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SOUTH AUSTRALIA

Rept. Bk. No. 80/10
) DME : No. 497/78
'OIL GEOCHEMiSTRY AND ASSESSMENT OF HYDROCARBON-
SOURCE POTENTIAL OF CAMBRIAN AND DEVONIAN ROCKS,

OFFICER BASIN, SOUTH AUSTRALIA-

ABSTRACT

0il shows over a significant interval of the
Cambrian Observatory Hill Beds in SADME stratigra-
phic well Byilkaoora-1 demonstrated for the first
time that oil has been generated in the Officer
Basin.. The shows vary in character from "light"
0ils w1th a pale stain. and strongly petroliferous
odour bleeding from fracture porosity, through to
heavy viscous bitumen in vugs. They occur in a non-
marine alkaline playa-lake sequence of bituminous
- carbonate and argillite with calcite pseudomorphs
of sodium carbonate blcarbonate evaporite minerals.

Geochemlcal analy51s of the 0ils suggests that
they are immature and belong to two primary genetic
families. Some o0ils have ‘been severely biodegraded.
The less altered oils are rich in the C,c-C and
C acyclic isoprenoid. alkanes. and are quit&’unlike
‘Cambrian oils from Santos Wilkatana-1. (Arrowie Basin,
S.A.), Exoil Alice-1 (Amadeus Basin, N.T.) and Morrow
County field, Ohio, U.S.A. Potentialisource beds in
the Byilkaoora evaporitic sequence contain 0.5-1.0%

" total organic carbon and yield up to 1900 ppm solvent-
extractable organic matter. Oil-source rock corre-
lations based on gas chromatographic '"finger-prints"
and specific ion detection mass spectrometry of .
the alkane fraction.indicate that the oils origina-
~ted within those facies which were drilled, making
them the first reported examples of non- marzne
Cambrian petroleum. The main precursor organisms -
were benthonic 'algae (probably blue-greens) ‘and
various bacteria., Squalane and the C,,-C
sesterterpanes in the oils and their SourCé& rocks
are attributable to archaebacteria. :

Geochemical and petrographic studies of the
organic matter in Cambrian sediments from five other
wells in the basin reveal reglonalrvarlatlons in
hydrocarbon source potential that relate.to
differences in precursor microbiota, depositional
environment and regional maturation. At Wilkinson-1
and Wallira West-1 (both SADME wells), located on
the southeast margin of the basin adjacent to the -
Karari Fault, micritic carbonates deposited in .a
marine sabkha environment are rated as marginally
mature to mature, good to prolific sources of oil.
Cambrian siltstones and shales from SADME Murnaroo-1



~and Exoil Emu-1, farther north, and Conoco Birksgate-1,
adjacent to the- Musgrave Block, have low organic
carbon values (<0.3%)-and hydrocarbon ylelds, and at
best are only marglnally mature

, Petrograph1c examination of dispersed organic
matter in Officer Basin carbonates, using both
ordinary and fluorescent reflected-light microscopy,

" shows that source and reservoir facies are intimately
related. Varieties of organic matter recognised
include lamellar alginite (alginite B), and fine
aggregates (or '"balls") of bitumen, with a reflect-
ance in the range 0.2-1.4%. The former type prob-

ably is derived via diagenesis from algal mats. The
latter is referable to various asphaltic reservoir
b1tumens - e

, A 2926 m thick sequence of Devonian marine :
clastics was penetrated by Conoco's Munyarai-1 wild-
cat. Organic carbon contents (0.2-0.5%) and hydro-
carbon yields (<15 mg/g organic carbon) are low.
Graptolite and bitumen reflectances, fluorescence.
colours. of phytoplankton, and estimates of equivalent
vitrinite reflectance based on published coalification
models suggest that the sequence becomes initially

. mature at about 2300 m. The kerogen is apparently
gas-prone. ' : ‘ '

INTRODUCTION

"In mid-1979 the South Australian Department
of Mines and Energy (SADME) well :Byilkaoora-l
was drllled on the northeastern margin of the Officer Basin
(Plgure 1) with the main objective of corlng a complete
stratlgraphlc sectlon of the Early-Cambrlan Observatory Hill
Beds. Carbonates of the formation previously had been:shown
by McKirdy (<n Gatehouse, 1979) to have excellent source
potential,forioil in SADME stratigraphic well, Wilkinson—l,
drilled in 1978 about 300 km SSW of Byilkacora (Figure 1).
Moreover, during sampling of Wilkinson core for source rock
'~ . analysis, slebbing of micritic carbonate revealed a set of
oil-stained eh'écheion'fractures. Confirmation of the oil-

.genérating potential of the Observatory Hill Beds came with

the discovery in Byilkaoora-1 .of 0il shows between the
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depths of 203 m and 330 m. 'Cofeirecovered ffomlthis_interval
dlsplays abundant ev1dence of hydrocarbons, VlZ petrollferous
odour pale yellow fluorescence on minor 301nts and fractures,
oil bleedlng from fractures (Plate 1. 1) and vugs (Plates 1.2
and 1.3), and heavy'black reservelr'bltumen infilling larger
vugs .(Plate 1.4). -The hydrocarbon shows occur in’a sequence
. of bituminous carbonaﬁe and calcareous mudstone, with Magadi-fype
cherts and calcite psendemorphs after the evaporite minerals,
trona, shortite and,?gaylussite (fitt et al., 1980). These
sediments.nere denosited in a nonfmarine,-alkaline‘playa-lake,
and seem to be an excellent Cambrian analogue ef’the Wilkins
Peak MemBer of the Eocene Green River Formation, WyomingA
(White & Youngs;.1980), which_comprises-dolomitic«mudstene
and marl,:thick bedded»evaporites (principally trona, halite
.and shortite) and some rich oil-shales (Shanks et aZ;,
1976) . | |

~ We report nere results of the comparatine geochemical
analysis of seven oils from Byilkaoorarl» (Table 1) and
‘three Camnrian oils from elsewhere.(Table 2); and organic
geochemlcal and petrographic analyses of fine-grained sed1ments
from Byllkaoora-l Wilkinson-1 and five other wells drilled
in the Soﬁth Australian portion of the Offlcer Basin (Flgures
l &.2). The_purpose of this invescigation was~foﬁrfold:
1. tonestablish the type (of-types) of oll present;
2. to detefmine wnether or not the oils had"

~ originated from source beds within the

Observatory Hill Beds;
' Sl’ to ascertain the regienalzvariation in type,
| maturaticn state and hydrocarbon-generating
potential of dispefsed'qrganic matter in Cambrian
carbonates, argillites and siltstones across the

eastern Officer Basin; and finally
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4. to reassess the source-rock potential and

thermal hiétofy of éutﬁickégequenée of Devonian

marine clastics peﬁétréted‘by Conoco's wildcat,

Munyaréi—l. |

This report updates and:supersedes our previous preliminary
. reports‘(Kantsler,'1979;‘McKirdy in Gatehouse, 1979;AMcKirdy
‘ in Benbow and Pitt, 1979).:Prior to the present ‘investigation,
Mun&araifl was the only weli.in the Officer Basin.on which
any source rock or maturation studies had been attempted
(Vlierboém, 1973; Shell_Dévelopment CAustra1ia) Pty Ltd,
1975; Cassou, 1977). in férmé of;befroleUm explofétidn, the
Officer Basin remains oné of thé least explored;prbspective
onshore sedimentary basiﬁé in Australia. |

Substahfial departﬁres frOm'routine»methods’of;source-rock
- evaluation were necessitated by the»age and 1ithofacies of
the sediments encountered in this study. Cambrian.sediments,
by virtue of‘their.Early Palaeozoic age, anfedate the appearance
in the geological record of«abundant Continental floras and
thefefdre lack humic coals énd/or.woody-herbaceous organic
métter from which~degree of thermal-alteration can. be determined
by measurement of, for éxample, vitrinite reflectance or
~spore.coiour (McKirdy é Kahtsler; 1§78). The Devonian
éuccession'at Munyarai alsé lacks recognisable'vitrinife
and cbnfainsAonly a véry sparse and poorly preserved microflora,
presumably because of its distal marine facies. The majority
of the Cambrian rock samplés analysed were cérbonates.A |
Little'published informatioh exisﬁs on petroleum source-rock
studieélof-carbonatéé; Nevertheless,~if is p;obable that
. the pfo;eés of‘hydrqcarbon generation in carbonates differs 

significantly from that in afgillaceous clastic rocks
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(Mompér et az;,‘1975;AMcKirdy; 1977; McKifdy & Kantsler,
1978). This'is.évideﬁéed:by, fbf_gxampié; the(low4average‘
total organic carbon.(TOC) content oannqieﬁtAcérbonates
(0.24%5 Gehmén, 1962j§Aand the anomalous 'humic" or H-poér
éomposition-of kerogén in some thermally-mature marine
carboﬁate sequences which diSplay_ob&ious signs of having
generated hydrocarbonsb(é.g.:petfoliferous odour, fesidual
. bitumen in.fugs). Thus, caution is necessary in applying'
standafd source-rock evaluation techniques to carbonates and
evaporites (cf, Mélek-Aslani,‘1979).-

o " GEOLOGICAL SETTING .

The,Officer'Basip is_ah east-weét trending elongate
intraératonic_depression tontaining-sédiments of Late Proterozoic
(Adelaideanj to Devonian agé, iﬂ western South'Ausfralia |
(Figure 1). A portion of ﬁhe basin extends into Western
Australia. The basin is flanked by Pre'cambrian'crystal.linef
basemeﬁt rocks of the Musgrave Block to the north, the
Cawler'Block~to the southeast and ﬁhe Yilgarn-Bchk to the-
west. ‘The eastern and southerﬁ.margins of the basin are
poorlyldéfined, béing overlain by sediments of the'Pérmian
Arckéringa Basin.and,Tertiary Eucla‘Basin, respectively;
The basin £ill is thickest. in the north where depths to
magnetic.basement e£ceed 5 km, and thins irregularly southward.
The subsurface 1ifholbgy and stratigraphy of the Offiéer
Baéin is summarised in Figure 2. For a recent review of the
geoiogy,of-the foiéer Basin and its hisfory of_petroleum explora-
tion, the~feader-is refe;fgd-to»Pitt-et al. (1980).

WELLS STUDIED ‘ |
Cdnvention51 ¢ores from two Conoco wildcat welis,

Munyarai-1 and Birksgate-1; and five stratigraphic wells,.
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ExoilAEmu-l and SADME Wallira:W§st-1; Murnaroo-1, Wilkinson-l
and Byilkaoora-1, weré-sampled.for_source rock analysis. ' |
The locations of the wells are shown in Figure 1. The
depths aﬁd gross lithologiesifrom which samples were taken
are indicated on Figure 2. |
ANALYl-TICAL' METHODS

0ILS

| Of the seven oils from ByilkaOora-l that were analysed
oniy.one was recoverable in sufficient quantity for measurement
.of API gfavity._ This sample_(3131, Table 1), a blé;k viscous '’
"heavy" oil, wés scrapéd from thé'vug in which it occurred
(Platé 1.4) and transferfed to a glass vial. Each of the
remaining'oilg was isolated by a 5 minute ultrasonic washing
~of the core in benzeﬁe/methanol (60:40), ~followed by rotary
evaporation of.the solvent. The o0il then was fractionated
in thé same manner as a source roék extract.(see below). —Thé
Morrow County 0il (Table 2) was topped to 21QOC'by distillation:
before analysis.  it-shbuld be noted that lubricants and mud
-additives used during the driiiing of Byilkaoora were screened
for hydrocarbdns,-and deemed acceptable, prior to spudding
of the well; | ' |
SOURCE ROCKS"

All rock samplés analysed werewpbrtions of élabbed‘or
broken~coré7 Té ensure removal of’any_surficial hYdrocarbons,_
each core sample was;washed'By'brief sonication in solvent
prior to crushing in-a Siebtechnik mill- This routine
precaution appears to hévé,been éffectivé.in eliminating
possible conﬁamination.from éuchAsburées a$'diesel spotted
tb tﬁe_drillihg mpd-éndncore”bafrel lubricant, Cores. from

Byilkaoora-1 selected for‘source—rock analysié were free of
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w&isible oil staiﬁingjand~lacked~9b§ious vuggy or fracture
porosify. |
Total organicAcarbon (TOC) was determined by digestion

in dilute HC1 to'removelcarbonate‘mineréls; followed by .
comBustidn in a Leco induction furnéce and measurement of
organic éafbon as CO,. qudered core (100-150 g) was
‘extracted for 24 hours with benzene/methanol (60:40) in a
Soxhlet apparatus. In the case of the Birksgate samples,
the solvent was azeotrdpicAchloroform/methanol (87:13).
bEvaporation.of the solvent yielded the.extractabie organic
matter (EOM, nominally C15+) as a brown gum. After precipi-
tatidn of asphalfenes_frbm'the EOM . (IP method 143/57),

the asphalténe—free_extract was ffactionated into saturated
-hydrocafbons (aikanes), aromatic hydrocarbons and polar
(i.e. O,_N:& S-bearing) compounds by 1iquid.chromatograbhy
on Merck Grade 1 neutral_alumina (alumina : sample ratio ;'
300 : 1), eluting successively With.petroleum éther, beéenzene
énd methaﬁol._ Where necessary, elemental sﬁlphur was
removed from the petroleum ether‘eluate~by treatment.with
cdlloidal»copper;: Thié chromatographic procedure later wasi
modified following the discovery of Cogs n-alkanes in the
"aromatic hydrocarbon fractioh of some extracts. Thus,. the
asphalténe—free‘Bifksgate éxtracts,5and Aliée, Wilkatana and
- Morrow oils, were chromatographed on a column comprising 80
parté silicé‘gel (Graée Bros. Grade-lz,‘28-200 meéh, activa-
ted'at.ZSOOC.for 24 hours) over 20 parts aiumina (adsorbent

sample . ratio = 100 : 1),,using-petr01éum ether 'and methanol
as the eluting solvents.. FOrithe'Byilkabéra asphaltene-free

extracts (and oils), however, this amended prdéedure commonly
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gave a coloured petroleum ether eluate The coloured
”saturates" were rechromatographed on a short silica
gel/alumina column, eluting with petroleum ether to- recover
~a colourless saturatee_fraction free of aromatic compounds.
Final washing of the. column With 15% benzene in petroleum
ether gave a coloured eluate wh1ch was comb1ned with the
or1g1na1 aromatlcs fractlon In the case of the Byllkaoora
deasphaltened oils, a prellmlnary fract10nat1on‘1nto hydrocarbons
- and non-hydrocarbons was. achieved by chromatography on a |
5111ca gel/alum1na column (elutlng respectlvely w1th benzene
and methanol) before proceedlng to a final separatlon of the
~saturates and aromatics as above.

The Saturated hydrocarbons were analysed by gas.chromatography
(GC) .using an OV-101 SCOT column (50 m x 0.5 mm 1. d. ). he
.column liquid phase employed for the Wilkinson samples was
SP-2100. Normal alkanes were identified by coinjection of
standards. Identification of the ClS-CZSAregular~and Czp
1rregu1ar acyclic. 1sopreno1d alkanes was- achleved by comparison
of retention indices with publlshed values (e.g. ~ Shlyakhov
et al.,1975) and, in the case,of pristane (Clg), phytane
(CZO))-and squalane (CSO), coinjection of standards.. Mass spec-
tral.confirmatlon of the’identity of the‘isoprenoids was
_obtained5for two samplee from Byilkaoora-1 (oil 2280; rock
extract 2284: Tables 1 § 4): Computerised capillary gas
chromatographicemaSs'spectrometric (C-GCMS) analysis of the
alkanes in two oils and one. rock extract from Byilkaoora-1 was
conducted by Masspec Analytical Limited, Stroud, U.K.,
using aoFinnigan 3200 GCMS fitted with a 10 mx 0.3 mm
OV-1 WCOT column and interfaced to an INCOS 6100 data

system. -
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On the basis of:TOC'content and EOM data, certain._
'samples were selected for further examlnatlon involving
1solat10n of the 1nsolub1e organlc matter (kerogen) and
subsequent determination'of its elemental and stable carbon
1sotop1c comp051t10n and petrographic analysis'of the
dlspersed organic matter in sztu by ordinary and fluorescence-
mode reflected-light microscopy. Kerogen was isolated
u51ng the procedure of Powell et al. (1975), and analysed
-for’carbon,rhydrogen, nitrogen, sulphur and ash by the
Australlan Mlcroanalytlcal Serv1ce Melbourne Complete
removal of pyrite from the kerogen concentrates rarely was.
achleved,;resultlng in anomalously high.sulphur- and low ash_A
values. Accordingly,-pyritic iron wasddetermined by atomic .
absorption spectrophotometry, and appropriate corrections
.made'for,pyritic sulphur and'the'converslon of pyrite to
haematite during ashing; ‘Stable carbon isotope ratios of
the kerogens (and of selected oils) were determined by the
Chemistry Department, .Western Australian Institute of Technology.
Values are quoted as 813C _/oo relative to theAPDB stan-
dard (estimated prec1sron + 0.05 O/oo). For organic
petrography, representatlve ChlpS of core were mounted in
cold setting ASTIC resin with the polished surface being a .
face_perpendicular_to the plane of the bedding. Follow1ng .
standard'grinding;procedures, final polish was achieved with
chromium,sesquioxidedfollowed.by magnesium,oxide‘(both’
‘polishing grade) in a water slurry.f The reflectance measurements
were carried out using a Leitz MPV 1. microphotometer (due to
.its7ea5e of.operation when searching for maximum reflec-

tance frOm,fine particulate organic matter) calibrated
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agalnst glass standards of 0 53 1.01% and 1.82% R,:
Measurements were made 1n 011 1mmer51on (n = 1. 518j'at a
wavelength of 546 nm at ‘a temperature of 23°C + 1°¢.
Observations with fluorescent light utilised a 3'mm BG3
'excitationbfilter (Uv 1ight)lwith a K490 suppression filter.
| OIL GEOCHEMISTRY |

Analyses of seven o0il shows from Byilkaeora-l are
‘listed in Table 1. .For eomparison, the analyses of three
oils recovered from Cambrian‘carhonate rocks in other sedimentary
basins.are given in Table 2. |

On the basis of their stratigraphicrposition,
"asphaltene and saturates contents, and the type of porosity in-
~which they occur, the Byilkaoora oils can be grouped into
two genetlc famllles (Table 3). Family‘A 0ils have moderately
. high asphaltene values (6.9-16.3% ), and are found in the )
lower part of the 011 bearlng interval (290- 330 m). Oils
belonglng to Family B have negllglble asphaltene contents
(0.2-0.5%) and come from the middle of the petroliferous
zone (240-290 m). The oils of heth these famiiies occur 1in
vugs within grey-green carbonates (Plates 1.2-1.4). The
uppermest oil analysed_(depth 219.52.m), although low in
asphaltenes-(O.S%) 1ike.the'eils'of<Family B, is associated 3
' w1th vert1ca1 fractures 1n brown calcareous 511tstone
.(Plate 1.1) . and appears to have resulted from secondary
migratlon of one of the prlmary.011 types. It is assigned:
to a third, stratigraphically~senarate‘group;.Family A'.. The
concentratlon of aromatic hydrocarbons in all the. Byilkaoora

40115 is unlformly 1ow (3. 5 7.7% )
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FAMILY A OILS - _.

Saturated hydrocarbons comprise only 23.5-37.5%
(i.e. < 50%) of Famlly A oils wh1ch therefore may be c1a551f1ed
as "aromatlc” (Tlssot & Welte, 1978). The alkanes are predominantly
'_naphthenlc in composition (as- 111ustrated by 011 from 317 10 m,
Figure 3). The naphthenes have a bimodal distribution, with
a dominant modefpeaking.at abeut n—C27; and atlesser mode
~centred on the:n-Clé positibn, broadly corresponding te the
triterpanes’ and sterenes}(C ) and diterpanes (CZO) respectively.
The dominance of the higher molecular weight naphthene
""hump" is more pronounced in.the oil fron 317.10 m (Eigure
3).than in the other tno.oils»of this family (Table 1). All
Family A oils are rich in5aCYC1ie isobrenoid élkanes. It . is
- evident fron Figure 3 that individual isoprenoids typically
are present in higher.concentration than the adjacent n-alkanes;
» phytane >> n-Cig,

17>

Thus, for example, pristane >> n-C
25 iseprenoid\> n-sz, and sqnaiane >> n-C26 (Table 1). 1In

C
- terms of physical appearance, these oils are bléek, viscous,
heevyAcrudes'(Plete 1.4), a reflection of their high ONS +
r aephaltene content. (54:.8-72.5%). Oiltfrom_293.l7 m has an
API grav1ty of 14.4° Its euiphur content (0.39) and H/C
atomlc ratio - (1 50) are typlcal of aromatic- naphthenlc crude.
oils (Bell § Hunt 1963; TlSSOt & Welte .1979).

~ The extent to whlch the tar like aromatic- naphthe-
‘nic oils Qf Family A ‘represent 1mmature or1g1na1,01ls (in
the.sense ef‘Miiner ef'al., i977), or are products of the’
partiélrbiodegrédation;of peraffinic—néphthenic oils, as.
implied by Tissot § Welte (1978, p. 377), is difficult to assess.

A high proportion of acyclic isoprenoid alkenes.in crude
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0ils commonly is regarded as a 51gn of blodegradatlon in the
reserv01r, whereas the presence of a d1st1nct naphthene hump
in the sterane/trlterpane-reglon of~the~chromatogram, is
ev1dence of relative 1mmatur1ty (see e.g. Snowdon § Powell,
1979) _ That both these features are seen also'ln the alkanes
of Byilkaoora source-rock‘eXtracts (Figure 7) makes it
unnecessary to invoke substantial post-accumulation biodegradation
to erplain the compqsition_of the Family A 0ils. Nevertheless,
the poseibility.of.some biodegradatien cannot be ruled out,
particularly as their souree beds centain-Type I kerogen |
(see below) from which>the erpected-products of cataéeﬁesrs
are paraffinic or pareffinic-naphthenic 0115 (Tissot §
Welte, 1978). |
FAMILY B OILS

The 0oils of Family B diéplay armerked variation in the
cencentration.and COmﬁositiontof their saturated hydrocarbons
which is attributable te differing degrees of biodegradation.
The least altered oils (samples 2279 and 2280, Table 1) contain
53-59% saturates which are mostly branched and cyclic alkanes
(Figﬁre 3, 0il from 278.77 m). fhﬁs, according to the
claSsifieation of Tissot § Welte (1978), those two 0ils
- belong to the relatively.rare naphthenic- class. The C,.-C

15 ~25
30 ecYclic isopreneid alkanee again are strikingly
abundaht' possibly ihdicatingrsome biodegradation; although
the n- alkanes: are slightly less depleted than in Family A
_0115 (Table 1)

. The- effect of ‘severe blodegradatlon on Family B oils is

111ustrated by sample 2278 (277 00 m): its content of ONS

"'compounds'beeomes_markedly enhanced at the expense of the

" saturated hydrocarbons (Table 1) from which the normal al-

kanes, and then thevacyclic isoprenoids, are prefe-
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rentlally and completely removed (Plgure 3). As»a'result
the 011 is changed from a relatlvely light naphthenlc crude
with a pale stain (Plate 1 2) to a heav1er darker, aromatic- ;

naphthenic 0il (Plate 1.3).

The»cogenetic relationship between 0ils 2278 and
2280.(Tabledl) is confirmed by the-similarity Qf their
m/e = 191 (triterpane) and m/e.= 217.tsterane) mass fragmentograms
(Flgures 4 § 5). ‘Minor-differences in the m/e 217 plot of _ | '
oil 2278 (e.g, 51ng1e peaks in place of doublets)’ probably are |
_ due to the preferential blodegradat;on of‘rearranged,steranes | é‘
(diasteranes) (A.K. Aldridge, nritten commnnication, 1979; E‘
cf Seifert § Moldowan 1979).
| FAMILY A’ OILS o

0il 3129 (depth 219.52 m), although similar in gross
composition to biodegraded.oil 2278 of Family B (Table 1),
has a 51gn1f1cant1y different alkane distribution which -
.Justlfles its inclusion in a separate group. Its alkane
~chromatogram (Figure '3) is characterized by the presence of
Cic-C ' Cyc-C,e and C

35_n-alkanes-(maximum n-C acyclic

15 177 “15°%25 30
.iSOpreneidS' and a b1moda1 naphthene dlstrlbutlon in- which

the lower-molecular weight 'hump" is domlnant) The concentration
of pristane exceeds_that of phytane (cf. pr < ph in Family

A& B oils),AMdreover, the oil-has the highest ratio of
Anormal;toracyclic isoprenoid alkanes of all the Byilkaoora

0ils (as indicated by the pr/n-Cl7{.ph/an18, Chg
’isoprenoid/n—sz.and eqnalane/n-C26 values listed in Table -

j i). .This sampie.tone of several similar shows over the
depth;interva1:218r220L25 m) de;interpreted to be an
aromatic-naphthenic'oii,'eriginally.of similar composition

to the Family A oils, which has migrated some distance from



e
its source. In the proeese of migration it has undergone a
naturallchromatographdc fractionatien resulting inl'
depletion of asphaltenés, high mOlecular weight naphthenes,
and possibly also acYclic ieoprenoids»(relative to n-alkanes)u
‘This would explain its occurrence in fractures (partly | : | é
"healed with calc1te) in redbeds, and 1ts relatively pale

sta1n (Plate 1.1). By contrast, the 0115 of Family A and B

~ appear not to have migrated very far at a11 ,Rather, they

~occupy the available porosity (mainly vugs) within theéir

respeetive-soureeibed sequences:of grey—green{carbo—

nates and mudstones.- For these'oils, therefdre; source and

'reserveir facies are clOseiy interbedded.and'juxtaposed., o ri

COMPARISON WITH OTHER CAMBRIAN OfLS :
» Aéfa'group; the Byilkaoora'oilsrare eharacterised by ) E

,their diStinetive Cig, alkane distributions Which.are dominated I

.by the C 25' ‘and C:50 acyclic isoprenoids (extept where -

15
severely blodegraded) Comparlson with three 0115 recovered
from porous Cambrlan carbonates in other sedlmentary ba51ns
‘m(TableIZ, Flgure 6) highlights the unusual character of the

- Officer Basin 0ils and; by implieation, their - precurser
~organic matter and its'depositional environment. In the
Alice,-Mdrrow-and_Wilkatana‘crudes, isoprenoids_are’subordinate
to n-alkanes, pristane >> phytane, and the higher;(C21+)
1sopren01ds were not detected. With the exception of the
Wilkatana sample, the oils represented in Figure 6 have n-
alkane profiles in which there is"a marked predomlnance of

odd.over even-carbon- numbered homologues in the range C,,-C

12 ~20"
ThlS is a feature of many Early Palae0201c crude 0115 (McKirdy
& Kantsler‘ 1978) "The n—alkane profile of the waxy

»Wllkatana crude 011 suggests that 1t may be a re51dual

reserv01r bitumen from which light ends have been removed by
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water-uashing or lost byﬁeuaporation.' The carbon“isotopic
comp051t10n of the Lambrlan oils listed in- Table 2 falls
well within the range for pre-Devonian crude 01ls

(viz. 8-_CPDB = -35 totF : /oo).

- 0IL-SOURCE ROCK CORRELATION

Any.identification of the'source(s).of the Byilkaoora
‘0ils must account for the foliowing aspectsbof their composition
" and occurrence as elaborated in the previous section:
1. the abundance and extended carbon number range

of the acycllc 1sopren01d hydrocarbons
2. the existence of three geochemically dlstlnct

‘families of oils; and |
3. tbe apparent threefold stratigraphic zonation

of oii families within the ObServatory Hill BedsA

at Byllkaoora 1. : _ - -

Inspectlon of the chromatograms of the saturated hydrocarbons
in the EOM of dark grey dolomlte ‘and calcareous mudstone
from the Observatory Hill Beds between 202 m. and 322 m depth
in-Byilkaoora-1 (Flgure 7) reveals the same relative abundance
and carbon number distribution of the isoprenoid alkanes
that is characteristic of six ofgthe oils analysed. The
close similarity of the alkane fractions.of oii from 278.77 m
depth (Family B) and EOM'from.stained core sample 2284 .
(289.77 m) is evidenced further by~tbeir,m/e = 191 (triterpane)
and- m/e = 217 (sterane)-mass fragmentograms (Figures 4 § 5).

The Byilkaoora cores selected for source-rock analysis
(Table 4), prlmarlly because of their grey colour all come-
_from the Observatory Hill Beds and can be a551gned to three .
stratigraphically dlstlnct units (after Benbow & P1tt, 1979)‘
on theTbasis of the yield and composition of theirzsaturaj‘

- ted hydrocarbons,”as’followsf
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1. Unit'3 (lower),~284.5:322'm (ébundant calcite
Apseﬁdomorphs'of trona and shoftite);- -

2.  Unit 3 (upper), 259-284;5 m.(only minor ’
péeudomorphs of-unidentifiéd evaporité minerals);
and | | |

3. Unit 4, 200-259 m.
-Unit 3 (lower) source rocks, excluding those

which display geOchemiCal and petrographic evidence of

staining, yield an éverage 30 mg of saturates per gram of

organic. carbon (Table 4). The chromatograms of these hydrocarbons |-

are characterised by a bimodal naphthenic distribution in

which thé highér moiecular'Weight "hump' is dominant (see 3 i

e.g. Figure 7 : 285.00 m § 316.50 m). Priétane to phytane

ratioé arellowl(range'= 0.89-1.08, ﬁean'= 0.97). Unit 3 A ;
(upper) source rocks (not including the stained>sampie) give |
;a-significantly higher mean yield of saturated hydrocarbo£§>-

(45 mg/g Toc, Table 4) in which the low and high molecular-weight
" naphthenes are present in roﬁghly‘eQual proportions.
: Phytane'again-excgeds pristéne iﬁ concentration (mean pr/ph

ratio = 0.94). The mean saturafed hydrbcarbon content of
unstained Unit 4-core‘samp1es is very iow (10 mg/g TOC) .

The lower molecular-weight naphthéne hump ié pfedominant,

and pristane > phytane. In soﬁe_cases (viz. samples 59 &

65, Table 4):the'Cél+ acyélic’isopreﬁo;ds apparently are

absent (see. e.g. Figure 7, 200.30 ﬁ), and hence these partiéular
Unit-4 samﬁles can.beAexciuded from consideration as potential

sohrces,of:the Byilkaoora>oils so far analyséd.
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The foregoing geochemica11y>baeed bipartite division of
source. rock 1ntervals parallels ahd indeed largely explains,
that of the 0oils.- The aromatlc naphthenlc 0115 of ‘Family A
appear to have been sourced by the evaporite-rich carbonates
and mudstones which comprlse the lower part of Unit 3
Addltlonal support for this correlation comes from the
similar carbon isotopic»compositions of 0il 3131 from 293.17 m
depth (813C = 428.75 °/00, Table 2) and of kerogen in this
part of the sequence (mean 613C4= -29.06 °/0o, Table 5).
The naphthenlc oils of Famlly B are correlated wrth source ' o :
beds in the upper part of Un1t 3 Both have a hlgher saturates
content_than'Family,A 0oils and their source rocks located
lower in'Unit 3, possibly because of a difference dn the‘
lacustrine microbiota which altered in response to changes
in the water chemlstry and/or the helght of the ‘water table
‘ _Notw1thstand1ng the similarity of their respective I
saturated hydrocarbon fractlons the poor quality of"the
potential source rocks . in Unit 4 (see next section) casts
doubt on their ab111ty to’ generate’the aromatic-naphthenic
oils of Family C. As suggested previously,'these 0ils may
have originated-inpthe lower evaporite facies of Unit 3, and
subeequently migrated to theirppreseht stratigraphic level
foilowing the development of fracture porosity.
| SOURCE ROCK ‘ANALYSIS |
- A’source rock may be defined'as a kerogen-bearing
“sedimentary rock in which petroleum-hydrocarbons have been
éenerated and then subsequently expelled."In practice this
means that the migrated'oilfahd/or'gas;'haying accumulated |
in the pore space of a reservoir rock (or carrier bed), has

been Sampled, analysed and reliably correlated with the
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”dispersed organictﬁattér (DOM and/or kerogen) and its source
rock. Thus, in the Offlcer Ba51n SOurce~rocks sensu -
stricto occur only within Un1t 3 of the Observatory Hill

- Beds at or near the Byllkaoora-i well locallty. Elsewhere,
the fine-grained rocks under cousiaeration.are-either potential
source rocks‘or immafare éotentidZ source rocks (cf. Poweil,
1978) . The former contaihrsuitabie'dispersed.organic matter
(oil-prone, or gas-prone)'of'appropriate thermal -maturity.
Theblatter possess a11 the -attributes of a source rock
except adequate maturlty | |

»ASSESSMEVT_OF MATURATION STATE AND HYDROCARBON
POTENTIAL

The.range of chemical and?optical techniques employed
here to determine the abundance, type and maturity of the
dlspersed organlc matter in fine- gralned Early-Middle Palae0201c
sedlments of the eastern Offlcer basin ‘is summarlsed in
' Table 6. |

" Abundance

TOC conteut is a widely-used parameter in petroleum
source;rock‘evaluationri Purely on empirical grounas; various
cut-off values are assigned to designate different-grades of
source rock quality. For example, in a study of Tertiary
marine’ carbonates from the South Florida Basin, Pontigo et
al. (1979) used the follow1ng,sca1e: <0.25%, poor; 0.26-0.50%,
fair; 0751-1,00%; good; >1.00%, ercellent. Shales and siltstones
contaiuingrless than 0;5% TOC-commonly are“regarded as
being.Unable to generate‘producibleAquantities of oil or
gas. 'However Powell (1978, p. 15) has pointed out that '"it
is not p0551b1e to- determlne a lower limit on the organic
»carbon required for a rock to act as a source for hydrocarbons'.

Like Powell, we regard the TOC Value as a secondary parameter
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in evaluating hydrocarbon generating notential; and place
more empha51s on the y1eld of extracable hydrocarbons per
un1t we1ght of TOC , ' -‘.:‘A n L !
Type , : _ _
" The type of dispersed organic matter was ascertained by
a combinatien ef chemical and-petrographic (optical) methods.
Its oil-prone:versus gas-pronehcharacter at optimum maturity
was measured against the hydrocarbon yield scale of Powell
(1978). Y1elds of hydrocarbons (saturates plus aromatics) in
excess of 80 mg per gram TOC 51gn1fy excellent source
potential for oil, whereas values in -the ranges 50 80 mg per
gram TOC and 30—50>mg per gram TOC indicate good and marginal
0il potential, respectively. Rocks yielding less than 30 mg o
hydrocarbons per gram‘TOC are considered gas—prone. It
should be noted that short—distance primary migration of
hydrocarbons, such as mlght be expected to occur within
-porons.carbenate sequences,. may ‘cause e1ther depletion or
enhancement (through staining), of the indigenous hydro-
carbon content. The,type~of kerogen was determined by
plotting H/C and 0/C atomic ratios on a modified van Krevelen
diagram-(Figure 10). |
‘ Seyeral»petregraphic varieties of dispersed organic
matter were recognised using white and fluorescence mode

incident-light microscopy. These include:

1. ~alginite B-(cf: Hutton et aZ;,fI980}
2.  oil stain |
3. hitumen
l)_ reserveiribitumen'(cfr Roger5>et aZ;,

'1974; Jacob, 1975)
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2)  thucolite (cf. Jedwab,. 1966; SchidloWski,

1969) | |
3) bitumeﬁ balls
'-4. phytoplankton (acritarchs, ?Tasmanites)

5. liptodetriﬁite"' |
6. ‘algal mucilage.
7. fragments of graptolites (and ?chitinozoa)

(cf. Kurylowicz et al., 1976)

8. . graphite.

Conventional pétrographic nomenclature-was inapplicable
to the bulk of the dlspersed organic matter because of its |
non- hlgher plant origin and the evaporitic afflnlty (i.e. |
marlne sabkha and non-marine alkaline playa) of much of the

Observatory Hill Beds.

Maturation State

In the absence of.a‘sqitabie established'scale, assessment
of degfee of thermal alteration was attempted using several
complementary'maturdtioh—dépendent parameters. Potential
séurte'rocks wére designated immature, marginally mature or
mature according to the proportion of hydrocarbons iﬁ their
EOM (see Figures 8,9,14,15 § 19; cf. waell, 1978)... Some -
'adjustment of Pdweil's suggested boundaries.between the
three maturation zones was necéssar&»betause of the markedly
different organic matter and rockAtypés encountered in the |
présent study. 'Even.so, a considerable spread was»noted in
the data from relatively narrow depth (ahd hence maturation)
intervélé.. As with anomalous Variations”in hydrocarboh
yield;tthis'probably-aiso is the result of short-distance

migration., Another useful indicator of rank was the H/C
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atomic ratio of tbe»kerogen;'particularlyowbere a complete
elementai'analysis permitted‘recognition of its type (see
Figure 10) | | | | A i
Opt1ca1 measurement of rank was based on fluorescence
colours of a1g1n1te B and dlscrete phytoplankton ‘and the
reflectance of various bltumens (cf. Slkander § P1tt10n
1978) and possibie.graotolite'fragments (cf. Kurylowicz et
aZ.,11976). The colour in tranSmitted light of microfossils
(sphaeromorph acritarchs) and amorphous organio'matter
'isolated from'fresh'coreAmaterial by.careful.acid maceration
provided Supplementary information:on'the degree of thermal
alteration of the'ObservatoryQHilljBeds at'Byilkaoora-l,
Wilkinson-1 and Murnaroo-1. .
| - Flakes of detrital grabhite (reflectance 4.2-
11.4% Ro_max) are common throughout the Devonian’olastic
sequehce'at Munyarai-1. Similar graphite in trace amounts
was’ observed Very rarely in the Observatory H111 Beds (viz.
at Wilkinson-1, 656.32 m; Wa111ra West- 1 330.50 m; Byilkaoora-1,
240,90 m. & 252.75 m); It is assumed to be reworked material
'derived from_igneous.and metamorphic basement:rocks of the
»Musgrave and Gawler Blocks, and therefore is of mno use in
‘elucidating the'thermalihistory of-the sedimentary rocks in
which it now occurs.
'OBSERVATORY HILL BEDS
Geochemical data‘on'TOC content, yield«and.composition
of the_EOM} and the ‘elemental and‘isotopic composition of
kerogen in the ObserVatory Hill Beds are_presented‘in’Tables
4 and 5. o |

- Byilkaoora-1, Wilkinson-1 § Wallira West-1.

The Observatory Hill Beds peﬁetrated at these three

well localities (Eigure 1) comprises predominantly

ey
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fine-grained limestones ghd1361omites (Figure Zj.
Acid—insoluble résidues are highgs; at Byilkaoora, reflecting
the higher. clay cohfent 6f-the éarboﬁatesAWhich’grade locally
into‘argillacebué dqlomite3 and calcéreous and dolbmitic
‘ argillite énd'siltstone. Deposition in a mafginal marine'
sabkha enviroﬁment is envisaged fbr-the carbonateé at Wilkinson-1
énd Wallira.West-l, Whereas‘the equiva1ent sequence at
Byilkaoora-1 was deposited in a non-marine alkaline 1ake
(Pitt:et al., 1980). |

The TOC cOhtents:of:ihe carbonates anal?sed fall in
range 0;0350.70%. Above average values (> 0.25%) are relatively
common betwéen 330 m and 345 m in-Waliira West-1, 314 mland
514 m in Wilkinson-1, and in Unit 3 at Byilkaoora-l. The
organic-rich intervals generally coincide with the darker carbo-
"nate colours logged by Lydyard (1979) and Benbow § Pitt
(1979). Somewhat higher TOC valueé (0.32-0.96%) were . )
obtained for calcareous_and dolomitié argi11ite5 from Byilkaoora-
1 (samples 59, 67, 70-72, 83 § 84, Table 4).

figureé 8‘and 9 are plots of.eﬁtract data which employ
the diagrammatic_technique;of Poweil (1978) to indicate.
‘maturation state and»hydrocérbbnégeneratihg.poﬁential; 'They
 sh6w fﬁafnat.Byilkadora—l and Wilkinson—l the Observatory
_'Hili Beds are marginaliy_mature-to mature. Although all but
'»ohe of the’sémpleé.wefe Sfained, it .is reasonable to infer -
that,thé»fprmatidn has attained a similar level of maturity
at Wallira west—1; 'Some_Byilkaoora $amp1es also are stained.
The_geocﬁemicai identificatiOn:bf staining was confirmed by
petfdgraphieléxaﬁination-(see e.g. Table 8). In all cases
.fhe étgining appears tb be a reéult{of short-distance primary

migration within the carbonate sequence sampled, reflecting
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. the clese juxtaposition.of source and reservoir facies The-

’ maJorlty of the Byllkaoora and W11k1nson samples analysed

.contaln in excess of 30 mg hydrocarbons per gram TOC, 1nd1cat1ng
marginal to good source potentlal.for 011.“At Byilkaoora-1
these.samples“occur only in Unit_S; Unit 4 haé'poor“source characf_
teristics. Three micritic’carbonates-from Wilkinson-1 (viz.
samples 23-25, Table 4 and Figure ‘9) yield more. than 80 mg
hydrecarbons per gram TOC and contain 0.6-0.7% TOC; these
samplee.are rated-as excellent potential source rocks. for
oil? Their EOM has a low asphaltene content (9-12%), in contrast
| to the EOM in‘goed‘potential‘oil‘sources (samples 19, 26§

,30) Whicheis>much richer in asphaltenes (16-46%). This

suggests that initial oil ‘genesis in carbonate rocks may involve
"the disproportionation of‘asphaltenes into'hydrocarbons and
0, N &S bearing-compounds. Notwithatanding their stained
cendition,.the four organicrich (0.440.54% TOC)‘micrites: -
4from‘Wa11ira-Westjl'(samples:37-39, Table 4 and Figure 9)
.are”regarded as mature, oil~prone.potentralhsource-rocks.

‘ Kerogen (or insoluble organic matter) 'in the oileprone~

.sediments of the Observatory HilliBedé,is of either the Type

I or Type.Ii'variety-(Figure 10) . Type I kerogen (atomic
rH/C = 1 19-1.37) appears to. be characterlstlc of the non-marine
carbonates and calcareous arglllltes at Byllkaoora re1nforc1ng
the analogy.hetween thls_Cambrlanrlacustrlnegsequence and . |
that:ef'the‘Eocene'Green‘River Formation (see Tissot et al.;
1978)' It has a hlgh orlglnal H/C ratio, reflectlng its
strongly allphatlc character and h1gh potentlal for the
generatlen ef-011 and gas. Such kerogen is derived malnly
frem-aigaldlipid5~erxether’organ1c-matter-reworked by heterotrophic‘;
‘bacterla and thereby enrlched in microbial 11p1ds Unlike

the Type I kerogen of the Green Rlver Formatlon in the Uinta .



'Basln Utah,; which glves rise to hlghly paraff1n1c oils,

Type I kerogen of the Observatory Hill Beds at Byllkaoora
‘seemingly has generatedenaphthenic and aromatiejnaphthenic‘oils.
As already d1scussed thls nay be due to a combination of

the relative 1mmatur1ty of the o1ls in question and thelr.

. partial biodegradation. However, it is doubtful whether any
of_the 0ils from the Uinta Basin analysed by Tissot et al. !
'(1978)ﬁwere generatedbin units of the Green River Formation
characterised by the.kerogenous dolomitlc marlstone-bedded

: evaporite’association. The mainyoil-eource.beds identified

by Tissot and coworkers are“located”below the so-called ‘Middle
Marker in that-bart of the Green River Formation combrising- .
the Douglas Creek Member, Black Shale Facies and Flagstaff

Member. These units lack oil shales and extensive bedded ‘_ %
eyaporites (Shanks et al., 1976).. It seems likely, therefore, i
‘that the Byilkaoora oils nore closely resemble, ln composition,

mode of occurrence and genetic afflnlty, certaln of the

U1nta Ba51n asphaltlc bitumens (notably, wurt2111te and

gilsonite) found-in joints, veins, fissures, crystal cavities

and other_pore space within and adjacentlto 1aouétrine oil .
shales‘tHuntiet al., 1954). Wurt;ilite has a naphthenic
compoeitiony(atomic.H/C = 1,60) and is»rich in both‘sulnhur

~and nitrogenébearing_compounds, whereae gilsonite (atomic

H/C = 1.45) is $omewbat more aronatic in composition; The

latter, because-of its»high‘solUbility.in~organic,solvents

‘:and probable.generation from naohollte (NaHCOS)fbearing 0il
shalee_of. the Parachdte CreekiMember, appears to be the

closest Eocene analogue of -the.Byilkaoora oils. Oils from . 5
: flelds with reservoirs in the Parachute Creek Member (Duchesne |

County and Roosevelt) or the~underly1ng Douglas Creek Member
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'(Redwash) are exceedingly rich'in‘the C -Czo‘acyclic isOprenoids

13
(Reedz&'Henderson 1972) Inspection of the gas chromatograms
of their C12+ alkanes reveals that the C21 C25 acyclic ses-
terterpanes probably also are present

Type II kerogen is the_dominant variety of insoluble
organic matter in the marine-sabkha’carbonates of the Observatory
Hill Beds at Wilkinson-1 and Wallira West-1. It has a
_lower H/C atOmic‘ratiO'(O,d6-l.06j than the Type I kerogen
of the Byilkaoora sequence, and a correspondingly lower (but
still con51derab1e) oil potential ‘ MbreoVer 'the marine
- Type II kerogen is somewhat r1cher in sulphur (mean content
4.3%) and, to a lesser degree, nitrogen (mean content,
1.67%) than is the non-marine Type I kerogen (mean S content,
3,3%, mean N content, 1.32%). As pointed‘out by Tissot_a
Welte (1978), Type II kerogen contains~nore aromatic and _ a
naphtheniCIrings, has a medium to high .sulphur content, '
and usually is derived from the remains of marine organisms
(phytoplankton, zooplankton, and»bacteria) deposited in a
.reducing'environment. | - o

In terms of their petrography and carbon isotopic
composition, thereiis little to distinguish-the two major
varieties of kerogen found in the carbonate evaporite 11thofac1es
of the Observatory Hill Beds Petrographically, both are
best described as lamellar alginite (i.e. alginite B, described
in more.detail_below),, Their.carbon-isotopicrcomposition
4 ( 13C % -28;47;to‘—31;810/oo Table 5) also is consistent with
| a,lipid-rich'algalfsource. Kerogen isotopic values at the
.'heavy end‘of'the.range (—28vto ~30 /Oo) tend to be associated
~with eVaporitic sediments, namely, carbonates and argillites
containinglpseudomorphs-of.trona,and'shortite from the lower

part of Unit '3 at Byilkaoora, and gypsiferous micrites- from
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the depth interval 270-440 m in Wilkinson-1. On the other
hand, the isotopically lighter‘kéfogens (813C = -30 te -32 ©/00) o
were isolated from sediments which petrographic exami-
.natlon showed to contaln a 51gn1f1cant amount of insoluble
reserV01r-bltumen- thucolite or b1tumen balls. Such ”mobllised"'
‘organic.matter eharacteristically is enriched in 12C (Eichmann

é Schidlowski, 1975). |

- The foreg01ng geochemlcal assessment of the maturlty

and oil-prone character of the organlc rich Cambrian micrites

and arglllltes at Wilkinson-1 and.Byllkaoora-l is entirely - :
consistent with the appearance in transmitted 1ight.of_the
dispersed’organic matterfisolated by maceration_ef rock @
chips in .cold HC1 and HE. .The abundant ofganic matter 1is

pale yellowAtO’amber yellow in colour and mostly amorphous.

Small microfossils (acritarchs) also occur but are rare §
(Muir, 1979; W.V. Preiss,\pers. comm., 1979). According to

Muir, the organic matter from Wilkinson-1 "forms sheet-like

masses, up to several hundred microns across, which retains

the impression.of the fine—grained carbonate crystals which

were present beéefore maceratlon éome of the organic matter

has the fine, granular texture of cyanophyte mucilage, and
,some'of'it is smooth. Most of]the amorphous,organic matter
is. very similar.in-apnearaneeeto>(that) from proven oil
A sdurcetrocks; snch as»the_Kimmefidge OileShale of Dorset in
England". = o o . .

Further information on the origin -and diagene-

tie'aiterationlof the erganicnﬁatter-preserved in the
carbonate-evaporite lithefacies of‘the ObSeryatory Hill

Beds is provided by gas chromatograms of their C15+ alkanes
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(figures 7, 11-13). The prominence of n-heptadecene (n-C17)

in most n-alkane distributions from the marine carbonetes at
Wllklnson 1. and Walllra West 1 is 1nd1cat1ve of a prlmary algal
source for the organic matter (Powell & McKlrdy, 1973a),
‘whereas uniformly low pr/ph Values (0.42—1.58, Table 4)

show that anexic conditions prevailed during its deposition

: and early diageneeis (Powell § McKirdy, 1973b). The n-alkanes
.of'some Wilkinson samples display a‘marked predominance of
odd-carbon-numbered homologues ouer the range ClS;CSO (Figure 11).
Probably this is a sign . of relatlve ‘thermal immaturity, |
although an odd carbon number preference in the CZS#An alkanes"
‘is very unusual for sedlments of Cambrlan .age. “Such a

feature generally 1is assoc1ated with organlc matter derived

from Vascular p1ants and.therefore is unernected in pre-Devonian
sedimentary.rocks.' Some alkane distributidns, including

A thoee from Wilkinson-1 samples rated as excellent potential

0il sources, have a prominent naphthene hump with a maximum

near the n-C,- position (Figures 12 § 13). In such cases

the n-alkane prefile either is_bimodal (maxima at n-C17 and

n-C ‘or has a:single maximum at n-C,, or n-Chy-

27),
lThese features nay reflett a higher degree of anoxic‘
reworking‘Ci.e. sapropelization)'ef'the primary algal
- debris 'by anaerobic bacterie,.including eulphafe reducers
(Dembicki et al., 1976; McKirdy, 1977). |

Apart from the lack of-a nrominent n--C17 component, and
any apprec1able odd or: even- carbon number preference in
their n- alkanes, the C15 alkane dlstrlbutlons of the non-marine
foilkaoore (Unit 3) ektracts-are.dlstlngu1shed by an unusually

highAeoncenfration'of the acyclic C_lS-C25 regular isoprenoids

and theuC

30 irregular isoprenoid, squalane (Figure 7). The
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" same extended isoprenoid homolpgy apparently is present in

the alkénes of some of the marine.Sabkha carbonates at Wilkinson-1
and Wallira West-1 (Tablew4), but in much lower concentration

relative to the.nreikanes (Figures<11-13).. The C,.-C

15720
regUlar'iSoprenoids-occur ubiquitousiy in ancient sediments
(including coais)_and crude oils. Their most likely origin

is via the-diagenesis and catageneeis of phytol, the diterpenoid_
_(CZO)'aleohol which forms'an ester-1linked side}chain in the
'photosynthetic pigment, chlorophyll'a} The C21-C25 regular
isoprenoids have been renorted less widely. Sbyckerelle et
al. (1972)’dotumented their occurrence in a Creteceous shale
and coneluded (p. 5703) that they "may be formed by diagenetic
maturation and fragmentation either:of3polyprenois, or of
nafurally occurring acyciic sesterterpenoids". Squalane,

also present in the shale, was ruled out as a possible
precurser becanee‘of itslifregdler "tail-to-tail'" structure.
Sesterterpenoid (CZS) alcohols are known from fungl, leaves,
and insect wax (TlSSOt-G Welte, 1978), but none of these
sources 1is plau51b1e for the acyclic sesterterpanes preserved
in Cambrlan evaporitic sedlments.- Although unable to propose
a specific biolegiéal'preeursor for the regular C,¢ 1sopren01d_
aikane: Waples et al. (1974) suggested that it may'he useful
as a geochemical indicator of lagoonel, hypersaline conditions
on the basis of its occurrence in eignificant concentrations
in Tertiary sedlments known to have been deposited in such

.an environment. ‘More.recently, Tornabene et al. (1978)
ana-Holier et al. (1979).reported theridentification of
squaiene and other high molecuier-weight isoprenoid.compounds
in the lipids ef a newly recognised group of primitive

halobhilic; thermoacidophilic and methanogenic bacteria,
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the so—célled archaebacteria»(Woesé etlal.; 1978). We éonclude
that'similarihalophilic.and methgﬁbgénic.bacteria were an
binfegral_paft of the-ﬁiérobial.ecoéfﬁtgmfinhabiting the'
hypersaline, highly reducing‘enfironments in which-the non-marine
(Byilkaopra) and marine (Wiikinson,'Wailira West) evaporitic
sediments of theIObsérvatory Hill-Beds were deposited. Their
orgénic input‘to the sédimehts was‘particulafly high at
Byilkaoora. | |

Murnaroo-1, Emu-1 § Birksgate-1

Basihward of the.Karari Fauit, at the Murnardo;l and
Emu-1 we11>iocalitie§, ahd tb‘ﬁhé iﬁmediate south éf the
I_Musgraye Block'at'ﬁirkSgafeAI (Figure 1), the proportion of
carbonate rdcksiinrthe 6bser?atory Hill Beds~decreases at
thé expense of'shaie and siltstone (Figﬁre 2).- The palaeoenviron-
mental -significance of this changed lifhofacies éssociation
is hqt clear. Noﬁetheless, the episodic influx of clastic
sediments to the (?)marine environment. is assdciated with
generally lower TQC values (0.03-0.33%, Table 4y, an indication
that stable anoxic conditi&ns conduéive to the preservation |
of sedimentary organic matter were less prevalent. The
highest values in the'rangé»were obtained from cal-
careoué and dolomitic siltstones. Within the carbonate
intervals, unlike thése at Byilkaoofa-l, there is little
-evidencg of periodic intense evaporatioﬂ, lowering of the
water fable, and conseqﬁent widespread sealing of underlying
organic-rich sediments by'cruéts of .carbonate and Magadi-type’
chert, although there are 1imi£ed'qccurrences of the latter

at Manéroo-l and Emu-1 (Figure 2).
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Hydrocarbon yields also are low (mostly <30 mg/g'TOC) and,
in general, hydrocarbons-compfisej<30% of the EOM, indicafing
that the sédiments at‘Best.afe only'ﬁarginally matﬁfe (Figures
14 § 155. Even if.more deeply buried elsewhere, or exposed
to a higher géothermal’gradieﬁt, it is doubtful whether-this
pafticular lithological development of the Obseryatory'Hili
Beds would be capable of-generating appreciable amounts. of
Aliquid ﬁydrocarbons.: Méfginal 0il-source potential ié‘
displayed by the seVéral'samples‘from Murnaroo-1 which
ébntain >30 mg hydrocarbons per gram TOC (figuréhl4), but
its'signifitance is diminished by the very.low'TOC’confeﬁts
(<0.2%) of the sediménts iﬁ question.

The.C15+ alkané distributiohipatterns of non-reservoir
- rocks in the Murnaroo, EmuAand Birksgate well sections of
the Obserﬁatory Hill Beds (Figures 16-18), reflect the - ;
microbial affinity of théir dispersed ofganic matter. In
most cases the n-élkane prbfile.has a ﬁaximum in the C17-Ci9
region,.and the-majority of the alkanes contain less than 23
carbon atoms, qonsisfentjwith a predominantly algal origin
(Poweli ‘& McKirdy, 1973a). A significant'imput.ffom heférotréphic
bécteria may be inferred for those samples With a relafively
‘high proportiqn éf CZS;_alkahes.(Figure 18) and/or the C1'8--C20
a;yclic isoprehoid'alkanés (Figures-16 & i8j-(McKirdy, 1977;

Reéd, 1977). At-Murnarod, the progréssiQe increase in p_r/n;C17
and ph/n-Ci8 ratios shown by core samples 23-25 (Table 4, -
Figure 16) cOrrelateS'well;with an increase -in their carbonate
content as determined bygaCid digéstion (sample 23, 22%;
Sample'24, 35%;'samp1e;25, 58%). The exténded isoprenoid
homoibgyfin'sampie 43‘fr6m Emu;i.(Figure 17) 1is Teminiécent_
of -the hydrdcarbon ”finger-print”'qf halophilié and/or

methanogenic bacteria noted;in'Unit.S at Byilkaoora-1
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(Fiéure 7), and in certain carbonates from:Wilkinson-l (Fignres’
11 § 12) and-Wallira'West-l (Figure 13),Aand'Signifies depo-
sition under anoxic, probabiylhypersaline conditions. The relative :
1mmatur1ty of the Blrksgate samples (Flgure 18) is conflrmed
. by the sllght predominance of odd over even- carbon numbered
C23+ n-alkanes and the presence of a prominent "naphthene
hump”-in the stérane/triterpane'region of each chrbmatogram. i
| "ﬁeliable anaiytitaibdata'are'not'yet available on the
elemental,cempoeition, and nence'the type(s), ef keregen
preserved in the Observatory Hill Beds at these three well
localities,.,Without sucn”information it is difficult to
aScertain whether or not the poor - oil potential of the - - %
sediments istattribntable entirely to their lack of thermal
maturity.. | |
UN-NAMED.DEVONIAN FORMATION
Conoco wildcat well, Munyarar 1 (Flgure 1), pene- -
trated a thlck sequence of Devonlan marine shale, sandstone
and- minor carbonate (Figure 2). TOC values are uniformly
low (0119—0.33%) throughout the sequence (Table 7). Only
in the'bottom sample analysed (TOC = 0.47%) does the organic
carbon content approach the average for shales. Extract
data plotted in Figure 19 show that the upper 2300 m of
sectlon is immature. .This is, con51stent with the odd carbon-
nunber'predominance,dleplayedtby the waxy»C23+ n-alkanes
in core:sanple 44 fron 632.20 m depth (Figure 20). ‘Optimnm
maturity for oil“generation is attained below 2500 m, but |
hydroearbon yields-are low (<15 mg/g TOC) indicating no
oil-source potential. ,The.presence of'detrital graphite
("dead" carbon) throughout the éequence:(Kantsler, 1979)
will tend to depress the measnred hydrocarbon Yield>(expressed

as milligrams by hydrocarbons per gram of TOC). The ratio
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of pristane~to thtane’inCreases OnIy.slightly-with depth,
from 0 82-0. 96 in the 1mmature part of the well section
above 2300 m, to 1. 00 1. 58 in the zone of maturlty (Table 7)
The wetfgas prone character of the sediments accords with
‘the humic nature of the_palynological preparations examined :
by Harris (1978)'and Vlierboom t1973), but»is somewhat at
odds: with the appearance of the dlspersed organic matter 1n
poIlshed sectlon‘(see below). Partial ana1y51s of the
insoluble.organic matter Isolated,from core sample 51
Ap(2610561,m depth: perCentuC3,drylaSh;free;;f 82.53%; atomic .
~H/C =;0 82), given ite apparent initiallmaturity, is. suggestive
of a kerogen which plots between the maturation pathways for:
| Type. II and Type III organlc matter on a van Krevelen diagram.
ORGANIC PETROLOGY, OBSERVATORY HILL BEDS

Several types. of organlc matter are present in the
Observatory Hill Beds. A review based on the examination of
'oore‘material.from-Byilkaoora-I, Wilkinson—l, Wallira West-1,
Murnaroo-1 and'Emu-l, is presented below. Detailed observations
on individual sampleé from Byilkaoora—l are summarised.b
in Iable 8; |

Alginite B (Plates 2.1 § 2.2)

4This is a term introduced by Hntton et al. '(I980).to'
-encompass the fine 1ame11ar organlc matter wh1ch constltutes
~ the bulk of the- organlc content of Tertiary 011 shales (e.g.
_Rundle, Queensland,.Green Rlver, Wyoming). ‘This algal
naterial corresponds to‘the ”algai.filaments“ described by
McKlrdy & Kantsler (1978) in the Kyalla Member of the 1600
m.y. Mchnn Formatlon McArthur Ba51n and the '"translucent.
-red brown stylolltlc fllms” reported previously from Cambrlan:

'carbonates-of the Officer Basin (Kantsler, 1979). That this
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organic matter is algal in origin seems virtually unequivocal
as there is no oeher‘groupiorioféénisms so wide fanging in
time. | | | |

In hand specimen, layers rich in aiginite—B are most
AeonSpicueus in‘the ﬁell.laminated carbonates.of Byilkaoora
and Wilkinson. Typically the layers are thin (1-5 mm thick),
hane a derk grey or brownicolour, and'are.essqciated with
very fine-grained argillaceous or micritic mineral matter
(<10>um across) and pyrite. 'The'paler layers of the carbonates
are eoarser grained (up to 20-30 um) , barren ef organic
matfer.end centain relatively,.lifele pyrite. |

‘In polished section under incidenr white light, elginite-
B is translucent and has a pale brewn or red-brown colour..
FlﬁoreScence.colours range-fromimoderate orange or light
brown to dull orangeAand dull brown. The intensity and
colour of the fluorescence is partly (although not entirely)
dependent on the thickness of the - 1nd1v1dua1 films or strands,
with thicker: strands usually belng ‘associated with an
intense fluorescence.' In general, prolonged irradiation
_causes -a positive colour shift but instances of negative
colour shift elso'have been observed. The fluorescence
intensity of the-alginite inVariaBly is enhanced‘afeund
'graine of thucolite. AUnlike the McMinn alginite, which
locally occnrs in sufficient density to 1ose'its.translucence
and become. more reflecting, the.alginite.in.Cambrian sediments
Of1thef0f£icer-BaSin alweYSqie,translucent.

Some thick strands of alginite fange frem'O.Z mm
to 20 mm-in length, while thin individual films generally
»Jare less than 20 nm in length;- The strands may‘be as much

as 5 um thick, but only where several individual films occur
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togetﬁer without intervening_minerai.matter;_ Individual
films are rarely moféifhén 2 um,fthick; In some sémples,:
particulate algél maferial iess thén 5 ym in length is
referable to 1iptodétriniteL The alginite content of the
sampleé examined»genérally fallshinAthe range 0.5-5% by
volume, but any estimate muét be-regafded as approximate
‘because of the fineness of the individual films.

A feature of the alginite is the manner in which‘
it is finely interwoven with carbonate and argillaceous .
minera}'matter. The alginite'films tend to follow grain
boundaries in the plane of the bedding (or sﬁb;pafélléi‘with
‘it), and commohly can be seen to form é web of organic
matter such as might be expected from an algal'mat. Gross
lamination of the.rock suggests a succession of seasonal or
ofher episodic events and also indicates the absence of infaunal .
benﬁhos. In the more coarsely grained carbonates this
‘"lamellar" alginite becomes veiy cryptically interbedded
with mineral mattér so that discrete layers of algal mat are
difficult to discern. Ofganic intergranulér matrix material
- in these sediments is very fine;grained and recognised by a
diffuse yellow fluoreScente suggesting its adsorption onto
clays. Locally this particular form of organic matter may
-be described as amorphous aithoﬁgh it .too almost certainly
is of algalerigin. Both forms of 'alginite-B' are the
'amoiphous sapropel' of éalynologists.and organic geochemists.

The algal organic mattér is typically éssociated with
pyfite.' Micropyrité is the most prevalent form, particularly
in'the.Byilkaoora.samples, But framboids are common.
.Granular and semi-crystalline,aggregates>of pyrite are more

~typicél of organically barren zones.
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’Oil.Stain‘(Plates'Z.S-Z.S)

Many cérbonates_and calcareous mudstones contain
an oil stain which fluoresces_a very bright green to bright
orange. Typically, this oil ;tain is found .in the coarsely
crystalline Carbonate which infills vugs and forms’veiné.
The same live o0il also 1is associated-witﬁ;fractures of
varying width. Commonly the stain can be seen to originate
in the alginite-B described above. When Viewed under
white incident light the stain appears colourless and featureless
in the coarser grained carbonates, Whereés.in'thé assopiated
fractures it may have'a dull brown colour;

In many Byilkaocra samples the orange-fluorescing
+ and Bright green or yellow-fluorescing oil stains appeaf to
be‘quite.separate.’ The bright greeh variety occurs mostly
in fractures, but also in intercrystalliné spaces in vugs,
whereas the orange variety usually is found in vugs. Locally;
however, they may be intérmiked; The bright orange stain
may represent the heavy aromatic-napthenic oil (Family A, or
biodegraded Family.B), with the bright green variety being
. related to the lightér naphthenic o0il of Family B. Altefnatively,
th¢ orange stain may bé "old" o0il, generated at an-early |
. stage and subsequently.bibdegraded; whereas the green stain
may be considered 'new" ér migrated oil, derived from the
same source material but at a later stage. -'

Bitﬁmen |

Three classes of,bitumén were.recognised:-
Reservoif Bifumen (Plate 2.6) |

B;tumens of this type occupy large cavities 1n coarsely
crysfalline vugs, célcite pseudomorphs after evéporite
minefais, and Véins; ~Their reflecténce (generally 0.5-0.8%,

but alseo up to 1.4%), insolubility in immersion o0il, lack of
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fluorescence and nonporous apeearance suggest that they'a¥e
referable to .the asphaltlte grahamzte or. the asphaltlc
~pyrobitumens albertite and, in the case of the hlgher reflectance
varieties, epi-impsonite (Jacob, 1975). These bitumens-
“range in size from <10 um at'Wilkihson to 200 um at Byilkaoora.
They afe present in only minor amounts ahd commonly comprise
<1% of the total organic'matter by volume. Large "cauliflower-
»shaped" aggregates of bitumen present in.various'Byilhaoora
samples (notably at 285.00 m, 289.77 m, 306.15 m and 312.30 m
depth)'arerenigmatic in that their rounded margins bear
little relation to the fabric of the rock inhwhlch they
occur. | Kantsler (1979) has’ suggested that individual '"balls"
of bltumen (see below) may owe their formation to the prec1p1tat10n:
of an asphaltene_fraction at Surface temperature and pressure,
'but the lack of relief in.polished section and the need.to
displacelrigid mineral matter seem to precluae this as an
explanation‘for'the;genesis of the '"cauliflower" aggregates.
'_Thucollte (cf. Jedwab, 1966; Schidlowski, 1969).

Small granules of "bltumen” commonly occur mantling
small crystals or fragments,ef metamict zlrcon. This bitumen
._appears to be composed of'polymerised'hydrocafbdns and alginite.
Indiviaual thucolites range from 5 am to 100 ym in diameter.
Lamellar alginite can be seen merging with the thucolite,
but.this may be fertuifous.; The fluorescence of such alginite
generally is enhanced . in the vicinity of the thucolite
graih | Thucolites are characterised by high reflectance,
non- fluoreSC1ng cores,. and by lower reflectance slightly
“fluorescing halos, suggestlng that they are not strictly compara-
'hle'to theﬁresefvelr~type bltumens described above. Despite
theirAuhiquify, thucolites form‘a very small proportion of

the total organic matter[
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"Bitumen Balls”'(Platés‘Z 7 §2.8)

Spherlcal agoregates of b1tumen occur that are analogous
to thucollte but show no ev1dence of hav1ng a central uranlferous
core. Their reflectance ranges from 0.5% to 1.1%. Some of
these-bitumené have a’hongy—broWn fluoresceﬁce, whereas
others are non—fluofescing.- There is 1itt1e_enhancement bf
alginite fluorescence around these apparently non-radiogenic
bituman balls. Like the thﬁcolites, they afeApresent in.
most'éamples; but only in véfy minor quahtitiés.

Phytoplankton

Very small bodles of bright yellow or braght orange
fluorescence probably represent.the cysts of microplanktonic:
organisms (acritafchs)] They aré extremely small (5-10 um‘
'acfoss in longitudinal section) and appear to be véry thin
walled (<1 um).. Although present in many samples they
cannot bé considered common. They’reach local eminence in
the Byilkaoora sample from 306.15 m depth. In inéident.
whiteblight they are- transluaent and havé a very pale amber
colour. Acrltarchs have been: 1solated by maceration techniques
from micritic carbonates and calcareous 511tstones of the
'Observatory Hill Beds in Wllklnson 1, Murnaroo-1 -and
’Byllkaoora—l (Muir, 1979 W.V. Preiss, pers. comm.) .

Liptodetrinite -

This term embraces all finely_particulaté organic
matter of'indeterminate.origin which is visible in small
amounts in nearly all of the samples examined. It encdmpasses
fragments of lamellar alglnlte acritarchs and small '"spots"
(2-3 um .across) of prpbable oil stain; In no sample. |
is it a significant componeﬁt of the total 6fganic

matter.
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" 'Algal Mucilage

This'mafefiai Qccufs‘ih short (0.03 - 0.07 mm)
laths of chitinous carbonate, 5-10 um thick, Whiqh are
transluéentAand cream to dark brown in colour. The carbonafe
'1atﬁs,lpreviously described as:'fragmented chitinophosphaticA
shell material’ (Kantsler,‘1979);-appear to represent
brecciated laminae of cryptalgai carbonate perfused with
humic organic matter .derived from ‘the mucilage of benthonic
blue-green algae (cf. Shearman § Skipwith, 1965; McKirdy,
©1976). Partial replacement of the Cafbonate by pyrite-
is1common, although iﬁ oné notable case (Byilkaéofa;i;
240.90 m) the sulphide is sphalerite.
DISCUSSION
Algiﬁite-B iS'fhe-most likely source material for the
0il ‘'shows in the Byilkaoora-1 well. Although overall concentrations
are:nof high, it can form up to 20%‘b§Avolume of some ofganic;rich
layers (the dark laminae observed in hand specimen), and up
to 10% of some rock samples (e.g, Byilkaoora—1,_316.50 m). Its
‘transluceﬁce and brighf fluorescence, together with the
fluorescence~cdlours observed for the acritarchs, suggestlaﬁ
upper maturation limit equivalent to a vitrinite reflectance
of-O.S% RO..'The petrographic features observed are characteristic
of ”1iptinitic” organic mattér.(kerogen Types I and II) in
the range 0.5?0.8% Rd,'which corresponds fo its,initiél
phase of o0il generation.
THERMAL AND MATURATION HISTORY

MUNYARAT -1

Organic Matter Type
‘Table 9 shows the results of maturation studies using

optical methods undertaken on core material from Munyarai-1.
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'Reflectance measurements were made on a variety of bitumens
and possible graptolite fragments (cf Kurylow1cz et al. |
1976) The 1dent1f1catlon of the graptolltes is, at,best,
tentative Because of the vety.small size of the fragments.
Another p0551b1e source of this material is chitinozoa.
Intact chitinozoans were 1dent1f1ed in macerates of sandstone
and silty shale from three cores by Harrls (1968). .NO
positive identification yet has been méde in polished section
of land plant-derived otganic'matter,-which is surprising in
view of the recovery of tracheidal wood fragments by Harris
(1968) and higher plant palynomofphs by Vlierboom (1973)
using maceration techniques. |

Low reflectance bitumenS’eccur inAsméll pore spaces,
amongAcarbonate.crystals in healed fractures, or along
‘stylolitic partings.‘ These bitumens are insoluble in immersion
oil, non-porous, homogeneous and:; in some rare instances,
display a low-intensity fluorescence. They appear to be
referable to the asphaltic pyrobitumen, albertite, mhiqh
forms in situ by 1oca1isedndiagenetic precesses (Rogers
et.al., 1974). Higher reflectance bitumens (1.6-2.2% R,),
generally found as rounded to sub-rounded balls (cf. Plates
2.7 and 2.8), aleo are pneeent in some'sampies (Tabie”S).
Their high reflectance,indicateé that they may be similar to
.the asphaltic pyrobitumen 1mpson$te (a more. mature version
of aZberttte) The reflectance of these b1tumens is unrellable
.for the determlnatlon of thermal maturlty since b1tumens are
readlly and contlnuously generated during the migration of
hydrocarbons from senrce rocks. However; Sikander § Pittion
(1978)_have described significant downhole. increases in
bitumen refiectance in Early-PaIaeozoic_rocks from Gaspe

Peninsula, Quebec.
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Examination of the samples. in fluo;escence mode
reveals: - |
1. the pfesence of égmé iafge'phyﬁoﬁlanktoﬁ (? Tas-

manités)-with_strdng gold fluorestente, and

lamellar alginite with yery.palea&ellow to

pale bréwn fluorésceﬁce, in the uppermost sample

at 634.1 m ; | |
2. rare, brlght orange (7)acr1tarchs in samples'

from 1693.09 m, 2289.71 m and 2441 08 m;

3. abundant bright orange liptodetrinite (?fragments

of‘phyfoplankton) in ;amplés.at 2611.61 m

and .2753.43 m; and |
4. some strong orange flﬁorescence;’of undefined

affinity, at 2897.30 m.

None of the samples examinéd contains sufficient
borganic' matter to be callgd a source rock. Although, -
.1iptodetrinite is abundént-in some samples, it is generally
so fine that it doés not cdmprise a>signifiéaht volume of
. the rock.

~ Maturation History -

The present-day temperature gradient at Muﬁyarai—l is
low - about 19.6 C/km based on an uncorrected bottom hole
'temperature {BHT) of 76.6° C at 2896 3 m. Appllcatlon of the 10%
rule of:Dowdle § Cobb (1975) gives a corrected BHT'of‘86OC
and a témperature gradient'is.-22.89C/km. ‘Eétimates of
coalification at the 2286;6'm,(7500 ft.) and 2896.3 m (9500A
ft.) 1evel;uéssuming no pfonounced bost;Devonién uplift or
erosion (i.e. a coallflcatlon tlme of 350 m.y.), are given
in Table 10. Sectlon 1oss at Munyaral 1 is' thought to be.

of the order of 200-300 m (G.M. Pitt § B.C. Youngs, pers.
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comm. ) -

| Vitrinite reflectances estimated from the combined
effects of temperature and time, according to the Karweil
nomogram (as modified by Eostick5 1973) are close to.therbServed
reflectance from (?)graptolite fragments and high reflectance
bitumens (Table 8). However both the estimated and measured
' reflectance do not appear to agree with the fluorescence
characteristics noted in these samples and tend to confirm
the opinion that graptolite-derived reflectances
'(Kurylowicz et al., 1976) are ahlittle high when compared
to the equivalent vitrinite reflectance.

The fluorescence colours assocated with (?)phytoplankton-
derived organic matter indicate vitrinite reflectances in
the.range 0.6%-1.0% Ry hy”analogy with some Late Palaeozoic
sequences from Western Australia. 'These values correspond
with those obtained from.the low reflectance bitumen and are
slightly lower than those derived from the (?)graptolites.

__The estimates of vitrinite reflectance based on the
~model of Hood et al. (1975)‘indicate that the lower part of
the Devonian section:is at least marginally mature and

p0551b1y near the zone of peak hydrocarbon generation.

" The approach of Lopatin (1976) yields results within the

limits provided by the Karweil and Hood et al. estimates.
rThe estimated .vitrinite reflectances-obtained by all three
methods imply that formation temperatures never ‘have been
‘.much higher than their present values (Table 9).

Assessing both the measured‘and calculated data,
realistic limits to maturation (expressed. in terms of equivalent
vitrinite'reflectance)ffor the lower part of the Devonian

sequence are 0;6-1;2% Ro' ‘This straddles the initially



la2-
mature (oil) zone of'hYdrocarbOﬁ generatioh and enters fhe
mature»(wet gas) zone. Thu§ a,ldng, slow peridd'of continuous
hydrocarbon generation-at relaﬁiveiy low temperatures
- similar to fhose found af present:is'envisaged for the
Devoniaﬁ sequence at Munyarai-1.. Such a maturation histbry
would. favour the formation of small, rather than_Iarge,
hydrocarbon accumﬁlétions.'_
BYILKAOORA-1 '

.The:Byilkaoora-l section 1is fhought to have been buried
to a depth of at least 2500 m (G.M. Pitt § B.C. Youngs, -
pers. éomm;,»1979) but is now within 350 m of the surface.

Up to 2000 m of this misSing}section ié_presdmed to have
~been of Ordovician age whereas the femainder is likely to have
comprised Dernién sédiments. Assuming a full 25Q0 m of
.cdver and that.the temperatﬁre'gradient has remained at

about 20°/km, a palaéotemperature~high of about 80°C can be
envisaged for the Obsérvatqry Hill Beds. HoWever, taking

into aécount_pdst—Ordovician erosidn, the maximum tempefature
over any -prolonged period Qf'time was probably of the order

of 50°C to 60°C.

Bufial;'during andiimmédiately aftef Ordoviqiaﬁ deposition,
at’a t§mperéturQ Qf 70°¢ todSOOC fdr é miniﬁuﬁ_peridd of 50 m.y.
wouid,laccdrding to any of the three models listed in Table
-9, be sufficient to. bring the Observatory Hill Beds ét
‘AByilkaqoré.to the eérlieét stages ofioil'generation. Post-Ordol
‘vician‘buriai at temperatures.of 50°C to 60°C woﬁld
add to.the initial coalification and could possibly bring
the‘roéks fo a maturation stage,éqﬁivalent’to 0.8% to 1.0%

' vitriniﬁe.réflectance. Declining temperatures (<500C)
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during the sﬁbsequent phase of burial:WOuld do little to

enhance:méturation'despite the great Iehgth of-time avail-

eble. | | | |
| Bitumen reflectance»in the range 0.55% to 1.30% Ro’

together with the fluorescence colours. of .lamellar alginite,

suggest equivalent vitrinite reflectances of about 0.8% + 0.2% R0

tﬁe same range as indicated by model data. These data
suggest that the Cambrian sequenee_intereected~by Byilkaoora-1
‘is oil-mature. | |
WILKINSON-ll
The Cambrian section in Wilkinson-1 is ehigmatie
_in that although 1t appears to have attained thermal maturlty,
the poorly consolidated nature of the sedlments in the upper
part of the section 1mp11es that it has almost certainly
never been deeply burled | |
However, the proximity of the Kararl Fault (Flgure 1),

and the possibility of vertlcal mlgratlon of hot subterranean
_water along the fault, suggest that it may not be necessary
to invoke deep burial to explaln thlS anomaly. High temperature
regimes have been observed around many‘deepjseated faults:
~and reéult from either'compactien or temperature-induced
lateral den51ty gradlents (Buntebarth & SchOpper, 1976) .
Prolonged exposure to temperatures of about 50°C would
probably be sufficient to brlng the ‘Cambrian rocks at Wllklnson
"to initial maturity.. |
WALLIRA WEST-1, MURNAROO-1 § EMU¢1

"Limited fluorescence~and‘refiectance.daté frem these
wells, when-'revieWed in relation to-the:data above, inaicate

that their Cambrian sections also are mature.
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However, extract data from Emu 1 and Murnaroo 1 suggest

a lower degree of maturlty The Cambrlan carbonates at
Wallira West-l”may be sllghtly_more mature than those at
Wilkinson-1, haVing.undergone a tWo-phase.thermaldhistory.
In addition to tneirAexposure to'an enhanced_heat flow near
the Karari Fault; the Observatory Hiil Beds at this locality
probabiy have been buried dnder-annadditional 200 m of Early
Permian cover and >100 m of Cretaceous.sediments, subsequently'
removed durlng separate. er051onal eplsodes along the western
margins of ‘the Arckarlnga and Eromanga Ba51ns 'respectlvely
(Flgure 1). This may account for the two. optlcally distinct
generations of oil stain associated with the lamellar
aiginite in sampies 36 and'3§ tTable 4j.

| SUMMARY AND CONCLUSIONS
1. 011 shows found w1th1n .the Early Cambrian
| Observatory H111 Beds at By11kaoora-1 in the- .
" northeastern Offlcer Ba51n are of two prlmary .

genetlc types aromatlc-naphthenlc.and naphthenio;

The former-are heavyr(&lsoAPIj;.low sulphur

(~0.3% S), tar-like crudes,fwhereas theAlatter

are less v1scous and of apparently hlgher API

.graV1ty BothAtypes are immature, possibly

partlally blodegraded 01ls, r1ch in the regular ,

Cié C25 acycllc 1sopren01d alkanes and the

irregular C30 1sopren01d squalane In some
~shows the or1g1nal comp051t10n of the oil has

been substantlally modlfled:by migration (deplef
tion;of-asphalteneSj,.or by severe biodegrada-
ftion_(oompletelremoval of normai and brancned

aikanes).



The oils_oébupy¢vugs and partly héaled fractures
 inran alkaliﬁe pléya-lake-ééQuence of bituminous - .
carbonate with Magadi;type‘cherf, and érgillite which
contains_calcite’pSeuddhdrphs of-evaporite minerais,
inclﬁding trona,_éhoftite and - ?gaylussite. = Source and
.;eéervoir facies are intimately related.. |

The source beds for the bils are organic-rich.
(0.5-1.0¢% TOC) dolomites and calcareous

argilliteé within the lacustrine evaporitic facies
that were drilled. A twb-fdld stratigraphic
~zonation of geochemically distinct sburce beds
accdunts for thg-eXistence of.twoAprimary

families of oil. ;The aromatic-hgphthenic group

of oils is correlated with sediments in which

~ trona and shortite were most abundant. Sodium
carbonate-bicafbonate'evaporites Were less common
in the source beds of the naphthenic oils.. |

The Byilkaoora oils are the.first reportéd -
exémples df nonAmdrine CamBrian.oiis.' Their
‘cbmposition, mode of'occurrence.énd genetic
,_affinity‘are.similar to certain oils and
asphaltic‘bitumens aésociated‘withibil shales and
bedded evaporites in the Parachute Creek Mémber.of the
lacustrine EoCene'Greeﬁ‘River:Fofmation, Uinta

Basin, Utah.

Marginélly mgture“fb'mature,.gqod to‘excgllent
ﬁotential hydrocarbon-sourée'beds.occur within

the ObserVatory Hill Beds at the:Wiikinsdn-l

and Wallira West-1 well localities, adjacent
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to the Karar1 Fault along the southeast
margin of the Offlcer Ba51n Here organic-rich .
(up to 0.8% TOC),.011 prone hlcrltes were
deposited in a marine sabkha env1ronment,
By-contrast, the shale-siltstone lithofacies
of the Observatory Hill Beds ‘penetrated by the
Murnaroo-1, Emu-1 and-BirkSgate—l wells is
characterised by low organic carboh contents
and hYdroCarbon yields, and at best only
marginal maturity. h
AKerogen in the‘oilﬁﬁrone sedimente'bf the
Observatory Hill Beds is either Type I
or Type II. Petrographically,‘the.major cemponent
of both liptinitit kerogens 'is lamellar alginite
(the alginite- of Hutton et al., 1980). Likely
precursor materia;s.inciude the: lipids of henthonic
aigae (probably blue-greens) -and heterotrophicteria.
The acyclic C15 Css isoprenoid alkanes and the

irregular C isoprenoid, squalane, present in

30
high relative concentrations in the Byilkaoora
0ils and their sdurce rocks, may be hielogical
markers of heterotrophlc halophlllc and/or

methanogenlc bacterla

: Extract data from the thick succession of A

DeVOnian marine shale,'siltstone; Sandstone
and minor carbonate pehetrated by Munyarai-1,
therdeepest weli SO'far'drilled in the eastern
Officer Basin, indicate that altheugh‘optimum

maturity for oil generation is attained below
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. 2500 m,'fhe sediments mostly are gas-prone:
9. In.fhe absence of redognizable.higﬁer plant -
residues (e.g. vitrinite) in the dispersed |
orgaﬁic matter, optical méasuremeﬁt of rank was
based on fluorescence colours of alginite-B
and rareAphytoplankton; and’qh the'feflectance‘
of ?graptolite fragments.in.the case -
6f the Devonian sediments. With thelpossible
exceptidn(of tﬁécObservatory Hill Beds at
Murnaroo-1 and Emu-1, the optical estimates
of rank agree reasdnébly'well with the levels
of maturity determined from extract data.
Contrary to the experiehce ofgSikandef § Pittion
(1978), bitumen reflectance proved to be an |
‘uhreiiable'indicator pf thermal alteratioh,
mainly because of the diversity ofAbituﬁen -
types and modes'of origin represented.
,10. The reconstructed burial histories of the
Cambrian Obserﬁatory Hill:Beds at Byilkaoora-l,-’
and of theiDevonian.sequénce at Munyarai-1,
are adéduate to account for their ﬁreseht level
ofAmaturation. The Cambrian carbonaté section
in'WiIkinson—l; howevef,'probably never has
been deeply buried and enhanced heat £low along
thQ.Kérari.Fault'is‘invoked;to expiain its positiOn
-within the upper_oil.window; |
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LIST OF CAPTIONS TO PLATES

Plate 1: ~ 0il shows in Observatory Hill Beds,

Byilkaoora-1. Core diameter 47 mm.

1.

0il- (Family A') bleeding from
fracture partly healed with calcite

and adjacent calcite-lined, pyrite-

~ containing vug, in red-brown

" siltstone (219.52 m) .

0il (? Family B) bleeding:from
small.vﬁg in cryptalgal laminated
dolomite (297.15 m).

0il (? Family B, biodegradedj
bleedingifrom vug 1in dolomi;e

(295.50 m).

0il (Family A) filling large vug.

in dolomite (293.17 m).



_Plate 2:

: Photomlcrographs of pollshed sections

'(perpendlcular to bedding) of carbonates

from_Observatory_Hlll Beds, taken using
incident illuminatioh (0oil immersion).

Fluorescence?mode photographyAemployed

a 490 nm barrier filter. Field width

0.34 mm unless otherwise\stated.

Anastomosing lameller alginite’and.mineral
grains. Byilkaoora-1, 316.50 m. Fluorescence
mode’ f1e1d w1dth 0.23 mm.

Fine, weakly fluoresc1ng,»1ame11ar

alginite (dull brown to yeliowj.in matrix

of marl. The very thin discontinuous band

of . fluorescence appears to be an oil stain

in the earliest stage of primary migration.

‘The small, thin yellow bodies in the lower

field of view may be acritarchs.

Byilkaoora-1, 306.15 m. Fluorescence mode.

0il stain.in vuggy carbonate showing .
'strong orange fluorescence and possibly
' representlng the heavy, aromatic-

- napthenic oil type - Surrounding coarse

carbonate grains are associated with a

"very strongAgold fluorescenqe from

lighter (? naphthenic) oil trapped below

the polished surface. Byilkaoora-1,

262.95 m. Fluorescence mode.



As for Plate 2.3. The bright 'flecks'
in the’heayy oi1 ﬁéY'be sulphides
precipitated byrsulphate-feducing bacteria.
White-light. |
Exsud‘atihi_te-like-materiéi filling
fracture. Migration 'pathways', similar
to that figured in Plate 2.2, éommonly
mergé with; of»cut across, such fractures
suggesting a bulk-flow'methanism_fdr
primary migratidn_in}the Byilkaoora

- carbonates.

Byilkaoora-1, 306.15 m. HPluoreséencé mode.
Reservbir bitumen, ﬁrobably(the asphalité
g}ahamite (Romax = O.S4%)»filling |
porosity in carbonate Vug; Such bitumens
may be fbrmed by the degradation of oil
like that illustrated'in Plate 2.3,
‘possibly by inspisSétion»and wafer—washing.
Byilkaoora-1, 285.QO m. White light.
Bitumen 'bailf, with haio of géld
fluorescing organic matter, in micritic
dolomite. 'in‘many Early Palaeozoic rocks,
strands of -lamellar algiﬁite»merge into
Such_'balls'. 'Bitumeﬁ"balls' with a-
»cofe of zircon or some other uraniférous
minéral aré referable-to.thucolite;
“Decreasing reflectance, and increasing
fluorescence, from centre to margin

"indicate that the cores of these balls



may be older and more coalified than

‘their outer rims. This implies a contin-

uous process of hydrocarbon polymeritization

and accretion. Wilkinson-1, 512.07 m.

Fluorescence mode.

As for Plate 2.7. R max = 0.7% at centre;

0.5% at rim. Rare, fine, dark brown

strands surrouhding;the 'ball' are lamellar

alginite. White light.
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" TABLE 1: OIL CEOCHEMiSTRY, BYILKAOORA;I

Sample no. Depth Composition* » Alkane parameters**

' (A...,/79), .(m) ) Sat.: Aror?‘:vt V?NS Asph._ Pr/n-C17 Ph/n-C18 Pr/?h 1fC25/n-C22 Sq/n-c26
. « /o : : : .
3129 219.52 - 24.0 = 4.4 1.1 0.5 1.21 1.38 - 1.10 0.57 0.43
2278 277.00 . 24.9 7.7 67{1 0.2 (featureless naphthene hump)
2279 . - 278.55 - 58.7 3.8 37.0 0.5 _2.22 2.92 ©0.89 0.95" 0.88
2280 278.77 . 53.4 3.5 . 42.6 - 0.5 2.28 2.98 0.94 0.98 0.96
3130 292.94_' 23.5 .. 4.0 60.1 12.4 - 3.06 4.05 0.82 1.96 3.00
3131%** - 293,17  23.7 6.4 53.6 - 16.3 = 2.72 3.35 0.92 1.56° 2.23
2281 . 317.10 37.5 7.7 47.9 6.9 3.10 3.92 0.82 -2.36 1.31
* - . Approximates to ClS;-fraction.: Oils 2281 & 3131 scrapéd'ffbm core} all others.isolated’by'

3 min. ultrasonic washing of core in benzene~methanol (3:2), followed by rotary evapora-
tion of solvent. R | o . | o ,
Sat. = saturates, Arom. = aromatics,_ONS = 0, N & S - bearing chpounds,'Asph. = asphaltenes.
*k o Measured from chromatogram of C15+*alkanes. Pr = pristane, Ph = phytane, i-C25'= acyclic

Cog regular'isbprenoid, Sq = squalane.

. kkk .13C = =28.75%, (whole o0il).
: § “ppB . . :



TABLE 2: COMPARATIVE GEOCHEMISTRY GF SELECTED CAMBRIAN OILS

Well/Field .

Formation

Type APT : CQmp051t10n‘>210 C fraction

“(Family A') -

. Alkane parameters
. & Basin gravity Sat. - . Arom. ONS Asph. 613CPDB Pr/n-C17 Ph/_n—G1 Pr/Ph
' - (S content) ‘ ] %0 : T
Morrow County  Knox Dol. ~ paraffinic- 40.1 70.3  13.2  15.6 0.9  -29.46 0.39 0.33 1.67
Ohio, U.S.A. - ' naphthenic : _ : '
“Alice-1. Giles Creek  aromatic- . 43.0  43.8° 10.0 45.1 1.1 ° -28.80 0.20 0.17 2.57
(Amadeus)* Dol. - naphthenic (0.2) . C ‘ : : _
Wilkatana-1 Wilkawillina .= paraffinic  33.8 54.7 1.1 ° 38.3 5.9  -27.43 0.91 0.49 2.05
(Arrowie) . Lst. _(high wax) . (0.6) . S ' '
 Byilkaoora-1  Observatory aromatic- . 14.4 23.7 © 6.4 - 53.6 16.3  -28.75 2.72 3.35 0.92
(Officer) Hill Beds - naphthenic - - (0.3) :
. ' (Family A) ST N
naphthenic - n.d. 534 - 3.5 42,6 0.5  n.d. 2,28 2.98 0.9
(Family B) ' : " . |
aromatic-  n.d. 244 - 4.4 711 0.5 -30.16  1.21 - 1.38 1.10
"~ naphthenic : : S

*After McKirdy (1977)



'TABLE_B: A CLASSIFICATION OF OILS FROM BYILKAOORA-1.

»Family A

;* Except where severely biodegraded (e.g. sample 2278, Table 1).

_ Parameter' Family B Family A' :
A . : i
T
1
Depth range (m) 330-292 297-240 221-218
Host porosity ~Vugs in grey-green Vugs in grey-green Partly'heéiéd'
' carbonates (e.g. - carbonates (e.g. " vertical
Plate 1.4) - ' Plate 1.2) fractures .-
. : ' in red-brown
siltstone (e.g.
Plate 1.1)
Stain- Dark. Pale* Pale
Asphaltene content 6.9 - 16.3 . 0.2 - 0.5 0.5
(wt- %) ‘ ' , . ,
Saturates content <50 >50% <50..
(wt %)
Naphthene Bimodal Bimodal'_, Bimodal :
" distribution?t L<H ’ I<H L>H ‘
Pr/Ph <1 <1 _ >1
Type? ‘Aromatic= Naphthenic* = Aromatic-
naphthenic ' L naphthenic
1 L = low molecular-weight mode, in diterpane (CZO) region
H = high molecular-weight mode, in sterane-triterpane (C3O) region.
2.  According to crude oil classification scheme of Tissot & Welte (1978).



- TABLE 4: 'EXTRACTABLE ,ORGANIC MATTER YIELD & COMPOSITION, OBSERVATORY HILL BEDS

* % i-C21.25 307 acyclic sesterterpanes & squalane;  ++ promihent, + present, - not detected.

Sample Depth - TOC EOM yield H'c yield* EOM composition Alkane parameters**
no. “(m) (wt %) (ppm) (mg/g- TOC) Sat. Arom. - ONS Asph. Pr/n-C Ph/n-C Pr/Ph 1-C
o 17 18 21-25,30
' (% EOM) : p
Byilkaoora-1 . . -
5643/RS59 200.30° 0.66 - 195 6 12.0 6.5 48.9 14.1 0.47 0.35 1.20 -
60 207.45 0.04 60 B
61 211.60 0.18 566 147 35.3 11.5 48.1 5.1 1.21 1.66 1.21 ++
62 213.50 0.03 40 o : :
-63  225.90 '0.21 92 8 . 14.3 3.4 45.3 37.0 1.19 0.79 1.12 ++
64 240.90° 0.03 15 .
65 252.75 0.09 152 28 11.7 5.0 38.3 45.0 - 0.27 0.24 1.00 -
66 262.95 0.56 1329. 79 ’ 22:0 11.5 61.5 500 0.75 0.98 1.35 +
A2282/ 79 278.66 - 0.50 1128 © 47 ©17.8 3.1 70.9 8.2 0.83 1.30 0.97 ++
A2283/ 79 278.86 0.45 508 42 33.4 3.5 54.2 8.9 1.20 1.64 0.92 ++
5643/RS67 279.50 0.32 - 745 69 . 24.4 5.4 48.6 21.6 1.02 1.51 0.92 ++
68 285.00 0.70 1877 57 16.3 4.8 73.7 5.2 1.40 1.84 0.89 ++
A2284/ 79 289.77 0.96 1806 83 41.4 3.0 47.7 7.9 1.57 1.94 0.98 ++
5643/RS69 293.40 0.10 61 : .
70 296.25 0.38 . 1304 129 31.6 5.9 57.0 5.5 1.14 1.96 0.96 +4
71 306.15 0.64 1043 49 23.5 6.8 60.3 9.4 1.27 1.69 1.02 ++
72 312.30 0.33 267 21 17.6 8.8 53.8 20.8 1.15 1.54 0.90 ++
73 313.30 0.42 270 12 13.2 6.1 39.5 41.2 0.83 0.93 1.08 +
74 316.50 0.48 753" 56 . 29.7 6.2 51.4 12.7 2.20 3.25 0.93 ++
. Wilkinson-1 '
 A6114/ 78 273.43 0.04 .70 DN - . . -
15 288.52 0.15 " 345 53 8.1 14.2 11.8 65.9 0.54 0.45 1.31 +
16 . . 310.44 0.15 128 . ’
17 314.47 0.37 127 2 : 2.5 1.9 41.6 54.0
18 315.05 0.18 152 14 11.7 5.1 29.9 53.3 0.21. 0.26 0.89 -
19 333.07 0.29 605 71 24.7 9.8 32.4 33 1 0.31 0.34 '0.98 +
20 '333.63 0.08 93 S . s
21 344 .54 0.56 299 16 -0 .22.8 8.1 45.9 23.2 . 0.44 0.65 0.85 +
22 390.08 0.43 799 . 43 16.8 6.7 39.9 36.6 0.44 0.78 1.36 +
23 461.42 0.68 1638 as - 28:9 8.7 50.2 12..2 0.34 0.64 0.48" +
24 461.87 0.60 1939 110 20.4 13.6 54.6 11.4 0.26 0.42 0.80 +
25 462.17 0.63 1576 93 . 24.3 13.0 53.9 8.8 0.97 1.45 0.42 +
¢ 26 463.57 0.18 459 65 . 18.3. 7.5 28.6 45.6 0.28 0.25 1.14 -
27 ©464.71 0.10 281 . ’ )
28 481.62 0.23 341 45 ©21.1 9.2 55.7 14.0 0.12 0.15 1.10 -
29 482.02 0.06 118 ) . : .
30 . 512.07 0.34 660 . 78 31.4 8.6 44.3 15.7
31 - 513.4S 0.22 290 23 9.7 8.1 53.7 28.5 0.10 0.13 . 1.00 -
32 527.60 0.12 38 -
33 538.41 0.16 106 13 10.5 8.8 47.4 32.3 0.18 0.20 0.99 -
34 553.37 0.28 406 . 40 19.4 8.9 29.2 42.5 0.18 0.18 1.58 -
35 656.32 0.05 - 13 ’ . .
Wallira West-1 )
A6136/ 78 330.50 0.54 1321, 139 ’ 41.7 14.8  .36.8" 6.7 0.09 ©0.16 1.25 -
37 330.97 ¢ 0.44 . 1187 - 157 44.0 13.9 . 37.8 4.3 0.10 0.18 1.08 -
38 -343.63 0.49 1250 139 40.0 13.9 40.8 5.3 0.69 1.35 0.73 +
39 344.30 | 0.45 . 1337 - 161 N 42.3 11.9 43.8 2.0 0.56 - 0.98 0.93 +
40 357.1% 0.06 60 23 - 13.3 10.0 51.7 25.0 0.27 0.22 0.81 -
Murnaroco-1
5339/RS20 62.20 0.04 55 42 25.8 4.5 50.0 19.7 0.32 0.32 0.85 -
21 67.45 0.15 141 31 30.5. 2.4 46.3 10.8 0.34 0.37 0.97 -
22 95.30 0.16 197 86 T 60.5 9.5 28.2 1.8 0.33 0.32 1.06 -
23 161.60 0.14 . 97 14 19.5 0.8 43.1 36.6 0.31 0.32 0.88 -
24 182.45. 0.28 149 10 - 14.9 3.4 --81.7-- "0.74 0.62 1.21 -
25 186.40 0.18 . 469 30 . 8.5. 4.1 -~87.4~~ . 1.27 1.04 1.57 -
26- 216.30 . 0.04 . 14 .
27 229.45 0.07 58 10 - 8.9 3.6 ~=87.5=-=~ 0.41 0.33 1.23 -
Emu-1
A6l141/ 78 64.97 0.06 59 17 13.6 4.1 46.8 35.6
42 153.44 0.06 69 18 12.7 2.8 50.7 33.8
43 - 247.22 0.22 . 111 15 - 20.9 9.1 28-.2 41.8 0.62 0.52 1.60 +
Birksgate-1 .
4842/RS29 818.39 0.07 76 ‘13 - 10.5 1.8 54.4 33.3 0.56 0.57 1.59 -
30 819.61 0.03 - 28 - : i ' ’
31 966.22 0.33 266 15 15.3 3.0 54.2 27.5 ° 0.95 0.53 2.21 -
327 967.13 0.21 ° 132 20 24.6 6.9 47.0 21.5 1.00 . 0.51 1.65 -
.33 969.26 0.07 17 . . .
" 34 972.01 0.12 46 7 15.4 1.9 57.7 . 25.0 0.41 0.31 0.57 -
35 1099.26 0.25 199 - 16 13.2 6.9 42.9 - 37.0 2.44 . 0.54 3.75 -
* Saturated plus aromatic hydrocarbons (approx C15+)‘



TABLE 5: KEROGEN ELEMENTAL & ISOTOPIC COMPOSITION,

OBSERVATORY. HILL BEDS -

13

Sample no. Depth c H N s 0 . Ash H/C.  0/C Type g Copg
' (m) . - (wt% d.a.f.)* | (wt%) (atomic) , (%)
Byilkaoora-1
5643/RS59  200.30  77.75 6.08 2.35 7.8 6.0 28.8- 0.93 0.058 11 -30.07
66 262.95. 77.83 8.17. 1.20 8.8 = 4.0 - 24.3 1.25 0.039 I -31.30
. 68 285.00 85.29 9.07 1.42 1.7 2.5 7.6 1.27 0.022 I n.d.
A2284/ 79 289.77 86.80 8.70 1.28 1.4 1.8 - 7.7 1.19 0.015 1 -29.00
5643/RS70  296.25  86.95 9.98 1.38 .1.0 . 0.8 7.0 1.37 . 0.007 I n.d.
71 306.15 82.51 8.65 1.30 3.7 3.8 13.4 1.25 0.035 1. -28.47
74 316.50  m=--m---eo- -not determined-------- - 1.24 n.d n.d =29.07
Wilkinson-1
A6117/78 314.47  73.56 5.61 2.88 3.7 14.2  16.0 0.91 0.144 III -29.81
19 333.07 77.56 6.57° 1.71 7.5 6.7 12.5 1.01 0.065  II -29.58
21 344.564  79.57 7.10 1.44 3.9 8.0 9.5 1.06 0.075 11 -29.10
22 390.08 78.71 6.31 2.26 2.8 9.9° 10.8 0.96 0.09% 11 -28.60
23 461.42 79.29 7.08 1.79 . 4.8 7.0 4.0 '1.06 0.066  II  -31.06
25 462.17 78.67 6.36 1.97 4.1 8.9 2.7 0.96 0.085 II - -30,70
28 - 481.62° 83.26 -7.03 1.77 4.1 . 3.8  26.6 1.01° 0.034 . I(?).-31.81
30° ° 512.07 -79.52 6.55 2.17 2.6 9.2 - 6.7 . 0.98 0.087 Il  -30.62
34 553.37 80.58° 5.84 2.22 3.2 8.2 143 0.8 ~ 0.076  II  -30.23
Jallira West-1
\6136/78  330.50 80.68 - 6.68 1.30 6.1 5.2 8.1 0.99 0.048 I1 -31.95

39 344.30 75.45 6.28 1.70 7.7 8.9 8.4 0.95 0.089 II  -30.92

d.a.f. = dry ash free ; oxygen_determined by'difference.



TABLE ¢: METHODS USED FOR SOURCE-ROCK EVALUATION

Technique/Parameter ' Abundance Type Maturation
' - of DOM  of DOM state
TOC  (wt%). | - S 4+ - -

Incident—iight microscopy
of in situ DOM

- white light . + ++ +
- fluoréscence-modenlﬁ _ + 4+ ++

Transmitted-light microscopy

of DOM concentrate L+ o+ +

‘Kerégen analysis

-~ elemental (H/C, 0/C) - ++ i
- isotopic ((§3C) ' - B + -
C15+.hydrocarbon yield »
(mg/g TOC, % EOM) . - : o +4 .-++
Cigy alkane analysis (n-alkanes, A ‘ »
"~ acyclic isoprenoids, naphthenes) - ++ +

<

++ very useful, + useful, - not applicable



TABLE 7: EXTRACTABLE ORGANIC MATTER YIELD & COMPOSITION, MUNYARAI-1

Sample = Depth . TOC ~  EOMyield  H'c yield* " EOM composition

. ’ Alkane parameters
. mno. (m) -(wt%)- ~(ppm) (mg/g TOC) . Sat. Arom. - ONS Asph Pr/n-C17 Ph/n—C18 Pr/Ph
(A../78) S (% EOM)

6144 1632.20 0.19 448 8.3 2.8 51.0  37.9 0.39.  0.30 0.96
6145 633.70 0.19 'O.177' | 11 S 114 0.6  48.0 40.0 0.41  0.29 0.82
6136 - 1693.09 0.20 141 12 14.9 . 1.4 447 39.0 0.47  0.35  0.91

6147 2134.16 - 0.20 35 5 5.6 -AA6.5i 53.7 4.2 0.60 0.37 10.82

6148 >2289.71 0.30 197 15 9.9 . ° .13.7. 44,3 32.1 0.33 0.21 - 1.41

6149 2441.03 0.22 7 0. 23.8 6.9 - 58.4 10,9 0.52  0.34 1.58

6150  2533.31  0.22 103 S 11.3 8.5 69.3 0.41  0.28 0.99

6151 2610.61  0.33 19 13 26,0  11.0 180.2 0.19 0.15 1.07
O-6152 2753.43 0.24 e 15 28.4 14.8  30.7 26.1  0.45 1 0.27 1.38

6153 2897.30 0.47. 49 2 13.5 3.3 60.0 23.3 0.48 0.32 1.51

*  Saturated plus aromatic hydrocarbons (Cls+)



TABLE 8: DETAILED ORGANIC PETROLOGY, OBSERVATORY HILL BEDS, BYILKAOORA-1

TOM Pyrite

- Sample . Depth . Organic matter type ' Dominant  Source
No. (m) (vol. %) Alginite B 01l ‘stain Bitumen Phyto- Lipto- Algal type rock
: _ ' green orange reservoir thucolite balls plankton detrinite mucilage. rating
5643/RS59 - 200.30 3 H C R R R S VR R S S Alginite B M-F
60 207.45 0.2 L VR VR R NO VR NO NO S S Alginite B P
61*% 211.60 1** L-M S C S NO S S "R S NO Alginite/
: : o : : - Oils stain - M
62 213.50 trace L VR NO NO NO - NO NO NO NO A - VP
63 225.90 1-2 L .C S R R S S .S S S Alginite B M-F
64*% 240.90 trace M . R NO NO NO - NO NO - NO NO: A Alginite B VP
65% 252,75 trace L S NO NO NO NO NO . NO NO C Alginite B P
66 262.95 7 L S VC VC NO C S NO R C = 0il stain p
67 279.50 2-3 M A S S NO S R C - S C Alginite B F
o 68 285.00 1-2%* L/H VC VC S Skxx S S S S S Alginite B F
A2284/79  289.77 trace M ‘R A R Sha* R R R R R Oil stain P
. 5643/RS69 293.40 1 L S - 'S R S S .S " VR "R C 0il stain P-M
Co 70 296.25 5+ M A VC - S NO 'R "R VR NO NO Alginite/0il
' - ; } ' ' . ' Stain G-E
. 71 306.15 3+ L-M A A C RA*# S C C 'R S Alginite/0il
' : : o _ - , Stain F-G
72 312.30 3-5 M A . VC "R Crak NO 'NO "~ VR R C Alginite/0il
A . o R ' _ ‘ Stain . G
.73 313.30 .3+ L A - VC C R R R NO R S Alginite/0il
o ' ‘ : : S , Stain F-G
74 316.50 10+ L A -C C NO NO VR VR NO NO Alginite B E

© O TOM = total organic matter . Pyrite vol. % : H = high'(>15%), M = moderate_5-I5%), L = low (<5%)

Abundance: NO =
C AW A

Source rock rating:” VP

* Contains rare detrital graphite

~ ** percentage and type of organic matter

sample

not observed, VR = very rare,
abundant .

R = rare, S = some, C

#%% Includes '"cauliflower-shaped" bitumen aggregates

common, VC

= very common,

very poor, P = poor,‘ M = marginal, F = fair, G = good, E = excellent

is vefy variable within all samples, but is particularly so in this



TABLE 9: REFLECTANCE § FLUORESCENCE DATA, MUNYARAI-1 -

intensity orange DO = dull orange

" Sample no. Depth . Graptolite Bitumen - Fluorescence
(A.../78) - (m) ‘reflectance = Low refl. High refl. colour §
- o (% Ro max) (% RO max) intensity *
" 6145 633.70 - - - Some BO ?Tasmanites
7 ' 'Y, ‘0, B acritarchs
6146 1693.09 - - 1.6-2.2 V. rare BO-acritarchs - -
6147 2134.16 - - - " " "
6148 2289.71 1.2 0.58-0.92 - Some BO acritarchs
- 6149 2441.03 - 0.64 - Minor DO acritarchs
6150 12533.31° - 0.68-0.90 - Some BO acritarchs
6151 2610. 61 - - - Abundant BO lipto- -
detrinite '
6152 2753.43 1.1-1.3 0.75. - " oo
6153 2897.30 . 1.3-1.8 - 1.7-1.8  Some MO lipto-
T ‘ detrinite
*Y =yellow O = oraﬁge B = brown BO.= bright orange MO = moderate-



TABLE 10: ESTIMATES OF VITRINITE REFLECTANCE, MUNYARAT-1

n,d} =

not determined

~ Depth Uncorrected Corrected Measured R % . Estimated vitrinite reflectance (R %)
. tempesature tempegature: : © Karweil/Bostick Hood et al. Lop3tin
. . X _ :
(m) - Tu C. Tc- C. Graptolite  Bitumen Tu Tc Tu TC Tu TE
2286.6 65 72 1.2 0.6-0.9 1.20 1.35  0.55  0.59 n.d. =0.8
- 2896.3 77 85 1.3+ =0.8 1.60 1.90° 0.62  0.67  =0.8 =1.5
% “16w-ref1ectance” type



LIST OF CAPTIONS TO FIGURES

Figure 1:
Locality map of western South Australia, showing
outcrop limits of the Officer Basin and well

locations.

Figure 2:
Well correlations and source-rock sample points,

Officer Basin. Well locations shown in Figure 1.

Figuré 3f

.Gas chromatograms of‘alkanes from Seiected oils,
Observatory Hill Beds, Byilkaoora-1: 2281 t317.10 m),
‘Family A; 2280 (278.77 m), Family B; 2278 (277.00 m),
Family B (severely biodegraded); 3129 (219.52 m), Family
A, EEX Numbers refef to carbon—ﬁumber of norﬁal
alkanes; a - m are the acyclic C13_C25 régular isoprenoidé

(note: g = pristane, h = phytane); * is squalane.

Figure 4:
'Triterpane (m/e 191)'maés fragmentograms of. Family B oils
2278 (277.00 m) and 2280 (278.77 m), and of the

EOM from stained rock sample 2284 (289.77 m); Byilkaoora-1.

Figure 5:

Sterane (m/e 217) mass fragmehtOgrams'of Family B
o0ils 2278 (277.00 m) and 2280 (278.77 ﬁ), and'of the
EOM ffbm stained rock samﬁle;2284-(289.77 m),

Byilkaoora-1.



Figure 6:
Normal alkane profiles (heavy line) and acyclic iéoprenoid
distributions (vertical bar plbt) of four oils from

Cambrian carbonate reservoir‘tocks.

Figure 7: -
Gas chromatograms of alkanes from selected fine
gfained rocks, Observatory Hill Beds, Byilkaoora-1.

See Figure 3 for key.

Figure 8:'

Maturation state and hydrotarboh potential, Obsefvatory
Hill Beds, Byilkadora-l._ o

Key Numbers refer to samplé numbers listed in Table 3;
underlined numbers indiéate stained éamples.

0il-source pOténtial.écale (mg/g TOC) : <30, none (gas

.only); 30 - 50, marginal; 50 - 80, good;'>80, eXcellent.

Figure 9:,:
Maturation state and hydrocarbon potential, Observatory
Hill Beds, Wilkinson-1 and Willira West-1. See

Figure 8 for-key.>

Figure 16;

: Van-Krévelen\diagram showing_the'elemental Coﬁpdsifion
~of kerogens iso1ated from the Observatéry Hill’Béds.i
ISolid 1ines-afe the maturation pathways fér the
principal kerégen typésAdefinéd.by Tissot § Welte
(1978). Dashed lines indiéate.the,appfoxiﬁate limits

\

of the o0il window.



Figure 11:
Gas chromatograms of qlkaneé from-selected fine
~grained rocks, Observatory Hill Beds? Wilkinson-1. See -

Figure 3 for key.

Figure 12: .
Gas chromatograms of alkanes from excellent potential
oil-source.roCks, Observatory Hill Beds, Wilkinson-1.

See Figure 3 for key.

- Figure 13:
Gas chromatograms of alkaneS'erm selected fine
grained rocks, Observatory Hill Beds, Wallira West-1.

See Figure 3 for key..

Figure 14:
.Maturation state and hydfocarbon poténtial, Observatory

Hill Beds, Murnaroo-1. See Figure 8 for key.

. Figure 165:
Maturation state and»hydrocarbon potential,
.Qbservétbry Hill Beds, Birksgate-1 and Emu-1. See

‘Figure'8 for key.

Figuré.16:'-
Gas chromatograms of alkanes from selected fine
grained roCks; Observatory Hill Beds; Murnaroo-1.

- .See Figure 3 for key.



Figure 17:
Gas crhomatograms of alkanes ffom a silty ‘shale.

Observatory Hill Beds, Emu-1. ~See Figure 3 for key}

Figuré 18:
Gas chromatograms of alkanes from selected fine grained |
rocks, Observatory'Hill Beds, Birksgate-1. See Figure

3 for key.

Figure 19:-
Maturation state and hydrocarbonipotential, un-named
Devonian formation, Munyarai-1l. ~See Figure 8_fof

key.

Figure 20:
Gas chromatogram of alkanes from a Devonian siltstone,

Munyarai-1. See Figure 3 for. key.
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