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INTRODUCTION:

INCLUDED IN THIS ANNUAL REPORT IS P-. LIST OF FURTHER

WORK TO BE COMPLETED BY 31ST DECEMBER, 1993, AND

EXPENDITURE SUHMARY FOR 1992 - 1993, AND THE 1993

C.S.I.R.C. REPORT.

QUESTAS EVALUATION OF THE OIL AND GAS POTENTIAL OF

TASMANIA AS RECEIVED IN JANUARY, 1993, REMAINS THE

BEST SUMMARY OF THE OIL AND GAS POTENTIAL OF THE

STATE.

CONDOR HAS ALSO BEEN TIED UP ALL YEAR IN EXHAUSTIVE

NEGOTIATIONS WITH PROPERTY OWNERS AND FINANCIERS IN

SITUATIONS WHICH WERE COMPLETELY OUT OF ITS DIRECT

CONTROL.
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950003

fURTHER vmRK TO BE DONE BuT IS STILL IN THE PROCESS OF

COMPILATION AND INCLUDES THE RESULTS OF

1. C.S.I.R.O. Studies being finalised as a paper

2. Seep Study report

3. Outstanding 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 Oil Tasmania Unit Trust

cmlMIH1ENTS

OVERVIEI'i

RESEARCH

22 980 square kms.

35 834 square kms.

1/88

17/90

950005

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

next years work commitment is to carry out seismic testing

Transfers to Condor Oil Investments pty Ltd are presently being

processed in the Department of tlines and will shortly be gazetted.

Onshore Tasmania is 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 Oil Investments Pty Ltd (Maps

attached). Total areas are:

AIM

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 This has COme about because of outdated geological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

The CSIRO and Condor are jointly funding research analysing

"signatures" of oil samples obtained across the permit area.

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

quantities of oil and gas in onshore Tasmania.
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and drill two stratigraphic holes. A proposal to co-ordinate the

seismic testing with a Bureau of ~lineral 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

\~ 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.

CmlPANY SUMt'lARY

Condor Oil Investments pty Ltd personnel are:

t1anagement

Graeme Smith, F.C.A., Merchant Banker

Henry Brookman, LLB, Solicitor

Malcolm Bendall, Prospector

t'lessrs Ken & Peter Elliott, Investors

Consultants

Dr David Leaman, Leaman Geophysics

Dr John Volkman, Geophysicist with CSIRO

Questa Australia Pty Ltd, Petroleum Industry Consultants

Staff

Mr Les Pavitt, Operations tlanager, former executive of J Lyons &

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

Tas.
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EXPLORATION STRATEGY

A detailed exploration strategy is difficult to apply to such an

unusually large and unexplored area as the tenements held by

Condor. The company believes it is 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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RECENT DEVELOPMENTS IN EXPLORATION FOR OIL
IN TASMANIA

M.R. Bendall,' J.K. Volkman,' D.E. Leaman' and
C.F. BUITcn4

'Conga Oll PlY LId, Sf Wells Parade, Blackmans Bay,
Tasmania 7052.
'CSJRO Dil'ision or Oceanography, GPO Box 1538,
Hoban, Tasmania 700l.
sLeaman Geophysics, GPO Box 320D, Hoban, Tasmania
7001.
~Geology Depanmenl, University of Tasmania, GPO
Box 252C, Hobart, Tasmania 7001.
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ABSTRACT
Recent work on oil seeps, organic geochemistry, geophy·
sics, structural geology and pa..laeontology suggests I.h~l

there is considerable potential for onshore petroleum in
Tasmania.

Archival research has shown that hydrocarbon seeps
were commonly reported in the first half of this ccnwry
and !.hat ..... ildcats produced gas (at POrt SareD in the north)
and oil (atJohnson's Well on Brony Island, in the saum),
Almost aJl of the .270 historical hydrocarbon occurrences
lie on lineaments revealed independently by gravity and
magnetic surveys. The merma..l maruriry of conodonts from
Ordovician and Siluro·Devonian carbonates suggests that
much of the pre·Upper Carboniferous beneath the Tabber­
abberan unconfonnity is within the oil and gas
windo ......s.

OrgAnic geochemistry reveals a very dose similariry
berw-een hydrocarbons from Ordovician limestones, those
from the drill site at Bruny Island and with tar samples
from th~ Tasmanian coast, but little similarity with the Per­
mian Ta.smanite Oil Shale, or with the Gippsland crudes
and bOlryococcane·rich South Australian bitumens. The
predominance oren stennes in Tasmanian bitumens sug·
gests a widespread aJgaJ source and the abundant diaster·
anes imply a clay or silt-rich source iliat extends acrosS
much of Ta.smania.

Recent geophysical and slrUcturaJ work suggests thal a
thin skinned ilHerprel.ation of Tasmania's strUcture is
reasonable. Most sightings of hydrocarbons are associated
with either faults or fracmres which have pOStJurassic dis·
placements or \\.j t.h in tersections of major high angle faul.ts
with thrusts. The delineation of reservoirs within the thrust
sheets is a priority.

INTRODUCTION
Onshore TilSmania has bcen considered unprospec(jve for
hydrocarbons for over .so years, This view has resulted
from misunderstandlI1gs or ignorance about the naLUre
and origin of the many occurrences of hydrocarbons pre­
viously recorded. Oil shales of Permian age have long been
knO\\T1 in Ta.smJJliJ. and some production (by retorting)
ha.s been derived from lhem.

The numerous records of seepage or lar sightings from
the period 1880-]935 .....·ere generally ascribed lO an oil
shale source. The absence of serious exploration in recent
limes has led to general ignorance of the existence of these
records. Modem maps of Australian basins refer [0 the
'Tasmanian Basin' \·;hen considering TasmaJ'lia, ThIS is
talen to mean the Late Carbqniferous-Tria.ssic deposition
presumed to overlie econorrnc basement (Fig. 1).

Consequently, if it is assumed that any hydrocarbons
present \\'ere derived from Permian oil shale then no reo
liable seals or traps of any magnitude are likely to exist, due
to disruplion of the post-Carboniferous sequences by fault­
ing and intrusion and an absence of closed structures. An
unprospective environment is a valid conclusion based on
these assumptions.

Many pre-...... ar observers did not ha\'e this vie ..... since
many seepage sites are far remO\'ed from Permian rocks
and several occur in Precambrian quartzite (Pan Davey) or
Precambrian granite (King Island) (Figs 2 & 3). Many are
directly associated \\'ith or occur near Ordovician carbon­
ates. They could not, therefore, offer a credible expla­
nation for these occurrences.

The lack of exploralion aeti\·j(y since 1939 may be con­
trasted .....ith that of the previous 50 years .....·hen many
companies were floated. All were based on effusive oil or
tar seepages. Some accumulations \,·cre large; sufficicnt Ie

fill lhe hold of a coastal cargo vessel (from Pan Davey).
Few drilling proposals .....'ere convened into action but se\,­
eral auempts ...... ere mdde to drill al Pon Sorell and Bruny
Island. The maximum depth of any such hole \\'3.05 abou[
400 m but gas WdS recorded in one \,·ell at Pan Sorell and
oil was recovered in small quanlities from another at BnlI1Y
Island.

This paper P:-';:-S,;':;lt:; ::1:crrr.~~iQ:: :::.sse::-:.b!::d d:.::-i:;g t!;e
last 10 years, and especially the las[.three rears. It suggests
that the faith of the early explorers has justined and that
the perceptions of the last .so years have been \\Tong,
Hydrocarbon occurrences ha.... e been verified, are \,·ide­
spread and are associated with sei.5mic acti\·ity, The chem­
is[ry of the seep hydrocarbons is not consisrent \\·ilh
Pennian oil shale derivation but is indicativC' of lower

TrlE APEA JOURNAl.J991
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Figure I. Highly generalised geological column for Tas­
mania.
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Figure 2. LocaJjry map. I-Bruny Island, 2-Cape Sorell,
3-Clifton Beach, 4-Deep Creek, 5-Dunalley. 6-Hoban,
7-Hastings, i-Ida Bay, 9-Johnson's Well, IO-King
Island. II - Launcesron, 1Z-Picwn RiveT, 13 -Pon Sorell,
14-Fon Davey, 15-Precipi[Qus Bluff, 16-Quc('nslohTI,
17-Ross, 18-Surpris.e Bay, 19-Tamar RiveT, 20=Vanish­
ing Falls, 21- Woodbridge.

paJaeowic source rocks. This knowledge, ,,'hen coupled
with a revised srrucwraJ view of Tasmania, transforms
prospectivity assessments.

GEOLOGICAL HISTORY
A full and rcerm account of the geology afTasmania may
be found in Burrett and Martin (J 9S9). The oldest rocb in
Tasmania (fig. 1) are Proterozoic quanzitC's, phyllites and
dolomites which crop out extensively in the cemral and
nonhwcslcm pans of the island. After the Penguin Oro­
geny at 750 Ma these were unconfonnably overlain by
shallow marine quartl sandstones and dolomites and then
by marine wrbidites. mudstones alld basales in toe iale
PrO!f:rolOic or early Cambrian. A mineral·rich island arc
(M[ Read Volcanics)-back arc basin (Dundas Group) com­
plex formed in the middle CO late' Cambrian and ....·as
unconformably overlain by turbidites and yolcanocbsrics
in [he latest Cambrian. These mainly marine sedimems
were successively overlain in [he Ordovician by [anglom-
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erates (O",,'en Conglomerate and correlates), by shallow
marine sandswnes (1\-loina Sandstone and correlates), by
subtidal sillsrones and mudstones (floremine Valley Mud­
SlOne md correlates) and by a thick succession of tropical
carbonates (Gordon Group). The Gordon Group carbon­
ates are up IO 1.5 lm thick in central Tasmania and are
dominantly micritic. Dolomirisation is common. In the
south there is a transition southwards from shallow marine
conditions near Vanishing fills, [0 pl.atform margin buil·
dups at Precipitous Bluff, [0 deep (> 200 m) water carbon­
ate turbidite-grap(Qutic shale environments at Surprise
Bay (Burrell et al., 1981, 1983, 1984). The Gordon Group
carbona((~s \\'ere confonnably Qverlain by the dominandy
marine siliciclastics of the Late Ordovician-Early Devonian
Eldon Group. In the eastern third of the state, Ordovician­
Devonian sediments consisr of grapwliric basinal turbidites
(Mathinna Beds).

The Tabberabberan Orogeny in the Early Devonian
created a fold-thrust belt producing approximately nonh­
somh trending folds in most areas but with east-west
rrendmg folds in the nonh- .....·est of the state. Numerous and'
extensive granitoids \\'ere intruded between 395 and 320
Ma. Regional metamorphism gave rise to the pauem of
conodont CAl (Colour Alreration Index) isograds shown in
Figure 3, with heating of the lower PaJaeozoics to 300'C in
the West and nonh-west and much lower temperamres
(150'C) in ctntral and southern Tasmania (Burrert, in
press). In the Late Carboniferous-Pennian, a sequence of
gJaciterresrrial and glacimarine predominant.ly siliciclastics
(lower Panneener Supergroup) were deposited unconfor­
mably on the older rocks and were succeeded confonnably
by Triassic terrestrial sandstones of the upper Parmeener
Supergroup. Coals are presem in both divisions of the Par­
meener and the famous Tasmani[e Oil Shale occurs just
above the basal llllite of [he supergroup.

Ext.ensive, dlick (oflt':,n 500 m) sills of dolerile fed by
narrow feeder dykes \,'ere jmruded in the Middle Jurassic
and presently outcrop over abom half of the state. Al­
rhough the dolerite is voluminous, me[amorphism appears
to be restriCled to the immediate vicinity of the sheets.
Minor local syeni[es "Were intruded in the Cretaceous but
regionaJ hearing was sufficienr to reset the Palae07.oic pal­
aeomagnetism. North lO northwesterly-lrending horsts
and graben were produced in a general extensional en·
vironmem in the Late Cretaceous to Early Tertiary and the
graben \'Jere filled \\'ith up to 1 k.m of mainly terrestrial
sedimenls. Many Teniary volcanic centres are present on­
shore.

SEEP DISTRIBUTION AND ORGANIC
GEOCHEMISTRY

SEEPS
The distribution pauem and historical background of
seeps are summarised by Bendall (1990), The distinctive
NW /5£, NEl5W seep trends (Fig. 3) transect all rock types,
strongly suggesting that deep crustallinea.ments are still
active, Seepages have been mainly reponed directly afrer
major quakes. The records of oil shows from archival re­
search include repons from 35 drill holes, 127 oil1eases and

950011
120 other signs of either tar, oil or gas. The disco\'ery of
samples of some of the tars in Launcesron's museum, aJong
\\'ith archived photographs, confirms the validiry of the old
records. Geochemical confirmation of hydrocarbons
around the 1929 Bruny Island drill hole, current gas seeps
ar thal si(e and wet gas recently found at Dunalley are alJ
on lineaments and suggesr the validity of other uncon·
finned sighrings on those lineaments, Many companies
"'ere fanned [0 exploit the potential ~hat the seeps indi­
ca[ed (Bendall, 1990). Of these companies only [\...·0 pro­
duced sho"'s of hydrocarbons both of .....,hich \\'ere COI1­

firmed by government geologists, as ...... ere many of the
historical repons of tars and seeps.

IT] Ti\;J
• 0

0 2;)
(]

,

"
fT

T
"TT

,~

Figure 3. Seep distribution in Ta.smania from Bendall
(J990). T = tars. Contour lines are isograds based on can·
odom Colour Alteration Indices (CAI) from Burrttt (in
press). CAl 5-300'C and CAl 1-100'C.

ORGANIC GEOCHEMISTRY

Method.

Sediment from the site "of [he" l"929diilling at Johnson's
Well on Bruny Island \I.'as extracted using hexane ...... ith
uhrasonicalion. Solvents of greater polarity "';ere nOl used
due [0 the high concentrations of naturally occurring polar
lipids. The limestone .ample from lda Bay in southern Tas-

THE APEA JOURNAL. 1991
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P~a.k St~ranes and DiaHeranes
I C~l (20S)-13P(Hl,17a(Hl·diasterane
2 C~l (20R )·1 S~( H1.l7a(H)·diasterane
3 C: i (20S).13~{Hl.J 70(H}-dia5ICranC
4 C~~ (20R).13p(Hl,17a(H)·diasterane
5 (:1 lZOS}-Sa(Hj,1-ID.{Hl,170(H)-choleslane
6 C~9 (ZOS)-ISP(HJ.17a(H).diasleranc
7 (:1 {20R)-5a(Hl,14p(Hl,1 iPiHl-cholestanc
8 C11 {20S)-.5a.(Hl,l-Ij3(HI,1 ip(Hl-cnoieslane
9 (11 (20Rl·5a{H),I-ln(Hl,17a(Hl-cho!t:stane
10 C19 {'20R)·ISPlH},17a(Hl·diaslerane
11 C~~ ('20S)..5a(H l,I-IUlHl.l iu(H H'.j.·mt'( hylcholt'slane
1'2 C:~ (20R)·5a( H ),1" P(H), I 713(H )·24·methylcholeslane
J3 (:i (ZOSl-Sa(H), 14P{H l.l 'J p( H l-'2-1-methykho!e-stanc

Figure 4. Mass fragrnentograms for mlz 217 showing dis­
tributions of C~7-CgO slcranes and diasleranes in{al soil
from Johnson's Well on Bruny Island, (b) Ordovician car­
bonale from Ida Bay and (cl lar from the moulh of Deep
Creek near POrt Davey on the WCSl coast of Tasmania.
Compound identifications are from peaks in mlz '217 mass
fragmentograms.

Results

Ceochemical analyses of t .....·o soil samples from Johnson's
Well were undenden. These revealed small amounts of
hydrocarbons laboul 400 ng/g) "'hlch were dominaled by
n-alkanes of plant origin, plus the common petroleum can·
stituents prislane and phytane (ratio '2.1). GC-MS finger­
priming conclusively demonstrates the presence of Irace
amoums of petroleum hydrocarbon biomarkers including
Sleranes and diaSleranes IFig. 4) and hopanes IFig. 5).
Trace amounts of petroleum· derived hydrocarbons \~'ere

also detected in a fe\~' \,'ater and sediment samples from
else\\'here on the island, but the amounts were generally
(00 low for detailed fingerprinting studies. The 10\\1 con­
centrations of petroleum-derived hydrocarbons at John­
son's WeU indicated that petroleum seeps are no longer
active at this site but provided some evidence for their for·
mer presence.

A limited organic geochemical study of the hydrocar.
bons in Ordovician limes[Qnes from Ida Bay in somhem
Tasmania and QueenSlO\~'n in the ....'est was undertaken.
One sample from Queensw\"n \~'as of interest as it ap­
peared La comain flecks of asphahic material, These rocks.
contained }0"'" amounts of hydrocarbons (2.9 mg/g at Ida
Bay and 0.8 and 1.2 mg/g at QueenslOwn), bUllhe distlj­
butions were typical of [hose found in marure petroleum.
Although sediments from (he Queens[Q\-;n area have much
higher conodom CAls (Fig. 3), \,'hich suggest a higher ther­
mal mawnlY, (he biomarker mawrity parameters in Silm·
pies from the thO regions are.remarkably similar.

The sterane distribulions in the limestones show many
similariLies to lhose in the Johnson's \Vell soil sample. In
particular, the ratios of c.n :Cn :C:'9 Sleranes, ....'hich is a use­
ful source input parameter (Mackenzie, 1984 l, are almost

mania .....·as crushed and [hen a poniaD was extracted using
chloroform-methanol \"ith ultrasonicalion. The bitumen
from Port Davey in \,'estern Tasmania \\'as extraCted
directly ....;ilh chloroform, ......·hich dissolved the entire sam·
ple. Fonians of each extraCl \\'ere analysed by Iatroscan
thin-layer chromalOgraphy-Aame ionisation detection
(Volkman e[ ai., 1986) [0 determine the [OLal hydrocar­
bons.

Sawf"lled and aromatic hydrocarbons were isolated by
applying a portion of the eXtract [Q a column of silicic acid
capped with activ3u:d alumina. Aliphatic hydrocarbons
were eluted ",'jth hexane and a second fraction comaining
aromatic hydrocarbons was obtained by elming wilh to­

luene:hexane. Resins and asphahenes were eluted wilh
chloroform a..nd methanol.

Each hydrocarbon fraGion was analysed by capillary gas
chromawgraphy on a non-polar methyl silicone: fused silica
capillary column to determine the distribution of straight­
chain and )soprenoid c..l~a.nes. These fractions. were then
analysed by gas chromatography-mass spectromctry
ICC-M51 in sclecled ion monilOring mode 151M) IVolk·
man et al., 1988 l. Ion chromawgra.ms for ions mh 21 i and
218 (sreranes), m/z. 2j9 (diastcranes), m/z 231 (methyl
steranes), mlz 191 (hopanes and other triterpa..nes), mlz.
177 Idemclhylaled hopanes), mil 205 Imclhyl hopanes)
plus some molecular ions were acquired.I
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Figure 5. Mass fragmcmograms for m/z 191 showing dis­
tribmions of C27-C36 hopJ11es in (a) soil from Johnson's
Well on Bruny Island, (b) Ordovician carbonate from Ida
Bay and (c) lar from the momh of Deep Creek on [he west
;:oasi. of Tasmania. Tricyclic alkanes are denared by". The
baseline rise in mass fragmemogram (a) is due to a con­
lribucion of rhe m/z 19] ion from column bleed. ldemifi·
cations of peak.s in hopane (m!z J91) and methyl hopane
(mil 205) mass frJ.gmemograms:
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identical. Similar ratios have b~n found in carbonate­
derived \:.lit 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 oils presently recovered from the Gippsland Basin
which show a strong predominance of C:?9 steranes. The
presence of similar amounts and proportions of re­
arranged Steranes (diasteranes) is also of interest since
these compounds are usually of very low ahundance in
pure carbonates.

1n 1990, 15 samples ofbirumens collected early this cen­
tury from coast.al sites were obtained from Tasmanian
museums for geochemical analysis. Many of these samples
are mentioned in an early repor[ on pcuoleum exploration
in Tasmania {T..... elvetrees, 1917). AU the samples are black,
shiny asphaltic biwmens which show a characteristic COll­
choidal fracture and an aromatic odour when broken .
They contain no inorganic matter and dissolve completely
in chloroform.

Aliphatic hydrocarbons represented ]3.2-]5.0 per cent
of the total extraCt of the bitumens, aroma[ic hydrocar.

,bons 3.9-6.7 per cent, v..ith the remainder consisting of
polar resins and asphaltenes. The distribut.ions of aliphatic
hydrocarbons in each bitumen are similar to those of mat­
ure crude oils except tha.t volatile hydrocarbons' <n-C10 )

are absent. The n-alkanes extend at least to n-eB with no
odd or even predominance. Higher molecular weight com­
ponents are noc abundam indica ring thal the bitumens are
not derived from a waxy crude like' thal from the Gipps­
land Basin. The major n·a1kane is either n-C16 or n-C H .

Prisrane and ph)'tane are the mos[ conspicuous branched
constituents in all s.lmples. Longer-chain isoprenoids are

Hopane
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comparatively minor compon~nls and borryococcane,
,,-hich occurs in some bitumens found on SoU(h Austral­
ian beaches (McKirdy Cl al., 1986), ,..;as not detecred. The
prist<U1e/ph)'lant' ratios of most samples fall in [he range
].30-1.38. All of the chromawgrams sho\,: J. small 'unre­
solved complex: mixture' (UCM or 'hump') throughom the
chain-length range lypical of crude olls. The aJiph:Hic
hydrocarbon distribulions give the overall impression of a
non-waxy, ,,'c.athered heavy cf1.Jde oil.

GC-MS fmgerprinLing sho\<.'s that the 5tera.ne distri­
butions in all of the biLUmens are remarkably similar. The
Pon Davey (Deep Creek) sample is typical (figs 4 and 5).
Although C~7 st.efanes (pem 5, 7, 8 and 9) predominate,
they are only slightly more abunclo.nt. than the C~9 steranes
md C~S steranes. This [eacure is also found in hydrocar­
bons isolated from the Ordovician limestone sanlples and
the soil from Johnson's Well (Fig. 4). The bitumens also
contain significant amounts of dlasteranes. MaliS [ragmen­
togr<lms for mlz 231 show that small amoums of methyl
steranes arc prcscm in aU the bimmens, but individual
compounds \~'ere nor idemined_

The dlsrributions of hopanes were characterised from
mass fr3.gmentograms of the major fragment ion m/z 19l
(Fig. 4-). Comparable data for the hopanes isolated from
the Johnson's Well and Ida Bay samples are also sho\,n_
The major hopane peak in t.he birumens is CgO, wirh C~9

next. most abundant. MoretaTIcs are present in 10\\' abun­
dance {peals 6, 9 and 12}. and the ratios of 225 to 22R
ep~mers in the exu:nded hop:mes (i.e. >CgO ; e.g. peaks 10
and 11) are typical of a mature oil. These isomers isomerise
to an equilibrium mix[Ure before the onset of the oil
windo','_ The ratio of the t\,'O C7! hopanes Ts (peak 1) and
Tm (peak 2) is a sensitive indicator of thermal marurity_
Ts \~'as less abundaJ1( [hall Tm in all samples implying that
all bitumens \,'ere generaled .1.( closely similar rhennal
ma~uri(ies at .1.J1 equivalem ~-irrini((: reAectance of abO'...H

0.6-0. i.
Allhough the sterane dlsrributJons frornJohnson's V/c11,

the Ida Bay limestone and various bitumen samples are all
very similar, the hopane di~,(fibu[ionsshow signiflca.JH dIf­
ferences_ The hopanes in [he limestOne comain signifi­
(unly more C:'9 hopane due to lhe presence of a series of
29-norhopanes which arc not presem in detectable
amounts in the bitumens. The bitumen hopane distri­
butions are more typical of those found· in shales_ The
carbonates also coma..Jn a series of C:,&-C S6 2-me[hyl­
hopanes, \,-hose mass speCtra have a characteristic base
peak a( m/z 205_ These compounds are traCe consrilUems
of the bitumens, implying that the bitumens are unlikdy to
be derived from a carbonate source rock. C IO dernethylated·
hopanes ,,'ere nOI detected in any of the samples using mlz
177 mass fragmenrograms. These compounds are com­
monly associ<lted ,,'ilh highly biodegraded residues of
crude oil {Volkman ot ,I., 19831, which suggests that lhe
bitumens are nor simply tar residues from exposed reser­
VOIrs.

The hopane d1striolltions in the Jolmson's VJel1 sample
do not, .1.[ first sight, appear to be at all n.-Jared to either the
Ida Bay carbonates or to the birumen samples_ This is due
to a predominance of hopanes from microorganisms in the
soil. Several of these hopanes have 17PtH),2l ~(H)-stereo­
chemistry (peaks 8.13 and 18) \,'hich is typical ofbiolo,r;i-
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cally produced hopanoid~_Th1s comp\lC<l.tion must a.\h·a~'s

be considered .... hen aucmp(ing!o flngerprinl pelroit'um­
derived hydrocarbons in soil or in geologically young sedi­
ments (Volkman et al., 1988). Ho\..-c:~......er, hopJ..Jles ofob\'i­
ous pe(roleum origin such as Ts, Tm and extended
hopanes \,-C're present. 2-Methylhopanes \~'ere nOt de­
teCted. v,-hich rules OUt Ordo\"icim carbonates as (he
source.

The remarkable similarj[y be[ween all the Sterane dis­
tributions implies that the hydrocarbons in the bitUmens
are probably derived from the same rype of organic matler
.....·hich contributed to the carbonates. The predominance
of en S(eralles is not found in oils generated from higher
pla.nts or from coaly maller, but is more typical of algal
matter. The presence of abundant diasteranes implies a

depositional environment in which [he sedimems corlta.Jl1 a
high content of silt or clay_ The absence of methylhopancs
argues againsr a shallow carbonate depositional environ-
menlo ~

The very low abundance of (ricylic alkanes in the
bitumens indicar~ that the Tasmanile Oil Sh.:tJe, in \\'hich
these compounds are the predominanl biomarkers
(Dem",-er, 1986; Simoneir, 1986), ,,"as not the sou:,ce of
these hydrocarbons. Also, the oil shales 5ho\" a much
higher predominance of C~g s[eranes and a very different
diasterane/sterane ratio (Dem,'er, 19S6l. l\1oreovCf, the
mamriry of the hydrocarbons iT) t.he bitumens is sigmfl­
cantly grea[er than that found in Tasmanite Oil Shale

Org:mic geocheffilcal stUdies s-hO\,' a very close slmilarity
between hydrocarbons from Ordovician Gordon lime­
SlOne, thos~ from Johnson's WeU on Bruny Island and \,·it.h
tars colleGed from the Tasmanian coast. uttle similuilv is
obser,.:ed ben"'een the aforementioned hydrocarbons ~nd
lower Permian Tasmanite Oil Shale, the v'a.>.:)' Gippsland
crudes or bmryococcane-rich Somh Australian bitumens.
The preponderance of C2i steranes suggf'stS a Kidespread
algal source and the abundant diaster.1.J'1es imply a clay or
silt·rich source tha[ extends O\'n most of TasmaniJ.

GEOPHYSICS AND STRUCTURE
All)' suggestions that the his[Qric and modem hydrocarbon
occurrences might be derived from lo\,'er Paleozoic source
rocks a..J~d that reservoir potential migh( exist in the rocks
benearh the unconformity at the base of the Upper Car­
boniferous-Triassic Parmeener Supergroup pose pl-oblems
for con\'entional models of Tasmanian geology. Thl:' pre­
Parmeener rocks are concealed across more than half of
Tasmania and the proposed source and reser-Ioir rocks are
never the dominant mat.erials exposed e]se\,·here. I\1"uch of
Tasmania consists of exposed Cambrian and Precilmbrian
in the west. and Lhe Ordovician~De\'onian turbidites in the
northeast - all intruded by Devonian granitoids - and
these h3,\'e been inferred to occur a: shallo\,' depth beneath
[he unconformity. The fe\,· drill holes to have penetrated
pre-Parmeener b-asemem have pro\'l:'n Precambrian dolo­
mites, OrdO'\:~C)iln-De\'oJlianturbidites or Cambrian \ul­
canics. No hole is deeper lhan about 1000 m and all hJse
been drilled for strarigraphic e~'aluation of the lo",er Par­
meener. Yet the seepages are ~,-idespread and apparently
associated with thrusts and lineaments.

Conga Oil began explora[ion on Bruny Island in sou·
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them Tasmania. No pre·rarm~("ner rocks arc: exposed
for more than 30 km in a.ny dIrection, aJthough drilling
had proven Precambrian roels at 999 m at nearby Wood­
bridge and Cambrian '\"oJcanlcs at 600 m beneath [he
northern suburbs of Hobart. Appreci<Hion of [he signifl·
cance of [he 1979 Johnson's Well drilling nnd depended
firs! on Imaging beneath theJul"assi( dolerit.e, stripping off
[he Panllt'cner cover and finally a.ssessing of [he likely com­
position and distribution of matClial beneath the uncon­
formity.

GRAVITY AND MAGNETIC SURVEYS
Gravi[y and magnetic methods have a long and proH'n
record for SUl.lcruraJ assessment. (e.g_ Leaman md Richard­
son, 1981) in [his complex surface environment and have
formed (he basis for all of OUf deep appraisal.

Because of Lheir COSt effectiveness and their ability [Q

reveaJ shallo\,' StruClures and constrain the geometry of
dolenre bodies, gravity and magnctic surveys here ex­
tended from thc area of the Bruny Island hydrocarbon
occurrence to central Tasmania in 1987.

The gr;n'lly coverage has taken the form of an infilling of
the Stale gra\'ilY dJ.[a base such that the nominai station
spacing is nOh' about '2.5 km. All stations ,",'ere fully cor­
re-ned, including 22lm radim terrain corrections and were
reduced using a ClLJSta.! reference density of2.67 t/m 3. The
aeromagnetic surveys \\'ere f10h"TJ at elevations of 1000 and
1600 m for the southern and nonhem areaS respectively
"'ich line spacings of '2.5 and 5 km. All specifications have
been directed at resoJurion of primary stnlcturcs and rela.­
tionsrups at depths of 1000-5000 m belov,' meter or sensor.
The coupling o[thesc [......·0 potential field methods is essen­
rial to the resolurioll of any concealed srructures \,'ith the
mimmum of ambiguity.

Details of the southern survey and its interpretJtion
have been discussed by Leaman (1990), Intrrpretation of
the nonhern survey rema.ins incomplete aJthough ir is now
knO\"TI thzll: structural s[yles inferred in the southern sur­
vey and ,,'hich are comparable with those exposed in
weSL~m Tasmania, p~rslSt across the island tov.,·ard Bass
Strait.

The surveys have revealed the presence of deep Cam­
bria.n troughs containing thick piles of manc and inter­
mediate volcanics. These troughs are commonly limited by
major stnlccures cOllta.ining ultramancs. lmerfaccs \,'ithin
prt'sumed Precambrian basemC'J1( rock are also implied al
depths '\'hich r.1Jlge from (he sub-P"nTIeencr unconformity
(Q perhaps four lilomelres. Other paJaeowic rOCKS ovt'rlap
bo[h Cambrian and Precambrian rocks and may be up ro
t\\'o k.ilonlt'tres \hJCk in soulhern Tasmania. The presumed
Ordovician and Silurian rocks can be (raced to OUlCropS of
the Gordon Group in [he region \\'es[ of Hastings or the
Picron River. FIgure 6 sho\\'s the geology as migh[ be seen if
the Parmeener and dolerite cover here stripped 3h·ay.

STRUCTURE
The graviry and magnetic al1J.lyses have providl:"d several
geological revelations. The 'Tamar Lineamem', a [unda­
memal cruSlaJ structure extending NN\\I-SSE acroSs the
island from the Tamar RJver to the south-easr as proposed
by \Villiams (1979), is not supportf"d by either dal;) sel.

80

1\1agnctjc trends are acute to the supp05ed StruCture. The
granires of eastern Tasmania are pl~5em as glarH bodIes
elongated 1\"-5 and thl:"ir \,'eStell1 margin cuts across all
rypes of basemem geology (Leaman and Richardson,
1990).The granites of v,'estem and central Tasmania are
relatively is~t;)ted but are some rimes large bodies (Lean1an
and Richardson, 1989),

Many s[ruc!uraJ and stratigraphic pa[tems are repeated.
The imponant and recognisable U11its include [he ultrama­
fics of Early-l\1iddJe Cambrian age and truck dolomi[ic
successions of latest Precambrian age. At least three major
repetitions can be identined bt'neath the Parmeener. Sim­
ilar repetitions have no\\' been impLied in v,'estern TaS­
mania v,'here the same rocks are exposed. All pans of the
10,,'er Paleozoic succession are involved.

Although relatively small·scale thrusting has been rec­
ognis~d and mapped for many yl:"ars, large scale move­
ments invoking basement or large ponions of [he Pal­
aeozoic succ~ssion h~ve rarely been accepted or proven.
Leaman et al. (1973l,.reponed the first such demonstration
based on gravity data and this has no", been confirmed by
mapping and structural review. Other instances have been
recognised since acquisition of much ne',' data in \,'es[em
Tasmania as parr of the Mr Read Volcanics Project (1985- l.
Examples oflarge.scaJe basement and, occasionally, cruSta.!
involvemem in thrust stacks have been given by Leaman
(1986, 1987, 1988), Such ovenhrusr structures at Cape Sor­
ell have now b~en es[ablished by~ drilling. Structures are
complex; in \,'~stem Tasmania the y,'es[ward trending De­
vonian thrusts hav~ disturbed pre-existing \\'t'st-facmg
early Cambrian thrusts. Current interpretations suggesr
that little of the pre-Devonian geology of Tasmania, as
presently exposed, is autochthonous.

SEISMIC SURVEYS
Very linle seismic d;)ta is available for onshore Tasmania:
ho\'·e .... er, a survey of Bruny Island \,'as undertaken by
Conga Oil in 1987. Data records have been genl:"rally poor.
ThIS V,';1S initially ascribed to local terrain and high velocity
surface problems. Jurassic dolerite produces irregular high
velociry inlrusion fonns \\'hich couple with ropogr;)phic
eMecls (Q impose complex s[atic corrections. The dolerite
also reAects much energy from irs upper surfaces and ap­
parem reAeclOr shadows appear beneath. The base of a
dolerire sheet is not generally re\'eaJed even though [he
\"c]ocity contrasts ;)r(' large. Processing problems aSSOCl·
ated '''''jrh such difficult data are presl:"mly being assessed
Offshore surveys in southern Tasmania by Amoco in 1969
and by the Bureau of Mineral Resources in 1988, exhibit
seismic characrer \"ery similar to land-based surveys.

Both onshore and offshor~ surveys have recorded ev·
ents, fragmentally, 31 times of 1-3 seconds. At Bruny
Island, an event could be traced the length of th~ 7 km
~r<i\'ersc at abou[ [\\,0 s{'collds. The impii~d depti"l of 3-4­
km is consistenr \\'ith lhe__ potential field inference of a
major density contrast at this le\·el.

Although most records appear bland for rimes in excess
of 300 to 900 ms - the time depth of the base Parmeener
unconformity in most cases - i[ has been possible to ab­
lain t"xcellem records to (\,·o-"'.. ay rimes of II seconds (10

mantle IC\'e!s) at ran-localities. 011e example ,,'as repontd
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Figure 6. Pre-,Pannecner geological map of southeast Tasmania based on magnetic .and gravity imcrprct<ltions sup­
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near Clifton Beach south of Hoban (Lecunan, 1978). Re­
sults of this type suggest that seismic methods are viable­
when the entire Palaeozoic seCtion is present bur that ~he

bulk of the geology beneath the unconformity, for most of
the <lTcas sampled, is not strongly slratined and is, there­
fore, either Cambrian or Precambrian.

LINEAMENTS
The gravity and magnelic data sets define some spectacu­
lar lineaments (Fig. n. An initial outline of these and their
relationship to major tecronic element5 is provided by Lea­
man & Richardson (1990).

DISCUSSION AND NEW PLAY
CONCEPTS

INTEGRAnON
Recent ""'OIl has shO\,'n that the hydrocarbon sightings of
rhe past cenrury are lik.ely to be reliable and that the hydro­
carbons have been gc~era~ed f:-om lc,.~'er ?:.1beOZ0ic
sources rather than from Permian oil shaJes. The 5ightings
are reasonably systematic and the patterns ar~ bo~h
statewide and correlate well Kith structura..l lineaments
identified in gravity and magnetic data.

Comparison of sighting patterns and seismic activity in
the Tasmanian region suggests that hydrocarbons. as oil or

• THE APEA JOURNAL '99' 8'
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Figure 7. Major cruslallineations based mainly on mag·
m::tic and gravity surveys.

tars, are generally observed in the period immediately
foUO\\'ing intense acrivity or occasionJ.11arge eanhquakes.
A relatively quicscem period since 1957 has decreased re­
lease volumes and consequenr repons.

Most sightings are associated \...·ith either [aulls or frac­
tures which have postJurassic displacements or ,,'iIh inter­
sections of major high angle raules ,,'ith thrusts.

The evidence suggests that hydrocarbons have been,
and perhaps still are bdng: generau:d and that the reservoir
systems are either tight or ,,'ell scaled. The thrust surfaces
or the base Parmeener unconfonniry may act as seahng
surfaces since the malcriah direcdy above them are either
homogeneous quanzi[e and dolomitic siltstones or dense
mudswnes respectively. All possible source rocks have yct
to be analysed bm hydrocarbons in southern Tasmania
have been gener<ued from [he Gordon Group. The simi­
larities and diffefences between seep anaJyses suggest
hydrocarbon generat.ion from at least three other 10\\'er
Palaeozoic sources.

Reservoir condltions exist \,·ithin the Ordovician carbon·
ates where they ,,'ere karstified afu:r 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 porosit-ies have been reponed. Porosities
of abom 20 per Cent are known in some Early Ordovician
siliciclastics.

82

9~)0017
PLAY CONCEPTS
Many pOSSIble play concepts may be em·isaged. Simple
closed su-uc[Ures involving Ordovician and Silurian source
a.nd reservoir rocks may occur at the Parmeener uncon­
formity ,,·here medium to long closures (1 w 4 krn) are
knO'\l1 or beneath [he major thrust surfaces. The 10\"er
Palaeozoic may occur as a thin residual benearh the un­
confonni[y generJ.!ly but may locally exceed 4- km in thick­
ness ",here full sequencE's have been presef\'ed. Tbe pre­
Parnleener erosional unconformity cutS Gordon Group
limestones at se\'eral localities and palaeokarst reservoirs
may be expected beneath Parmeener seals. Facies varia­
tions within the Gordon Group may also provide strati­
graphic [rap conditions. Many variations are possible and
the most Lkely target category cannm be defined at (he
present time, ho ...... cver Figure 8 summarises some relation.
ships and possible plays.

Figure 8. Schematic cross-sections sho .....·ing possible play
concepts in Tasma.nia. (Stratigraphy is denoted by same
symbols a..s in Figure 6.)

The principal exploration problems at present relat.e to
the location a.nd identification of target successions and
possible structures ......ithin them. The gravj{y and magnetic
data which have been extensively used to date have been
able [0 define regional structural elements, infer the pres­
ence of tJrget successions and suggest fold elements, but
are limited in ultimate resolution. Informa.tion recovered
from these sources is sufficient to set 'viable stratigraphic
targets - essential given the paucity of drilling (omrol
available - but nOt adequa! e for .....·ildcat hydrocarbon pro­
posals.

Specific prospect definilion .....·;11 not be possible until
more seismic data is ayailable and the processing require.
ments assessed and refined. Seismic sUJ\!eys can be specinc
since the potential field dat-a have aJready defined generaJ
target locations. This is considered the most cost-effective
approach 10 the diflicuh problems presented by explo.
ration in onshore Tasmania.
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CONCLUSIONS
Reccr1t .1ppra.isals of afcwved records, preserved tar 52..'11­

ples, and strucwral reconstructions of Tasmania have
sho\\'n that.:
• Most hydrocarbons recovered over many decades have

been d("'rived from Jo\\'er Palaeozoic rocks and not Per­
mian oil shales.

• The pmcntial source .md reservoir sequence is largely
concealed on an island-\"ide basis and the exposed rocks,
w'he~herof the Carboni(no\ls- Tria..ssic 'Tasmania Basin'
or the sO>c<illed Precambrian basemem inliers, are irrd­
evant [Q prospecci\"iry assessments.

• Tasmania muse be seen as a c)'pical Fold-thrusr province
in [('nTIS or its hydrocarbon pmcntiaJ. Several major and
minor thrusts are stacked. All Palaeozoic units are re­
peated and [he enrire ovenhrus1 system hits been folded
and inrruded by granites. Precambrian basemem inliers
previously considered basement are blocks involved in
the thrust stJ.ck. De\"onial1 thnls(ing has been from eas[
[0 wes[ .

• Hydrocarbons ha\e been produced in some quantity but
are probably well scaled, as observations of seeps have
only been made after intervals of intense seismic ac[iv­
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23 !"lay 1992,

The Directors,
Conga Oil Pty Ltd,
84 Wells Parade,
BLACKMANS BAY TAS

Dear Sirs,

This report has been prepared at your request for inclusion in a
Prospectus to be issued by Conga Oil Pty Ltd.
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Conga Oil Pty Ltd have been awarded an Oil 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 oil and gas potential of the State's
offshore sedimentary basins but until recently the hydrocarbon
potential opf Tasmania's onshore sedimentary basin areas has been
largely ignored.

The proposed Conga Oil Pty Ltd Float is somewhat unique in
Australia in that the presence of commercial volumes of oil and gas
in the onshore basins of Tasmania has yet to be demonstrated.
There are no well defined structures waiting to be drilled, and no
promises of an early oil 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.
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Until Conga Oil became interested, most explorationists considered
onshore Tasmania to have no hydrocarbon potential. Most oil 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 Oil realised that there was considerable potential for
commercial accumulations 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 original expectations. Information on seep
sightings has been collated and seep locations mapped to determine
trends, sophisticated geochemical analyses have been performed 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 Olle 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 reservoir
quality and distribution and more finite details are required on
the structural configuration of the subsurface sediments. In order
to obtain this information, several fully cored boreholes will have
to be drilled and geochemical, paleaontological 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 Tasmania 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 of Conga
Oil 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 Oil, and a considerable amount of inhouse burial history
and maturation modelling have led Questa to be very enthusiastic
about the potential for oil and gas in Tasmania.

As indicated above the first serious and methodical investigations
into the petroleum potential of Tasmania were initiated by Conga
Oil in the 1980's financed entirely by their own resources. Work
carried out by Conga Oil 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 could very well be present in Tas~nia and that
cooonercial accumulations of oil 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 oil and gas accumulations are:

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

2) Deposition and preservation of porous and permeable
reservoir 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 permeability 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 hydrocarbons 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 maintaining of trap integrity.
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Sufficient pressure within hydrocarbon saturated
reservoirs to facilitate movement of hydrocarbons from
reservoir to surface production facilities. Pressure is
usually induced by considerable thicknesses of rock
overlying the reservoir horizon. Pressure may, however,
be artificially induced.
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The absence of anyone of the first seven of the above criteria
will preclude any chance of a hydrocarbon accumulation being
present. Until Conga Oil 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 Oil
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, considerable regional information
must be obtained on source rock distribution, quality and
maturation, on reservoir development and on basin 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 quality seismic obtained to pin-point optimum drilling
locations over valid and robust targets with generous hydrocarbon
drainage areas. There is a lot of work ahead but the rewards could
be considerable.

PREVIOUS EXPLORATION FOR PETROLEUM IN TASIMNIA

The first onshore petroleum seepage in Tasmania was recorded more
than 115 years ago. Over 200 examples of possible onshore
petroleum seepages and bitumen occurrences in Tasmania have been
reported during the past 100 years. From 1915 to 1940, there was
considerable exploration for oil in Tasmania, exploration inspired
by the numerous reports of oil seepages across the State and the
occurrences of bitumens on the west coast of Tasmania. To date
some 13 companies including Conga Oil 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 not one company has evaluated the Pre-Permian sedimentary
sequence, largely because of limitations on drilling rig capacity
but also due to a lack of understanding of what constitutes
hydrocarbon 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 of the drill holes.



GEOLOGICAL HISTORY

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 explorer
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 oil exploration companies are showing an interest in
the hydrocarbon potential of onshore Tasmania.
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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 metamorphosed 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 basalts were deposited across the
deformed surface during late Pre-Cambrian and Early Cambrian time.
A thick sequence of volcano-clastic sediments was deposited during
Middle and Late Cambrian time. The sequence includes the arcuate
zone of the mineral rich Mt. Read Volcanics, and the Dun~as 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
development.

The Ordovician is 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
regression followed by a later Early Ordovician marine
transgression. Late Cambrian submarine fans and other slope
deposits are progressively overlain by shallow marine and later
terrestrial deposits (regression) which are in turn progressively
overlain from the southeast by a sequence 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
alluvial fan complexes.

As stream gradients on the uplifted areas decreased, limiting
clastic transport, carbonate deposition began to replace clastic
deposition. Up to 2000 metres of Gordon Group carbonates overlie
the Denison Group clastics in cent~al ~asmania. 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. Dolomitization of inter and supratidal rocks is
widespread and believed to have occurred shortly after deposition,
although in some 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 been
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 th~ State. In the
eastern part of the basin, basinal graptolitic, turbidite deposits
were deposited (Mathinna Beds). Uplift of western Tasmania was
possibly associated with the Benambrian Orogeny .

Lower Devonian and older rocks were extensively deformed during the
Tabberabberan Orogeny. ApprOXimately northwest to north-northwest
trending folding occurred across most of the State but east-west
trending folds developed in the northwest. Several laterally and
vertically extensive, north-south trending thrusts developed and
numerous and relatively large granitoids were discordantly intruded
between about 348 and 395 Ma in northeastern Tasmania and 332 and
367 Ma in western Tasmania. Conodont colour alteration indices
(CAl) indicate that Lower Palaeozoic sediments were heated to about
300'C adjacent to intrusions in the western part of the State. In
central and southern Tasmania, Lower Palaeozoic sediments were
heated up to an estimated 100'C, even where distant from the
granitoid masses. This major heating event is significant to the
development of petroleum in Tasmania.

During the Late Carboniferous 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. Environments of
deposition range from glacio-terrestrial (including glacio­
lacustrine) to glacio-marine. The basal part of the Supergroup
includes the Tasmanites Oil 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 Devonian granites. The lower
part of the upper Parmeener Supergroup commonly consists of granule
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
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measures occur throughout the sequence. Almost everywhere in
Tasmania, rocks of the Parmeener Supergroup are subhorizontal.
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Extensive sills of dolerite fed by narrow feeder dykes were
intruded during Middle Jurassic time. The intrusions which
presently extend over half of 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 to 8000 metres) accumulations of alluvial fan,
fluviatile and volcanic 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 volcanic 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 of mainly
terrestrial sediments was deposited in the grab~n and syenite
intrusions up to 300 metres in thickness and of Cretaceous age are
not uncommon. At the end of the Eocene and in the earliest
Oligocene, northwesterly directed compression rejuvenated many of
the earlier formed structures but this period of compression was
centred more on the Gippsland and Otway basins to the north.
Tertiary basalt flows are common throughout Tasmania with sheets up
to 300 metres in thickness.

KNOWN PETROLEUM OCCURRENCES

In 1871, surface tar was reported from Prime Seal Island. This was
the first report of petroleum recorded in Tasmania. Since that
time, more than 200 reports of possible onshore, liquid petroleum
and natural gas seepages and flows and bitumen occurrences in
Tasmania have been documented, most of these before 1970 but some
as recent as the late 1980's. Many of these were confirmed by
government geologists of the time. Samples and photographs of some
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 basins. Unfortunately,
there are mainly only written, unconfirmed reports of seepages and
shows in the interior of the State with very few preserved samples.

Considerable 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 Oil Company in 1921, concerning
a property in the Derwent Valley:

"I have no hesitation in confirming Black's (Field Manager for the
Tasman Oil Company) statement that oil exists at Barn Bluff, gas
and oil seepages being plainly manifest during my recent inspection
there. Also the geological features of the field generally
indicate that large quantities of oil 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 oil may have accumulated in the subsurface in
Tasmania.

Government geologist A. Mackintosh Reid, in 1923 reported that
Drillhole No.8 of the Adelaide Oil 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 oil and gas escaping
from both Permian and Tertiary strata in the Latrobe - Sassafras
district. One has to assume that the natural gas was hydrocarbon
gas. There are several other similar recordings.

Seepages in Tasmania appear to be related to seismic activity as
most of the sightings of seepages have been made directly after
major earth tremors. Most sightings are within five years of the
occurrence of either considerable, long term seismic activity or
events greater than a magnitude of 4 on the Ricbter 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 1990). Northeast - southwest trends in seep
distribution are evident from the Figure 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 1990). 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
boreholes have been drilled in Tasmania with petroleum objectives.
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 oil or tar seepages without any real
knowledge of subsurface structure or stratigraphy. Nevertheless,
oil was recovered from 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 oil .and gas flows were reported from at least
two other petroleum boreholes and from at least one water bore.
Core bled oil from the Tasmanites Oil 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.
Oil and gas have almost definitely been generated and it looks like
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 Palaeozoic 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 provides in itself considerable credibility to their

I presence. In addition, the sightings, when located on a map of
Tasmania, follow well defined lineament trends established by
recent gravity and magnetics interpretations. These lineaments are

I interpreted as deep seated thrust faults and there is therefore
good reason to believe the seepages nay have originated from
subsurface hydrocarbon accumulations.
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I GEOCHEMISTRY

I Potential Source Rocks

•Until the late 1980's, explorers and geoscientists had very little

I
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 oil seeps and tars and

I similarities were drawn between the Gordon 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

I as seeps was derived from the Permian oil shales. Although
organically very rich and often oil saturated themselves, these
rocks were not, however, considered to have ever been sufficiently

I
buried to achieve temperatures sufficient for significant
hydrocarbon generation to occur.

Today, as a result of considerable work initiated primarily by

I Conga Oil and analyses carried out by CSIRO, the BMR and AMDEL,
there is considerable evidence that carbonates, shales and
evaporates of the Gordon Limestone Group and shales and coals of

I the lower Parmeener Supergroup have generated significant volumes
of both oil and gas. Other known potential source rocks include
Pre-Cambrian shales and dolomites.

IThe Gordon Limestone was formed under shallow water, marine
conditions. The fine grained limestones, dark graptolitic shales
and evaporite sequences Wllich comprise the Group should all provide

l excellent, oil prone source potential. The frequent occurences of
pyrite in conjunction with carbonaceous shales implies an anaerobic
and toxic environment, which is vital for the preservation of algal

l and other oil prone organic material'. The Cashions Creek Limestone
appears to be particularly rich in oil prone, algal matter.

I
I
I

•



Geochemical analyses of two soil 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 nunlber of samples analysed precludes authoritive
conclusions and judgements to be made. Conside~able more
investigation must be initiated. It is quite possible that the
Gordon Group cOlnprises organically rich, oil prone source rocks
across a major part of Tasmania.

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 addition with samples of
bitumen from the Tasmanian Coast). Analyses indicate that neither
the oil from Bruny Island nor the coastal bitumens were generated
from the Tasmanites Oil Shale.
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The Parmeener Supergroup also includes intervals of organically
rich, oil and gas prone source rocks. Very little work has been
completed on the organic petrology of the Parmeener Supergroup but
that which has been completed indicates the unit is higrily variable
both in a lateral and a vertical sense with Total Organic Carbon
values (TOC's) ranging from just a trace to more than 30 percent in
oil shales and coals. Organic quality too, is highly variable with
some samples particularly rich in exinite (oil prone) and other
samples consisting of predominantly inertinite (neither oil nor gas
prone). Sampling within the Parmeener Supergroup has been very
limited to date (17 samples from Douglas River, Ross River and
Turnbridge borehole No.2, analysed by BMR) and samples on hand may
not be represelltative of the unit as a whole. Nevertheless,
results are very encouraging.

It appears the Tasmanites Oil Shale, a glacio-lacustrine sequence
of organically rich shales, provides the best potential source
interval in Tasmania. The oil shale had been mined at from
1910 to 1932. Artificial distillation resulted in the recovery of
248,114 gallons of oil. Total Organic Carbon (TOC) values within
the Tasmanites range up to 30 percent and higher and even on world
standards, provides an exceptionally rich, Type 1, oil prone
source rock. The Tasmanites in north and northwest Tasmania
consists of a single celled algae ~nown as Tasmanites punctatus
which has a H/C ratio of about 1.5 and an O/C ratio of about 0.12.
It may thus be considered as representing the optimum type of oil
source rock.
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Dark grey shale and subordinate coal horizons occur throughout the
Parmeener Supergroup sequence and these too could offer
considerable source potential.

The Tasmanites Oil 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.

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 oil. 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,
oil 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 oil 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.
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Banks (1968) described oil
the Mersey Coal Measures.
similar characteristics to

shale and cannel coal from the top of
These potential source rocks have
the Tasmanites Oil Shale.
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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.

ORGANIC 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 of the Upper Carboniferous to
Triassic Parmeener Supergroup and these sediments alone constitute
what is referred to as the Tasmania Basin, even today.



Due to insufficient depths of burial, Parmeener Supergroup
sediments were considered to be nowhere sufficiently mature for the
generation of significant volumes of oil and/or gas. The high
organic content of the Tasmanites Oil Shale was well known but
explorationists considered the unit was ever~"here insufficiently
mature for the generation and release of significant quantities of
hydrocarbons.

lsograds of CAl values in western and northwestern Tasmania form an
arcuate belt 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 CAl values 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 oil 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.

~5003211

In more recent years as initial geochemical data was obtained,
researchers became aware of the excellent source potential of
Ordovician and older sequences 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 Palaeozoic 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 particularly high basin temperatures were
interpreted from conodont colour alteration index (CAl) values from
Early to 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 Carboniferous sequence
occurred prior to Parmeener Supergroup deposition.
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Until very recent time, no mature source rocks of Permian ­
Carboniferous age were thought to exist in Tasmania. Recent
investigations by CSIRO, the Bureau of Mineral Resources in
Canberra, The Tasmanian Department ,of Mines, Amdel Core
Laboratories and others have demonstrated that sediments within the
Tasmania Basin are in the oil 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 hirh heat flow which is up to twice the world
average of 60 mW/M. Present geothermal gradients onshore Tasmania
are 30 - 40oC/km and up to 60 0 and 70 oC/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 Cretaceous heating event which is predicted
from Maturation Modelling and a Jurassic heating event is also
quite 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 to 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
Ordovician and older sediments. Parmeener Supergroup sediments
range from immature to marginally mature on the edges of the
·Tasmania Basin to fully mature for peak generat~on of oil and gas
at the centre of the basin. This makes much of onshore Tasmania
prospective for hydrocarbons.

RESERVOIRS

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

Until the 1980's, it was believed that Pre-Permian sedimentary
rocks were present only in western Tasmania. It has now been
demonstrated 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 reservoirs
should be present.

Coral 'gardens' appear to have been common across much of Tasmania
during Upper Ordovician time, but to date no authentic bioherms
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 vuggy.



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

The Eldon Group comprises 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.

Due to the structural complexity of 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 number 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 .
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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 Oil
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
River borehole. The mudstone has porosities as high as 30 percent
as might be presumed from a fine grained rock but matrix
permeability would be expected to be low. If there is sufficient
fracture development within the unit in the subsurface, and outcrop
exposures suggest there is, the matrix, if hydrocarbon saturated,
would be expected to contribute significant volumes of hydrocarbon
into the fracture network. There are at least some important
similarities between the Quamby Mudstone and the fractured
reservoirs of the oil productive Spraberry Trend in West Texas as
well as other fractured reservoirs around the world.

The Liffey Sandstone seems to stand out as an i~portant reservoir
objective. The unit is the first semi regional coarse clastic unit
(?reservoir) above the Tasmanites Oil Shale. It is also 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 Hobart after which the unit was named. Basal
conglomerates provide further potential.
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Artesian bore holes (water wells) producing from Permian and pre­
Permian reservoirs indicate that permeable reservoir rocks are
present in the sub-surface.

I
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SEALS

Intraformational seals are abundant within both the Lower
Palaeozoic (Gordon Group) and Upper Palaeozoic (Parmeener
Supergroup) sequences. There has been, however, considerable
concern that anticlines formed during the Tabberabberan Orogeny
would have been breached during an extensive period of erosion
which accompanied and followed the orogeny. The concern is that
hydrocarbons generated during this time would have escaped to the
Earth's surface, there being no effective vertical seals to hold
any significant accumulations. The concern appears to be largely
unwarranted.

The thought process which generates the concern implies either that
Pre-Permian rocks constitute one continuous, extensive and thick
reservoir or that all potential reservoirs hav~ been breached.
Both of these possibilities are very unlikely. The breaching of
Devonian generated anticlines has been documented in outcrop. The
degree of breaching is expected to vary according to the relative
position of structures in the basin and the degree of structural
relief imposed upon the anticlines as a result of the orogeny.

up to 420 metres of shale, siltstone and mudstone (Bell Shale) has
been recognised at the top of the Eldon Group near the mouth of the
Gordon River (Baillie 1989). This would provide a competent and
conformable seal where not entirely eroded away, for underlying
reservoirs. It is quite possible and perhaps even probable that
the Bell Shale has been preserved on some of the lower relief
anticlines in the centre of the basin. The formation is certainly
present in synclines and on the flanks of anticlines over at least
parts of Tasmania. Anticlines truncated beneath the Pre-Permian
unconformity surface may form effective trapping mechanisms with
the Bell Shale providing a lateral seal and Permo-Carboniferous
tillites and fine grained clastics providing the vertical (top)
seal. Maturation modelling suggests that over much of Tasmania,
the main phase of oil and gas generation from potential source
rocks of the Gordon Group would not have been reached until after
Permian deposition had commenced.

Late Permian and post Permian siltstones, shales and marls and
Jurassic dolerites present imposing semi regional top seals for the
Parmeener Supergroup reservoirs.

STRUCTURE

Pre-Parmeener rocks are concealed across more than half of Tasmania
and the described source rocks and reservoir rocks of the Gordon
Limestone Group are rarely exposed where the Parmeener cover is
absent. Pre-Cambrian rocks are exposed in the west and Ordovician
and Devonian turbidites are exposed in the northeast. Borehole
data is limited to the east of the State and very few wells have
fully penetrated the Parmeener cover. Over much of the State, the



geology of the pre-Permo-Carboniferous sequence is unknown.
Geological mapping by the Department of Mines indicates Ordovician
to Devonian sediments to be present under a relatively thick
Parmeener and Tertiary cover, in central Australia.

Very little seismic data is available as onshore record sections
have been generally poor. High velocity surface problems coupled
with near surface Jurassic dolerite sheets have made it very
difficult to obtain good seismic data. Aquisition and processing
problems associated with such difficult conditions are now being
assessed and it appears that all difficulties can be overcome.
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Good seismic data has already, however, been obtained in some
locations with clear reflections being observed over many seconds
of record. At rare localities, excellent records to two-way times
of 11 seconds (mantle levels) have been obtained. Most records,
however, appear blind for times in excess of 300 - 900 ms or below
the base Parmeener unconformity.

Gravity and magnetics, where properly integrated, have a proven
record for subsurface structural assessment an& are together ideal
for targeting areas for more detailed (and considerably more
expensive) seismic reconnaissance.

Preliminary and in places detailed gravity and magnetics analyses
and interpretations have been made by Dr. D.L. Leaman for the
eastern part of the State. Although much of Dr. Leaman's work
remains provisional, the gravity and magnetics data in pssociation
with surface geology has delinated several areas of particular
merit, all of which include Silurian and/or Ordovician rock
sequences. It is evident that pre-Devonian rocks are highly
folded. Dr. Leaman's work has established large scale, basement
involved thrust stacks. In some locations, rock sequences appear
to be repeated more than once as a consequence of the thrusting.
Overthrust structures have subsequently been established by
drilliIlg. Structures are complex and considerable work is required
to sort the main features out. In western Tasmania, westward
trending Devonian thrusts have overprinted pre-existing west facing
early Cambrian thrusts. Evidence is strong that Cambrian and
Ordovician sequences have been preserved beneath the Upper
Carboniferous unconformity in numerous locations and in places,
Gordon Group carbonates are interpreted to be thick, particularly
in synclinal positions. -Interpretations indicate that in southern
Tasmania, Ordovician - Devonian rocks overlap older Palaeozoic and
Precambrian rocks and may be traced to outcrop of the Gordon Group
in the Picton River area.

Tasmania appears to be a typical fold-thrust province. Several
minor and large scale thrusts are stacked and the entire overthrust
system has been folded and intruded and in places reactivated.



In order to obtain an understanding of the maturation histories of
potential source rock horizons in Tasmania, maturation modelling
was conducted by Questa, using techniques similar to those
introduced by Lopatin in 1971. Models were constructed for two
potential source rock intervals, the Gordon Limestone (Ordovician)
and the Tasmanites Oil Shale (Permo-Carboniferous). Maturation
modelling requires a knowledge of both the depositional and the
geothermal history of a basin. Our current knowledge of these two
entities in Tasmania is poor but nevertheless some meaningful
findings have resulted from the modelling which has been performed.

The depositional history of onshore Tasmania remains clouded due to
the considerable erosion which has taken place along basin edges
and, the consealing nature of Tertiary and upper Permian sediments
in the centre of the basin. Seismic coverage is almost non­
existant. There have been several orogenies which have affected
the basin but it remains uncertain as to how much sediment may have
been removed through erosion during the orogenies. Questa is not
aware of any complete or even nearly complete mGasured
stratigraphic sequences in the basin. Gravity and magnetics along
with measured outcrop intervals and a minimum amount of well bore
information provide considerable insight regarding current
stratigraphic thicknesses. It still remains difficult, however, to
gauge the amount of sediment which may have been removed during the
Tabberabberan Orogeny and during the latter part of the Tertiary.
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MATURATION MODELLING
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There is considerable evidence to suggest that geothermal gradients
in Tasmania have remained high since at least Devonian time and
that there have been several major heating events, the most recent
being during the Cretaceous. The degree and extent of these
heating episodes remains largely unknown.

In most basins, a good impression of basin heatflow can be obtained
through comparing results of maturation modelling with results
obtained through quantitative geochemical analysis. One must first
have some knowledge of the depositional history of the basin. Very
little geochemical work has been carried out to determine the
maturation of source rocks in Tasmania, certainly not enough to
answer the required questions. The analyses which have been
completed do, however, demonstrate that there is a considerable
volume of potential source rock in Tasmania within the oil window
and they also provide some standards on which to evaluate the
results of maturation modelling.

Maturation modelling indicates that over much of Tasmania, source
rocks within the Ordovician Gordon Group would not have reached the
conditions required for significant generation and release of
hydrocarbons until after deposition of a protective Permo­
Carboniferous cover. Anticlines breached during the Tabberabberan
Orogeny would most probably not have contained any significant
volumes of oil or gas at the time of breaching. Modelling also
supports the results obtained from direct geochemical analysis in
indicating that the Tasmanites Oil Shale should be sufficiently
mature for the generation and release off large volumes of oil over
much of central Tasmania. The abundance of Type I algae Tasmanites
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punctatus in the Tasmanites Oil Shale suggests that oil would have
been generated from this unit at relatively low temperatures.

PLAY CONCEPTS

As there are numerous and varied potential reservoir objectives and
source rocks ranging in age from Pre-Cambrian to Permian ­
Triassic, as the geothermal history of source rocks, in particular
those within the Gordon Group, varies considerably, both regionally
and locally, across the State and as structuring of the
stratigraphic sequence has been complex, there being at least three
significant periods of structural deformation which affected the
basin, many possible play concepts can be envisaged.

Both structural and stratigraphic hydrocarbon trapping mechanisms
are foreseen. Conventional and simple closed anticlinal structures
up to four kilometres long and involving Ordovician to Devonian
carbonates and clastics are believed to occur at the base Parmeener
Supergroup unconformity. Similar or larger closures should be
present beneath major thrust surfaces and these.should include
sequences of up to four kilometres in thickness. Where Gordon
Group carbonates were folded, uplifted and exposed to the
atmosphere during and immediately after the Tabberabberan Orogeny,
palaeo-karst reservoirs may be expected beneath Parmeener
Supergroup seals. Subconformity karsts and sandstones could
provide significant hydrocarbon trapping potential.

Hydrocarbon trapping potential of Parmeener Supergroup sediments is
seen where reservoir/seal pairs drape across Devonian induced horst
blocks and other top6graphic highs.

Conventional anticlinal development is also seen in Parmeener
Supergroup sediments, the result of Tertiary earth movements.

Specific prospect definition will not, however, be possible until
more knowledge about the subsurface stratigraphy of Tasmania is
obtained and until better, more definitive, structural control is
obtained. With the exception of the seeps themselves, there is
insufficient geological information at this time to initiate a
wildcat drilling programme. The origin of the hydrocarbons seen as
seepages at fault exposures is unknown. Hydrocarbons may be
migrating some considerable distances along fault planes towards
the earth's surface where they are revealed as seeps. It is
essential that boreholes be drilled specifically for the purpose of
obtaining much needed information on source rock and reservoir
quality, on the stratigraphic succession in general and on the
structural configuration of the subsurface sequence. The positions
of the proposed stratigraphic boreholes will be determined largely
on the basis of reported hydrocarbon seeps and gravity and
magnetics results. Stratigraphic drilling should considerably
reduce the risk of future, conventional -wildcat- drilling.

Areas known to exhibit particular hydrocarbon potential are
Johnson's Well on Bruny Island, Douglas River and Ross in east
central Tasmania. Sorell, Hamilton and Southport are also of
considerable interest.
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Mackintosh Reid, the then Director of Mines, in 1929 confirmed oil
and gas seeping into Johnston's Well on Bruny Island. The Tasmania
Oil Company was formed to evaluate the origin of the seepage and a
bore hole was drilled. Upon drilling through a mudstone into a
sandstone at 30 metres, the well flowed oil and gas, the oil being
collected into drums until all available were filled. Very little
was known about the accumulation but the well was abandoned and no
further interest shown in the well until 1987 when samples of the
mud around the well were analysed and oil traces with an apparent
Ordovician signature identified.

Conga Oil plan to drill a stratigraphic well east of the original
borehole. The hole will be drilled to a depth of at least 700
metres and will penetrate the entire Parmeener Supergroup interval
and may possibly, depending upon shows, maturation indications etc,
be continued to intersect considerable Lower Palaeozoic section.
As several stacked thrust sheets are interpreted to be present in
the Bruny Island area, a very thick sequence of Upper and Lower
Palaeozoic rock is probable. There are no intentions to evaluate
the full sequence. It is hoped that information will be obtained
on source rock (in particular the Quamby Mudstone - Tasmanite Oil
Shale) quality and maturity and on reservoir distribution and
quality.

Conga intends to follow up the stratigraphic drilling with a
conventional petroleum exploration well. Conga have already
acquired 260 kilometres of marine seismic data near Bruny Island
and in Storm Bay. A strong seismic event could be trace9 the
length of one seismic traverse at a depth of about 2 seconds TWT ­
an implied depth of 3-4 kilometres. It is probable that additional
seismic will be acquired offshore and possibly onshore, Bruny
Island.

Conga also plans to drill a stratigraphic borehole to further
evaluate a flow of gas reported by Dr. D.E. Leaman, from a bore
hole which was being drilled through the Quamby Mudstone in a coal
assessment well at the Douglas River bridge. Two seams of
Tasmanite Oil Shale were identified (C. Calver et aI, 1984) and
free oil was observed in core. Analysis of the oil indicated it to
be marginally mature. Should the results of a stratigraphic well
prove encouraging a conventional oil exploration well will be
drilled to assess production potential.

Conga also intends to drill a stratigraphic evaluation well, 20
kilometres to the west of the Ross No.2 borehole, to evaluate
source (in particular the Tasmanites Oil Shale) maturity and
quality and reservoir potential at that location. The Ross NO.2
well was drilled in 1985 by the Department of Mines to a depth of
480 metres. Core recovered from the hole bled oil upon cutting and
a Tasmanites horizon was identified at 410 metres.

II
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There is considerable evidence to suggest that the most prospective
part of Tasmania for oil and gas will be the west central pare of
the State. The evidence comprises gravity and magnetics data and
extrapolations of surface geology. There is, however, absolutely
no subsurface information on this part of the State. No boreholes
have been drilled, even to shallow horizons. Conga intend to drill
several stratigraphic wells in west central Tasmania to evaluate
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the hydrocarbon potential of this very exciting area. An abundance
of seeps provides considerable optimism for commercial
accumulations of oil (and gas) in the subsurface and it is hoped
that the stratigraphic and other geological information to be
obtained from stratigraphic drilling, coupled with gravity and
magnetics interpretations and seismic data will provide
considerable insight as to where these accumulations might be
positioned. Results of the stratigraphic drilling in this part of
Tasmania may prove to be negative but Questa is confident results
will be encouraging and lead to the drilling of a petroleum
exploration well.

Borehole information is essential, not only to provide
stratigraphic, geochemical and structural information but also to
provide control points for seismic velocity information.
Processing of acquired seismic has been hampered by a lack of
subsurface velocity knowledge.

Conga plan to drill 35 boreholes within the next five years. Most
of these will be drilled purely to gain stratigraphic, structural
and geochemical information. At least three wells will be
conventional wildcat oil wells with the objectives of intersecting
hydrocarbon accumulations of commercial proportions.

NEAR- SURFACE DOLERITES

Near surface dolerite intrusions and feeder dykes have perhaps more
than anything else discouraged oil and gas exploration'in Tasmania.
Several thousand cubic miles of magma formed a nearly continuous
body through the Permian and Triassic sediments over almost all of
the island. Up to three dolerite sills have been recognised within
the Parmeener Supergroup sequence, the lowest being located near
the pre-Permian unconformity.

The Jurassic dolerites reflect considerable seismic energy from
upper surfaces leaving only low frequency energy to define
structurally deeper horizons. Reflector shadows appear beneath the
dolerites. The high velocity inherent to the dolerites along with
topographic effects, impose considerable static problems. Seismic
processing problems are being assessed. It is simply a matter of
not being able to see (seismically) through the dolerite bodies
which may each be as thick as 350 - 450 metres. The problem can
be overcome through sophisticated seismic processing and
acquisition techniques.

Expert gravity/magnetics interpretation can resolve where the
dolerites are of least significance and this will assist the
location of both future seismic lines and well locations.

Stocks of porphyritic syenite and a radial dyke system of various
porphries occur at Port Cygnet and are thought to be of Cretaceous
age. Tertiary basalt flows are common throughout Tasmania with
sheets up to 300 metres in thickness.

The abundance of igneous intrusions and volcanic sediments
throughout the stratigraphic sequence across much of Tasmania is on
first impression discouraging but the major portion of the
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sedimentary section appears to have been relatively unaffected by
the volcanics, contact metamorphism being of minimal proportions.
It may be viewed that the high heat flows associated with the
intrusions were necessary to bring Permian source rocks to a state
of organic maturity and the intrusions themselves would have
generated structures capable of trapping migrating hydrocarbons.

CONCLUSIONS

Tasmania is prospective for oil and gas. There is no longer any
'reason to say otherwi se. Al though it remains uncertain as to
whether or not significant hydrocarbon accumulations will
ultimately be found, evidence suggests that there is a very good
chance that commercial accumulations of oil and gas are present in
the subsurface. A carefully planned and methodical exploration
program should reveal optimum drilling locations and hopefully
identify accumulations of significance.

Onshore Tasmania appears to have all of the criteria of a potential
hydrocarbon province. Organically rich oil pro~e source rocks have
been identified and analysed geochemically. The Tasmanites Oil
Shale is of particularly good source rock quality and there is very
good evidence that the unit lies within the oil window across much
of Tasmania. Considerable work remains to be carried out on
reservoir distribution and quality but several potential, porous
reservoirs have already been identified. Permeability relationships
must still be verified. The integrity of seals has bee~ challenged
many times in the past but there appear to be an abundance of
seals. Structures have not been adequately defined, there being
very limited seismic control in Tasmania, but the Tasmania Basin
(in particular the Early Palaeozoic Basin which underlies it)
appears to be a typical thrust - fold province which should offer a
broad spectrum of structural and stratigraphic trapping
possibilities. Maturation modelling indicates that structures were
formed prior to the period of peak oil and gas generation.

Numerous reportings of oil and gas seepages provide considerable
encouragement and small volumes of oil and gas have been recovered
from shallow boreholes. What appears to be the most prospective
region of Tasmania, the west central (Derwent Valley) part of
Tasmania; has not been penetrated by a well bore, not even in the
near surface.

Even small accumulations of oil and/or gas would prove to be
commercially attractive in Tasmania as distances to potential
markets and ports are nowhere large and land access is very good.

Before a well can be drilled with ~he primary objective of finding
a commercial hydrocarbon accumulation, bore holes must be drilled
to obtain stratigraphic, structural and geochemical information.
Without such information, petroleum exploration wells could prove
to be of very high risk and petroleum exploration wells are
considerably more expensive than stratigraphic bore holes.
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Aeromagnetic Survey:

Anticline:

Back Reef:

Basement:

Basin:

Carbonates:

Cambrian:

Closure:

Cretaceous:

Devonian:

Dolomitization:

Evaporites:

Magnetic observations made from a
specially equipped aircraft.
Provides information on subsurface
configuration.

A fold in layered rocks in which the
strata slopes down and away from the
axis.

Depositional environment between a
reef and the shoreline.

Non prospective rocks underlying a
sedimentary basin.

A segment of the earth's crust whic11
has downwarped ang in which sediments
have accumulated.

Sedimentary rocks composed mainly of
calcium carbonate (e.g. limestone
and dolomite).

The oldest geological period of the
Palaeozoic Era corresponding to
approximately 500 - 570 million years
ago.

An upwardly confined, three
dimensional configuration of strata;
generally implies capable of hosting
an accumulation of oil and/or gas.

Geological period corresponding to
approximately 65 - 135 million years
ago.

Geological period corresponding to
approximately 345 - 395 million years
ago.

The process whereby limestone becomes
dolomite by the substitution of
magnesium carbonate for a portion of
the original calcium carbonate,
thereby becoming porous.

Sediments deposited from an aqueous
solution through evaporation (e.g.
sodium chloride and gypsum).
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Exinite:

Exploration Well:

Fault:

Fluvial:

Fold:

Formation:

Graben:

Gravity Survey:

Horst:

Hydrocarbon:

Igneous:

Igneous Rocks:

Jurassic:

Kerogen:

Lacustrine:

950043

Organic constituents comprising plant
spores and cuticular matter
considered to be capable of forming
oil.

A well drilled to discover whether a
previously untested trap contains oil
or gas - often called a wildcat well.

A break in a body or layers of rock
across which there has been some
vertical or lateral displacement.

Pertaining to a river.

The bending of strata, usually as the
result of compression.

The basic unit for the naming of rock
units in stratigraphy .

•
An elongate downthrown block between
parallel faults; antonym is horst.

Airborne or ground survey over a
grid, using instruments which measure
variations in the magnitude of the
earth's gravitational field.

An elongate upthrown block between
parallel faults.

Any organic compound comprising
carbon and hydrogen. Examples are
coal, natural gas and oil.

Pertaining to rock units which are
formed by solidification from a
molten or partially molten state.

Rocks which have been consolidated
from hot liquid magmas. These
include granite and pegmatite as
examples.

Geological period corresponding to
.approximately 135 - 195 million years
ago.

Usually defined as that organic
material in sedimentary rocks which
is insoluble in ordinary organic
solvents.

Pertaining to a lake.
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Lithalogy:

, Marine Transgression:

, Mature Source Rocks:

, Metamorphic:,
f Migration:

, Oil Seep:

, Ordovician:

,
Orogeny:,

, Overthrust:

, Palaeozoic:

,
, Permeability:

, Permian:

Porosity:
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Systematic description of rocks in
terms of mineral composition and
texture.

Progressive submergence of the land
by rising sea level.

Rock containing organi c material and
considered able to release liquid or
gaseous hydrocarbons which have been
generated from within.

Pertaining to rocks which have formed
in the solid state in response to
pronounced changes in pressure,
temperature and chemical
environments.

The movement of hydrocarbons within
sedimentary rocks.

A natural flow of oil to the earth's
surface.

The second geological period in the
Palaeozoic Era, corresponding to
approximately 435 - 500 million years
ago.

Profound deformation of rock bodies
along restricted zones and within a
limited time interval; essentially
mountain building.

In a position overlying a thrust
fault plane.

A geological era comprising the
Cambrian, Ordovician, Silurian,
Devonian, Carboniferous and Permian
periods and corresponding to
approximately 225 - 570 million years
ago.

The degree to which fluids (such as
gas and oil) can move through a
reservoir rock - measured in darcies
or millidarcies.

Geological period corresponding to
approximately 225 - 280 million years
ago.

A measure of the free pore space of
voids in a reservoir rock compared
with the total rock volume.



Prospect:

Regressive:

Reservoir:

Seal:

Sedimentary Rocks:

Seismic:

Shows:

Syncline:

Source Rock:

Stratigraphic Traps:

Stratigraphy:

Tectonic:

Tertiary:
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A geological feature in which there
is thought to be the potential for
oil or gas accumulation.

Applies to sediments deposited during
the relative lowering of sea level.

A permeable sedimentary rock
containing adequate pore space to
provide storage room for fluids such
as oil, gas and water.

An impervious layer of rock over a
reservoir which prevents escape of
fluids from the reservoir.

RoCks formed by the accumulation on
land or in water of mineral or
skeletal particles.

A method of geoph~sical prospecting
involving the generation and
recording of reflected sound waves to
determine the structure and depth of
sedimentary layers.

The detectable presence of
hydrocarbons observed during the
drilling of a well - not necessarily
indicative of a commercial
accumulation.

A structure in which strata are
folded into a concave upwards, trough
like form.

An organic rich sedimentary rock
which is capable of generating
hydrocarbons under optimum maturation
conditions of temperature and time.

Type of trap where hydrocarbons are
enclosed as a result of a change in
rock from porous/permeable to non
permeable.

That part of geology dealing with the
subdivision, composition, age and
corr~lation of sedimentary rocks.

Pertaining to structural movements of
the earth's crust.

Geological period corresponding to
approximately 3 - 65 million years
ago.



Thrust Fault:

Total Organic Carbon (TOC):

Trap:

Triassic:

Turbidite:

Unconformity:

Vitrinite Reflectance:

Volcanogenic:
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A fracture characterized by a low
angle of inclination which results in
the emplacement of older strata above
younger strata.

A measure of the relative organic
richness of a potential source rock.

A body of reservoir rock, vertically
and laterally sealed, the geometry of
which allows it to retain
hydrocarbons should they migrate into
it.

Geological period corresponding to
approximately 195 - 225 million years
ago.

Sediments deposited in deep water by
the process of gravity sliding off
the continental shelf.

A surface of erosion or non
deposition, usually the former, that
separates younger rocks from older
rocks.

A technique of measuring ~egree of
organic maturity.

Produced by volcanic activity or
derived from previously deposited
volcanic products.
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OIIALIFICATIONS

Questa Australia Pty Ltd (Questa) was formed in Adelaide, South
Australia in 1988 and has operated since that time as independent
consultants to the oil and gas industry.

Questa is a well known and respected petroleum consultancy group
which specialises in oil and gas field evaluations (reserves,
deliverability, development, economics). Much of Questa's work has
been carried out for State Government Energy Groups and for lending
institutions.

The geological report included in this Prospectus was prepared by
G. E. Carne; a director of Questa. Mr. Carne graduated from
Queen's University in Kingston, Ontario, Canada in 1971 with a
Bachelor of Science degree, receiving First Class Honours. He
worked as a petroleum geologist for major and jpnior companies in
Canada, Indonesia and Australia before becoming a consultant in
1984. He has had considerable experience in sedimentary basin
analysis, in particular in frontier areas.
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Photo of Old drilling rig.

Stratigraphic TABLE.

MAP of Tasmania showing seep distribution.

MAP showing Tasmania and Conga acreage.

MAP showing source rock maturation.

MAP of Tasmania showing place names referred to in the text.

Mass fragmentograms or something else relating to
geochemistry.

MAP showing surface geology of State.

TABLE of MAJOR seeps and shows with dates and locations.

Structural cross section or rock relationship diagram.

TABLE showing planned 5 year work program.

MAP showing Tasmania, Australia, P N G, Malaysia, Indonesia,
Antarctica, New Zealand.

Palaeogeography for Permian and Ordovician.

FIGURES AND TABLES REQUIRED FQR CONGA OIL PROSPECTUS

i
!
I



....

REPORT 93-CONDOR-1

B50051

Mr. Malcolm Bendall

Condor Oil Investments Pty. Ltd., Tasmania

Trading as Condor Oil Investments Unit Trust No.1

A.T. Revill and J.K. Volkman
CSIRO Division of Oceanography

C S I RO

March 4, 1993

Prepared for:

Attention:

HYDROCARBONS AND GAS IN WATER SAMPLES FROM THE BICHENO
BOREHOLE: COMPARISON WITH TASMANITE OIL SHALE

Prepared by:

CSIRO-----------­
iVlarine laboratories--------

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

•
'.
,I



.:.

950052

INTRODUCTION

In 1978, a fully-cored diamond borehole was drilled near Douglas River north of
Bicheno in Eastern Tasmania (Fig. 1) as part of a study related to coal exploration in
the region (Leaman and Richardson, 1981). The borehole had a diameter of 45 mm
and penetrated to a depth of 333.8 m terminating in the Siluro-Devonian Mathinna.
beds (Calver et aI., 1984).

The top 100 m of the core consisted of Triassic sediments and coal seams. Below
this, Permian Upper Marine, Lower Freshwater and Lower Marine Sequences were
penetrated. At 321 m, a black shale rich in fossil remains of the alga Tasmanites
puncta/us was encountered (Fig. 2).

A sample of the tasmanite oil shale was obtained from the core store of the Tasmanian
Department of Minerals and Energy and subjected to Rock-Eval and organic
geochemical analysis to assess its petroleum source potential and thermal maturity. A
summary of the results are provided here.

In January, 1993 Mr Malcolm Bendall revisited the drill site and opened the hole
which had become covered with soil and plant debris. He noted that water and gas
were escaping from the hole and samples of these were obtained for analysis. An oily
sheen was noted on the water and the gas could be ignited. The presence of gas had
previously been noted by the drilling operator and Dr David Leaman when the
borehole was (!fSt completed. The hole was full of water at the time and drilling had
stopped so it w~ not clear at what depth the gas was entering the hole (D. Leaman,
pers. comm.) .

2
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Figure 2. General stratigraphy of the Bicheno (Douglas River) Borehole showing the
Permian Marine and Freshwater Sequences and location of the Tasmanites oil shale (from

Calver et aI., 1984).

Figure 1. General map of the area showing the location of the borehole near the Douglas
River, north of Bicheno together with inferred Early Tamarian palaeogeography (land areas

are shown by horizontal lines) (from Calver et aI., 1984).
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SAMPLES

This report presents the results from the analysis of three water samples and one gas sample
from the borehole north of Bicheno, Tasmania. These data are compared with extracts from
the Tasmanites band from the borehole, and with other samples from on-shore Tasmania.

One water sample (CSIRO sample No. 93-004) was provided by Mr. Malcolm Bendall in a
300 mL "Coke" bottle which also contained abundant remains of plant material. Two
subsequent samples (CSIRO sample Nos. 93-005 and 93-006) each of 4 litres, were
collected by Dr. John Volkman and Dr. Andrew Revill of CSIRO directly from the borehole
into pre-cleaned winchesters on 22nd January 1993. The first sample appeared to contain a
"waxy" scum whilst the two larger samples exhibited a surface sheen. The gas sample was
collected by Mr. Malcolm Bendall on the same date.

ANALYSIS

Sample 93-004 in the "Coke" bottle was topped-up with pure Milli-Q water and allowed to
settle. The waxy scum was then removed along with some water (ca. 6 mL) by pasteur
pipette into a centrifuge tube, shaken with hexane (2 mL), centrifuged (5 minutes @ 1800
rpm) and the solvent removed. This process was repeated and the solvent layers combined
and reduced under a stream of nitrogen to ca. 1 mL. The total extract was then analysed by
gas chromatography (GC) and gas chromatography-mass spectrometry (GC-MS).

Sample 93-005 (the first 4 L sample) was analysed in a similar way to 93-004 except that a
mix of hexane/chloroform (4:1) was used as the solvent system. Analysis of sample 93-006
(repeat 4 L sample) involved extraction of subsequent aliquots of the water (ca. 800 mL)
with chloroform (2 x 40 mL). The combined solvent fractions were reduced by rotary
evaporation (Buchi, 2S 0c), transferred to a vial and further reduced under nitrogen. These
samples were analysed by GC and GC-MS.

The gas sample was transported by hand to Dr. Roger Summons at AGSO, Canberra by an
agent of Mr. Malcolm Bendall for anaiysis of composition and isotopic values.

RESULTS

Hydrocarbons in the Tasmanite oil shale from the Bicheno Borehole core.

Rock-Eval analysis of the Tasmanite oil shale from the Bicheno bore hole core showed that
it contained abundant organic matter (17%), which was hydrogen-rich (HI index of 868).
This is typical of kerogen derived from oil-prone algal organic matter (Table 1). Tasmanite
oil shales from Oonah and Latrobe in the north of Tasmania tend to have higher organic
matter contents, but they are less thermally mature.

The shale has excellent potential for generating hydrocarbons (S2 of 147.5 kg/tonne), and
based on the T max value it is within the early stage of the oil window.

4
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Table 1. Rock-Eval parameters for Tasmanite oil shale from Bicheno Borehole

Analysis ofwaler samples by gas chromatography

10.7

Polars
(%)

10

orill

86817

TOC
(% whole
sample)

27

Aromatics
(%)

983.50.15

S3
(kg/Tonne)

63

Aliphatics
(%)

147.5

S2
(kg/Tonne)

290

EOM
(mg)

6.28

SI
(kg/Tonne)

50

Amount
Extracted (g)

446

The hydrocarbons were analysed by gas chromatography which revealed a distribution of
n-alkanes showing no odd or even chain-length preference and maximizing at n-Cl3
(Fig. 3), which is typical of the distributions of thermally-mature hydrocarbons found in
most crude oils.

EOM: extractable organic matter

H50055

Table 2. Composition of solvent extract of Tasmanite oil shale from Bicheno Borehole

GC analysis of the total extract from sample 93-004 yielded an n -alkane distribution
superimposed on an unresolved complex mixture (UCM) combined with a prominent group
of apparently non-hydrocarbon compounds (Fig. 4a). This latter group of compounds was
thought to be contamination, possibly from the sealant used prior to taking the water sample
(as reported by Mr. Malcolm Bendall). With this in mind, the sample was passed through an
activated silica gel column which removed these compounds (Fig. 4b). This distribution is
similar to that from a weathered "light" crude oil, but this may also indicate a refined
product such as "heavy" diesel i.e. the lack of compounds below C ll and a maximum at n­
CIS (Fig. 4).

Free hydrocarbons were also abundant in the oil shale (Sl of 6.28 kg/tonne). These were
extracted and shown to have a high proportion of aliphatic hydrocarbons (63%; Table 2).
The extractable organic matter figure of 290 mg per 50 g extracted (i.e. 5.8 kg/tonne) is
only slightly less than the Sl Rock-Eval value presumably due to loss of some lighter
hydrocarbons during the extraction step.
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However, the knowledge that this sample had been contaminated introduced doubt as to the
authenticity of the hydrocarbon distribution necessitating re-sampling at a later date to
aHow sufficient water washing of the source of the contamination.

Analysis of the two bulk samples (93-005 and 93-006) yielded hydrocarbon distributions
(Fig. 5) dominated by broad UCMs with the resolved compounds corresponding mostly to
isoprenoidal compounds. The overall distribution of hydrocarbons in these samples is
consistent with that expcctcd from heavily biodegraded crude oil. Note that these
hydrocarbon distributions are in marked contrast to the n -alkane distribution in sample 93­
004.

The total amount of extract was ca. 2-4 mg from 4 L of water. This figure was derived from
the concentration required to obtain reasonable gas chromatograms, rather than by direct
measurement, since the quantity was too small to determine with any accuracy by other
means. This value is in contrast to typical oil production waters which have an oil content of
ca. 30 mgL-l

6
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Figure 3. Aliphatic hydrocarbons from the tasmanite oil shale band in the Bicheno borehole core.
Numerals refer to carbon number of n-alkanes; Pr: pristane; Ph: phylane; UCM: unresolved complex mixture.
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Figure 4. (a) Capillary gas chromatogram of total extract from water sample 93-004
before column chromatography. Numerals refer to carbon number of n-alkanes; Pr:
pristane; Ph: phytane; UCM: unresolved complex mixture.

Figure 4. (b) Capillary gas chromatogram of total extract from water sample 93-004 after
column chromatography to remove contaminants.
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Figure 5 (b). Gas chromatogram of total aliphatic hydrocarbons in water sample 93-006. Pr:
pristane; Ph: phytane; UCM: unresolved complex mixture.
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Figure 5 (a). Gas chromatogram of total aliphatic hydrocarbons in water sample 93-005. Pr:
pristane; Ph: phytane; UCM: unresolved complex mixture.
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Biomarker analysis of water samples

Analysis of hydrocarbon biomarkers can often yield information about the source and
maturity of an oil. Figure 6 shows the m/z 191 mass fragmentogram for biomarkers from
the three samples. Figure 7 is included to show the distributions of these compounds in a
previously analysed Permian sample from Poatina and the Bicheno core Tasmanites sample.
All samples exhibit similar compound classes (tricyclic and hopane derived compounds),
but in varying relative amounts which is taken to suggest at least two and possibly more
sources for the hydrocarbons in the samples. All the distributions suggest a thermally
mature oil as the source of the hopanes.

Tricyclic compounds

Tricyclic alkanes are more abundant than hopanes in sample 93-004 (based on peak areas
in the m/z 191 mass fragmentograms), approximately equal in abundance in 93-006 and
relatively minor constituents in 93-005 (Fig. 6). However, the relative proportions of
individual compounds within the tricyclic alkane distribution is relatively constant in the 3
samples. In each case the C23 compound is dominant which is in contrast to the Tasmanites
sample analysed from the original core, in which the C2l , C23 and C24 compouncJs
dominated (Fig. 7). However, this distribution is similar to that seen in the Permian
mudstone from Poatina (Fig. 7; Volkman and Holdsworth, 1989).

Hopanes

The hopane distributions in each sample again remain relatively constant, irrespective of the
amount present compared with the tricyclic compounds (Fig. 6). Of interest in these
distributions is the relative amounts of the C29 and C30 compounds. In each case the peak
due to C29 is greater than C30 which is in stark contrast to the distributions observed in
samples from either the Bicheno core or the Permian mudstone from Poatina (Fig. 7). This
ratio is consistent with that observed in oils from carbonate source rocks (such as those
from the Middle East) and is similar, though not identical, to that seen in samples of
Ordovician limestone from Tasmania (Volkman, 1988).

There is slight evidence for the presence of methyl hopanes (m/z 205, Fig. 8) in the samples,
but this is inconclusive. These compounds have previously been found in Ordovician
limestones from Tasmania and overseas (Volkman, 1988). However, examination of the
m/z 205 mass fragmentogram suggested the presence of an unusual compound eluting after
the C31 hopanes (Fig. 8 ). This compound was also detected in the m/z 218 mass
fragmentogram and the mass spectrum suggests an "oleanane" type of compound. These
types of structures have only been detected from the Cretaceous onwards corresponding to
the evolution of the higher plants and are taken to be indicative of this type of organic
matter. The absence of this compound in sample 93-004 is taken to be indicative of a
functional group within the compound since this sample was passed through a silica gel
column which would remove compounds with any degree of polarity. The mass spectrum is
similar to that of a compound with a keto group, which suggests an immature source.
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Figure 6. Mass chromatograms for m/z 191 showing the distribution of tricyclic alkanes
and hopanes in each of the three water samples.
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Figure 7. Mass chromatograms for m/z 191 showing the distribution of tricyclic alkanes
and hopanes in a mudstone from Poatina (Volkman and Holdsworth, 1989); and the
tasmanite oil shale from the Bicheno borehole.
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Biomarker arwlysis of Tasmanite band
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Biomarker analysis showed that tricyclic alkanes dominated the eyclic hydrocarbons (Fig.
7), which appears to be a characteristic of Tasmanites oil shales from elsewhere in
Tasmania (unpublished data). The major tricyclics have 21, 22 and 23 carbon atoms, and
the distribution extends at least to C 3S . This distribution is not identical with those isolated
from the water samples.

Hopanes are relatively minor components in the m/z 191 mass chromatogram, but isomer
distributions (not shown) are consistent with a moderately-mature hydrocarbon distribution.
Steranes were identified from the m/z 217 mass chromatogram (Fig. 9). C29 and C27
components dominated, with much smaller amounts of C28 steranes and only trace amounts
of C30 steranes. Diasteranes (rearranged steranes) are more abundant than regular steranes:
high proportions are often associated with sediments containing clay minerals which
catalyze the backbone rearrangement of the steroidal precursors. The 1:1 ratio of 20S to
20R C 29 a,a,a isomers and similar proportions of C29 a,a,a to a,!3,!3 isomers (Fig. 9)
confirmed that the oil shale is within the early oil window. An equivalent vitrinite
reflectance would be about 0.55-0.6 which is higher than that found for the tasmanitc oil
shales from Oonahand Latrobe.

Ion 217.00 amu. ~rom DATR:RTR036.D
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Figure 9. Mass chromatograms for m/z 217 showing the distribution of sterancs in the
tasmanite oil shale from the Bicheno borehole. Peaks labelled D are rearranged steranes
(diasteranes).
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Gas analysis

Results from the gas analysis are given in Table 3 below: Dr Summons' comments on these
data are shown in Appendix 1.

Table 3. Analytical data for gas sample from Bicheno Borehole.

Component Analytical Corrected Normalised Ii l3C
Compositiona Compositionb Compositionc (%PDB)

(%) (%) (%)

Oxygen 3.2 0 0
Nitrogen 28.6 11.8 19

Carbon dioxide 0.1 0.1 0.1
Methane 68.1 68.1 81 -66.3

a Raw data
b Corrected data assuming oxygen content represents air contamination
c Data re-normalised after removing air contamination

The absence of any hydrocarbons higher than methane suggests a "dry" gas, i.e. a non­
petrogenic source, though it is possible for this composition to occur due to high thermal
maturation of the organic matter (Stahl, 1974).

The carbon isotope figure of -66.3% is consistent with a biogenic source for the methane
(Fig. 10). Such values are typical of "shallow" dry gases and bacterially-formed marsh gas
(Fig. 10). A few commercial gas deposits also exhibit such light carbon values, but gas
associated with petroleum is typically much heavier (i.e. emiched in carbon-13 isotope).

Australian coal seam gas typically has Ii l3C values of ~45%- -7s",L(Fig. 11), but
unfortunately we are not aware of any isotope analys'es of coal seam gases from Tasmania
to permit a direct comparison. It seems unlikely, however, that the gas is associated with
coal. A methane gas seep at Marion Bay had a carbon isotope value of Ii l3C = -45.5,%0
and a deuterium isotope value of Ii D = -248 SMOW (Baillie, 1990), from which it was
concluded that the gas was biogenic.
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Figure 10. Examples of the range of 6 l3e ~PDB) isotope values of a variety of geological
materials and precursor organic matter (from Feux, 1977)
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CONCLUSIONS

(i) The small quantities of hydrocarbons found in the water samples from the Bicheno
borehole do not provide any evidence for substantial accumulations of oil in
sediments through which the water has travelled.

(ii) At least two types of thermally mature hydrocarbon distributions appear to be
present in the water samples. One is likely to be of Permian origin based on the high
proportion of tricyclic alkanes, but the molecular distribution of the tricyclic alkanes
does not match that found in the tasmanite oil shale from the borehole. The second
distribution has features commonly associated with carbonate-derived hydrocarbons.
Although the amounts are very small, the presence of these hydrocarbons does
indicate that sediments penetrated by the drill are within the oil window.

(iii) The tasmanite oil shale in the core is very rich in oil-prone organic matter and it
is within the early stage of the oil window. Rock-Eva! and organic geochemical data
confirm that it is an excellent petroleum source rock.

(iv) The methane is not associated with petroleum formation, and it is unlikely to be
derived from coal seams. Rather, the isotope data suggest that it is of biogenic
(bacterial) origin.

(v) Further work is required to determine the origins of the hydrocarbons and
methane. Further geochemical analyses of core samples from the Bicheno borehole
would provide biomarker fingerprints for comparison with the hydrocarbons in the
water samples. The borehole should be pumped out and preferably redrilled to
determine at which depth the gas is entering the hole.
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REPORT OF A GAS SAMPLE FROM DOUGLAS RIVER,
TASMANIA

Dr R.E. Summons

Dr J.K. Volkman

The gas was combusted and the resultant C02 was analysed for its
13 C con tent. Results and those of normalising standards are
attached. The ()l3C average of duplicate samples was -66.29%0
PDB. This information, combined with the compositional data
showing no wet gas components, indicates that the gas is biogenic.
It does not appear likely that the gas is associated with a
petroleum deposit.

Mr Bendall reported that immediately after collection the
interface between water and gas contained a layer resembling
floating liquid hydrocarbons. No such layer was obvious to my
eye at the time of receipt. However, we did carry out an
extraction of the water in the jar in order to detect any
hydrocarbons present as soluble material or adhering to the walls
of the jar. We did notice after this procedure was carried out that
the sides and lid of the jar contained a film of brownish insoluble

This gas was submitted for a compositional analysis using a Carle
GC-gas analyser. The traces for the Douglas R. gas, a standard gas
and the compositional analysis results are attached. The main
components were methane (68.1%), nitrogen (28.6%), oxygen
(3.2%) and there was a trace (0.1% C02). The presence of oxygen
in this gas indicates a minor air component and the analysis can
be corrected for this air to give a composition of:

methane 81 %
nitrogen 19%.

The sample was delivered by Mr Bendall on January 27, 1992.
The gas (ca. 1 litre) was confined above a layer of water (ca. 1
litre) in an inverted preserving jar sealed with a rubber flange.
The seal was submerged under water in an ice cream container.
The jar was opened under water _keeping the jar upright and
in its inverted position; while se~eral 25ml aliquots of gas were
removed with a gas-tight syringe.

Report by:

GAS ANALYSIS

Requested by:
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deposit resembling emulsified iron oxides. Perhaps this film was
floating at the time of collection and then either sank or became
dispersed on the glass walls during transport.

We extracted the water using 150 ml CHCI3 containing 15ug of 3­
methylheneicosane and an internal standard. Total EOM was
0.9mg (=0.9ppm) and from this we obtained saturated
hydrocarbons (0.2mg) and a combined polar+ aromatics fraction
(0.6mg). Chromatograms of these materials are attached.

It is likely that the major high MW peaks in the EOM are
plasticisers. The saturates chromatogram shows a suite of n­
alkanes, pristane and phytane showing that traces of petroleum-
related hydrocarbons are present. However, the gravimetric
analysis and the relative height of the internal standard peak give
a coherent result for the very low abundance of these compounds.
We have often analysed bore water samples containing dispersed
petroleum hydrocarbons and find levels 1-2 orders of magnitude
above the 0.2 ppm found here.

GC-MS ANALYSIS OF SATURATES

The saturated hydrocarbons were analysed by GC-MS and these
data have been sent under a separate cover. The biomarkers are
present in low abundance compared to the internal standard for
100ng deuterated 3-methylcholestane. However, several
distinctive features are evident which may prove of use in
identifying the hydrocarbon source (assuming they are indigenous
and not contamination). These is a sterane isomer distribution
with relatively high abundances of al3l3 steranes compared to
other isomers and the presence of 30-norhopanes and 2a-methyl
hopanes. Biodegradation does not appear to be extensive since
there do not appear to be peaks for 25-norhopanes.
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