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INTRODUCTION:

INCLUDED IN THIS ANNUAL REPORT IS A LIST CF FUKTHER
WORK TO BE COMPLETED BY 313T DECEMBER, 1993, AND
EXPENDITURE SUMMARY FCE 1992 - 1993, AND THE 1993

C.5.1I.R.G. REFCRT.

GUESTAS EVALUATION OF THE OIL AND GAS POTENTIAL OF
TASMANIA AS RECEIVED IN JANUARY, 1993, REMAINS THE
BEST SUMMARY OF THE COIL AND GAS FOTENTIAL OF THE

STATE.

CONDOR HAS ALEO BEEN TIED UF ALL YEAR IN EXHAUSTIVE
NEGOTIATIONS WITH FPROPERTY OWNERS AND FINANCILEKE IN
SITUATICNS WHICH WERE COMPLETELY CUT CF ITS DIRECT

CONTROL.
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FURTHER WOKK TO BE DONE BUT IS STILL IN THE FROCESS OF

COMPILATION AND INCLUDES THE KESULTS OF :-

1. - C.5.I.R.0. Studies beéing finalised as a paper
2. - BSeep Study report
3. - QOutstanding report from Domack in regard to Permian

Petroleum potential.
4, - 1993 version 2, Questa Report.
5. -~ Integration of 1,2,2 and 4.
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Gas and Qil Tasmania Unit Trust

AIM

The Trust's aim is to establish the presence of commercial

guantities of o©0il and gas in onsheore Tasmania.

OVERVIEW

Tasmania has been neglected in the search for hydrocarbons in
Australia. This has come about because of outdated geological
assumptions. In recent years, however research by, among others Dr
Volkman of the CSIRO has suggested "that there is considerable
potential for onshore petroleum in Tasmania" (APEA Journal 1991 @

74 seq.) See Appendix

Onshore Tasmania 1s the subject of only two oil and gas exploration
permit areas, Exploration Licence 1/88 and Exploration Licence
17/90. Both are held by Condor 011 Investments Pty Ltd (Maps

attached). Total areas are:

1/88 22 980 square kms,
17/90 35 834 square kms.

Transfers to Condor 01l Investments Pty Ltd are presently being

processed in the Department of Mines and will shortly be gazetted.
RESEARCH
The CSIRCO and Condor are jointly funding research analysing

"signatures” of o0il samples obtained across the permit area.

COMMITMENTS

A works program has been approved by the Department of Mines. The

next years work commitment 1s to carry cut seismic testing
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and drill two stratigraphic holes. A proposal to co-ordinate the
seismic testing with a Bureau of Mineral Resources program is in
advanced discussion and is likely to produce extensive data being
available to the company. The Department of Mines will also

participate in this work.

FINANCIAL STRUCTURE

Ve envisage exploration expenditure in the order of $2.4 million.
The envisaged exploration time is four years with expenditures of
$600,000.00 in year one, and $350 - $450,000.00 p.a. thereafter.

COMPANY SUMMARY

Condor 01l Investments Pty Ltd personnel are:

Management

Graeme Smith, F.C.A., Merchant Banker
Henry Brookman, LLB, Solicitor
Malcolm Bendall, Prospector

Messrs Ken & Peter Ellicott, Investors

Consultants

Dr David Leaman, Leaman Geophysics
Dr John Volkman, Geophysicist with CSIRO
Questa Australia Pty Ltd, Petroleum Industry Consultants

Staff
Mr Les Pavitt, Operaticons Manager, former executive of J Lyons &

Co. Breweries and Administrative Manager of Comstcck Mine, W.

Tas.



EXPLORATION STRATEGY

A detailed exploration strategy is difficult to apply to such an
unusually large and unexplcred area as the tenements held by
Condor. The company believes it i1s in the position where for a
time almost any results of exploration add value simply because

the underlying geology is so little known.
The strategy therefore is to carry out a carefully planned and

methodical program to reveal optimum drilling locations and

hopefully identify accumulations of significance.

WORKS PROGRAM

The works program for 1993 will:

(a) drill two stratigraphic holes to a total 2.5 kms,

(b} conclude arrangements for, and commence the seismic
testing.

(c}) contribute to the joint funding with the CSIRO for

geochemical analysis.
Subsequent years works programs will be planned in the light of
results.
SUMMARY
The petroleum and gas potential of Onshore-Tasmania is of great

interest. A graduated expenditure program may produce worthwhile

results in a fairly short space of time.
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M.R. Bendall,! J.K. Volkman,? D.E. Leaman® and
C.F. Burrettt

IConga Oil Pry Lid, 84 Wells Parade, Blackmans Bay,
Tasmania 7052.

2CSIRC Division of Oceanography, GPO Box 1538,
Hobart, Tasmania 7001,

SLeaman Geophysics, GPO Box 320D, Hobart, Tasmania
7001,

‘Geology Deparument, University of Tasmania, GPO
Box 252C, Hobart, Tasmania 7001.

ABSTRACT

Recent work on oil seeps, organic geochemistry, geophy-
sics, structural geology and palacontology suggests that
there 15 considerable polcntial for onshore peu‘olcum in
Tasmania.

Archival research has shown that hydrocarbon sceps
were commonly reported in the first half of this century
and that wildcats produced gas (at Port Sorell in the north)
and oil {at Johnson's Well on Bruny Island, in the south).
Almost all of the 270 historical hydrocarbon accurrences
lie on lineaments revealed independently by gravity and
magneticsurveys. The thermal maturiry of conodonts from
Ordovician and Siluro-Devonian carbonates suggests that
much of the pre-Upper Carboniferous beneath the Tabber
abberan uncenformity is within the oil and gas
windows. _

Organic geochemistry reveals a very close similariry
berween hydrocarbons from Ordovician limestones, those
from the drill site at Bruny lsland and with tar samples
from the Tasmanian coast, but litde similarity with the Per
mian Tasmanite Oil Shale, or with the Clppsland crudes
and botryococcanerich South Australian birumens. The
predominance of C;y steranes in Tasmanian bitumens sug:
gests a widespread algal source and the abundant diaster
anes imply a clay or silvrich source thar ¢xtends across
much of Tasmania.

Recent geophysical and structural work suggests that a
thin skinned interpretation of Tasmania’s structure is
reasonable. Most sightings ofhydroca.rbons are associated
with either faults or fractures which have postjurassic dis-
placements or with intersections of major high angle faults
with thrusts. The delineation of reservoirs within the thrust
sheels 1s a priority.

INTRODUCTION

Onshore Tasmania has been considered unprospective for
hydrocarbons for over 50 years. This view has resulted
from misunderstandings or ignorance about the naiure
and origin of the many occurrences of hydrocarbons pre-
viously recorded. Oil shales of Permian age have long been
known in Tasmania and some production (by retorting)
has been denved from them.

74
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RECENT DEVELOPMENTS IN EXPLORATION FOR OIL
IN TASMANIA

[ ]
]

The numerous records of seepage or tar sightings from
the period 1880-1935 were generally ascribed 1o an ol
shale source. The absence of serious exploration in recent
times has led to general ignorance of the existence of these
records. Modern maps of Australian basins refer 1o the
‘Tasmanian Basin’ when considering Tasmania. This is
taken 1o mean the Late Carboniferous-Triassic deposition
presumed to overlie econormc basement (Fig- 1).

Consequently, if it Is assumed that any hydrocarbens
present were derived from Permian oil shale then no re-
liable seals or traps of any magnitude are likely to exist, due
to disruption of the post-Carboniferous sequences by faulte-
ing and intrusion and an absence of closed structures. An
unprospective environment is a valid canclusion based on
these assurnptions,

Many pre-war observers did not have this view since
many scepage sites are far removed from Permian rocks
and several occur in Precambrian quartzite (Port Davey) or
Precambrian granite (King Island) (Figs 2 & 3). Many are
direcily associated with or occur near Ordovician carbon-
ales. They could not, therefore, offer a credible expla-
nation for these occurrences.

"The lack of exploration activity since 1939 may be con-
trasted with that of the previous 50 years when many
companies were floated. All were based on effusive oil or
tar seepages. Some accumulations were large; sufhcient o
fill the hold of a ceastal carge vessel (from Port Davey).
Few drilling proposals were converted into actien but sev-
eral attempts were made to drill at Port Serell and Bruny
Island. The maximum depth of any such hole was about
400 m but gas was recorded in one well at Port Sarell and
oil wasrecovered in small quantities from another at Bruny
Island.

This paper presents infermation zssembled during the
last 10 years, and especially the lasc three years. It suggests
that the faith of the early c,\plorers was justified and thar
the perceptions of the last 50 years have been wrong,
Hydrocarbon occurrences have been verified, are wide-
spread and are associated with seismic activity. The chem-
istry of the seep hydrocarbons is not consistent with
Permian oil shale derivation bur is indicauve of lower

!E TriE APEA JOURNAL, 1591
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. Legend
c
-g conglomerate Palaeozoic source rocks. This knowledge, when coupled
£ E] siliciclastics with a r.e\:isc-d structural view of Tasmania, transforms
o . prospectivity assessments.
ot oil shale
] sitstone GEOLOGICAL HISTORY
l | E mudstone A full and recent account of the geology of Tasmania may
T . be found in Burrett and Martin (1989). The oldest rocks in
% limestore ., Tasmania (Fig. 1) are Proterozoic quartzites, phyllites and
E dolemite : dolomites which crop out extensively in the central and
northwestern parts of the island. Afier the Penguin Oro-
I ] volcanics ) . p s .
g geny at 730 Ma these were unconformably overlain by
£ granitoids shallow marine quartz sandstones and dolomiies and then
it by marine turbidiies, mudstones and basaits In the late
Y | y
o ~7~| hypabyssal . . . L.
& — T - o Proteroroic or early Cambrian. A mineral-rich island arc
e e oo intrusives . h
—_— - {Mt Read Volcanics)-back arc basin (Dundas Group) com-
plex formed in the middle to late Cambran and was
l unconformably overlain by turbidites and volcanoclastics
Figure 1. Highly generalised geological column for Tas- in the latest Cambrian. These mainly marine sedimenis
mania. were successively overlain in the QOrdovician by fanglom-
' THE APEA JOURNAL, 1861 75
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erates (Owen Conglomerate and correlates}, by shallow
marine sandsiones {Moina Sandstone and correlates), by
subtidal silistones and mudstones {Florentine Valley Mud-
stone and carrelates) and by a thick succession of wopical
carbonates {(Gordon Group). The Gordon Group carbon-
ates are up 10 1.5 km thick in central Tasmania and are
dominantly micritic. Dolomirtisation is comman. In the
south there is a rransition southwards from shallow marine
conditions near Vanishing Falls, to platform margin buil-
dups at Precipitous Bluff, to deep (=200 m} water carbon-
atc turbidite-graprolitic shale environments at Surprise
Bay (Burrett et al,, 1981, 1983, 1984). The Gordon Group
carbonates were conformably overlain by the dominantly
marine siliciclastics of the Late Ordovician-Early Devenian
Eldon Group. In the eastern third of the state, Crdovician~
Devenian sediments consist of graprolitic basinal turbidites
{Mathinna Beds).

The Tabberabberan Orogeny in the Early Devonian
created a fold-thrust belt producing approximately north-
souih trending folds in most areas buc with east-west
trending folds in the north-west of the state. Numerous and
extensive granitoids were intruded between 395 and 320
Ma. Regional metamorphism gave rise 1o the pattern of
conodont CAI (Colour Alteration Index) isograds shown in
Figure 3, with heating of the lower Palacozoics 1o 300°C in
the west and north-west and much lower temperacures
{150°C) in central and southern Tasmania (Burrerr, in
press). In the Late Carboniferous~Permian, a sequence of
glaciterrestrial and glacimarine predominantly siliciclastics
{lower Parmeener Supergroup) were deposited unconfor-
mably on the older rocks and were succeeded conformably
by Trassic terrestrial sandstones of the upper Parmeener
Supergroup. Coals are present in both divisions of the Par-
meener and the famous Tasmanite Oil Shale occurs just
above the basal tillite of the supergroup.

Extensive, thick (often 500 mi sills of dolerite fed by
narrow feeder dykes were intruded in the Middle Jurassic
and presently outcrop over about half of the state. Al
though the dolerite is voluminous, metamorphism appears
to be restricted to the immediate vicinity of the sheets.
Minor local syenites were intruded in the Cretacecus but
regional heating was sufficient (o reset the Palacozoic pal-
acomagnetism, North to northwesterly-trending horsts
and graben were produced in a general extensional en-
vironment in the Lare Cretaceous to Early Tertiary and the
graben were flled with up to } km of mainly terrestrial
sediments. Many Tertiary volcanic centres are present on-
shore.

SEEP DISTRIBUTION AND ORGANIC
GEOCHEMISTRY 7

SEEPS

The distribution pauern and historical backpround of
seeps are summarised by Bendall {1990). The distincrive
NW/SE, NE/SW scep trends (Fig. 3} transect all rock types,
strongly suggesting that deep crustal lineaments are still
active, Secpages have been mainly reported direcily after
major quakes. The records of oil shows from archival re-
search include reports from 35 drili holes, 127 oil leases and

7
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12G other signs of either tar, oil or gas. The discovery of
samples of some of the tars in Launceston’s museurn, alon
wiih archived photographs, confirms the validity of the old
records. Geochemical confirmation of hydrocarbons
around the 1929 Bruny Island drill hole, current gas seeps
at that site and wet gas recently found at Dunalley are all
on lincaments and suggest the validity of other uncon-
hrmed sightngs on those lineaments. Many companies
were formed o exploit the potential that the seeps indi-
cated (Bendall, 1990). Of these companies only two pro-
duced shows of hydrocarbons both of which were con-
firmed by government geologists, as were many of the
historical reports of tars and seeps.

Figure 8. Seep distribution in Tasmania from Bendall
(1990). T = ars. Contour lines are isograds based on con-
odont Colour Alteration Indices (CAl) from Buirett {in

press). CAJ 5=300°C and CAI 1=100"C.

ORGANIC GEOCHEMISTRY

Methods

Sediment from the site of the 1925 drilling at Johnson’s
Well on Bruny lsland was extracted using hexane with
ultrasonication. Solvents of greater polarity were not used
due 1o the high concentrations of naturally occurring polar
lipids. The limestone sample from 1da Bay in southemn Tas-

THE APEA JOURNAL, 1991



mania was ¢crushed and then a portion was extracted using
chloroform-methanol with ultrasonication. The bitumen
from Port Davey in western Tasmania was extracted
directly with chloreferm, which disselved the entire sam-
ple. Portions of each extract were analysed by latroscan
thin-layer chromalography-lame ionisation detection
(Volkman et al,, 1586) to determine the total hydrocar-
bons. '

Sarurated and aromatic hydrocarbons were isolated by
applying a portion of the extraci to a column of silicic acid
capped with activated alumina. Aliphatic hydrocarbons
were eluted with hexane and 2 second fraction ¢containing
aromatic hydrocarbons was obtained by eluting with to-
luene.hexane. Resins and asphaltenes were eluted with
chloroform and mechanol .

Each hydrocarbon fraction was analysed by capillary gas
chromategraphy on a non-polar methy! silicone fused silica
capillary column to determine the distribution of straight-
chain and isoprencid alkanes. These fracuons were then
analysed by gas chromatog‘raphy—mass specirometry
{GC-MS) in selected ion moenitoring mode (SIM) (Volk-
man et al, 1988). lon chromatograms forions m/z 217 and
218 (steranes), m/z 239 (diasteranes), m/z 231 {methyl
steranes), m/z 191 {hopanes and other triterpanes), m/z
177 (demethylated hopanes), m/z 295 (methyl hopanes)
plus some molecular 1ons were acquired.

Resulrs

Geochemical analyses of two soil samples from Johnsen’s
Well were undertaken. These revealed small amounts of
hydrocarbons (about 400 ng/g) which were dominated by
n-alkanes of plant origin, plus the commen petroleum con-
stituents pristane and phytane (rado 2.1}, GC-MS finger-
printing conclusively demonstrates the presence of rrace
amounts of petroleum hydrocarbon biemarkers including
steranes and diasteranes (Fig. 4) and hopanes (Fig. 5).
Trace amounts of petroleum-derived hydrocarbons were
also detected in a few water and sedirmnent samples from
elsewhere on the island, but the amounts were generally
too low for detailed fingerprinting studies. The low con-
centrations of petroleum-derived hydrocarbons at John-
son’s Well indicated that petroleum seeps are no longer
active at this site but provided some evidence for their for-
mer presence.

A limited organic geochemical siudy of the hydrocar
bons in Qrdovician limestones from Ida Bay in southemn
Tasmania and Queenstown in the west was undertaken.
One sample from Queenstown was of interest as it ap-

peared Lo contain flecks of asphaltic matenial. These rocks,

contained low amounts of hydrocarbons (2.9 mg/g at 1da
Bay and 0.8 and 1.2 mg/g at Queenstown), but the disui-
butions were rypical of these found in mature petroleum.
Although sediments from the Queenstown arez have much
highcr conodont CAls {Fig. 3}, which suggest a higher ther-
mal maturity, the biomarker Maturity parameters in sam-
ples from the two regions are remarkably similar.

The sterane distributions in the limestones show many
similarities o those in the Johnson's Well soil sample. In

particular, the ratios of Cy;:CysCog steranes, which is a use-

ful source input parameter (Mackenzie, 1884), are almost

THE APEA JOURNAL. 199
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Figure 4. Mass fragmentograms for m/1 217 showing dis-
tibutions of Cg,-C,, steranes and diasteranes m {a) soil
from Johnson's Well on Bruny Island, (b} Ordovician car-
bonate from 1da Bay and (¢) tar from the mouth of Deep
Creek near Port Davey on the west coast of Tasmania
Compound identifications are from peaksinm/z 217 mass
fragmentograms.

Steranes and Diasteranes
G,y (205)-13B{H),17a(H)-diasterane
C,, (20R1-13B(H),17a{H)-diasterane
C.;  (205)-13p{H).17alH)-diasterane
C,; (20R)-138(H},17alH)-diasterane
ap  (208}-3a({H) j4aiH), 1 7alH)<holestane
Coq . [205)-133(H).) Tal{H)-diasterane
C., (20R)-5a(H),14B(H),17B{Hi<holestane
C,,  (208)-5a(H)14BLHL LB {H ) <hoiestane

v
k-

08w Oh Ln e LI R e
g
H

9 C;  (20R)-5a(H), Y4ni{H),17a(H)<holestane

10 Cye  (20R)-13P(HY17ai{H)-diasierane

11 C.; 1205)-SalH).14a(R) ) fal{H}-24.methylcholestane
12 C.y  (20R)-5alH),14B{H), 1 7B(H1-24-methylcholestane
13 G,y {205)-5a(HLV4PIBL 7B(H)-24-methyicholestane
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14 Coy
15 Unknown
16 Cog (205)-5a(H)14alH), 1 7a(H]-24<thylcholestane

(20R})-5¢(H}, 14a{H]).1 7a{H)-2¢-methylcholesiane

17 Cog  (20R}-30{H)T4B(H).11P(H)-24-cthylcholestane
13 Cyy  (205)-50(H)L14P(HI 1 73{H)-24-ethylcholestane
19 €y {20R).50(H)l4alH) 1 TalH)-24-cthylcholestane
20 Cy,  24-propylcholesianes
3 “Johasong val “
Hopanes
miz 191
5 8
; 113
18 -
s
3 IOJ
1413
H
1
)"b
s H Ida Bay Limaktone
Hopanas
ma 191
10
1" I
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12 74y
£ e 7
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Deap Creek Biluman
Hopanes
miT 191

4p a5 sg 55
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Figure 5. Mass fragmentcgrams for m/z 191 showing dis-
tributions of C,;-Cs, hopanes in (4} soil from Johnson’s
Well on Bruny Island, (b) Ordovician carbonate from 1da
Bay and (c} tar from the mouth of Deep Creek on the west
coast of Tasmania Tricyclic alkanes are denoted by *. The

baseline rise in mass fragmentogram (a) 1s due to a con-
iribution of the m/z 191 ion from column bleed. Identih-

cations of peaks in hopane (m/2 191) and methyl hopane
{m/z 205) mass fragmentograms:
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eak Hopane
Cor J8a(H).22.29,30-insnomeohopane (Ts)
Cs; 1724{H)-22,29,30-tr1snorhopane (Tm)
Ca; ]7[3(H)-2‘2.29.30-&ﬁsnorhopanc

; 17a(H),21B(H}-29,30-bisnorhopane

Cyq 17a(H),21B{H)-30-norhopane

Cay 17B(H),21alH}-30-normoretane

C!,o ITG(H).QIS(H)-hOpa.nc

Cp 1iBH)L21BIH)-30-norhopane

9 Csg 17BtH),21alH ) moretane

10 Cy (225)-17a(H},21B(H)-homohopane

11 Cy (22R)-17a(H),21B(H)-homohopane

12 Cs) {22R+5)-171B(H),21a(H)-homomoretane
13 Cyo 17B(H),21B(H)-hopane

14 Cs; (225)-17a(H),21 f(H}-bishomobopane

15 Cy, {22R}-17a({H), 21 B(H)}-bishomohopane

16 Cyy {225}-17a(H),21 B(H)-trishemohopane

17 Cy  (22R)17a(H),2)B(H)rishomohopane

1§ Gy  (22R)-17B{H),21B(H}-homohopane

19 Cyy (225)-17c(HL21B{H)tetrakishomohopane
20 Cy, (22R)-17a(H), 21 B(H}tetrakishomohopane
21 Cus (225)-17a{H),21B(H)-pentakishomohopane
22 Css (22R)*1 70(H}, 21 f{H}-penrakishomohopane
23 Cie {225)-17a(H),213{H)-hexakishomohopane

identical. Similar ratios have bepn found in carbonate-
derived oil from the Middle East, and from Ordovician
sediments from mainland Australia (Hoffmann et al.,
1987). However, this ratio is very different from those
found in ols presently recovered from the Gippsland Basin
which show a strong predominance of C, sieranes. The
presence of similar amounts and preportiens of re-
arranged steranes (diasteranes) is also of interest since
these compounds are usually of very low ahundance in
pure carbonates.

In 1990, 15 samples of bitumens collected early this cen-
tury from coastal sites were obtained from Tasmanian
museumns for geochemical analysis. Many of these samples
are menticned in an earty report on petroleum exploration
in Tasmania {Twelvetrees, 1317). All the samples are black,
shiny asphaltic bitumens which show a characteristic con-
choidal fracture and an aromatic odour when broken.
They contain no inorganic matter and dissolve completely
in chloroform.

Aliphatic hydrocarbons represented 13.2-15.0 per cent
of the total extract of the bitumens, aromatic hydrocar-

:bons 3.9-6.7 per cent, with the remainder consisting of

polar resins and asphaltenes. The distributions of aliphatic
hydrocarbons in each bitumen are similar to those of mai-
ure crude oils except that volatile hydrocarbons {<n-C )
are absent. The n-alkanes extend at least to n-Cy, with no
odd or even predominance. Higher molecular weight com-
ponents are not abundant indicating that the bitumens are
not derived from a waxy crude like that from the Gipps-
land Basin. The major n-alkane is either n-Cy; or n-Cy;.
Pristane and phytane are the most conspicuous branched
constituents in all samples. Longer-chain isoprenoids are
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comparatively minor. components and botryococcane,
which occurs in some bitumens found on South Austral-
ian beaches {(McKirdy et al, 1986), was not detected. The
pristane/phytane ratios of mast samples fall in the range
1.50-1.38. All of the chromatograms show a small ‘unre-
solved complex mixture’ {UCM or 'hump’) throughous the
chain-length range typical of crude ols. The aliphatic
hydrocarbon disuTbutions give the overall impression of a
non-waxy, weathered hf:a\'y crude oil.

GC-MS fngerprinting shows chat the sterane distri-
buticns in all of the bitumens are remarkably similar. The
Port Davey (Deep Creek) sample is typical (Figs 4 and 3).
Althougl C,, steranes (peaks 5, 7, 8 and 9) predominate,
they are only slightly more abundant than the C,g steranes
and Co; steranes. This feature is also found in hydrocar-
bons isolated from the Ordovician limestone samples and
the soil from Johnson’s Well (Fig. 4). The bitumens also
contain significant amounts of diasteranes. Mass fragmen-
tegrams for m/z 231 show that small amounts of methy!
steranes are present in all the birumens, but individual
compounds were not identified.

The distributions of hopanes were charactensed from
mass {ragmentograms of the major fragment ion m/z 19]
(Fig. 4). Comparable data for the hopanes isolated from
the Johnson’s Well and Ida Bay samples are also shown.
The major hopane peak in the bitumens is Cgy, with Cyy
next most abundant. Meretanes are present in low abun-
dance (peaks 6, 9 and 12}, and the ratios of 225 1o 22R
epimers in the extended hopanes (i.e. 2> Cgpi €., peaks 10
and 11} are typical of a mature oil. These isomers isomerise
to an equilibrium mixture before the onset of the oil
window. The ratio of the twe C,; hopanes Ts (peak 1) and
Tm (peak 2) is a sensitive indicator of thermal maturiry.
Ts was less abundant than Tm in all samples implying that
all bitumens were generated at closely similar thermal
maturities at an equivalent virnite refiectance of about
0.6-0.7.

Although the sterane distributions from Johnson's Well,
the Ida Bay limestone and various bitumen samples are all
very similar, the hopane distributions show significant dif-
ferences. The hopanes in the limestone contain signifi
cantly more Cog hopane due to the presence of a series of
29-norhopanes which are not present in detecrable
amounts in the bitumens. The bitumen hopane distri-
butions are more typical of those found-in shales. The
carbonates also contain a series of Cp-Cog 2-methyl-
hopanes, whose mass spectra have a characteristic base
peak at m/z 205. These compounds are trace consniuents
of the bitumens, implying that the bitumens are unlikely o

be derived froma carbonate source rock. C,p demethylated:

hopanes were not detected in any of the samples using m/z
177 mass fragmentograms., These compounds are com-
monly associated with highly bicdegraded residues of
crude ail (Volkman et al., 1983}, which suggesis that the
biturmens are not simply tar resigues from exposed reser-
voirs.

The hopane distributions in the johnson's Well sarnple
do not, at first sight, appear to be ar all related o either the
Ida Bay carbonates or Lo the bitumen samples. This is due
to a predominance of hopanes from microorganisms in the
soil. Several of these hopanes have 173(H},21B(H)sterco-
chemistry (peaks 8, 13 and 18} which is typical of biologi-
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cally preduced hopanoids. This complication must abwavs
be considered when attempting to ﬁngcrprim petraleun:
derived hydrocarbons in seil or in geclogically young sedi-
ments (Volkman et al,, 1988). However, hopanes of obvi-
ous petroleum origin such as Ts, Tm and extended
hopanes were present. 2-Methylhopanes were not de-
tected, which rules out Ordovician carbonates as the
source,

The remarkable similarity between all the sterane dis-
tributions implies that the hydrocarbons in the bitumens
are probably derived from the sanie type of organic matier
which contributed to the carbonates, The predorminance
of Cy; steranes is not found in oils generated from higher
plants or from coaly martter, but is more typical of algal
matter. The presence of abundant diasteranes imglies a
depositional environment in which the sediments contain a
high content of silt or clay. The absence of methylhopanes
argues against a shallow carbonate depositional environ-
ment, .

The very low abundance of wicylic alkanes in the
bitumens indicates that the Tasmanite Qil Shale, in which
these compounds are the predominant biomarkers
{Denwer, 1986; Simoneir, 1986), was not the source of
these hydrocarbons. Also, the oil shales show a much
higher predominance of C,, steranes and a very different
diasterane/sterane ratio {Denwer, 16§6). Moreogver, the
maurity of the hydrocarbons ip the bitumens is signifi-
cantly greater than that found in Tasmanite Ol Shale.

Organic geachemical studies show a very close similarity
between hydrocarbons from Ordovician Gorden lime-
stane, those from fchnson's Well an Bruny Island and with
tars collected from the Tasmanian coast. Little similarity is
observed berween the aforementioned hydrocarbons and
lower Permian Tasmanite Oil Shale, the waxy Gippsland
crudes or botryococcanerich South Australian bituinens.
The preponderance of Cy; steranes suggests a widespread
algal source and the abundant diasteranes imply a clay or
silt-rich source that extends over most of Tasmania.

GEOPHYSICS AND STRUCTURE

Any suggestions that the historic and modern hydrocarbon
occurrences might be derived from lower Paleoioic source
rocks and that reservoir polfn[ia.] might exist in the rocks
beneath the unconformity at the base of the Upper Car-
boniferous-Triassic Parmeener Supergroup pose p:'ob]ems
for conventional models of Tasmanian geology. The pre-
Parmeener rocks are concealed across more than half of
Tasmania and the propesed source and reservoir rocks are
never the dominant materials exposed elsewhere. Much of
Tasmania consists of exposed Cambrian and Precambrian
in the west and the Ordovician-Devonian turbidites in the
northeast — all intruded by Devonian graniteids — and
these have been inferred 1o occur at shallow depth beneath
the unconformity. The few drili holes to have pencirated
pre-Farmeener basement have proven Precambrian dolo-
mites, Ordovician-Devonian turbidites or Cambrian vol-
canics. No hole is deeper than abour 1000 m and all have
been drilled for stratigraphic evaluation of the lower Par-
meener. Yet the seepages are widespread and apparcnlly
associated with thrusts and lineaments. .
Conga Oil began exploration on Bruny Island in sou-
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thern Tasmania. No pre-Parmeener rocks are exposed
for more than 36 km in any direction, although dnlling
had proven Precambrian rocks at 999 m at nearby Wood-
bridge and Cambrian volcanics at 600 m beneath the
northern suburbs of Hobart. Appreciation of the signifi-
cance of the 1929 Johnson's Well drilling find depended
first on imaging beneath the Jurassic dolerite, stripping off’
the Parmeener cover and finally assessing of the likely com-
position and distribution of material beneath the uncon-
formity.

GRAVITY AND MAGNETIC SURVEYS

Gravity and magnetic methods have a long and proven
record for structural assessment (e.g. Leaman and Richard-
son, 19§11} in this complex surface environment and have
formed the basis for all of our deep appraisal.

Because of their cost effectiveness and their ability 1o
reveal shallow structures and constramn the geometry of
dolerite bedies, gravity and magnetic surveys were ex-
tended from the area of the Bruny Island hydrocarbon
accurtence to central Tasmania in 1987,

The gravity coverage has taken the form of an infilling of
the staie gravity data base such that the nominai station
spacing is now about 2.5 km. All stations were fully cor-
rected, including 22 km radius terrain corrections and were
reduced using a crustal reference density of 2.67 t/m3. The
aeromagnetic surveys were flown at elevations of 1000 and
1600 m for the southern and northern areas respecuvely
with line spacings of 2.5 and 5 kan. All specifications have
been directed at resolution of primary structures and rela-
Lionshjps at depths of 1000-5000 m below meter or sensor.
The coupling of these two potential hield methods is essen-
tial 1o the resolution of any concealed structures with the
minimum of ambiguity.

Details of the southern survey and its interpreration
have been discussed by Learnan (199C). Interpretation of
the northern survey remains incomplete although it is now
known that suructural styles inferred in the southern sur-
vey and which are comparable with those exposed in
western Tasmania, persist across the island toward Bass
Strait.

The surveys have revealed the presence of decp Cam-
brian troughs containing thick piles of mahc and inter-
mediate volcanics. These troughs are commonly limited by
major structures containing ultramahcs. Interfaces within
presumed Precambrian basement rock are also implied at
depths which range from the sub-Parmeener unconformity
to perhaps four kilometres. Other Palacoioic rocks overlap
both Cambrian and Precambrian rocks and may be up 10
twa kilometres thick in southern Tasmania. The presumed
Ordevician and Silurian rocks can be traced to outcrops of
the Gordon Group in the region west of Hastings ot the
Picton River. Figure 6 shows the geology as might be seen if
the Parmeener and dolerite cover were siripped away.

STRUCTURE

The gravity and magnetic analyses have provided several
geological revelations. The 'Tamar Lineament’, a funda-
mental crustal structure extending NNW-SSE across the
island from the Tamar Ruver to the south-east as proposed
by Williamms £1979), is not supported by either data se.
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Magnetic trends are acute 1o the supposed structure. The
granites of eastern Tasmania are present as giant bodies
clongaied N-5 and their wesiern margin cuts across all
types of basement geclogy (Leaman and Richardson,
1980).The granites of western and central Tasmaniz are
relatively isolated but are sometimes large bodies {Leaman
and Richardson, 1989).

Many structural and stratgraphic partemns are repeated.
The important and recognisable units include the ultrama-
fics of Early-Middle Cambrian age and thick dolemitic
successions of Jatest Precambrian age. At least three major
repedtions can be identified beneath the Parmeener. Sim-
ilar repetitions have now been implied in western Tas-
mania where the same rocks are exposed. All parts of the
lower Paleozoic succession are involved.

Although relatively small-scale thrusting has been rec-
ognised and mapped for many years, large scale move-
ments invohving basement or large portions of the Pal-
acozoic succession héve rarely been accepied or proven.
Leaman eral. (1973) reported the firsi such demonsiration
based on gravity data and this has now been confirmed by
mapping and siructural review. Other instances have been
recognised since acquisition of much new data in westemn
Tasmania as part of the Mt Read Volcanics Project {1985-).
Exampies of large-scale basement and, occasionally, crustal
involvement in thrusi stacks have been given by Leaman
(1986, 1957, 1988). Such overthrusf structures at Cape Sar-
¢il have now been established by, drilling. Structures are
complex, in western Tasmania the westward trending De-
vonian thrusts have disturbed pre-existing west-facing
early Cambran thrusts, Current interpretations suggest
that little of the pre-Devenian geology of Tasmania, as
presently exposed, is autechthonous.

SEISMIC SURVEYS

Very lirtle seismic data is available for onshore Tasmania;
however, a survey of Bruny Island was undertaken by
Conga Oilin 1987, Data records have been generally poor.
This was initially ascribed to local rerrain and high velocity
surface problems. Jurassic dolerite produces irregular high
velocity intrusion forms which couple with topographic
effects to impase complex static corrections. The dolerite
also reflects much energy from its upper surfaces and ap-
parent reflecior shadows appear beneath. The base of a
dolerite sheet is not generzlly revealed even though the
velocity contrasts are large. Processing problems assoc:-
ated with such difficult data are presendy being assessed
Offshore surveys in southern Tasmania by Amoco in 1969

" and by the Bureau of Mineral Resources in 1988, exhibit

setsinic ¢haracter very similar to land-based surveys.

Both onshore and offshore surveys have recorded ev-
ents, {ragmentally, at times of 1-3 seconds. At Bruny
Island, an event could be traced the length of the 7 km
iraverse at about two seconds, The impiied depth of 3-%
km is consistent with the_potendal field inference of a
major density contrast at this level.

Although most records appear bland for times in excess
of 300 to 900 ms — the time depth of the base Parmeener
unconformity in most cases — it has been possible to ob-
tain excellent records 1o two-way times of 11 seconds {10
mantle levels) at rare localities. One example was reporied
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Figure 6. Pre-Parmcener geological map of southeast Tasmania based on magnetic and gravity interpretations sup-

plemented by sparse driilhole dara.

near Clifton Beach south of Hobart (Leaman, 1978). Re-
sults of this type suggest that seismic methods are viable
when the entire Palaeozoic section is present but that the
bulk of the geology beneath the unconformity, for most of
the arezs sampled, is not strongly stratified and is, there-
fore, either Cambrian or Precambrian.

LINEAMENTS

The gravity and magnetic darta sets define some speclacu-
lar lineaments (Fig. 7). An initial outline of these and their
relationship 1o major tectonic elements is provided by Lea-
man & Richardson (1990).
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DISCUSSION AND NEW PLAY
CONCEPTS

INTEGRATION

Recent work has shown that the hydrocarbon sightings of
the past century are likely to be reliable and that the hydro-
carbons have been generated from lower Palaenzoic
seurces rather than from Permian oil shales. The sightings
are reasonably systematic and the paterns are both
statewide and correlate well with structural lineaments
identified in gravity and magnetic data.

Comparison of sighting patterns and seismic activity in
the Tasmanian region suggests that hydrocarbons, as oit or
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Figure 7. Major crustal lineations based mainly on mag-
netic and gravity surveys.

tars, are generally observed in the period immediately
following intense acrivity or occasional large earthquakes.
A relatively quicscent period since 1957 has decreased re-
lease volumes and consequent reports.

Most sightings are associated with either faults or frac-
tures which have post-Jurassic displacements or with inter-
sections of major high angle faults with thrusts.

The evidence suggests that hydrocarbons have been,
and perhaps stili are being generated and that the reservoir
systemns are either tight or well sealed. The thrust surfaces
or the base Parmeener unconformity may act as sea.l'mg
surfaces since the materals directly above them are either
homogeneous quartzite and dolomitic siltstones or dense
mudstones respectively. All possible source rocks have yet
to be analysed but hydvocarbens in southern Tasmania
have been generated from the Gordon Group. The simi-
larities and differences between secp analyses suggest
hydrocarbon generation from at Jeast three other lower
Palazozoic sources. .

Reservolr conditions exist within the Qrdovician carbon-
ates where they were karsufied after folding in the Early
Devonian, before being overlain unconformably by Upper
Carboniferous tillites. Primary porosities of 15 per cent
have been measured in Gordon Group carbonates and
larger secondary porosities have been reported. Parosities
of abour 20 per cent are known in some Early Ordovician
siliciclastics.
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PLAY CONCEPTS

Many possible play concepts may be envisaged. Simple
closed structures involving Ordovician and Silurian source
and reservoir rocks may occur at the Parmeener uncen-
formity where medium 10 long closures (1 to 4 km) are
known or beneath the major thrust surfaces. The lower
Palaeozoic may occur as a thin residual beneath the un-
conformity generally but may locally exceed 4 ki in thick-
ness where full sequences have been preserved. The pre-
Parmeener erosional unconformity cuts Gordon Graoup
imestones at several localities and palaeckarst reservoirs
may be expecied beneath Parmeener seals. Facies varia-
tions within the Gardon Group may alse provide stran-
graphic trap conditions. Many variatiens are possible and
the most likely target category cannot be defined at the
present time, however Figure 8 surnmarises some relation.

ships and possible plays.

Figure 8. Schemaric cross-sections showing possible play
concepts in Tasmania. {Stratigraphy is denoted by same
symbols as in Figure 6.)

The principal exploration problems at present relate to
the locaticn and identification of 1arget successions and
possible structures within them. The gravity and magnetic
data which have been extensively used to date have been
able 1o define regional structural elements, infer the pres-
ence of target successions and suggest fold elements, but
are limited in ultimate resclution. Infermation recovered
from these sources is sufficient te set viable stratigraphic

targets — essential given the paucity of dnlling control
available — bui not adequate for wildcat hydrocarbon pro-
posals.

Specific prospect definition will not be possible until
more seismic data is available and the processing require-
ments assessed and refined. Seismic survevs can be specific
since the potential field data have already defined general
target locations. This is considered the most cost-effective
approach 1o the dificult problems presented by explo-
ration in onshore Tasmania.
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CONCLUSIONS

Recent appraisals of arctuved records, preserved tar samn-
ples, and structural reconstructions of Tasmania have
shown that

» Most hydrocarbons recovered over many decades have

been derived from lower Palaeozoic rocks and not Per-

mizn oi] shales.

The potential source and reservoir sequence is largely

concealed on an island-wide basis and the exposed rocks,

whether of the Carboniferous-Triassic ‘Tasmania Basin’
or the socalled Precambnan basement inliers, are irrel-
evant (o prospeclivity assessments.

» Tasmania must be seen as a typical fold-thrust province
in terms of its hydrocarben potential. Several major and
mminar thrusts are stacked. All Palaeozoic units are re-
peated and the entire overthrust system has been folded
and intruded by granites. Precambrian basement inliers
previously considered basement are blocks involved in
the thrust stack. Devonian thrusting has been from eas:
[O west .

¢ Hydrocarbons have been produced in some quantity but
are probably well scaled, as observations of seeps have
only been made after intervals of intense seismic activ-

.l[y.

ACENOWLEDGEMENTS

We thank Glen Nelll and Teresa O'Leary for their valued
assistance with the chemical extraction work aad GC and

GC-MS analyses, and [y Heriog and Michzael Lasky for

their support.

REFERENCES

BENDALL, M., 1990 — Conga Oll, annual report to Tas-
manian Department of Mines, June 15580. Tasmanian De-
partment of Mines, Hobart.

BURRETT, C.F,, {in press) — Conodont metamarphism in
the Palaeozoic of Tasmania. Awlrefian Journal of Earth
Science;.

BURRETT, C.F., LAURIE, |. & STAIT, B., 198) — Gordon
Subgroup (Ordovician) carbonates at Precipitous Bluff and
Point Cecil, southern Tasmaniz, Australia. Papers end Pro-
ceedings of the Royal Society of Tasmania 115, 93-9.
BURRETT, C.F. & MARTIN, E. (Eds), 1989 — Gealogy and
mineral resources of Tasmania. Geological Society of Australia
Special Fublication 15: 574 pp.

BURRETT, C.F,, STAIT, B. & LAURIE.J-, 1983 — Trilo-
bites and microfossils from the Middle Ordovician of Sur-

prise Bay, Tasmania, Australia. Memorrs of the Assocation of

Awstralasian Palaeontologsts 1, 177-93.

BURRETT, CF., STAIT, B., SHARPLES, C. & LAURIFE, [,
1984 — Middle 1o Upper Ordovician shallow plarform to
deep basin transect, southern Tasmania, Australia. Jn:
BRUTON, D.L. (Ed.)} Aipecis of the Ordevician System. Univer-
sitetsforlaget, Oslo, 148-57.

DENWER, K., 1986 — Geology and geochemistry of the
Tasmanite Oil Shale. Unpublished thesis, University of Tas-
mania, 84 pp.

THE APEA JOURNAL, 1991

950015
HOFFMANN, C.F., FOSTER, C.B., POWELL, T.C. 8 SUM-
MONS, R.E., 1987 — Hydrocarbon biomarkers from Qrdo-
vician sedimenis and the fossil alga Gloscapiomorpha prisca
Zalessky 1917, Geochimica et Cosmochimica Acta 51, 2681-97.
LEAMAN, D.E., 1978 — Use of the reflection method in
Tasmania. Part ). Equipment, techniques and problems.
Tasmanian Depariment of Mines Geophysics Special Report 1.
LEAMAN, D.E,, 1986 ~— Interpretadion and evaluation re-
port, 98] West Tasmania acromagnetic survey. /m: Al
Read Volcanics Project Report. Tasmanian Departrment of
Mines, Hobart.

LEAMAN D.E., 1687 — Review of structural implications
of geophysical data, Sorell Peninsula, western Tasmania.
In: Mt Read Voleanics Project Report. Tasmanian Deparument
of Mines, Hobarr.

LEAMAN, D.E., 1988 — The Graviry field. /n: BURRETT,
CF. AND MARTINY E.LL [Eds), Geology and Mineral Re-
sources of Tasmania. Ceological Society of Awtralia Special
Publication 15, 451+55.

LEAMAN, D.E, 1990 — Inferences concerning the distri-
bution and composition of pre-Carboniferous rocks in
southeast Tasmania. Papers and Proceedings of the Royal Society
of Tasmania 124(1), 1-12.

LEAMAN, D.E. & RICHARDSON, R.G., 198] — Gravity
survey of the east coast coalfields. Geological Survey of Tas-
mania Bulletin 60,

LEAMAN. D.E. & RICHARDSON, R.G., 1989 — The gran-
ites of west and northwest Tasmania — a geophysical
interpretation. Geological Suruey of Tasmania Bulletin 66.
LEAMAN, D.E. & RICHARDSON, R.G., 1990 — Tasman-
lan crusial features. 10th Australian Geological Conven-
tion, Hobart, February 1990. Geological Society of Australia
Abstracts 25, 100-1.

LEAMAN, D.E, SYMONDS, P.A, & SHIRLEY, J.E., 1973 —
Gravity survey of the Tamar region, Nerthern Tasmania.
Geological Survey of Tasmania Paper 1.

MACKENZIE, A.S., 1984 — Applications of biological
markers n petroleum geochemistry. /n: BROOKS, |. &
WELTE, D. (Eds), Advances in Petroleum Geochemistry. Aca-
demic Press, New York: 115-214.

McKIRDY, D.M., COX, R.E,, VOLKMAN, | K. & HOWELL,
V.1, 1986 — Botryococcane in a new class of Australian
non-marine crude oils. Mafure 320 57-9.

RICHARDSON, R.G. & LEAMAN, D.E, 1981 — Fingal

Tier seismic reflection traverses | and 2. Tasmanian De-

pariment of Mines unpublished report 1981/6.
SIMONEIT, B.R. T, GRIMALT, J.O., WANG, T.G., COX,
R.E, HATCHER, P.C. B: NISSENBAUM, A., 1986 — Cyclic
terpenoids of contemporary resinous plant detritus and of
fossil woods, ambers and coals. Organic Geochemistry 10,
8§77-89.

TWELVETREES, W.H., 1917 — The search for perroleumn
In Tasmania, Tasmanian Depar¢ment of Mines Circular 2, 1-18.
VOLKMAN, ].K., ALEXANDER, R., KAG], R.1. & WOQD-.
HOUSE, G.W,, 1983 — Demethylated hopanes in erude

oils and their applications in petroleum geochemistry. Geo
chimica et Cosmochimica Acta 47, 785-94.

83



g/

B4

..1\‘ ” R

L .J‘”n, bl

b

VOLKMAN, J.K, EVERITT, D.A. & ALLEN, D.1, 1986 —
Some analyses of lipid classes in marine organisms, sedi-
ments and seawater using thinlayer chromacography-

flame ionisation detection. Journal of Chromatography 356,
147-62.

VOLKMAN, J.K., ROGERS, G.I, BLACKMAN, A.]. &
NEiLL, G.P., 1988 — Biogenic and petroleum hydrocar-
bons in sediments from the D'Entrecasteaux Channel near
Hobart, Tasmania. /n: AMSA Silver Jubilee Commemorative
Volume. Wavelength Press, Chippendale, NSW, 82-6.

WILIIAMS, £, 1979 — Tasman Fold Belt System in Tas-

mania. Explanatory nores for 1:500,000 structural map of
Pre-Carboniferous rocks of Tasmania. Tasmanian Depart-
ment of Mines, Hobart.

9

o \ml 1kl

50019

THE APEA JOURNAL, 1991

P eai



350020

AN EVvVALOATION
OF THE OIL AND GAS FPOTENTIAL
OF TASMANIA

PREPARED FOR

CONGA OIL PTY LTD

BY

QUESTA AUSTRALIA PTY LTD

S GION PURPOSS

poR DSOS NN

Report 092- 45
May 1992

f;le”ﬁ\lL%J Vﬁf&;cn. PSCU- ;L.



350021

INDEPENDENT GEOLOGIST REPORT

QUESTA AUSTRALIA PTY LTD

23 May 1992,

The Directors,

Conga Cil Pty Ltd,

84 Wells Parade,

BLACKMANS BAY TAS 7052

Dear Sirs,
This report has been prepared at your request for inclusion in a
Prospectus to be issued by Conga 0il Pty Ltd.



-

\

v

Y|

J

J

R NN

sl

1 950022
FOR DISCUSSIDN PURPOSES
INTRQDUCTIQN o

Conga 0il Pty Ltd have been awarded an Qil and Gas Exploration
Licence which covers all of the most prospective parts of onshore
Tasmania {(Figure }. Numerous companies have demonstrated a
strong interest in the o0il and gas potential of the State's
offshore sedimentary basins but until recently the hvdrocarbon
potential opf Tasmania's onshore sedimentary basin areas has been
largely ignored.

The proposed Conga Qi1 Pty Lid Float is somewhat unique in
Australia in that the presence of commercial volumes of 0il and gas
in the onshore basins of Tasmania has yvet to be demonstrated.

There are no well defined structures waiting to be drilled, and no
promises of an early o0il or gas discovery to be made. Although
Conga has identified specific areas in Tasmania which offer
considerable hydrocarbon potential and which ought to be and will
be eventually drilled, there remains a considerable amount of work
to be done before relatively low risk drilling locations can be
sited.

Until Conga 0il became interested, most exploraticnists considered
onshore Tasmania to have no hydrocarbon potential. Most ©il and
gas explorationists have ignored Tasmania on the basis of past
writings and understandings. New concepts and interpretations and
recent investigations have, however, shed a new light on the oil
and gas prospectivity of Tasmania.

Conga Uil realised that there was considerable potential for
commercial accunulations of oil and gas being present in Tasmania
and commenced a programme in the latter part of the 1980's to
verify {or deny) their coriginal expectations. Information an secep
sightings has heen collated and seep locations mapped to determine
trends, sophisticated geochemical analyses have been perfeormed to
identify and quantify oil and gas source potential, detailed and
extensive gravity and magnetic interpretations have been carried
out to better determine the structural configuration and magnitude
of Tasmania's onshore sedimentary basin(s) and a small amount of
seismic has been acquired across ohe prospective area to determine
the feasibility of obtaiming good and useable data in Tasmania.

All of Conga's findings to date have been very positive and
progressive and indicate that Tasmania is prospective for oil and
gas. Before a site for a petroleum exploration well can be chosen,
however, more information is needed on source rock and reservolir
quality and distribution and more finite details are required on
the structural configuration of the subsurface sediments. In aorder
to obtain this informaticon, several fully cored horeholes will have
to be drilled and geochemical, paleaontelogical and petrophysical
analyses conducted on recovered rock samples. Exploration in
Tasmania, is still pretty much in a grass roots stage. The
exploration programme planned by Conga for the next five years will
achieve many goals. It will greatly improve their knowledge and
understanding of subsurface Tasmaniza and this will provide
direction as to where they should intensify their exploration
efforts and hopefully identify structures which contain commercial
volumes of oil and gas.
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When Questa was first approached by Conga to prepare a geological
evaluation for a prospectus, we were a little hesitant. We, as
many others considered Tasmania to have very little if any
potential. A paper presented by M. Bendall, a Director af Conga
0il at the Australian Petroleum Exploration Association (APEA)
Conference in 1991 enlightened us. A comprehensive literature
review, discussions with other geoscientists including Dr., David
Leaman, a prominent geophysical/geological consultant and long time
resident of Tasmania, Dr. John Volkman, an Oceanographer and
Geochemist with CSIRO in Hobart and Mr Malcolm Bendall, the founder
of Conga 0il, and a considerable amount of inhouse burial history
and maturation modelling have led Questa to be very enthusiastic
about the potential for cil and gas in Tasmania.

As indicated above the first serious and methodical investigations
into the petroleum potential of Tasmania were initiated by Conga
Qil in the 1980's financed entirely by their own resources. Work
carried out by Conga 0il in the past few years has led to some very
encouraging results, providing a considerable degree of optimism
that all of the criteria essential for hydrocarbon generation and
accumulation ccould very well be present in Tasmania and that
comnercial accumulations of o0il and/or gas might be discovered in
the near future with a concentrated and efficient exploration
program, a program which is backed by sound scientific concepts and
sufficient funding.

The elements necessary for o0il and gas accumulations are:

1) The accumulation and preservation of organic Tich source
material within fine grained sediments {source rocks).

2) Deposition and preservation of porous and permeahble
reservolr rocks.

3) The presence of efficient, impermeable seals overlying
reservoir quality rocks.

4) A trapping mechanism formed by folding and/or faulting of
rock sequences or involving lateral changes in rock
composition (porosity and permeabkility variances).

5) Heating of preserved organic material to temperatures at
which hydrocarbons are generated and expelled from source
rocks. Generally about 1500 - 2000 metres of sediment
overburden is required to generate the required
temperatures. Trap mechanisms must be in place before
conditions for hydrocarbon generation are achieved to
prevent hydrocarpeons from escaping to the Earth's
surface.

6) A conduit to provide reservoirs access to hydrocarbons
migrating from maturing source rocks. Conduit may be
established by permeable reservoir rocks being adjacent
to maturing source rocks. Faults may also assist.

7) Preservation of hydrocarbon accumulation(s)} from
excessive temperature and maintalning of trap integrity.
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g8) Sufficient pressure within hydrocarbon saturated
reservoirs to facilitate movement of hydrocarbons from
reservolr to surface production facilities. Pressure is
usually induced by considerable thicknesses of rock
overlying the reservoir horizon. Pressure may, however,
be artificially induced.

The absence of any one of the first seven of the above criteria
will preclude any chance of a hydrocarbon accumulation being
present. Until Conga 0il began its investigations into the
petroleum potential of the State, several of the above criteria
were considered lacking. Currently, it appears that all of the
elements are present, at least over major parts of the Conga 0il
Licence area.

The difficulty now lies in identifying specific locations in which
all of the elements are present and favourable. Before a drilling
program with the specific intent of locating hydrocarbon
accumulations can be initiated, consideradble regicanal information
must be obtained on scurce rock distribution, quality and
maturation, on reservoir development and on basia structure. In
order to obtain this basic information, boreholes without oil or
gas objectives will have to be drilled and cores obtained and
exhaustively analysed. Specific target objectives must be defined
and good guality seismic obtained to pin-point cptimum drilling
locations cver valid and robust targets with generous hydrocarbon
drainage areas. There is a lot of work ahead but the rewards could
be considerable.

PREVIQUS EXPLORATION FOR PETROLEUM IMN TASMANIA

The first onshore pebtroleum seepage 1n Tasmania was recorded more
than 115 years ago. Over 200 examples of possible onshore
petroleum seepages and bitumen cccurrences in Tasmania have been
reported during the past 100 years. From 1915 to 1940, there was
considerable exploration for 0il in Tasmania, exploration inspired
by the numerous reports of o0il seepages across the State and the
occurrences of hitumens on the west coast of Tasmania. To date
some 13 companies including Conga 0il Pty Ltd have actively
explored for petroleum in the island State. A total of 127
exploration licences have been held and some 40, shallow, boreholes
drilled. Almost all of the wells were drilled solely on the basis
of petroleum seeps without any real knowledge of subsurface
structure and stratigraphy. In spite of considerable early
activity nct one company has evaluated the Pre-Permian sedimentary
sequence, largely because of limitations on drilling rig capacity
but alsc due to a lack of understanding of what constitutes
hvdrocarbon prospective rocks in Tasmania. Many wells entered
near-surface Jurassic dolerite intrusions and terminated within
them. Until recently, there were no valid methods to predict where
in the subsurface the dolerite stacks are relatively thin. In
spite of all of the above, small volumes of oil! and/or gas were
recovered in several gof the drill hcles.



Around the world, oil strandings and seeps have led to the
discovery of many significant oil fields. Before success can be
met in pursuing the origin of such seeps, however, the explarer
must have a good knowledge of the structural history of the basin
from which the seeps are originating, of the stratigraphy and
structural geometry in the environs of recognised seeps and of the
maturation history of potential source rocks. These are elements
which have not been observed in petroleum exploration in Tasmania
in the past. Today, in light of a new understanding, several major
international o0il exploration companies are showing an interest in
the hydrocarbon potential of onshore Tasmania.

GEQLOGICAL HISTORY

Pre-Cambrian quartzites, phyllites and dolomites which are exposed
extensively in the central and northwestern part of Tasmania and
which may date back as far as 1100 Ma, constitute the oldest rocks
in the State. They are almost entirely of sedimentary origin and
range from relatively unmetamorphosed subgreenschist facies
sequences through to highly metamorpheosed amphibolite facies.
Earliest Pre-Cambrian sediments were severely deformed and intruded
with granites during the Penguin Orogeny which occurred about 725 -
750 million years ago. Terrestrial sediments and shallow marine,
predominantly quartzose sandstones and dolomites, deeper marine
mudstones and turbidites and basalis were deposited across the
deformed surface during late Pre-Cambrian and Early Cambrian time.
A thick sequence of volcarno-clastic sediments was deposited during
Middle and Late Cambrian time. The sequence includes the arcuate
zone aof the mineral rich Mt. Read Volcanics, and the Dundas Group,
which comprises conglomerates and finer grained clastics of a
predominantly volcanic origin, deposited in a basin setting. Local
interruptions of conglomerates suggest intermittent uplift of the
basin margins. Tensional tectonics gave rise to horst and graben
develaopment .

The Ordovician i1s represented by the Denison Group and overlying
it, the Gordon Group. The Denison Group comprises a sequence of
predominantly clastic sediments which were deposited in a full
spectrum of depositional environments ranging from braided stream
and meandering stream through to deltaic and shallow and deep
marine and indicate a Late Cambrian to Early Ordovician marine
regressicn followed by a later Early Ordovician marine
transgression. Late Cambrian submarine fans and other slaope
deposits are progressively overlain by shallow marine and later
terrestrial deposits (regression) which are in turn progressively
overlain from the southeast by a seguence of shallow marine silts
and muds. Highland areas appear to have developed in the western
and northwestern part of the State as is evidenced by conglomeratic
aliuvial fan complexes.

As stream gradients on the uplifted areas decreased, limiting
clastic transport, carbonate depcsition began to replace clastic
deposition. Up to 2000 metres of Gordon Group carbonates overlie
the Denison Group c¢lastics in central Tasmania.  Shallow marine to
platform margin buildups to deep water (>200m} carbonate turbidite
- graptolitic shale environments are present with rapid lateral and
vertical facies changes noted.
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The change from clastic deposition to carbonate deposition was
gradual and not abrupt and considerable interfingering of the two
rock types occurs. Dolamitization of inter and supratidal rocks is
widespread and believed to have occurred shorily after depositicon,
although in scme cases, rocks have been dedolomitized. Limestone
is richly fossiliferous in many places, the biota indicating
deposition in warm, clear, shallow water. Evidence of evaporite
producing conditions is seen in several places. Coral gardens
appear to have been widespread and possible back reefs have bheen
identified. Algal "lawns" are also reported to be widespread
across the State.

Towards the end of Ordovician time, clastic material advanced
rapidly across the carbonate platform, and the Gordon Group
carbonates were comformably overlain by predominantly shallow
marine siliciclastics of the Late Ordovician - Early Devonian Eldon
Group. The Eldon Group comprises three major cycles of sandstone
and siltstone, which with a minor limestone contribution, reaches a
thickness over 2000 metres. The greater coarseness of grains and
the higher sand to shale ratios of the Eldon Group in western
Tasmania, imply .a source area in the west of the State. In the
eastern part of the basin, basinal graptolitic, turbidite deposits
were deposited (Mathinna Beds). Uplift of western Tasmania was
pessibly associated with the Bepambrian Orogeny.

Lower Devonian and older rocks were extensively deformed during the
Tabhbherabberan Qrogeny. Approximately northwest to north-northwest
trending fclding occurred across most of the State but east-west
trending folds developed in the northwest. Several laterally and
vertically extensive, north-south trending thrusts develaoped and
numerous and relatively large granitoids were discordantly intruded
between about 348 and 395 Ma in ncortheastern Tasmania and 332 and
367 Ma in western Tasmania. Conodont colour alteration indices
(CAI) indicate that Lower Palaeozoic sediments were heated to about
300%C adjacent to intrusions in the westernm part of the State. 1In
central and southern Tasmania, Lower Palaeozolic sediments were
heated up to an estimated 100°C, even where distant from the
granitoid masses. This major heating event i1s significant to the
develcpment of petroleum in Tasmania.

During the Late Carbonifercus and Permian, glacial deposits (Lower
Parmeener Supergroup) were deposited unconformably across the newly
deformed, older rocks. Lateral variations in lithofacies are
considerable, particularly in the vicinity of topographic highs
generated during the Tabberabberan Orogeny. As a result, rock unit
nomenclature varies widely from place to place. FEnvironments of
deposition range from glacio-terrestrial (including glacic-
lacustrine) to glacio-marine. The basal part of the Supergroup
includes the Tasmanites 0il Shale, a glacio-lacustrine sequence
which has an extremely high organic content. Triassic rocks are
represented by up to 750 - 800 metres of fresh water, lacustrine
and fluvial deposits of the upper Parmeener Supergroup. In places,
Triassic sediments rest directly on Deveonian granites. The lower
part of the upper Parmeener Supergroup commonly consists of granule C e
conglomerate and coarse sandstone. The upper parts of the sequence
are commonly represented by up to 400 metres of feldspathic and
coal rich sandstone. Dark grey shale horizons and subordinate coal



measures occur throughout the sequence. Almost everywhere in
Tasmania, rocks of the Parmeener Supergroup are subhorizontal.

Extensive sills of dolerite fed by narrow feeder dykes were
intruded during Middle Jurassic time. The intrusions which
presently extend over half cf the land mass of Tasmania, were
probably related to tensional stresses between continental blocks
at the commencement of breakup of the Gondwana supercontinent.
Within the dolerite swarm there are generally 2 or more stacked
sills, each averaging, about 300 to 400 metres in thickness,

While thick {(up te 8000 metres) accumulations of alluvial fan,
fluviatile and veolcanic sediments were deposited in the newly
formed Bass, Otway and Sorell marginal basins which now occupy
offshore Tasmania, only a relatively thin succession of non-marine
and valcanic sediments were deposited in local depressions across
onshore Tasmania. During the Late Cretaceous to Early Tertiary, a
series of large scale, north to northwesterly trending horsts and
graben were formed as an extensional regime was set up as Antartica
fully separated from Australia. Up to a kilometre cf mainly
terrestrial sediments was deposited in the graben and syenite
intrusions up to 300 metres in thickness and of Cretaceous age are
not uncommon. At the end of the Eccene and in the earliest
Oligocene, northwesterly directed compression rejuvenated many of
the earlier formed structures but this pericd of compression was
centred more on the Gippsland and Otway basins to the north.
Tertiary hasalt flows are common tThroughout Tasmania with sheets up
to 300 metres in thickness.

EKNOWN PETROLEUM QCCURRENCES

In 1871, surface tar was reported from Prime Seal Island. This was
the first report of petroleum reccrded in Tasmania. Since that
time, more than 200 reports of possible onshore, liguid petroleum
and natural gas secepages and flows and bitumen occurrences in
Tasmania have been documented, most ¢f these before 1970 bhut some
as recent as the late 1980's. Many of these were confirmed by
government geoclogists of the time. Samples and photographs of saome
of the tars collected from Tasmanian beaches have been preserved in
museums and libraries, further validating early reports.
Geochemical analyses of some beach collected bitumens suggest that
they are related to Tasmania's offshore bhasins. Unfortunately,
there are mainly only written, unconfirmed reports of seepages and
shows in the interior of the State with very few preserved samples.

Considerahle enthusiasm is, however, found in an abundance of early
records. ©One of the more dramatic excerpts is from a report by a
consulting geologist to the Tasman 0il Company in 1921, concerning
a property in the Derwent Valley:

"I have no hesitation in confirming Black's (Field Manager for the
Tasman 0il Company) statement that oil exists at Barn Bluff, gas
and o0il seepages being plainly mandifest during my recent inspection
there. Also the geological features of the field generally
indicate that large quantities of o0il have unquestionably been
produced by natural processes of distillation and may be
confidently sought for in the Anti-Clines."
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Although the word field is not really applicable and the general
tone of the full statement may be somewhat overly optimistic,
reports such as the above provide considerable encouragement that
large volumes of 0il may have accumulated in the subsurface in
Tasmania.

Government geologist A. Mackintosh Reid, in 1923 reported that
Drillhole No. 8 of the Adelaide 0il Exploration Company at Port
Sorell, penetrated a bed with natural gas under enormous pressure
which caused an outbreak closing the hole. In the same report
Mackintosh Reid described numerous seeps of o0il and gas escaping
from both Permian and Tertiary strata in the Latrohe - Sassafras
district. ©One has to assume that the natural gas was hydrocarbon
gas. There are several other similar recordings.

Seepages in Tasmenia appear to be related to seismic activity as
most of the sightings of secpages have been made directly after
major earth tremors. Most sightings are within five years of the
cccurrence of either considerable,long term seismic activity or
events greater than a magnitude of 4 on the Richter Scale. There
have not been a large number of reports of petroleum shows since
1969 but then Tasmania has not experienced a major earth tremor
since 1958. Figure shows the distribution of reported seeps in
Tasmania (from Bendall 19390). Northeast - southwest trends in seep
distribution are evident from the Fiqure and these trends
correspond very closely to established gravity and magnetic trends
which have been interpreted as representing deep seated (crustal)
thrust faults and lineaments (Leaman and Richardson 199(3). Seepage
appears, therefore, to be related to movements along established
fault lineaments during times of seismic activity.

Records are incomplete but it appears that not more than about 35
horeholes have heen drilled in Tasmania with petroleum gbjectives.
Wells have been very shallow, the deepest being no more than 500
metres. All wells drilled to date have been initiated solely on
the basis of effusive 0il ©or tar seepages without any real
knowledge of subsurface structure or stratigraphy. Nevertheless,
01l was recovered frcocm a depth of 27 metres at Johnson's Well on
Bruny Island in the south of Tasmania and a small quantity of gas
was reportedly produced from a well at Port Sorell in the north.
Reports describe storage of some of the light oil from Johnson's
Well in drums. Minor o0il and gas flows were reported from at least
two other petroleum boreholes and from at least one water bore.
Core bled 0il from the Tasmanites 0il Shale interval from the Ross
No. 2 borehole, drilled to 480 metres in 1985 by the Department of
Mines and a gas flow was reported by Dr. D. Leaman, from a bore
hole while drilling through the Quamby Mudstone at Douglas River.
011 and gas have almost definitely been generated and it looks 1like
low volume seepage has been occurring over a large part of
Tasmania. ‘

Seepages in the Bruny Island region may represent migration updip
along the pre Permo-Carboniferous unconformity surface to Jurassic
induced faults disturbed during the Tertiary from the concealed
lower Palaegzopic basin some 10 to 20 kilometres to the west
(Leaman, 1990).
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There has not been a major earthquake since about 1958 and
consequently reports of seepages in recent years have been minimal.
Most of the early sightings were not confirmed by knowledgeable
‘experts' and certainly not by geochemical analysis and bacterial
action has destroyed any evidence of the original seepages. Their
actual presence could therefore be discredited today by those
wishing to discourage petroleum exploration in Tasmania. There
have, however, been a large number of sightings over many years
which pravides in itself cconsiderable credibility to their
presence. In additicon, the sightings, when located on a map of
Tasmania, follow well defined lineament trends established by
recent gravity and magnetics interpretations. These lineaments are
interpreted as deep seated thrust faults and there is therefore
good reason to believe the seepages nay have originated from
subsurface hydrocarbon accumulations.

GEOCCHEMISTRY

Potential Source Rocks

Until the late 1980's, explorers and geoscientisfs had very little
knowledge regarding the actual source(s) of the tars, bitumens and
natural gas occurrences across the State. The original explorers
of New River (circa 1915 - 1925) identified the Gordon Limestone as
the primary source of the abundant 0il seeps and tars and
similarities were drawn between the Gerdon Limestone and time
equivalent, prolific oil producing limestones in the U.S.A. It has
been presumed by most investigators that oil generated and revealed
as seeps was derived f[rom the Permian oil shales. Although
organically very rich and often oil saturated themselves, these
rocks were not, however, considered to have ever been sufficiently
buried to achieve temperatures sufficient for significant
hydroccarbon generation to occur.

Today, as a result of considerable work initiated primarily by
Conga 0il and analyses carried out by CEIR0O, the BMR and AMDEL,
there is considerable evidence that carbonates, shales and
evaporates of the Gordon Limestone Group and shales and coals of
the lower Parmeener Supergroup have generated significant volumes
of both o0il and gas. Other known potential source rocks include
Pre-Cambrian shales and dolomites.

The Gordon Limestone was formed under shallow water, marine

conditions. The fine grained limestones, dark graptolitic shales

and evaporite sequences which comprise the Group should all provide
excellent, o0il prone source potential. The frequent occurences of
pyrite in conjunction with carbonaceous shales implies an anaerghic
and toxic environment, which is vital for the preservation of algal
and other c¢il prone organic material. The Cashions Creek Limestone
appears to be particularly rich in ©0il prone, algal matter.
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Most seepage sites are adjacent to or overlie areas known to
contain Ordovician and older rocks or are related to drainage
catchments containing such rocks. Organic geochemistry reveals a
very close similarity between hydrocarbons extracted from
Ordovician Limestones from Ida Bay and those obtained from
Johnson's Well on Bruny Island (and in additicon with samples of
bitumen from the Tasmanian Coast). Analyses indicate that neither
the 0il from Bruny Island nor the coastal bitumens were generated
from the Tasmanites 0il Shale.

Geochemical analyses of two s0il samples from Johnson's Well
revealed only traces of hydrocarbons. The low concentrations of
petroleum derived hydrocarbons indicate that petroleum seeps are no
longer active at Johnson's Well but provided some evidence for
their former presence.

Although the Gordon Limestone has been identified as the primary
source for the hydrocarbons in southern Tasmania, it is not known
whether it remains a source across the entire State. The very
limited number of samples analysed precludes authoritive
conclusions and judgements to be made. Considerable more
investigaticon must be initiated. It is quite possible that the
Gordon Group comprises organically rich, oil prone source rocks
across a major part of Tasmania.

The Parmeener Superdgroup also includes intervals of organically
rich, ©0il and gas prone source rocks. Very little work has been
completed on the orgznic petreclogy of the Parmeener Supergroup but
that which has been completed indicates the unit is highly variable
both in a lateral and a vertical sense with Total Organic Carbon
values (TOC's) ranging from just a trace to mcre than 30 percent in
01l shales and coals. Organic guality too, is highly variable with
scme samples particularly rich in exinite (0il prone) and other
samples consisting of predominantly inertinite (neither o0il nor gas
prone). Sampling within the Parmeener Supergroup has been very
limited to date (17 samples from Douglas River, Ross River and
Turnbridge borehecle No. 2, analysed by BMR) and samples on hand may
not be representative of the unit as a whole. Nevertheless,
results are very enccuraging.

It appears the Tasmanites Qil Shale, a glacio-lacustrine seguence
of organically rich shales, provides the best potential scource
interval in Tasmania. The ¢il shale had been mined at from
1910 to 1932. Artificial distillation resulted in the recovery of
248,114 gallons of o0il. Total Organic Carbon {TOC} values within
the Tasmanites range up to 30 percent and higher and even on werld
standards, provides an exceptionally rich, Type 1, oil prone
source rock. The Tasmanites in north and northwest Tasmania
consists of a single celled algae known as Tasmanites punciatfus
which has a H/C ratio of about 1.5 and an 0/C ratioc of about 0.12.
It may thus be considered as representing the optimum type of oil
source rock.
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The Tasmanites 0il Shale appears to be sporadically developed
across Tasmania and considerable work will have to be undertaken to
determine its geographical distribution. It is particularly
prominent in the north of the State near the base of the Quamby
Formation. Nevertheless, it has been identified in numerous
outcroppings and drill holes and may be of a greater geographic
distribution than many workers may think.

Banks (1968) described oil shale and cannel coal from the top of
the Mersey Coal Measures. These potential source rocks have
similar characteristics to the Tasmanites 0Oil Shale.

A rock sample of lower Permian mudstone from Poatina, Tasmania, and
thought to be stratigraphically related to the Quamby Mudstone, was
analysed by CSIRO. The sample was grey in colour and had a
noticeable petroleum - like odour when broken open. The sample was
found to contain considerable amounts of hydrocarbon having the
characteristic distribution found in mature crude o0il. Biomarkers
were distinctly different from those found in Ordovician carbonates
and it is believed (Volkman 1989) the Quamby Mudstone hydrocarbons
were indigenous to the rocks from which they were extracted. Thin,
0il shale intervals are commonly present with the Quamby Mudstone
sequence. A borehole drilled beside the Douglas River Bridge as
part of the Tasmanian Department of Mines coal assessment programme
flowed gas during penetration of the formation (Leaman - pers comm)
Free 0il was subsequently identified by Domak in the cored interval
of the Quamby Mudstone. Geochemical analysis indicated the
formation to be mature, albeit only marginally mature at the
Douglas River location.

Dark grey shale and subordinate coal horizons occur throughout the
Parmeener Supergroup segquence and these too could offer
considerable source potential.

Only one sample of the Proelenna Coal has been analysed
geochemically and this was found to have extractable hydrocarbons,
to be organically mature and to have similar geochemical biomarkers
to tar occurrences at Bridgewater and South Bruny Island.

QRGANIC MATURATION

There have been numerous misconceptions concerning the maturity of
organic material contained in potential source rocks in Tasmania.
Many investigators believed (and many still believe), the early
Palaeozoic sequence constituted effective basement, having neither
reservoir nor source potential. The very few reports which address
the hydrocarbon prospectivity (or rather non-prospectivity) of
Tasmania, refer only to sediments ©f the Upper Carbonifercus to
Triassic Parmeener Supergroup and these sediments alone constitute
what is referred to as the Tasmania Basin, even today.
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Due to insufficient depths of burial, Parmeener Supergroup
sediments were considered to bhe nowhere sufficiently mature for the
generation of significant volumes of o0il and/or gas. The high
organic content of the Tasmanites 011 Shale was well known but
explorationists considered the unit was everywhere insufficiently
mature for the generation and release of significant quantities of
hydrocarbons.

In mere recent years as initial geochemical data was obtained,
researchers became aware of the excellent source potential of
Ordovician and older segquences across Tasmania but another
misconception led many to believe that hydrocarbons generated from
within the early Palaeozoic sequence would have escaped when strata
were deformed and uplifted and anticlinal closures breached during
the Middle Devonian to Early Carboniferous Tabberabberan Orogeny.
These researchers believed that hydrocarbon generation from the
Early Palaeozeolc and Pre-Cambrian sequence would have been
initiated in response to high heat flows introduced into the basin
during the orogeny. With no effective seals, migrating and
entrapped hydrocarbons would have found their way to the Earth's
surface where they would have been destroyed by bacterial and
weathering action. The perticulariy high basin temperatures werzre
interpreted from concdont colour alteration index (CAI) values from
Early te Middle Palaeozoic marine carbonate rocks of western and
west central Tasmania. Low vitrinite reflectance values from
unconformably overlying Parmeener Supergroup sediments suggested
that the major heat input into the pre Carbeonifercus seguence
occurred prior to Parmeener Supergroup deposition. .

Isograds of CAI values 1in western and northwestern Tasmania form an
arcuate helt following the outcrop of the early Palaeozoic rocks
around Pre-Cambrian metamorphic basement rocks (Figure ).
Regional metamorphism in western and northwestern Tasmania is
interpreted to have been in excess of 300°%C immediately adjacent to
igneous intrusions. Low CAI wvalues however, in the south west and
central Tasmania suggest that if Gordon Group source rocks are
present at depth, and there is strong evidence that they are, they
are currently within the ©il and gas windows. Maturation Modelling
suggests that hydrocarbons would not have been expelled from these
more basinward sediments (at least from the upper part of the
Gordon Group) until after a considerable and protective Parmeener
Supergroup cover (seal) was In place. Over large parts of the
State, therefore, the Gordon Group offers considerable hydrocarbon
potential.

Until very recent time, no mature source rcecks of Permian -
Carboniferous age were thought to exist in Tasmania. ERecent
investigations by CSIRC, the Bureau of Mineral Respurces in
Canberra, The Tasmanian Department of Mines, Amdel Core
Laboratories and others have demonstrated that sediments within the
Tasmania Basin are in the 0il window, with Vitrinite Reflectance
values ranging from 0.7% (lower oil window) at the edge of the
basin to 1.35% (upper oil window) towards the centre of the basin.
The Methyl Phenarthrene Index (MPI) measured from the aromatic
fractions of hydrocarbons extracted from Permian rocks in the
basin, indicates a similar range of maturity for the basin. One
might ask how this can be, given relatively shallow depths of
burial experienced by the Upper Palaeozoic sediments. Tasmania
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currently has a high heat flow which is up to twice the world
average of 60 mW/M‘. Present geothermal gradients onshore Tasmania
are 30 - 40°%C/km and up to 6009 and 70°C/km (Summons 1981) and there
is strong evidence that geothermal gradients were higher in the -
past. Recent zircon and apatite fission track data (Hills - Bidal
1991 Dec) confirms a Cretaceocus heating event which is predicted
from Maturation Modelling and a Jurassic heating event is also
gquite probable.

Gravity and magnetics and surface outcrop data indicate greater
thicknesses of sedimentary sequence than previous thought in
grabens and other basin depressions and a post Parmeener Supergroup
cover of in the order of 2.0 tc 2.5 kilometres is interpreted for
the central basin area.

All of the geochemical evidence to date indicates that within
Tasmania there is a full range of maturation levels, from early
mature to extremely over mature (post wet gas preservation), for
COrdovician and older sediments. Parmeener Supergroup sediments
range from immature to marginally mature on the edges of the

‘Tasmania Basin to fully mature for peak generation of o0il and gas

at the centre of the basin. This makes much of onshore Tasmania
prospective for hydrocarbons.

RESERVQOIRS

Very little definitive data is available on the reservoir potential
aof the sedimentary rock sequence in Tasmania but several potential
reserveoirs are present within the Gordon 'Limestone'’ Group and the
Parmeener Supergroup.

Until the 1%80's, it was believed that Pre-Permian sedimentary
raocks were present only in western Tasmania. It has now been
demconstrated that a Lower Palaeozoic and Upper Pre-Cambrian
sequence extends as far east as Ross, Oatlands and Sorell. There is
thus a thick (up to several thousand meters) and geographically
extensive, sedimentary sequence in which well developed resarvoirs
should be present.

Coral 'gardens' appear to have been common across much of Tasmania
during Upper Ordovician time, but to date no authentic bicherms
have been identified. C.F. Burrett {(Cummings T.G. 1981) postulates
that the coralline facies at the top of the Benjamin Limestone in
the Florentine Valley was a back reef with a yet to be discovered
fore reef to the east. Fore reef development would be anticipated
and these would have migrated westward (landward) from the
southwest with the westward transgressing sea.

Thick sections of Ordovician reef and shelf limestones appear to
have been recrystallized (at Lune River at least) and have high
porosity where the limestone was exposed during the Tabberabberan
Orogeny, and karst and weathering porosity was developed.

Secondary dolomites are known from several places in the Gordon

Group. At Lune River, secondary dolomites were formed through the

action of hypersaline brines which developed in supratidal
depressions. The dolomite at Lune River is porous and vuqggy.
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The Eldon Group ceomprises alternating sequences of sandstone and
siltstone with minor limestone. The Group has a high sandstone to
shale ratio and should therefore offer considerable reservoir
potential. No data relevant to its porosity or permeability has.
been sighted.

Until very recently, it was believed that reserveir conditions _
within the Permian sequence were virtually non-existant. Several
potential raeservoir intervals, are however, present.

Due to the structural complexity ¢f much of onshore Tasmania,
abrupt stratigraphic changes and a considerable post Triassic cover
in places, and because there is insufficient seismic and well data
to be able to correlate the stratigraphy in the subsurface, a
seemingly infinite numbker of formation names have been assigned to
the Parmeener Supergroup sequence, making it difficult to describe.
Nevertheless, several sandstone and conglomerate intervals have
been identified, providing the Supergroup with very real reservoir
potential.

The Liffey Sandstone seems to stand out as an igportant reservoir
objective. The unit is the first semiregional cecarse clastic unit
{(?reservoir) above the Tasmanites 0il Shale. It i1s alsc directly
associated with the Preolenna Coal Measures. Effective porosities
as measured by Amdel Laboratories in 1981 range from 10.66 - 11.00
percent. Sandstones which constitute the Malbina Formation, the
Ross Sandstone and the Risdon Sandstone should also be considered
as potential reservoirs although porosity - permeability data is
apparently totally lacking for these units. A strong hydrocarbon
smell is present in outcropping Risdon Sandstone at Risdon, a
suburb of Hecbart after which the unit was named. Basal
conglomerates provide further potential,.

Mudstones generally provide source rock or seal potential but the
Quamby Mudstone seemingly offers considerable reservoir potential.
The formation includes the organically very rich Tasmanites Qil
Shale and, independent of the oil shale, could prove itself to be
an effective source rock in places. Where seen in outcrop, the
formation is highly fractured. The fracturing may have been
induced by pressure unloading resulting from uplift and erosion
accompanying Tertiary Orogeny, or alternatively the formation may
have been highly water saturated prior to uplift and the fracturing
could therefore be related to shrinkage from dewatering. Fractures
were observed, however, in at least one bore hole (BHP Styx River)
and gas appears to have flowed from the formation in the Douglas
Eiver borahcole. The mudstone has porosities as hig