatu& 
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N 1926.25m(core), 1933.lom(cOre), 1935.50m(Core), 193935m(Core), 
1941.65m(Core), 1943.oom(COre), 1948.O()m(Core), 1953.OOm(Core), 
1955.6Om(Core), 1961.25m(Core), 1968.25m(Core), 1996.5m(swc), 
2012.5m(swc), 2049.0m(swC) : lower ma~~0nii Zone 

Assignment to the lower P. mawsonii Zone of Turonian age is indicated at the 
top by the downhole decrease of A. cruczfirmis (5% to <l%), and at the base 
on oldest p. nlawsonii. Within the interval, Cyathidites, Dilwynites and 
F&isporites are common to very common, with Podosporites and 
M,croca&~i&tes frequent. A. distocarinatus and P. mawsonii are consistent 
but rare. Rare Permian and very rare Triassic reworking are seen. 

Dinoflagellates are very rare to absent above 1970m and frequent to common 
beneath but largely lack zone diagnostic taxa. In the basal sample (2049.0m) 
rare Cribroperidinium edwardsii OCCUTS, indicating the Palaeohystrichophora 
inftlsorioides Dinoflagellate Zone. Heterosphaeridium and Botryococcus are 
the most frequent microplankton. 

Environments are variable but fall into two fairly distinct groups. The upper 
part of the section (above 1970m) is very nearshore, brackish and non-marine, 
as shown by low dinoflagellate contents (absent, 3%, 8%, 6%, 3%, absent, 
absent, 6%, 3%, 5%, 3%), low dinoflagellate diversity, and significant 
freshwater algae (Botryococcus) and high cuticle content. Some anoxic 
environments are indicated by significant to abundant amorphous organic 
matter (AOM). More detailed environments are suggested in table 1 but these 
are only suggestions, made in ignorance of the sedimentological data. The 
lower Part of the section (below 1970m) is nearshore marine as shown by 
higher dinoflagellate content (13% 28%, 9% downhole) and diversity. Spores 
and pollen are common and diverse throughout. 

Light brown spore colours indicate marginal maturity for oil but immaturity I 
for gas/condensate. 

0 2066*0m(swc)~ 2077*0m(sWC), 2105.0m(swc), 2119.Om(swc), 2131.0m(swC) : 
&oCan’natus hne 

Assignment to the A. d’ t *s acarinatus Zone of Cenomanian age is indicated at 
tie top and base by A. d’ Zstocarinatu.c. without younger and older markers- 
Within the interval, F [ - a cisporites are very common with Diiwynites, 
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Cyathidites and McrocachryiJi[es common to frequent. C~avl#ra triplex 
occurs dam to 2066m but not beneath. Phyllocladidite.~ ennuchus occurs 
rarely to the interval base. 

Amongst the rare dinoflagellates, C’. edwardsii’occurs down to 2 105m 
indicating the infmorioides Dinoflagellate Zone. Heterosphaeridium and 
Spinferites are the most frequent taxa. 

Environments range from-nearshore marinetoncn~marine with low 
dinoflagellate content (16%, 1 1 %, 9%, absent, 1% downhole) and low 
diversity. High freshwater algal content at 2 119.0m (4%) suggests a 
freshwater lake or swamp. Detailed environments are suggested in table 1. 
Spores and pollen are common and diverse in all samples. 

Light brown spore cdors indicate marginal maturity for oil, and immaturity for 
gas/condensate. 

Iv CONCLUSIONS 

At the top, the sampled section is Tertiary (Paleocene to Early Eocene) in very 
nearshore marine and marginally marine environments. Conformably beneath, 
almost all of the late Cretaceous is seen from Cenomanian to Maastrichtian although 
the late Campanian ZiZZei Zone is condensed. At the base, the reservoir section is 
mostly very nearshore to non-marine (Cenomanian distocarinatus to Coniacian 
mawsonii Zone). Above this, claystone dominated facies in mostly nearshore to 
marginal marine environments (Santonian apoxy=inuy to Maastrichtian Zongus 
zones). 

- : .  
I .  ...-.’ 

.  ‘___ 
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APPENDICISPORITES TRICORNITATUS 
APTEA SP 
APTEODINIUM GRANULATUM 
ARAUCARIACITES AUSTRALIS 
AREOLIGERA SENONENSIS 
AREOSPHAERIDIUM SUGGESTIUM , 
AUSTRALOPOLLIS OBSCURUS 
BALMEISPORITES HOLODICTYUS 
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CINGUTRILETES CLAWS 
CIRCULODINIUM DEFLANDREI 
CIRCULODINIUM SOLIDA 
CLAVIFERA TRIPLEX 
CLEISTOSPHAERIDIUM 
CONOSPHAERIDIUM STRIATOCONUS 
CONOSPHAERIDIUM TUBULOSUM 
CONTIGNISPORITES COOKSONIAE 
COPTOSPORA PARADOXA 
COPTOSPORA PILEOSA 
CORDOSPHAERIDIUM INODKS \ 
COROLLINA TOROSUS 
CRIBROPERIDINIUM EDWARDS11 
CRIBROPERIDINIUM SP 
CRYBELOSPORITES STRIATUS 
CUPANIEIDITES ORTHOTEICHUS 
CYATHEACIDITES TECTIFERA 
CYATHIDITES AUSTRALIS 
CYATHIDITES GIGANTIS 
CYATHIDITES MINOR 
CYATHIDITES SPLENDENS 
CYATHIDITES SPP 
CYCADOPITES FOLLICULARIS 
CYCLONEPHELIUM COMPACTUM 
CYCLOSPORITES HUGHES1 
CYMOSOSPHAERIDIUM MAGNIFICA 
DAPSILIDINIUM SP 
DEFLANDREA MEDCALFII 
DEFLANDREA OBLIQUIPES (L-H.) 
DEFLANDREA PACHYCEROS (SH. H) 
DEFLANDREA SPECIOSUS 
DEFLANDREA STRIATA 
DENSOISPORITES VELATUS 
DICTYOPHYLLIDITES 
DICTYOTOSPORITES SPECIOSUS 
DILWYNITES GRANULATUS 
DILWYNITES TUBERCULATUS 
DINOGYMNIUM ACUMINATUM 
EISENACKIA CRASSITABULATA 
ERICIPITES SCABRATUS 
EUCLADINIUM MADURENSE 
EXOCHOSPHAERIDIUM PHRAGMITES 
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3 1  
1 6 6  
1 1 7  

9 9  
2 4 5  
2 2 4  
2 3 1  
1 6 7  
1 1 8  
1 7 5  
1 6 8  
1 8 8  
1 1 9  

5 9  
2 0  

1 6 9  
1 4 6  
1 7 6  

2 1  
2 2  

1 2 0  
1 7 7  

5 8  
3 2  
4 2  

2 4 1  
1 9  
7 5  
1 6  

1 5 3  
9 1  
7 6  
7 1  
8 4  
8 5  
6 0  

1 0 5  
3 9  
3 6  
8 7  
8 9  
9 0  

1 0 8  
1 9 4  

3 3  
1 9 9  
2 3 8  
1 2 1  
2 3 0  
1 2 2  
2 0 3  
2 1 2  
2 1 0  
1 5 4  
1 2 3  

5 6  
1 2 4  
1 2 5  

2 8  
2 9  
1 7  

1 2 6  
1  

2 0 6  
1 2 7  

4 7  
6 4  
4 8  
4 9  
5 3  

1 2 8  
1 2 9  
1 5 5  
1 3 0  
1 7 3  

7  
8  

8 1  
6 5  
7 7  
6 6  
5 7  
5 0  
5 1  

E X O C H O S P H A E R IDIUM P H R A C M ITES 
F A L C I S P O R I T E S  G R A N D IS  
F A L C I S P O R I T E S  S IM ILIS 
F L O R E N T INIA D E A N E 1  .e-x 
F O R A M INISPORIS A S Y M M E T R ICUS 
F O R A M INISPORIS D A ILY1  
F O R A M INISPORIS W O N T H A G G IE N S IS  
F O V E O G L E ICHENIDITES 
F O V E O T R I L E T E S  C R A T E R  
G A M B IE R INA E D W A R D S 1 1  
G A M B IE R INA R U D A T A  
G A M B IE R INA R U D A T A  (TWISTED)  
G E P H R A F O L L E N ITES W A H O O E N S IS  
G ILLINIA H Y M E N O P H O R A  A  
G L A P H Y R O C Y S T A  RETI INTEXTA 
G L E ICHENI IDITES 
G L E ICHENI IDITES CIRCINIDITES 
G R A P N E L IS P O R A  E V A N S 1 1  
H A F N I A S P H A E R A  S E P T A T A  
H A F N I A S P H A E R A  S P  
H A L O R A G A C IDITES H A R R IS 1 1  
H E R K O S P O R ITES E L L IO T T 1 1  
H E T E R O S P H A E R IDIUM CF  L A T E R O B R A C H IUS 
H E T E R O S P H A E R IDIUM C O N J U N C T U M  
H E T E R O S P H A E R IDIUM H E T E R O C A N T H U M  
H O E G IS P O R IS  
H O M O T R IB L IUM T A S M A N IE N S E  
H Y S T R ICHODINIUM P U L C H R U M  
H Y S T R I C H O S P M E R IDIUM T U B I F E R U M  
I N T R A T R I P O R O P O L L E N I T E S  N O T A B ILIS 
IS A B E L IDINIUM B A L M E I 
IS A B E L IDINIUM B E L F A S T E N S E  . 
IS A B E L IDINIUM B E L F A S T E N S E  R O T U N D A T A  
IS A B E L IDINIUM CF  B E L F A S T E N S E  
IS A B E L IDINIUM C O O K S O N IA E  
IS A B E L IDINIUM C R E T A C E U M  
IS A B E L IDINIUM G L A B R U M  
IS A B E L IDINIUM K O R O J O N E N S E  
IS A B E L IDINIUM P E L L U C IDA 
IS A B E L IDINIUM R E C T A N G U L A R E  C O N T R A C T U M  
IS A B E L IDINIUM R E C T A N G U L A R E  D I V E R S U M  
IS A B E L IDINIUM R E C T A N G U L A R IS  
IS A B E L IDINIUM S P  
IS C H Y O S P O R I T E S - P U N C T A T U S  
K IO K A N S IUM P O L Y P E S  
K L U K IS P O R ITES S C A B E R IS  
K U Y L IS P O R ITES Z I P P E R 1  
L A E V IG A T O S P O R ITES O V A T U S  
L A E V IG h T O S P O R ITES S P P  
L A E V IG A T O S P O R ITES U S M E N S IS  
L E P T O L E P IDITES M A J O R  
L E P T O L E P IDITES V E R R U C A T U S  
L Y C O P O D IA C IDITES A S P E R A T U S  
L Y G IS T I P O L L E N I T E S  B A L M E I \ 

L Y G IS T I P O L L E N I T E S  F L O R INII 
M A D U R A D INIUM P E N T A G O N U M  
M A L V A C IP O L L IS  D I V E R S U S  
M A L V A C IP O L L IS  S U B T ILIS 
M A N U M IE L L A  C O R O N A T A  
M A N U M IE L L A  D R U G G II 
M ICRHYSTRIDIUM S P  
M ICROCACHRYID ITES  A N T A R C T I C U S  
M I C R O P L A N K T O N  $  . . ..m e m ...w-m. 
M U R O S P O R A  F L O R IDA 
M Y R T A C E IDITES P A R W S /M E S O N E S U S  
N E L S O N IE L L A  A C E R A S  
N E L S O N IE L L A  CF  A C E R A S  (PS ILATE)  
N E L S O N IE L L A  S E M IRECTICULATA 
N E L S O N IE L L A  S P  
N E L S O N IE L L A  T U B E R C U L A T A  
N O T H O F A G U S  B R A C H Y S P I N U L O S U S  
N O T H O F A G U S  E M A R C IDUS/HETERUS 
N O T H O F A G U S  E N D U R U S  
N O T H O F A G U S  F L E M I N G 1 1  
N O T H O F A G U S  S E N E C T U S  
N U M M U S  
N U M M U S  M O N O C U L A T U S  
O D O N T O C H ITINA C O S T A T A  
O D O N T O C H ITINA C R I B R O P O D A  
O D O N T O C H ITINA N O  H O R N S  
O D O N T O C H ITINA O B E S A  
O D O N T O C H ITINA O P E R C U L A T A  
O D O N T O C H ITINA P O R IFERA 
O D O N T O C H ITINA S T U B B Y  
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78 
43 

.-..- , 208 . /.-.. -'189 
190' 

54 
103 

6 
219 
131 
132 
191 
220 
213 
243 
236 
133 
200, 
214 
134 

l 135 
156 
147 
136 
178 
137 
138 
204 
148 
157 
185 
149 

61 
67 

150 
223 
226 
235 
215 

3 
2 
4 

239 
232 

10 
11 

158 
139 
140 
246 

82 
92 

205 
52 
44 

159 
179 . 192 
180 
170 
198 
229 
141 
195 
181 
142 
242 
171 
217 
143 
182 

72 
23 
73 
62 
88 

144 
34 

193 
18 
45 
94 
46 
68 

ODONTOCIIITINA STUBBY 
OLIGOSPHAERIDXUM COMPLEX 
OLIGOSPHAERIDIUM PULCHERRIMUM 
ORNAMENTIFERA MINIMA 
ORNAMENTIFERA SENTOSA --= 
OSMUNDACIDITES WELLMANII 
PALAEOHYSTRICHOSPHORA INFUSORIOIDES 
PALAEOPERIDINIUM CRETACEUM 
PARALECANIELLA INDENTATA 
PERINOPOLLENITES ELATOIDES 
PERIPOROPOLLENITES POLYORATUS 
PERIPOROPOLLENITES VESICUS 
PEROTRILETES JUBATUS/MORGANII 
PEROTRILETES MAJUS 
PHIMOPOLLENITES PANNOSUS 
PHYLLOCLADIDITES CF MAWSONII 
PHYLLOCLADIDITES EUNUCHUS 
PHYLLOCLADIDITES MAWSONII 
PHYLLOCLADIDITES VERRUCOSUS 
PILOSISPORITES NOTENSIS 
PODOSPORITES MICROSACCATUS 
PROTEACIDITES 
PROTEACIDITES ANNULARIS 
PROTEACIDITES CLARUS 
PROTEACIDITES GRANDIS 
PROTEACIDITES HAPUKUI 
PROTEACIDITES INCURVATUS 
PROTEACIDITES KOPIENSIS 
PROTEACIDITES LARGE 
PROTEACIDITES LEIGHTON11 
PROTEACIDITES ORNATUS 
PROTEACIDITES PALISADUS 
PROTEACIDITES SCABORATUS 
PTEROSPERMELLA AUREOLATA 
PTEROSPERMELLA AUSTRALIENSIS 
RETITRILETES AUSTROCLAVATIDITES 
RETITRILETES CIRCOLUMENUS 
RETITRILETES EMINULUS 
RETITRILETES FACETUS 
RETITRILETES NODOSUS 
REWORKING: CRETACEOUS 
REWORKING': PERMIAN 
REWORKING: TRIASSIC 
SENECTOTETRADITES FISTULOSUS 
SESTROSPORITES PSEUDOALVEOLATUS . 
SPINIDINIUM SP 
SPINIFERITES FURCATUS/RAMOSUS 
SPINIZONOCOLPITES PROMINATUS 
STEREISPORITES ANTIQUISPORITES 
STEREISPORITES PUNCTATUS 
STERIESPORITES REGIUM 
SUBTILISPHAERA ROTUNDATA 
TANYOSPHAERIDIUM SALPINX 
TETRACOLPORITES RETICULATA -. 
TRICHODINIUM 
TRICHODINIUM INTERMEDIUM 
TRICOLPITES 
TRICOLPITES CONFESSUS 
TRICOLPITES GILL11 
TRICOLPITES LONGUS 
TRICOLPITES PHILLIPS11 
TRICOLPITES SABULOSUS 
TRICOLPITES VARIVERRUCATUS 
TRICOLPORITES 
TRICOLPORITES APOXYEXINUS 
TRICOLPORITES LILLIEI 
TRILETES TUBERCULIFORMIS 
TRIPOROLETES RADIATUS 
TRIPOROLETES RETICULATUS 
TRIPOROLETES SIMPLEX 
TRIPOROPOLLENITES AMBIGUUS 
TRIPOROPOLLENITES SECTILIS 
TRITHYRODINIUM (THICK RETIC) 
TRITHYRODINIUM EVITTII 
TRITHYRODINIUM GLABRA (THICK SMOOTH) 
TRITHYRODINIUM MARSHALL11 
TRITHYRODINIUM SUSPECTUM 
VERRUCOSISPORITES KOPUKUENSIS 
VERYHACHIUM 
VITREISPORITES PALLIDUS 
WETZELIELLA ARTICULATA 
XENASCUS AUSTRALIENSE 
XENASCUS CERATOIDES 
XENIKOON AUSTRALIS 
XIPHOPHORIDIUM ALATUM 


