92-3353.

- 'kai'Z*”“‘EfTF?bﬁﬁlmug

[i

g o ¢ M 5N B g
¥ A E w1 i :
E ] N v

: E“J hi Edﬁ%ﬁ |

MEQR@FILMEB
FICHE No.0l3i2] =30
CCNG& ©IL PTY LTD

MAY, 1992

ANNUAL REPORT FOCR

EL 1/88.

FU\;Q ?,]

[

087001



A — T \/.,‘,

.‘ Department of Resources
TAGuANIA DIVISION OF MINES & MINERAL RESOURCES

FlOBD 56
ROLNY BARK
Tasmania 7018
Gordong Hill Road
ROSINY PARK

Pr (G521 30 E223
Fax (Q02) 44 2117

& Energy

087002

13 May, 1992
I 4 MAY 1992

The Manager,

Conga 0i1 Pty Ltd,
B4 Wells Parads,
BLACKMANS BAY 7052

Dear Sir,

TCR Report 92-3353 EL 1/88
Missing Information

Reference is made to the above closed file report titled "Annual Report
for EL 1/88". '
The following information was missing:
- Appendices 3 & 4
It would be appreciated if this data could be supplied as soon as

possible. If you have any enquiries or require additional information
please contact me on (002} 30 8362. :

Yours faithfully,

Go

J.G. Oakes
CEXECUTIVE OFFICER
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INTRCDUCTICN:

DURING THE PERICD, MAY 1991 - JUNE, 1992, CONGA OIL PTY LTD
HAS CONTRIVED TO GATHER FURTHER IMPORTANT DATA AND COMPILE
IT TO PROVE THE EXISTANCE OF ONSHORE OIL AND GAS RESERVICORS

IN TASMANIA.

FROBLEMS WITH SEISMIC DEFINITION, WORKED ON BY SHELL
AUSTHRALIA DURING THE PERIOD, REMAIN TO BE FULLY RESCLVED,
HOWEVER, PKOGRESS HAS BEEN MADE AND 1T IS FOSSIBLE NOW TC

FREDICT THE SEISMIC PROELEM WILL BE SOLVED.

APFENDIX 1 OUTLINES THE SICNIFICANT BREAKTHROUGH IN THE
DERMIAN ROCKS PREVIOUSLY THCUGHT TO BE UNPROSPECTIVE.

THOSE RESULTS ARE COMPILED BY GERRY CARNE (QUESTA) IN
APPENDIX 2 WHERE HE PULLS TOGETHER ALL RESULTS AND
IMFLICATICNS OF WCRK TO DATE. DR. CAENE HAS RECOMMENDED
FURTHEK TESTING BEFORE ANY WILDCAT WELLS ARE CONSIDERED AND
THE COST OF THAT TESTING WILL HAVE TO BE RAISED BY A PUBLIC
COMPANY FLOAT TO ENSURE THE CONTINUED VIABILITY OF THE
PRCJECT THROUGH THE TOUGH ECONCMIC CONDITIONS NOW FACING

AUSTRALIA.

ALTHOUGH NOT COMPLETING THE TWO HOLES BY JUNE, 1992, CONGA
CIL HAS SPENT CVEK DOUBLE THE CRIGINAL $300,000 EXPENDITURE
CCMMITMENT IN THE LICENCE PERICD AND OVER $1.,1 MILLION

SINCE, 1988, WHEN 1/8B8B WAS APPLIED FOR.

/2
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THE RAISING OF PUBELIC FUNDS FOR EXPLORATION WITHIN THE
PROPOSED FIVE YEAR LICENCE, WHICH WILL COVER 70% OF THE
AREA NOW HELD BETWEEN EL 1/88 AND EL 17/90, SHOULD ENSURE
THE FOUNDATION OF A VIABLE OIL AND CGAS INDUSTRY FOR

ONSHORE TASMANIA.
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RECENT DEVELOPMENTS IN EXPLORATION FOR OIL

IN TASMANIA

M.R. Bendal},! J.K. Volkman,? D.E. Leaman? and
C.F. Burreut!

!Conga Oil Py Lid, 84 Wells Parade, Blackmans Bay,
Tasmania 7032.

ICSIRO Division of Oceanographv, GPO Box 1538,
Hobart, Tasmania 7001.

*Leaman Geophysics, GPO Box 320D, Hobart, Tasmania
7001,

*Geology Deparument, University of Tasmania, GPO
Box 252C, Hobarrt, Tasmania 7001.

ABSTRACT

Recent work on oil seeps, organic geochemistry, geophy-
sics, structural geology and palacantology suggests that
there is considerable potential for onshore pemroleum in
Tasmania.

Archival research has shown thart hydrocarbon seeps
were commonly reported in the Brst half of this cenmury
and that wildeats produced gas {at Port Sorell in the north)
and oil {atJohnson’s Well on Bruny Island, in the south).
Almost all of the 270 historical hydrocarban occurrences
lie on lineaments revealed independendy by graviry and
magnetic surveys. The thermal maturity ef conodonts from
Ordovician and Siluro-Devenian carbonates suggests that
rauch of the preUpper Carboniferous beneath the Tabber
abberan uncenformity is wichin the oil and gas
windaws,

Organic geochemistry reveals & very clase similarity
berween hydrocarbens from Ordovician limestones, those
from the drill site at Bruny Island and with tar samples
from the Tasmanian coast, butlitde similaricy with the Per
mian Tasmanite Qjl Shale, or wich the Gippsland crudes
and botryecoccane-rich South Australian bitumens. The
predominance of C,; steranes in Tasmanian bitumens sug:
gests 2 widespread algal source and the abundant diaster-
anes imply a clay or siltrich source that extends across
much of Tasmania.

Recent geophysical and structural work suggests that a
thin skinned interpretation of Tasmania's suwucture is
reasonable. Most sightings of hydrocarbons are associated
with either faults or fracrures which have postjurassic dis-
placements or with intersections of majoc high angle faults
with thrusts. The delineation of reservoirs within the thrust
sheets is a prioricy,

INTRODUCTION

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

T4

087043

The numerous records of seepage or tar sightings from
the perind 1880-1933 were generally ascribed to an oil
shale source. The absence of serious exploration in rezent
times has led to general ignorance of the existence of these
records. Modem maps of Australian basins refer 1o the
‘Tasmanian Basin’ when considering Tasmania This i
taken to mean the Late Carboniferous-Triassic depesition
presumed to overlie economic basement (Fig. 1}.

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

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

The lack of exploration activity since 1939 may be con-
trasted with that of the previous 50 years when many
companies were floated. All were based on effusive oil or
tar seepages. Some accumnulations were large; sufficient 0
fill the hold of z coastal cargo vessel (from Port Daveyl.
Few drilling proposals were converied into action but sev
eral actempts were made co drill at Port Sorell and Bruny
Island. The maximum depch of any such hole was about
400 m but gas was recorded in one well at Port Sorell and
oil was recovered in small quantities from another at Bruny
Island.

This paper presenis information assembled during the
tast 10 years, and especially the last three years. 1o suggests
that the faith of the early explorers was justified and that
the perceptions of the last 50 years have been wrong.
Hydrocarbon cccurrences have been verified, are wide:
spread and are associated with seismic activity. The chemv
istry of the seep hydrocarbons is not consistent with
Permian oil shale dervation but is indicative of lower

THE APEA JOURNAL. 199!
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Figure 2. Locality map. I=Bruny Island, 2=Cape Sorell,
3=Clifcon Beach, 4 =Deep Creck, $=Dunalley, 6=Hobarz,
RSN o SON SRS 7=Hastings, $=Ida Bay, $=Johnson’s Well, 10=King
Island, 11=Launceston, 12=Picton River, 13=Port Sorel,
I4=Port Davey, l5=Precipitous Blufi, 16=Queenstown,
17=Ross, 18=Surprise Bay, 12=Tamar River, 20=Vanish- :
ing Falls, 21 =Woodbridge.
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Palacozoic source rocks, This knowledge, when coupled
siliciclastics with a revised structural view of Tasmania, transforms
prospectivity assessments.
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I e e E mudstane A full and recent accounc of the geology of Tasmania may
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. be found in Burrett and Martin {1989). The oldest rocks in ;
limestone Tasmania (Fig. 1) are Proterozoic quartzites, phyllites and :

Fenguin Qrogen . ) . .
© Ehald dolomite dolomites which crop out cxtenstvcly in the central and

northwestern parts of the island. After the Penguin Oro-

(Mt Read Volcanics)-back arc basin {Dundas Group) com-
plex formed in the middle to late Cambran and was
. unconfermably overlain by turbidites and volcanoclasiics
Flg'u_n: 1. Highly generalised geological column for Tas- in the latest Cambrian. These mainly marine sediments
manta. ) were successively overlain in the Ordovician by fanglom-
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£ granitoids shallow marine quartz sandstones and dolomites and then :
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& - mirusives Proteroioic or early Cambrian. A mineral-rich island arc

T
€ APEA JOQURNAL 129 75

SN I G TN TS E . e U TN Ol e
undas Gp ’

» EE o ,
{1



erates (Owen Conglomeratz and correlates), by shallow
marine sandstones (Moina Sandstone and correlates), by
subtidal siltstones and mudstones (Florentine Valley Mud-
stone and correlates) and by a thick succession of tropical
carbonates (Gordon Group). The Gordon Group carbon-
ates are up to 1.5 km thick in central Tasmania and are
dominantly micritic. Dolomidsation 1s common. In the
south there is a transition southwards from shallow marine
conditions near Vanishing Falls, to platform margin buil-
dups at Precipitous Bluff, to deep {200 m) water carbon-
ate turbidite-graprolitic shale environments at Surprise
Bay (Burrett er al, 1981, 1933, 1984). The Gordon Group
carbonates were conformably overlain by the dominantdy
marine siliciclastics of the Late Ordovician-Early Devonian
Eldon Group. In the eastern third of the state, Ordovician-
Devonian sediments consist of graprolidic basinal curbidites
{Mathinna Beds).

The Tabberabberan Orogeny in the Early Devonian
created 2 fold-thruse belg producing approximately north-
south trending folds in most areas but with east-west
trending folds in the north-west of the state. Numerous and
extensive granitoids were intruded between 395 and 320
Ma. Regional metamorphism gave rise to the pattern of
conodont CAI (Colour Alteration Index) isograds shown in
Figure 3, with heating of the lower Palacozoics to 300°C in
the west and north-west and much lower remperatures
(150°C) in central and scuthern Tasmania (Buiret, in
press). In the Late Carboniferous-Permian, a sequence of
glacirerresirial and glacimarine predominantdy siliciclastics
(lower Parmeener Supergroup) were deposited unconfor-
mably on the older rocks and were succeeded conformably
by Trassic terrestrial sandstones of the upper Parmeener
Supergroup. Coals are present in both divisions of the Par-
meener and the famous Tasmanice Oil Shale occurs just
above the basal dillite of the supergroup.

Extensive, thick {often 500 m} sills of dolerite fed by
narrow feeder dykes were intruded in the Middle Jurassic
and presently outcrop over about half of the state. Al
though the dolerite is voluminous, metamorphism appears
10 be restricted to the immediate vicinity of the sheets.
Minor local syenites were intruded in the Cretacecus but
regional heating was sufficient to reset the Palaeozoic pal-
acomagnetism. North to northwesterly-trending horsts
and graben were produced in a general extensional en-
vironment in: the Late Cretaceous to Early Tertiary and the
graben were Alled with up to 1 km of mainly terresidal
sediments. Many Tertiary volcanic centres are present on-
shore.

SEEP DISTRIBUTION AND ORGANIC
GEOCHEMISTRY
SEEPS

The distribution pattern and hiscorical background of
sceps are summansed by Bendall (1990). The distinctive

"NW/SE, NE/SW seep trends (Fig. 3) transect all rock types,

strongly suggesting that deep crustal lineaments are still
active. Seepages have been mainly reported directly after
major quakes. The records of oil shows from archival re-
searchinclude reports from 33 drill holes, 127 oil leases and

76

120 other signs of either tar, oil or gas. The discg\;.:,-y of
samples of some of the tars in Launceston's museurm, alon
with archived photographs, confirms the validity of the olg
records. Geochemical confirmation of hydrocarbog,
arcund the 1929 Bruny Island drill hole, current gas seeps
at that site and wert gas recently found ac Dunalley are 4
on lineaments and suggest the validity of ather uncaon.
firned sightings onr those lineaments. Many companies
were formed to exploit the potendal that the szeps ind;.
cated (Bendall, 1990}, Of these companies only two pro-
duced shows of hydrocarbeons both of which were con.
firmed by government geologists, as were many of the
historical reports of tars and seeps.

Figure 3. Seep distribution in Tasmania from Beadall
(15990). T = tars. Contour lines are isograds based on con-
odont Celour Alteration Indices (CAD from Burrett {in
press), CAI 5=300°C and CAl [=100"C.

ORGANIC GEOCHEMISTRY

Methods

Sediment from the site of the 1929 drlling at Johnson's
Well on Bruny Island was extracted using hexane with
ultrasonication. Selvents of greater polarity were not used
due to the high concentradions of naturally accurring peolar
lipids. The limestone sample from Ida Bay in southern Tas-

THE APEA JOURNAL. 189!
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mania was crushed and then a portion was extracted using
chloroform-methanol with ultrasonicaton. The bitumnen
from Port Davey in western Tasmania was extracted
divectly with chloroform, which dissolved the entire sam-
ple. Portions of each extract were analysed by latroscan
thinlayer chromatography-flame ionisation detection
(Volkman et al, 1586) to determine the tocal hydrocar-
bons.

Saturated and aromatic hydrocarbons were isolated by
applying a portion of the extract to a column of silicic acid
cappcd with activated alumina. Aliphatic hydrocarbens
were eluted with hexane and a second fraction containing
aromatic hydrecarbons was obrained by eluting with to-
[uenc:hexane. Resins and asphaltenes were cluted with
chloroform and methancl .

Each hydrocarbon fraction was analysed by capillary gas
chromatography on a non-polar methylsilicone fused silica
capillary column 1o determine the disiribution of straight-
chain and isoprenoid alkanes. These fractions were then
7=~lysed by gas chromatog-raphy—mass speciromet

-MS} in selected ion monitoring mode (SIM) (Volk-
man et z2l., 1938). Ion chromarograms for ions m/z 217 and
218 (steranes), m/r 259 (diasteranes), m/z 231 {merhyl
steranes}, m/z 191 {hopanes and other triterpanes), m/z

-.177 (demethylated hopanes), m/z 205 {methyl hopanes)

plus some molecular jons were acquired.

Resuls

Geochemical analyses of two soil samples from Johnson’s
Well were undertaken. These revealed small amounts of
hydrocarbons {abour 400 ng/g) which were dominazed by
n-alkanes of plant origin, plus the common petroleum con-
stituents pristane and phytane (ratio 2.1). GC-MS hnger-
prnting conclusively demonstrates the presence of trace
amounts of perroleumn hydrocarbon biomarkers including
steranes and diasteranes (Fig. 4) and hopanes (Fig. 5).
Trace amounts of petroleum-derived hydrocarbons were
also detected in a few water and sediment samples from
elsewhere on the island, but the amounts were generally
too low for detailed fingerprinting studies. The low con-

‘trations of petroleum-derved hydrocarbons at John-
«.a1's Well indicated that petroleum seeps are no longer
active at this site but provided some evidence for their for-
mer presence.

A limited organic geochemical study of the hydrocar-

“ons in Ordovician limestones from Ida Bay in southern

rasmania and Queenstown in the west was undertaken.
Cne samgple from Queenstown was of interest as it ap-
peared to contain flecks of asphaltic material. These rocks
contained low amounts of hydrocarbons (2.9 mg/g at Ida
Bay and 0.8 and 1.2 mg/g at Queenstown), but the distri-
butions were typical of those found in mature petroleum.
Although sediments from the Queensiown area have much
highcr conocdont CAls (Fig. 3}, which suggest a higher ther-
mal maturity, the biomarker Maturity paramerers in sam-
ples from the two regions are remarkably similar.

The sterane disiributions in the imestones show many
similarities to those in the Johnson's Well soil sample. In
particular, the ratios 0f C,;:C04:C,, steranes, which is a use-
ful saurce input parameter (Mackenzie, 1454), are almost
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Figure 4. Mass fragmentograms for m/z 217 showing dis-
tributions of C,;-Cyg steranes and diasteranes in (a) soil
from Johnson's Well on Bruny Island, (b} Ordovician car-
bonate from tda Bay and (¢} tar from the mouth of Deep
Creek near Port Davey on the wesi coast of Tasmania,
Cormpound identifications are from peaks in m/z 217 mass
frazmentograms.

Peak Steranes and Diasteranes
1 C;; (205)-13B(H),17¢{H)-diasterane
2 C,; {20R)-13B(H),l7a(H)-diasterane
3 C;y {208)-133(H) 1 7e(Hi-diasterane
4 Coy  (20R)-13B(H). 1 7a(H)-diasterance
5 C,; (208)-53aiH),l4c(H), 1 7a(H)<cholestane
6 C;y  (205)-13B(H), I Te{Hi-diascerane
7 C.y  (20R}32(H)14B{H) 1 7B(H)cholestane
8 C,;  (205)-32{HLI4+B(H),17B{H)<helestane
9 Cqp  (20R)-5aiH), 14n{H). 1 Ta{H)cholestane
10 C,y (20R)-13B{H)}, 17a(H)-diasterane
11 C;, (208)-5a(H)t4a(H) 1 7a{H}-24-mechylcholestane
172 C.y  (20R)-5a(HY14B(H),17B{H)-24-methylcholestane
13

Cyy  (2051-3a(H}, 140(H),17B{H)-24-methyicholestane

77

687046

(A



14 Gy (20R)-5a(H) MHalH), U Ta(H)-24-methylcholestane
15 Unknown

1 Cog  (205)-3aiH)t4alH) 1 7a(H)-24cthylcholestane
17 Cay  (20R1-5a(H), L4BIHYLVTB(H) 2 4-ethyicholestane
13 Cyo  (205)-3a(H), 14B(H}L17B{H)-24-cthylcholescane
19 C,y [20R)-5alH)14aiH).17e(H)-24-ethylchalestane
20 C.e Z4-propylcholestanes
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Figure 5. Mass fragmentograms for m/z 19 showing dis-
tributions of Cy-Cy4 hopanes in (a) soil from Johnson's
Well on Bruny Island, (b} Ordovician carbonate from Ida
Bay and (¢) tar from the mouth of Deep Creek an the west
coast of Tasmania, Tricyclic alkanes are denoted by *. The
baseline rise in mass fragmencogram (a} is due to a con-
tribution of the m/z 191 ion from column bleed. Idencifi-

cations of peaks in hopane (m/z 191) and methyl hopane
(m/z 203} mass fragmentograms:
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H
Peak Hopane O 8 '7 0 4 {
1 Ca; 13a{H}-22,28,301nsnomechopane (Ts)
2 C,, 17a{H)-22,29,30-trisnorhopane (Tm!
k] C.; 17[3(H)-22,29.30-tnsnerhopane
4 Co; 17e{H),21B(H)-29,30-bisnothopane
35 Coy 17a(H)2tJ{ H)-30-nochopane
& Ciq 17p{H}21a(H)-30-normorecane
7 Cyy 17a{H).2 IB{H)-hopane
§ Cas 170(H),21 B{H)-30-norhopane
9 Cis 173D 21eH) -morecane
1o Cy {225)-17a(K}.21B(H)-homohopane
11 C,  (22R-17a(H).21BIK) homohopane
12 Cs (22R+5)-17f(H),21a(H)-homomoretane

13 Cy 17B(HL2IB{H)-hopane

21f(H}-pentakishomohopane
(22R)- 17!.1(H) 21B{H}pentakishomohopane
{225)-17a{H),21B(H)- -hexakishomahaopane

L
w

4 Gy, {225)-17c(H),213(H}-bishomohopane
15 Cy (22R)-17a(H),21B{H)-bishomohapane
16 C, (225}-17a(H),213(H)trishomohopane
17 C,, (22R}-17a(H}, 210 (H)-trishomohopane
1S C;  (22R:1IBIH),21P(HIhomokopane
19 Cyy (225)-17al(H}, 71 plH]tecrakishomohopane
20 C,, (22R)- l7a(H).2]}3 H)-tetrakishomohopane
2 ¢,  {225)170!H
C
C

=
o

identical. Similar ratios have been found in carbonate
derived oil from the Middle Eas:, and from Ordovician
sediments from mainland Australia (Hofimann et al.,
1937}, However, this ratio is very different from those
found in oils presently recovered from the Gippsland Basin
which show 2 strong predominance of Cyq steranes, The
presence of similar amounts and proportons of re-
arranged steranes (diasteranes) is also of interest since
these compounds are usually of very low abundance in
pure carbonates.

In 1990, 15 samplcs of bitumens collected early this cen
tury from coastal sites were obtained from Tasmanian
museums for geochemical analysis. Many of these samples
are mentioned in an early repart on petroleum exploration
in Tasmania (Twelvetrees, 1917}, All the samples are black,
shiny asphaltic bitumens which show a characteristic can-
choidal fracture and an arcomatic odour when broken.
They contain no inorganic matter and dissolve compleiely
in chloraform.

Aliphatic hydrocarbons tepresented 13.2-15.0 per cent
of the rotal extract of the bitumens, aromatic hydrocar
bons 3.9-6.7 per cenr, with the remainder consisting of
polar resins and asphaltenes. The distributions of aliphatic
hydrocarbons in each bitumen are similar to those of mat-
ure crude oils except that volatile hydrocarbons (<n-C 4}
are absent. The n-alkanes extend at least to n-C,; with no
odd or even predominance. Higher molecular weight com-
ponents are not abundant indicating that the bitumens are
nor denved from a waxy crude like thar from the Cipps-
land Basin. The major n-alkane is either n-C, or n-Cy;
Pristane and phytane are the most conspicuous branched
constituents in all samples. Longer<hain isoprenocids are
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comparatively minor compenents and botryococcane,
which occurs in some bitumens found on South Austcral-
ian beaches (McKirdy et al,, 1986), was not detected. The

ristatie/phytane ratios of most samples fall in the range
1.30-1.38. All of the chromatocrrams show a small ‘unre-
solved complex mixture’ (UCM or *hump’) throughout the
chainlength range l}plCZl.l of crude oils. The a.llphauc
h)drocarbon chsmbuuons give the overall impression of a
non-waxy, weathered heavy crude oil.

GCMS fngerprinting shows that the sterane distri-
butions in all of the bitumens are remarkably similar. The
Port Davey (Deep Creek) sample is typical (Figs 4 and 3).
Although C,; sieranes (peaks 5, 7, 8 and 9} predominarte,
they are only slightly more abundant than the Cyq steranes
and C.; steranes. This feature is also found in hydrocar-
bons isolated from the Ordovician limestone samples and
the scil from Johnson's Well (Fig. 4). The bitumens also
contain significanc amounes of diasterartes. Mass fragmen-
tograms for m/z 231 show that small amounts of methyl
sieranes are present in afl the bitumens, but individual
compounds were not identified.

The distributions of hopanes were characterised from
mass fragmentograms of the major fragment lon m/z 191
{Fig. 4}. Comparable data for the hopanes isolated from
the Johnson's Well and Ida Bay samples are also shown.
The major hopane peak in the bitumens is Cqy, with Cy,
next most abundant. Moretanes are present in low abun-
dance (peaks 6, 9 and 12), and the ratios of 225 o 22R
epimers in the extended hopanes {i.e. = Cyy; e.g. peaks 10
and 11} are typical of a mature cil. These isomers isomerise
to an equilibnium mixture before the onset of the oil
window. The ratio of the two Gy, hopanes Ts {peak 1) and
Tm (peak 2) is a sensitive indicator of thermal maturity.
Ts was less abundant thany Tm in all samples implying that
all bitumens were generatcd at closely similar thermal
maturities at an equivalent vitrinite refiectance of abou
06-0.7

Ai:hough the sterane distributions from Johnson's Well,
the 1da Bay limestone and various bitumen samples are all
very similar, the hopane distributions show signiﬁcant dif-
ferences. The hopanes in the limestone contain signih-
cantly more Cqy hopane due to the presence of a series of
29-norhopanies which are not present in detectable
zmounts in the bitumens. The bitumen hopane distri-
butions are more typical of those found in shales. The
carbonaces also concain a secries of C,q-Cy; 2-methyl
hopznes. whase mass spectra have a characteristic base
peak at m/t 205, These compounds are trace constituents
of the bitumens, implying that the bitumens are unlikely to
bederived from a carbonate source rock. €, demethylated
Ropanes were not detecied in any of the samples using m/z
177 mass fraginentograms. These compounds are com-
monly associated with highly biodegraded residues of
crude cil (Volkman et al., 1983}, which suggests that the
bitumens zre not simply tar residues from exposed reser-
voirs.

The hopane distributions in the Johnson's Well sample
donot, at firstsight, appear to be at all related to either the
Ida Bay carbonates or to the bitumen samples. This is due
to a predominance of hopanes from microorganisms in the
soil. Several of these hopanes have 173{H},21B(H}stereo
chemistry (peaks §, 13 and 18) which is typical of biologi-
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cally produced hopanoids. This complication must always
be cons:dercd when actempuncr to hngerprine petrolcum
derived hydrocarbons in soil orin geologically young sedi-
ments {Valkman et al, 1988). However, hopanes of obvi-
ous petroleum origin such as Ts, Tm and extended
hopanes were present. 2-Methylhopanes were not de-
tected, which tules out Ordovician carbonates as the
source.

The remmarkable similarity between all the sterane dis-
tributions implies that the hvdrocarbons in the bitumens
are probably derived from the same tvpe of organic matter
which contributed to the carbonates. The predominance
of Ca; steranes is not found in oils generated from higher
plants or from coaly matter, but is more typical of algal
matter. The presence of abundant diasteranes implies a
depositional environment in which the sediments contain a
high content of silt or clay. The absence ofmethylhopancs
argues against a shallow carbonate depositional environ-
ment.

The very low abundance of tricylic alkanes in the
bitumens indicates that the Tasmanite Oil Shale, in which
these compounds are the predominant biomarkers
{Denwer, 1986; Simoneit, 1986), was not the source of
these hydrocarbons. Also, the oil shales show a much
higher predominance of Cyq steranes and a very different
diasterane/sterane ratio {(Denwer, 1936). Moreover, the
maturity of the hydrocarbons in the bicumens is signih.
cantly greater than that found in Tasmanite Oil Snale.

Organic geachemical siudies show a very close similari':}'
between hydrocarbons from Ordovician Gordon lime-
stone, those from Johnson's Well on Bruny Island and with
tars collected from the Tasmanian coast. Little similarity is
observed between the aforementioned hydrocarbons and
lower Permian Tasmanite Oil Shale, the waxy Gippsland
crudes or botryococecane-rich South Australian bitumens,
The preponderance of C.; steranes suggests 2 widespread
algal source and the abundant diasceranes imply 2 clay or
silt-rich source that extends over most of Tasmania.

GEOPHYSICS AND STRUCTURE

Any suggestions that the historic and modern hydrocarbon
occurrences might be deriv ed from lower Paleozoic source
rocks and that reservoir potential might exist in the rocks
beneath the unconformity at the basc of the Upper Car-
boniferous-Triassic Parmeener Supergroup pose problems
for converntional madels of Tasmanian geclogy. The pre-
Parmeener rocks are concealed across more than half of
Tasmania and the proposed source and reservoir rocks are
never the dominant marerials exposed elsewhere. Much of
Tasmania consists of exposed Cambrian and Precambrian
in the west and the Ovdovician-Devonian turbidites in the
nottheast — all intruded by Devonian granitoids -- and
these have been inferved to occur at shallow depth beneath
the unconformity. The few drill holes to have penetratec
pre- Parmeener basement have proven Frecambrian dole-
mites, Ordovician-Devonian turbidites or Cambrian vol-

anics. No hole is deeper than about 10600 m and all have
bCC"i drilled for stratigraphic evaluation of the lower Par-
meener. Yet the secpages are widespread and apparentdy
associated with thrusts and lineaments.

Conga Oil began exploration on Bruny Island in sou-
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thern Tasmania. No pre-Parmeener rocks are exposed
for more than 30 km in any direction, although drilling
had proven Precambrian rocks at 999 m at nearby Wood-
bridge and Cambrian volcanics at 600 m beneath the
norchermn suburbs of Hobart. Appreciation of the signifi.
cance of the 1929 johnson’s Well dnlling find depended
hrst on imaging beneath the Jurassic doledre, stripping off
the Parmeener cover and finally assessing of the likely com-
positien and distribution of material beneath the uncon-
formisy.

GRAVITY AND MAGNETIC SURVEYS

Gravity and magnetic methods have a long and proven
record for structural assessment (e.g. Leaman and Richard.
son, 1881) in this complex surface envirenment and have
formed the basis for all of our deep appraisal.

Because of their cost efiectiveness and their ability to
reveal shallow structures and constrain the geometry of
dolerite bodies, gravity and magnetic surveys were ex-
tended from the area of the Bruny Island hydrocarhon
occurrence to central Tasmania in 1987,

The gravity coverage has taken the form of an infilling of
the state gravity data base such chat the nominal station
5pacing is now zbour 2.5 k. All stations were fully cor-
rected, including 22 kmn radius terrain corrections and were
reduced using a crustal reference density of 2.67 t/m3. The
acromagnetic surveys were flown at elevations of 1000 and
1600 m for the southern and northemn areas respectively
with line spacings of 2.5 and 5 km. All specifications have
been directed at resolution of primary structures and rela-
tionships at depths of 1000-5000 m below meter or sensor.
The coupling of these two potential field methods is essen-
tial to the resolution of any concealed structures with the
minimum of ambiguity.

Details of the scuthern survey and its interpretation
have been discussed by Leaman (1990). Interpretation of
the northern survey remains incomplete although itis now
known that structural styles inferred in the southern sur-
vey and which are comparable with these exposed in
western Tasmania, persist across the tsland toward Bass
Scrais.

The surveys have revealed the presence of deep Cam-
brian troughs containing thick piles of mafic and inter-
mediace volcanics. These troughs are commonly limited by
major siructires conaining ultramahces. Interfaces within
presumed Precambrizn basemenc rock are also implied at
depths which range from the sub-Parmeener unconformity
to perhaps feur kilometres. Other Palacozoic rocks overlap
both Cambrian and Precambrian rocks and may be up to
twao kilometres thick in southern Tasmania. The presumed
Ordovician and Siludan rocks can be traced to outcrops of
the Cordon Group in the region west of Hastings ot the
Picton River, Figure 6 shows the geology 2s might beseenif
the Parmeener and dolerite cover were stripped away.

STRUCTURE

The gravity and magneric analyses have provided saveral
gco]og’ical revelations. The ‘Tamar Lineament’, a funda-
mental crustal structure extending NiNW-SSE across the
istand from the Tamar River to the south-cast as proposed
by Willlams {1979}, is not supported by either data sel.
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Magnetic trends are acute 1o the supposed structure. The
granites of eastern Tasmania are present as giant bodies
elongated N-5 and their western margin cuts across al}
types of basement geology (Leaman and Richardsan,
1990).The granites of western and central Tasmania are
relatively isolated but are sometimes large bodies (Leamnan
and Richardson, 1989).

Many structural and stratigraphic pacerns are repeated,
The important and recagnisable untis include the uliram;.
hes of Early-Middle Cambrian age and thick dolomitic
successions of latest Precambrian age. Ar least three major
repetitions can be identified beneath the Parmeener. Sim.
tlar repetitions have now been implied in western Tas-
mania where the same rocks are exposed. All parts of the
lower Paleczoic succession are involved.

Although refatively small-scale thrusting has been rec
egnised and mapped for many years, large scale move-
ments involving basement or large portions of the Pal-
aeozoic succession have rarely been accepred or proven.
Leaman etal. (1973) reported the hrst such demonstration
based on gravity data and this has now been confirmed by
mapping and structural review. Other instances have bee;:
recognised since acquisition of much new data in western
Tasmania as part of the Mt Read Volcanics Project (1983-).
Examples of large-scale basement ard, occasionally, crusial
involvement in thrust stacks have been given by Leaman
{1935, 1987, 1938}, Such overthrust structures ac Cape Sor-
ell have now been established by dritling. Struccures are
complex; in western Tasroania the westward trending De-
vonian thrusts have disturbed pre-existing west-facing
early Cambrian thrusts. Current incerpretasions suggest
that litdde of the pre-Devonian geology of Tasmania, as
presently expesed, is autochthonous.

- SEISMIC SURVEYS

Very little seismic data is available for onshore Tasmania;
however, a survey of Bruny Island was undercaken by
Conga Oilin 1937, Data records have been generally poor.
This was initially ascribed to local terrzin and high velocity
surface problems. Jurassic dolerite produces irregular high
velocity intrusion forms which couple with topographic
efiects to impose complex static corrections. The dolerite
also reflects much energy from its upper surfaces and 2p-
parent reflector shadows appear beneath. The base of a
dolerite sheet is not generally revealed even though the
velocity contrasts are large, Processing problems associ-
ated with such difficult data are presently being assessed.
Ofishore surveys in southern Tasmania by Amoco in 1969
and by the Bureau of Mineral Resources in 1938, exhibic
seismic character very similar to land-based surveys.

Both onshore and offshore surveys have recorded ev-
ents, fragmentally, at times of 1-3 seconds. At Bruny
Island, an event could be traced the length of the 7 kin
traverse at about two seconds. The implied depth of 3-4
km s consistent with the poteadial field inference of a
major density contrast at this level

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

plemented by sparse drillhole data,

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

LINEAMENTS

The gravity and magnetic data sets define some spectacu-
lar lineaments (Fig. 7). An inidial outline of these and their
relationship te major tectonic elemencs is provided by Lea-
man & Richardson (1999).
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DISCUSSION AND NEW PLAY
CONCEPTS

INTEGRATION

Recent work has shown that the hydrocarbon sightings of
the past century are likely to be reliable and chat the hydro
carbons have been generated from lower Palaeoroi
sources rather than from Permian oil shales. The sighdings
are reasonably systematic and the patterns are botk
statewide and cortrelate well with structural lineamence
identified in gravity and magnetic data.

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

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

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

The evidence suggests that hydceocarbons have been,
and perhaps still are being generated and thac the reservoir
systems are either tight or well sealed. The thrust surfaces
or the base Parmeener unconformity may act as sealing
surfaces since the materals directly above them are either
homogeneous quartzite and dolomitic siltstones or dense
mudstones respectively. All possible source rocks have yet
w be analysed but hydrocarbons in southern Tasmania
have been generated from the Gordon Group. The simi-
larities and differences between seep analyses suggest
bydrocarbon generation from ac least three other lower
Palzeozoic sources.

Reservoir conditlons exist within the Ordovician carbon-
ates where they were karsiified after folding in the Early
Devonian, before being overlain unconformably by Upper
Carboniferous tillites. Primary porasities of 15 per cent
have peen measured in Gordon Group carbonates and
larger secondary porosities have been reported. Porosities

of about 20 per cent are known in some Early Ordovician
siliciclasucs.

gz

PLAY CONCEPTS

Many possible play concepts may be envisaged. Simple
closed structures involving Ordovician and Silurian source
and reservoir rocks may occur at the Parmeener uncon-
fermity where medium to long closures (1 to 4 km} are
known or beneath the major thrust surfaces. The lower
Palacozoic may occur as a thin residual beneath the un.
conformity generally but may locally exceed 4 km in thick-
ness where full sequences have been preserved. The pre-
Parmeener eresional unconformity cuts Gordon Group
limestones at several localities and palaeokarst reservoirs
may be expecred beneath Parmeener seals. Facies varia-
tions within the Gordon Group may also provide strati-
graphic trap conditions. Many variations are possible and
the most likely target category cannat be defined at the
present ume, however Figure 8 summarises some relation-
ships and possible plays.

Figure 8. Schematic cross-sections showing possible play
concepts in Tasmania (Siratigraphy is denioted by same
symbols as in Figure 6.)

The principal exploration problems at present relate to
the location and identification of rarger successions and
possible structures within them. The gravity and magnetic
data which have been extensively used 1o date have been
able to define regional structural elements, infer the pres-
ence of targer successions and suggest fold elements, but
are limited in ultimate resclution. Information recavered
from these sources is sufficient to set viable stratigraphic
targets — essential given the paucity of drilling control
avajlable — but not adequate for wildcac hydrocarbon pro-
posals.

Specific prospect definition will not be possible until
mare seismic data is available and che processing require-
ments assessed and refined. Seismic surveys can be specihc
since the potential field data have already dehned general
target locations. This is considered the most cost-efective

approach to the difficult problems presented by explo-
ration in onshore Tasmania.
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CONCLUSIONS

Recent appraisals of archived records, preserved tar sam-
ples, and structural reconstructions of Tasmania have
shown that:

« Most hydrocarbons recovered over many decades have
been derived from lower Palacozoic rocks and nor Per-
mian oil shales.

¢ The potential source and reservoir sequence is largely
concealed on an island-wide basis and the exposed rocks,
whether of the Carbonifercus-Triassic *“Tasmania Basin®
or the so<alled Precambrian basement inliers, are irrel-
eyant to prospectivity assessments.

e Tasmania must be seen as a typical fold-thrust province
in terms of its hydrocarbon potential. Several major and
minor thrusts are stacked. All Palaeczoic units are re-
peated and the entire overthrust system has been folded
and intruded by granites. Precambrian basement inliers
previously considered basement are blocks involved in
the thrust stack. Devonian thrusting has been from east
to west .

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

ity.
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ABSTRACT :

Archival research of petroleum sightings in Tasmania has revealed more
than 100 occurences of liquids and tars in the last 100 years. Many of
these ephemeral occurrences were confirmed by experts of the day. Some
were attractive enough to encourage investors and drilling.

Little recovery was achieved =and all wells were shallow and sited in
ignorance of the geology at depth.

Unfortunately, government or bureaucratic support has nrever been provided
due to incorrect assumptions and presumptions.

A "no o0il in Tasmania" psychology has developed, these sightings not
withstanding.

This archival search shows that reports of seeps are not random and
cerrelate with structural linezment trends recognised from regional
geophysical data - a correlation which adds to the credibility of the
historical records.

INTRODUCTION:

It is now 115 vyears since the first sign of petroleum was recorded
on-shore din Tasmania. Since then 107 reported indications of petroleum,
127 exploration licences, and the sinking of 35 drill holes constitute the
0oil exploration histroy c¢f Tesmania.

It is remarkable that the only paper to look seriocusly at the possibility
ol on-shore oil in Tasmania (' 'Twelvetrees, 1%17") is 73 years old but
remains the most recent Tasmanian Mines Department report cn the subject.

The first prospecting syndicate searching for oil on-shore, in 1915,
identified the Ordovician limestone as the source of the shows of o0il and
tar at New River Lagoon and correctly correlated the rocks with the upper
Ordovician Trenton 'series' of the Texas Pan-Handle, famous at that time
for oil gushes.

At that time many geologists called the Ordovician, Upper Silurian as the
new term Ordovician had not really czught-on.

Archivel records reveal a fascinating history of £false preconceptions,
plain ignorance, meddlesome belligerance, lack of scientific integrity and
political and financial sabotage. All these elements have conspired to
discourage on-shore petroleum exploration in Tasmania.

Although this history is best forgotten for the sake of 2 brighter future,
it must, however, be recorded in order to understand how oil exploration
in Tasmania has been retarded. Since the existence of any 0il exploration
in the State had been largely forgotten an archive search was undertaken.
This paper records some of the findings.
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COMPANIES AND EXPENDITURE

Many companies have been involved or floated on the basis of recorded
sightings. Several instigative drilling programmes at seespage sights — a
high risk and blind wildcat procedure were completed.

The companies were:-

Port Davey Mineral and Oil Prospecting Syndicate 1915
The Asphaltum Glance and Oil Syndicate 1915
The Bruni Island 0il Company 1916
The Tasman 0il Company 1921
The Mersey Valley 0il Company 1922
The Adelaide 0il Exploration Company 1922
The Tasmanian Oil Company 1529
The Austral 0il Drilling Syndicate 1936
Producers Oilwell Supplies 1939
Nudec Pry. Ltd. 1965
E.Z. Company Pty. Ltd. 1965
B.H.P. Ltd. 1980
Conga 0il Pty. Ltd. 1984

The most recent drilling was more than 20 years ago by Charlie
Sulzberger's Company, Nudec Pty. Ltd. An estimated 10 million dollars, in
1990 terms, was spent. They found a gas show and two o0il shows out of
thirty five wells. The programme was, however, defeated by ignorance; the
source of the shows was not Tertiary, Cretacecus or Permian, as then
thought, but Ordovician.

No company succeeded in penetrating Permian or post-Fermian cover; most

Tige wore cither unsuitable for the vock types or too limited in capacity.

OCCURENCES

The occurences related to seeps, licences and drill holes, have been
listed in chronological order (Appendix, 1) and demonstrate the extent of
0il exploration and interest. Regional groupings and recorded evaluations
are discussed below.

1. SOUTH COAST CCCURENCES

The Asphaltum Glance O©Oil Syndicates o1l leases were inspected by W.H.
Twelvetrees in 1915 and reported under the title '"Reccnnaissance of
Country between Recherche Bay and New River, Southern Tasmania". The
syndicate found oozing tars in New River, tars in the lagoon, Prion Beach,
and o0il scums off shore as strong indications that the Ordovician
limestone was both source and also reservoir for the shows. They compared
the occurences with the Trenton Limestone in America (Ordovician) and the
Devonian limestone of Canada as prolific producers of oil and gas and
correctly correlated the Gordon Limestone of New River to the Trenton
Limestone. (Burrett, et al. 1981)

Twelvetrees correlated the limestone to the Silurian (Ordovian in modern
usage) states incerrectly that "signs of bitumen or oil have never been
detected in this rock'.

He goes on to state, "In any case there is no reason for regarding the New
River Limestone as having any bearing on the question of the derivation of
the pieces of asphaltum picked up off the New River Beach". He made this
statement after assigning the oozing tars of New River to deep pockets of

Tertiary within the Gordon Limestone, — all insubstantiated conclusion.

47
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He did, however, determine that the specific gravities and physical
characteristics of the tars, as listed below, were remarkably similar.

Upstream Gorden
Limestone Asphaltum from Port Davey 1.0349

On Gordon
Limestene Asphaltum from Rocky Boat Harbour 1.0429

On Gordon
Limestone Asphaltum from Surprise River Beach 1.0426

On Gardan
Limestone Asphaltum from North of Pointr Hibbs (Albina) 1.0459

W.F. Ward, Government Analyst, confirmed that the $.G. of "The Tasmanizan
Asphaltum ranged from 1.0313 tc 1.0459 (the S.G. of salt water is 1.03)".

The most interesting of the tar's physical properties is that they all
sink in salt water, a point discussed below. The syndicate also held =a
lease for o0il at Recherche Bay. The D'Entrecasteaux River catchment
contains Gordon Limestone, which has tars and has alsg been reported
cozing oil, and the river is the main stream into Recherche Bay.

A kerosene stone reported at Southport, may be related to the Gordon
Limestone hydrocarbons, laying beneath the Permian, both there and at
Recherche Bay.

l.eases taken out in 1915 around the Eastern mouth of the Davey River, at
Deep Creek, are very interesting as a half tonne sample of asphaltum,
heavier than salt water, was taken to Hobart. The leases were on
Precambrian recks, but Gordon Limestone outcrops upstream in the Davey
River.

Another occurrence on the Precambrian rocks was at Louisa Bay, and on
Triassic at South Cape Bay.

2. WEST COAST

Tars 2t the mouth of the Meinwaring River are in Cambrian rocks but
OCrdovician rocks may occur off shore and are exposed near Point Hibbs.
Most tars have been reported on Ocean Beach. In 1923, the Mersey Valley
Oil Company and a Mr H.E. Eveden pegged leases covering the area from the
Strzhan township to Ocean Beach and north towards the Henty River.

In 1942, Mr. W. Holmes, Manazger of the Union Steamship Company, reported a
stretch of water 4 miles long, suddenly became discolourad. This was just
off Ocean Beach approximately due west of Strahan. After a subsequent
storm a large amount of tar was collected by the coast guard. In this same
position about 8 years later, over a period of two years, a school
teacher, Mr ., H. Fletcher, described oil seepages on Ocean Beach
(irridescent films) and on the banks of a creek inland. He also described
2 black patch just off shore and tar being burnt in fires after storms.
Mr. Fletcher also made sightings in dume lakes north of the Henty River.
The Henty River itself has been reported as seeping gas, and tars can be
found in the Gordon Limestone south of Zeehan.

-2
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the tars originate from strata

inland of Ocean Beach, not from off-shore sources far removed., The
possibility of an Ordovician source is
Ordovician to Devonian sequence is exposed north and east of Strahan.

highly 1ikely since a thick

Tars (distinguished from fossil resins) within Macquarie Harbour, reported
near Farm Cove caused an extensive search by a Sydney explorer in 1895 but
no source was found,

Tars

were lccated recently in the headwate

rs in the King River in Gordon

limestone which had thermal maturity within the o0il window. Sediment
samples of the King River delta taken by C.S5.1.R.0. revealed hydrocarbens,
but the source has not yet been determined.

3. D'ENTRECASTREAUX CHANNEL - SOUTH EAST TASMANIA

Six ccmpanies have concentrated their efforts in this district, the Bruni
Island Oil Company, the Tasmanian 0il Company, Producers 0ilwell Suppliers
Pey. Led., E.Z. Company, B.E.P., and Cenga Oil Pry. Ltd.

(a)

0il

DOVER AREA

and gas was reported in shallow se

somawhere near Dover in 1933 and 1957.

(b)

CYGNET AREA

a 'water by separate observers

Cygnet's first reported seep was in 1876 followed by two sightings in 1939
on opposite sides of the Cygnet dome structure, preompting a public meeting
by Fruducers Urlwell Supplies, in both 1939 and 1953. Nebulous reports of
seeps &t Crabtree, 20 km Notth of Cygne
deaths due to HZS were reported in & shaf
gas is open to Question.

(c)

BRUNY ISLAND AREA

t were made around 1960. Two
t at Cygnet, the source of the

This area consists mainly of Permo-Triassic Parmeener Supergroup sediments

with
oils

Jurassic dolerite intrusions. The
and gas mainly escaping aleng fault

geophysical interpretation the basement

with

some remnant Ordioviecian sections,

trough being some 10 kilometres to the
(Leaman, 1990, The source of the seep

Limestone within this trough.

onshore seeps consist of tars,
lines. On the basis of modern
is probably mainly Precambrian
the edge of the main Cambrian

west of the island itself.
s is thought to be from Gordon

(Analyses, Dr. J. Volkman, C.S.I.R.O.).

In 1916, with a capital of 50,000 pounds, the Bruni Island 0il Company put

down
thei
inad

7 shallow holes on the basis of 2
T prospectus, The deepest of thel
equate for any pre-Permiarn target.

Tasmanian 0Oil Company drilled 3 heles in

and

seeps of exuding tars cited in”
r holes was 450 feet, quite
After this failed attempt, the
1929 cn a confirmed show of oil

gas at the bottom of a well. {McIntosh Reid, 1925). 0il vas
collected in bottles after drilling te a depth of 125 fest.

Numerous 1leases have been held on Bruny

Great Bay,

of
C.S.

Island, from Adventure Bay to

on various seepages up until the present day. Various samples

marine sediment in the D'Entrecastreaux Channel 'collected by the
I.R.0. end terrestrial samples on Bruny Island collected by Conga 0il
Pry. Ltd. and znalysed by the C.S.I.R.0. have shown Ordivician hydrocarbon
signatures. (Volkman, 1989).

[0
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In 1940 a seep of 0il was reported in an army well at Fort Direction,
South Arm, and 1 km north, it was reported in 1988 that seeps had been
occurring on Spring Beach over the last 40 years. Some 10 kilometres to
the east in the lagoon behind Clifton Beach, a Mines Department seismic
spread 1indicated an extensive sequence of reflections below the Permian
cover which may possibly indicate a section of Palaeozoic rocks including
limestone. (Leaman, 1978).

4. MIDLANDS

Seeps of light o0il have been reported at Glenlusk, Colebrook, Cambridge,
Tunnack and Jericho. Reports of tars from Brighton and Dysart in recent
times 1indicate the reason for an exploration licence for e¢il taken out at
Elderslie by S. Chapman, in 1919. Tar samples recently collected from
Tunnack have been sectioned and show total impregnation of the rock by
hydroccarbons. (Dr C. Burrett, D. Leaman, pers. comm.).

At the north end of this lineament are the gas shows reported at "Rose
Neath", Ross, (1939) and 1 kilometre to the west is a reported show of oil
in a water bore (1984, G. & G. Gleason).

5. NORTH - NORTHWEST

A line of ocozings from Newstead through Relbia to Evandale, was reported
by W.H. Twelvetrees, 1917. Recent geophysical interpretation implies a
lower Palaeozoic section below these seeps. {(Dr . Leaman, R. Henuauto,
pers. comm.). A continuation of this trend north of Launceston extends to
the site of the 1939 Producers. 0ilwell Supplies drill rig at Danbury Park.
0il has been reported seeping £rom Permian rocks west of this hole at
Bridgenorth (1962} and et Rosevale (1921) in Tertiary rocks. The mosr
northerly seep was reported by a mine geologist at Beaconsfield; seepage
directly into the mine water, presumably from the Flowery Gully Limestone
{Gordon Limestone). :

The Cressy - Port Sorell structures have been the most drilled for oil in
Tasmania, with 20 holes sunk in 1922-23 alcone (by the bMersey Valley 0Qil
ang Adelaide 0il Exploration Companies). Three more bores were sunk by C.

Sulzberger,  between 1966 and 19%8. The original companies were greatly
encouraged by increased rates of seepage following an earthquake in 1922,
& major earth quake occurs in Tasmania every 20 years, it is 30 years

since a major quzke,

6. DERWENT VALLEY OCCURRENCES

The 1910 Annual Report to the Director of Mines, reported a bituminous
exudation on the banks of the Derwent River at Xenmore Estate, Macquarie
Plains, and 20 kms upstream, Mr. W.C. Inglis reported seeps of oil on his
property in 1958. A drill hole for oil was put down 520 feet (158.5 m) at
"Lawrenny' (1920) but was abandoned at that depth after the rods "stuck'.
Mr. G.C. Harris reported gas at Tarraleah in 1946.

An unbroken line of o0il leases between Lzke St. Clair and Cradle Mountain
wes taken up in the 1921 "oil rush". There is much confusion over the
cause of the 1921 "oil rush", mainly because coal in the district contains
thin petroliferous layers. (Mersey Coal Measures and Preolenna Oil Shales
correlates). Tars were also exhumed from the glacial Moraines of the
field ©but consultants did not believe the hydrocarbons to be derived from
the Preclenna 0il Shales.
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Consider two quotes:
(i) Report from the field, 1921.

Cn the 28th May, Mr. A.C. Black, Field Manager of the Tasman Oil
Company, wired from Sheffield, Tasmania, to his Principals in Melbourne |,
as follows:-

"Now in a position report absolutely, facts can be produced from data
collected recent developments that oil exists at Barn Bluff".

Since his consulting geologist had just returned from a visit to this
region, the Secretary of the Melbourne Company wired to him asking for his
opinion regarding Mr. Black's statement and replied:

"I have no hesitation in confirming Black's 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 o0il have unquestionably
been  produced by natural process of distillation and may be
confidently sought for in the Anti-clines”.

(ii) Report of Mr. W.A, Dixon, F.I.C, F.C.S., Sydney, 1893,

"On distillation, "pelionite" (from glacial Moraines) produced
hydrocarbons of the arcmatic series (benzene, naphalene etc.) and not
as are contained in the Preolenra kerosene shzle those of the
aliphatic series (olefines, paraffines etc.)"

‘The Preolenna Kerosene Shale equivalent unit does outcrop in the Barn
Bluff area but its products are waxy and immature. It is not able to
account for gas shows in the area and cannot produce the composition of
the "fossil tars" present in the glacial Moraine.

7. NORTH WEST TASMANIA

One of the first recorded tars was described from Chudleigh in Pettard's,
189¢ 'Catelogue of Tasmanian Minerals". He describes it as, "occuring
zbout 4 miles from Chudleigh on the eastern bank of the Mersey River. It
was perfectly black, sectile end burned with a dense smoke and strong

cdour. It occurs in drab coloured eluminous shale of (presumed)
Ordovician age."

In 1956, at Mole Creek, seven kilometres to the west, on the Gordon
Limestone, a well was reported to have seeps of oil. A furcher occurrence
was at a small outcrop of Gordon Limestone directly vunder the capping
Parmeener Supergreoup in Muddy Creek, Golden Valley. This was reported
emitting flammable gas in 1932. The Adelaide 0il Exploration Cempany
Field Manager reported shows near Devonport. Drill hole no. &, of this
company at Port Sorell, was reported by a Government geologist, A&,
McIntosh Reid, 10.9.1923, as having penetrated a bed with natural gas
under enormous pressure — causing an outbreak closing the hole. In the
same report he sites numerous seeps of oil and gas escaping from both
Fermian and Tertiary strata in the Latrobe - Sassafras district.

A sample of mature oil was obtained by Conga O0il Pry. Ltd. from basal

Permian rock at Poatina, which has neither a Permian Tasmanite nor
Ordovician carbonate sigrature. {Dr. J. Volkman, C.S5.I.R.O., pers. comm.)

Other occurrences have been reported from the Mount Read Volcanic Belt.
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0il was reported by McIntosh Reid (1923} on the west bank of Ray Creek at
Nook, and at Stoodley in 1930. Two separate sightings of oil and gas
(1920 and 1966) escaping from the bedrock of the Forth River about 2 km
inland from the mouth have been reported - in 1920 and 1966. 1In 1968, bMr.
C. Flowers of Ulverstone, described a tar exuding from a stretched pebble
conglomerate (Precambrian) and provided a sample and photographs to the
Department of Mines who did not investigate the occurence. Mr. J. Bates
of Penguin, rteported o0il seeping at his property in 1968 and a Mr. L.F.
Egan reported a similar occurrence at Burnie in 1962.

There are ten otcurences reported from the far northwest. The first in
1915, was that af tar on the beach at Wynyard. Shows of o0il have been
reported since at Table Cape (1963), Fossil Biuff (1965), Tlowerdale
(1925) and Distillery Creek (1962). Three licences to search for oil were
issued in the Inglis River. In 1956, Mr. B.A. Farquhar reported oil seeps
at West Takone, and in 1921, ¢Mr., N.J. Richardson reported oil seeping at
his property at Cam Road, Somerset.

In 1921, a 1licence to search for oil was issued to F.W. Heritage on
Preceambrian rocks between the Interview and Lagoon Rivers. As far back as
1876, tMr. T.B. Moore, reported numerous tars on the beaches both north and
south of Sandy Cape. Only Precambrian rocks, including some carbonates,
occur on the rivers flowing to these beaches. At Green Point, (1962) and
Redpa (1948) o0il shows occurred in the Precambrian limestones and at Mt.
Cameron in 1925, tar was reported seeping from the limestone.  Constant

reports of seeps at Mengha from 1930 are also near Precambrian limestone
(dolomite).

In 1815, W.H. Twelvetrees reported on beach tars at King Island, presuming

them o hazve been wachod thate. llowseviy, ihe Trecambrian Granites on the
foreshore presented petroleum seeping from the fractures which yields tars
at the surface. This phenomenon was confirmed by the Department of

Netional Development when ¥Mr. S.P.J. Adams took samples to Canberre in
1960 after failing to elicit any interest from the Tasmanian Department
of Mines. Two licences were issued to search for oil in 1960, one in his
own name and one in his wife's name. Earlier in 1955 a ¥Mrs. A.J. Smith
held & licence to search and also cffered to show the Mines Department the
oozing tars. ©She stated her son would blast the rock to prove they were
cozing and also sited seeps of tar inland along the Pass River. In that
samz period a licence to search for cil was issued to a Mr. W.K. Westley,
in 1960. There are nc records of what prompted his application.

&. NORTH EAST TASMANIA

The "oil rush" of 1936 was ied by the Austral 0il Drilling Syrdicate who
cited abundant limestone and glauconite of Cape Barren and Flinders Island
as excellent indicators of oil. Large lagcons burned for years when
ignited after being drained; the corky substance present yielding 85
gallons per tonne of oil. Similar material was reported near Smithton and
is thought to be derived by zlgal activity.

Mr . A.H. Thorpe has reported oil seesping to the surface in Muddy Creek,
Bridport. He took up & licence to search but no evidence has been found
to support his claim.

!
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DISCUSSTION AND CONCLUSION

Many sightings, or possible sightings, have often been considered due to

oxide scums on water. Many of the above references could also be
considered suspect or dus to neighbourhood publicity. Map 1 shows,
however, that there are non random relationships in the observations and
not all can be called into gquestion - if any. The distribution of

unambiguous onshore sightings suggests that several source materials may
be present; Geochemical work by Dr. J. Volkman of C.5.1.R.0., for Conga
0il Pry. Ltd. has already shown that Ordovician limestones source seepages
in Tasmania.  Geophysical-structural work by Leaman (1990) has confirmed
that the necessary structural styles and sequences are present, but
concealed, in this region.

Most of the trends evident in Map 1 can be recognised in the preliminary
crustal interpretation of Leaman & Richardson (1990). The recognition of
2 close ceorrelation, suggesting a need for further work, between
presumed/actual sightings and basement-induced gravity and magnetic trends
adds considerable credibility to the archival records.

The overall spread of records indicates that Late Precambrian dolomites
may also be source rocks. It is clear, therefore, Tasmania does coantain
onshore petroleum scurces and reservoirs.

Archival records alsc show that enterpreneurs, companies, visiting
consultants and agents of the Federal Government have Dbeen actively
discouraged in their efforts to explore. Many legal actions have
resulted. Most problems can be assigned to a widely held not just =2
bureaucratic view that "there is no 0il in Tasmania", very similar to
that gncc hold  in Arebis. This view deorives frem & number of falsc
assumptions, some of which have been zlluded to in the main text, and
which are only now being resolved by Conga Oil Pry. Ltd. with assistance
from the Mines Department.

The original prospectors of New River (in 1915) deduced the importance of

the oil seeps and tars, identified the Gordon Limestone socurce and
correlated it to similar prolific oil-producing limestones in the United
States. The discovery of o0il and gas in limestones of Ordovician age on
mainland Australia, mainly the Amadeus Basin, gpoints te the increased
validity of the play concept. Current evidence and histcrical data

suggests that the lack of exploration work for ¢il and gas does not
reflect upen the prospectivity of the Tasmanian Bazsin or absence of
indications of petroleum, but on the false preconception of several
generations of Tasmanian geologists.
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APPENDIX 1.

CHRONOLOGICAL LIST OF OIL SEEPS, LICENCES AND DRILL HOLES

Date

Place

1871
1876
1876
1876
1876
1876
1889
1893
1895
1895
1895
1910
1610
1914
1915
1915

1915
1915

1915

1615
191>
1915
1615
1915
1915
1915
1915
1915
1915
1815
1915
1915
1915
1915
1915

1916

15186
1917
1617
1917
1917
1917
1918
1918
1918
1919
1919
1620
1920
1920

Prime Seal Is.

Szndy Cape
Mainwaring River
Point Hibbs

Farm Cove

Cygnet

Ross

Barn Bluff

Port Davey

Chudleigh

Macquarie Harbour
Deep Crk, Port Davey
Hamilton (River Bank)
Hamilton

Nth. Bruny Island
New River

Davey River
New River

New River

New River

Filinders lsland
Three Hummock Is.
Marrawalt

Cape Barren Is.
Wynyard Beach

King Island

Albina (20km Nth Pr. Hibts)
Point Hibbs

Louisa Bay

New River

Rocky Bpat Harbour
Surprise River Beach
South Cape Bay

New River

Recherche Bay

North Bruny Is.

Nth. Bruny Is.
Southport

Arthur River
Newstead

Reibia - Evandale
Longfoerd

Zeehan

Nth. Bruny Is.
Nth Bruny Is.
Barn Bluff
Elderslie

Spring Bay
Hamilton 'Lawrenny'.
Sth. Bruny Is.

Occurrence Name

Tar Mr. Chas Gould

Tar T.B. Moore

Tar T.B. Mocore

Tar T.B. Moore

Tar T.B. tMoore

0il Robert Taylor

Salt Mr. Barwick

0il A. Montgomery

Tar P. Hutchings

Tar M. Pettard

Tar Sydney Explorer

Tar Twelvetrees

Tar* Twelvetrees

0il Walter Blackwell

Tar Bruni Is. 0il Company

Lease The Asphaltum Glance
& 0il Syndicate

Tar W.H. Twelvetrees

Lease The Asphaltum Glance
& 0il Syndicate

Tar, 0il The Asphaltum Glance
& 0il Syndicate

Lease 11 I rt

Tar* W.H. Twalvetrees

Tar W.H. Twelvetrees

Tar* W.H. Twelvetrees

Tar W.H. Twelvetrees

Tar W.H. Twelvetrees

Tar® W.H, Twelvetrees

Tar#* W.H. Twelvetrees

Tar* W.H. Twelvetrees

Tar= W.H. Twelvetrees

Tar#* W.H. Twelvetress

Tar® W.H. Twelvetrees

Tar® W.H, Twelvetrees

Tar=* W.H. Twelvetrees

Tar* W.H. Twelvetrees

0il The Asphaltum Glance
& 0il Syndicate

- Drill Bruni Is. Oil Company

Holes

1 -7

Tar Bruni Is. 0il Company

Tar, 0il Twelvetrees

Tar Twelvetress

011 Twelvetrees

0il Twelvetrees

0il Twelvetrees

Tar Fredrick Chapman

L.S. W.H.T. Brown

L.S. R.J.P. Davey

Tar A. McIntosh Reid

L.S. S. Chapman

0il Mr. Fielder

brill 1 C.A. Brock

L.S. V.A. Chipman
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1920
1920

1920

1920
1920
1920
1920

1920
1920
1920
1920
1920
1920
1920
1920
1920
1921
1921
1921
1921
1921
1521
1921
1921
1921

1621
1921
1521
1921
1921
1921
1921
1921
1921
1921
1621
1921
1921
1921
1921
1921
1621
1921
1921
1921
1921
1921
1921
1921
1921
1921
1921
1921
1921
1821
1921
1921
1921

Sth. Bruny Is.
Davey River

Forth River

Barn Bluff
Barn Bluff
Barn Bluff
Cradle Mountain

Me. Olympus
Narcissus River
Sth. Bruny Is.
Barn Bluff
Barn Bluff

Mr. Achilles
Barn Bluff
Lake St, Clair
Davey River
Sth. Bruny Is.
Sth. Bruny Is.
Sth. Bruny Is.
Sth. Bruny Is.
Nth. Bruny Is.
Neh. Bruny Is.
Sth. Bruny Is.
Somerset, Cam Rd.
Between Lagoon &
Interview River
Douglas River
tlt. Pelion

Mc. Pelion

Me. Pelion

Mr. Pelion

Mt. Pelion

Mt, Pelion

Mr. Pelion

tic. Pelion

Mt, Pelion
Barn Bluff

My. Pelion

Mt. Pelion

Me. Pelion

br. Pelion

tlc. Pelion

Me. Pelion

Me. Pelion

Mec. Pelion

Mt. Pelion
Barn Bluff

Me. Pelion
Barn Bluff

Me. Pelion
Barn Bluff
Barn Bluff

Mt. Pelion

Mc. Pelion

Mc. Pelion

Mc. Pelion
Dulverton
Railton
tlersey
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.C. Brown

.J. Donellan,

. Smith & J. Jones.
Eastall,

Richardson & A.Stocks
.C. Manton & A.C. Black
.C.D. Bernaceli

Evans

The Granville
Prospecting & Mining Co.
L.G. Thompson

L.M. Stackhouse

. Perry

. Mudie

.L. Nichels

.C. Reilly

. Hawson

. McDonald

.T.A. Cleveland

LA, Chipman

Perry

.C. Brown

L. Frizoni

. Thomas

. Thomas

.L. Frizoni

.J. Richardson

0000

Mo UOn<=Z4At > =W

.W. Heritage
LR MeWilliams
W, Mudie
West

Hoate

. Harringten
. Duncan

. Duncan

. Kirkham
Kirkham
Nicholson
Forester

n MacKenzie
. James

B.C. Kirkham
L. Potter

A. Baker

Stella Moate
T.B. Harrington
L.M, Beckwith
R. Duncan

Lena Mofflin

[ kir‘k:%.w:ﬂ

e

w
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E.J. Stott

R.A. Mofflin
C.H. Augsas

G.B. McCutcheon
R.J. McCutecheon
C. Adams

S.C. Hocking

R. Sharples
F.W. Reid

E. Morse

F.D. Xite

J. Stewart
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1921
1921
1921
1621
1921
1621
1921
1921
1921
1921
1921

1922
1922
1622
1922
1922
1922
1922
1622
1922
1922
1622

1922
1922

1922
1922
1922
1922
1922
1922
1922
1922
1622
1922
1927
1922
1922
1922

1922

1922

Sth. Bruny Is.
Sth. Bruny Is.
Barn Bluff
Barn Bluff
Barn Bluff
Adventure Bay
Sth., Bruny Is.

Nth. Bruny Is.

Nch., Bruny Is.
Rosevzle
Barn Bluff

Inglis River
Inglis River
Inglis River
Mersey
Jerichao

Sth. Bruny Is.
Davey River
Davey River
Kermode
Latrobe
Railton

Barn Bluff
Latrobe

Latrobe
latrobe
Latrobe
Lztrobe
Latrobe
Latrobe
Latrobe
Latrobe
Latrobe
Latrobe
Latrobe
Latrobe
Latrobe
Latrobe

Latrobe

Latrobe

el alol il o alal ol
Hnwmwmwnpmnuunwnnwl

(@]
i .
ju]

&

o nnnHr unnw,min

J )
~ lal
[N -
o
e

Drill
Drill

Drill
Drill
Drill
Drill
Drill
Drill
Drill
Drill
Drill
Drill
Drill
brill
Driil
Drill

Drill

Drill

Gas

No. 1

No.

—

No. 2
No. 3
No. &
No. 5
No. 6
No. 7
No. &
No. 9
No, 2
No. 3
No. &
No. 5
No. 6
No. 7
No. 8

No. 9

No.10
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.A. Chipman

.C. Brown

Simson Hope

.W. Craig

.B. Denniston

.L. Frizoni

L. Frizeni

. Thomas

. Mathias

Loftus Hills

Mr Black, Field Manager-
Consulting geologist
confirming seeps.
J.A. Wauchope

J.A. Wauchope

J.A. Wauchope

G.D. Mendall

R. White

W.T. Rope

W.C. Hart

W.T.A. Cleveland

The Mersey Valley 0Oil
Co.

The Mersey Valley 0il
Co.

(Adelaide 0il Exploration
Company. )

MG Tme>00<

The Mersey Valley 0il
Ca.

The Mersey Valley 0il
Co.

The Mersey Valley 0il
Co.

The Mersey Valley 0il
Co.

The Mersey Valley 0il
Co.

The Mersey Valley Qil
Co.

The Mersey Valley 0il
Co.

The tlersey Valley 0il
Co.

Adelaide 0il Exploration
Company.

Adelaide Oil Exploration
Company .

Adelaide 0il Exploration
Company.

Adelaide 0il Exploration
Company.

Adelaide 0i1 Exploratioen
Company.

Adelaide 0il Exploration
Company.

Adelaide 0il Exploration
Company.

Adelaide 0il Exploration
Company .

‘Adelaide 0il Exploration
Company.
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1922
19272

1923
1923
1923
1923
1923
1923
1923
1923
1923
1923
1923
1923
1923
1923
1923
1923
1923
1623
1923
1923
1923
1923

1924
1924
1924
1924
1924
1924
1925
1925
1925
1925
1926
1928
1928
1928
1928
1925
1928
1929
1929
1929
1929
1929
1929

1929
1929
1930
1930
1930
1930
1931
1931

1933
1933

Latrobe
Latrobe

Rockliffes Farm
Roches Farm
Harford

Burgess

Mersey

Port Sorell
Port Sorell
Port Sorrell
Port Sorell
Franklin Rivulet
Burgess

Burgess

Port Sorell
Burgess

Port Sorell
Barn Bluff

Barn Bluff

Barn Bluff

Barn Bluff
Little Henty River
Strahan

Strahan

New River

New River

Naw Rivar

Henty River
Barn Bluff
Barn Bluff

New River

New River
Flowerdale

Mc. Cameron
Barn Biuff

Nech. Bruny Is.
King Island
Nth. Bruny Is.
Nth. Bruny 1s.
Nth. Bruny Is.
Sth. Bruny Is.
North Bruny Is.
North Bruny Is.
No rth Bruny Is.
Great Bay, Nth. Bruny Is.
North Bruny Is.
North Bruny Is.

Sth Bruny Is.
Henty River
Nth. Bruny Is.
King Island
Stoodley
Mengah

Cradoc
Leprena

Dover
Golden Valley

Drill No.ll
Drill No.12

0il & Gas
0il & Gas

el ol S N sl el al kel el ol ke
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0il & Gas
Prill 3
0il, Tar
& Gas

0il

Gas

L.S.

L.S.

0il

0il

0il

0il
(Kerosene)
0il

Gas
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Adelaide 0il Exploration
Company.

Adelaide 0il Exploration
Company.

A. McIntosh Reid
. McIntosh Reid
.B. Cocker

.A. Wauchope
M.CL Griffin
.C. Grubb

.N. Levy & A. Brown
.D. Johnsteone

. Baker

. Douglas

. ticDonald

. McDonald

. Addison

. Green

. MacKenzie

. Plante

. Mudie

.E. Black
Stoneham

S.A. Clark

H.E. Evenden

The Mersey Valley 0il
Co.

F.T. Boddy

. Hawson

. Heritage

. Wauchope

. Edwards
Reynolds

. Heritage

. Everden

. Berechree

.F. Ford

.S. Hope

.M. Boddy

. Bonney

.F. Boddy

.C. Black

. Hayton

A_H. Jackson
Tasmanian 0il Co.
A.J. Miller
Tasmanian 0il Co.
A. McIntosh Reid
Tasmanizn 0il Co.

Mmoo n G omY o =
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Tasmanian 0il Co.
(Sgd) L.W. Marsden
J.H. Robertscn

J. MeD. Hay

L. Gatenby

A. Wright

J. Healy

W.J. Acrmstrong

G.H. Smith
Lloyd J. Owens
B.H. Whittle
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1936
1936

1935
1936
1939
1939

1939

1639
1940
1950
1947
15942
1944
1945
1946
1945
1652
1833
1953
1655
1955
1936
1956
1955
1656
1957
1938
1i0se
1960
1560
1960
1960
1660
1960
1550
1950
1662
19562
1962
1962
19562
159063
1965
1965
1685
1856
1Ga6

1966
1906

19¢8
1969
1630
1684
1986
1936
1937

Flinders Is.
Flinders Is,

Flinders Is.
Flinders Is.
Cygnet
Cradoc

Danbury Park

Foss

South Arm

Port Davey
Tunnack

Ocean Beach, Strahan
Bridport
Flinders Island
Tarraleah

Redpa

Cambridge
Cvgnet

Strahan

Prion Beach
King Islend
Arthur River
West Takone
King Island |
Mole Creek
Dover

Tinderbox
Hamileeon
Crabrree

Port Sorell
King Island
Marrawah

King Island
King Island
Central Highlands
Detencion River
Jericho
Bridgenorth
Marrawah

Burnie
Distillery Creek, Wynyard
Table Cape

S.E. Tesmzania
Fossil Biluff

Ulverstone

Forth River
Hagley

Hagley
Cressy

Penguin

Hagley

S.E. Tasmania
Ross

Glenlusk

North Bruny Is.
Ida Bay

L.S.
L.s.
L.s.
L.s.
0il
0il & Gas

Drill 1

Gas

0il

L.S. tar
0i1l

Tar

0il

0il

Gas

0il

0il

0il

0il, Tar
Tar

L.S.
L.5.
L.S.

Tar

0il

011, Gas
0i1

031

0iil

Gezs

L.S.

Tar =+
L.S,
L.S.

0il

Oil

0it

Oil

0it

0il

0il

011, Gas
Lease
0il

Tar

Gas
Drill 1 +
Lease
Drill 2 +
Lease
Drill 3 «
Leasa
011

011

0il Lease
0il '
0il

011, Gas
Tar

687069

A.A. Summerhayes .
Austral 0il Drilling
Syndicate

C.S. Demzine

AW, Imray

R. Taylor

Producers Qilwell
Supplies Ltd.
Producers 0Qilwell
Supplies Ltd.

C. Davis

E.Z. Company
H.E. Evendon
A. Mackie

Mr W. Holmes
A.H. Thorpe
W. Carry

G. Harris

C. Burt Senr.
P.W. Evans

R. Dunning

H. Fletcher
H. Akerley
Mrs. A.J. Smith

R.X. Cummning
B.A. Farquhar
Mrs. A.J. Smith
Eva Marchant

E.A. Haigh
Mrs. Wilkinson
T.B. Gulline
Unknown

C. Sulzberger
Mr. S.P.J. Adams

F.W. Ford
F.J. Adanms
W.K. Westly
K. Slater
C.R. Pyke
R. White

W. Rattray
C.X. Hine
L.F. Egan
J. Carol
Mr. Jackson
E.Z. Company

S. Veenstra
Mr. C. Flowers
H.E. Flight
C. Sulzberger

C. Sulzberger
C. Sulzberger

. Bates

. Sulzberger

.H.P.

G. & G. Gleeson
Unknown

Conga 01} Pry. Ltd.
R. Bender

J
C
B

LN
W)
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1387 WNorth Bruny Is. 0il, Cas
1987 Queenstown Tar

1987 South Bruny Is., Cole Pr. 0il

1988 Spring Beach, South Arm 0il

1989 Cape Piller 0il

1969 South Bruny Is. Tar

19589 Brighton Tar

1989 Dysart Tar

1689 Beaconsfield 0il

1989 Colebrook Tar

Tars marked * , *¥* represent occurences where
collections;

Ordovician source.

Queen Victoria and Tasmanian Museum respectively.
analysis of these tars have conclusively proved
(Dr. J. Volkman, C.S5.I.R.0., 1990)

C.5.1.R.0.

Conga 0il Pty. Ltd.
A. Farmer

Mr. Morris Potter
R. Billingham
(Mines Dept.)

Steve Forsyth
(Mines Dept)

C. HWallis

D. Green (Mines Dept.)
Mine Geologist

C. Wallis

samples exist in museum

G.C.M.S.
they originated from an [}/

687070

o



—

e

R

b
G

[

m

M. R

14|

Hl

-
1Y}

Il
Cla

087071



ol

S
o
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BMR No Dapth Tmax 31 52 53 52483 TCC HI Ol %CO3
kg/tonne kgl/ionne kgflonne {Whole Rock}
5800 Douglas Biver : 321.33—321._05 444 6.28 147.53 0.15 983,53 16.99° . B68 1 10.69
5B01 Ross Borehole #2 409.00-409.30 447 0.5 0.09 0 | 1.19 8 0 8.88B
5802 Tunbridge Borehols #2  676.4-676.7 458 0.56 0.92 0 28 33 0 6.94
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ORGANIC PETROLOGY OF THE PARMEENER CROUP

The maceral compositions of the organic matter in the 17 samples
provided fall into two distinct groups {see dizgram). The organic matter
in the Quamby Mudstone is wery rich in exinite, from 65% (sample 4)
to 100Z din an oil shale (sample 9). The quantity of organic matcer

varies from traces (not plotted on diagram), 1% (sample 5} to 65% (sample
8).

The samples from the Lower Freshwater S5equence and below are all
inertinite-rich, with 39% inertinite in sample 15 to 88% in sample 17.
The organic matter in samples 1l and 12 (also 1 and 2) is very finely
divided and opagque. (The particles are so small that they haven't teken
a peolish, and appear black) It is even possible that these particles

are not organic. It may be inertinite and/or heat-altered vitrinite

and exinite macerals.

Most of the samples of the Quamby Mudstone appear to be in the
early to mein o0il generation zone of maturity based on fluorescence

colours, or mean average vitrinite reflectance where availzble.

Fluorescence colour of exinite

Sample 3 (84 CP3) Golden yellow - spores

Semple 4 (84 CP&4) Golden yellow - spores

Sample 6 (84 CP6) Golden yellcw - spores

Sample 7 (84 CpP7) Golden yellow — spores

Sample & (84 CP8) Dark orange - spores
pale green - Tasmanites

Sample 9 (84 CP9) Green-yellow - Tasmanites

Sample 10 (B84 CPLO) Deep orange - yellow, both spores and
Tasmanites

Sample 13 (84 CPL3) Orange - yellow - algae (vitrinite
reflectance = CG.G2%)

Cample 14 (84 CP1&) Bright yellow - cutinice
(vitrinite reflectance = 0.55%)

Sample 15 (84 CPl5) Vitrinite reflectance = 0.48%

Sample 16 (84 CPLl6) Vitrinite reflectance = 0.49%

Sample 17 (84 CPLl7) Vitrinite reflectance = 0.497%

A
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TABLE 1

LOCATION:

FORMATION:

Organic Malter Content

Resulls are given as percentages by volume

NORTH TASMANIA

PARMEENER SUPERGROUPD

BMR No. Total Lab.

DOM No.
1. 84CP1L Wynyard Tillite 1 Bass Highway 90239
2. dacr2 Wynyard Tillite 1 lHellyer Sheet 90240
3. 83Cp3 Quamby Mudstone 3 Colden Valley B/H 446G [u. 90241
4. 84CP4 Quamby Mudstone 4 Golden Valley B/l 559 ft. 90242
5. 84CP5 Quamby Mudstone L Anderson's Creek B/U 1,408 fr. 90243
6. 84CPO Quamby Mudstone tr Anderson's Creel B/l 425 Fu. 90244
7. 84CP7 Quawby Mudstane 1 llellyer Gorge 90245
8. 84CI8 Quamby Mudstone 05 Mersey Great Bend 0il Shale 90246
9. B4CP9 Quamby Mudstone 21 Hellyer Gorge 90247
10. 84CPLO Quamby Mudstone 6 Relapse Creek Area, Float 90248
11. 84CP11l Marine Mudstone 3 Musselrce Bay B/l 56m 90249
12, @8acCrl2 Lower Freshwater Seq. 5 Musselroe Bay B/l 42 90250
13. 84CP13 Lower Freshwater Seq. 7 Golden Valley B/H 54.5 [¢. 9p251
14. B84CPl4 Lower Freshwater Seq. 10 Fingal B/IL 9 211 fc. 90252

Toral

Cual
15. B84CPL5 Preolenna Coal teas. 99 Relapse Creeek 90253
16. 84CPLO Preclenna Coal Heas. 41 Relapse Creek 90254
17. 84CP17 Preolenna Coal . ~. 67 Relapse Creek 90255
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TABLE 2 (ii)
LOCATION: NORTH TASMANIA
FORMATION: PARMEENER SUPERGROUP
tlaceral analyses of rthe organic matter
T f . . . .
Lab. oﬁgin?c Vitvin- | Sporin- Cutin- Resini- Lipto- Alwinite Micrin= Macrin— loerto- Sewmi- Opague | 4 of No. of
No. |nuLtL‘.r ite ite lre ite delrinite 5 ite ite detrinite [Tusinite watterv | sumple counts
11, Marine 90249 DOM - .- - - - - - - 4 - 36 3 28
Hudstone
12. Lower
Freshwater 90250 DoN - - - - - - - - 100 - - 5 16
Sequence
13. “ 90251 DO 13* | 19 - - - 2 2 4 60 - - 7 48
14. " 90252 DO 28 5 14 - 1 Lr - L4 12 206 - 10 7
= fusin-| Clay Py Q.
R (av) Coals ire
14. " 90252 0.55% 12 6 14 2 7 - 4 2 27 15 1 G tr 4
15, Preolenna .
Coal 90253 0.48% 55 2 1 1 L - 4 7 12 13 ] L er -
16. Heasures 90254 0.49% 17 ) 4 1 3 - 2 o 31 10 3 not counted
17. Measures 50255 0.49% G 1 1 - Lr - Lr 2 7 43 7 10 l-H.d 21

| Py = pyrite 4 carbonate

e i e WD G MR ES G5 OGN = -

*
mean average reflectance (R (av)) = 0.62%



687076

“ROCK EVAL AND ORGANIC C ANALYSES PARMANEER SUBGRCUP

by T. POWELL
{see attached Table)

The Rock Eval Pyrolysis Method is a firmly established
technique for screening samples for source rock potential (see
Tissat & Welte 1978)}. s, Yields from pyrolysis are related to both

the amount of organic matter and its richness (H content) and are
expressed in Kg per tonne.

S, = yield of free hydrocarbons in rock
82 = yield of pyrolysable hydrocarbons from kerogen
in rock
S = vyield of carbon dioxide from pyrolysis of
3 kerogen in rock .
PI = Productive Inde€x (S, /S, + S,)
HI = Hydrogen Index (yield of hydrocarbon mg/g
{organic carbon)
o) = Oxygen Index {yield of carbon dioxide

mg/g organic carbon).

The Hydrogen and Oxygen Indices can be directly related to
the atomic H/C and 0/C ratios determined by elemental analysis.
Thus the oil shale samples 84CP8 and 84CP9 have hydrogen indices
in the range 700 to 950 and hence contain Type I o©il prone
kerogen. The samples from the Lower Freshwater Sequence and the
Preolenna Coal Measures have somewhat lower Hydrogen Indices which
indicate a oil prone terrestrial kerogen Type II/III not unlike
the source for many of Australia's non-marine oils. All the
remainder of the samples clearly have no source potential.

The T value is the temperature at which the S, is cracked
from the kerogen. With increasing maturation it systematically
increases, the oil window is defined by the values 435-470°C.
Unrellable values occur where the S, yields are low e.g. B84CP2,

84CP12. Most of the reliable values fall in the range 434 to 449

indicating that the samples are from the upper part of the oil
window.
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LAB
NO.

1988
19889

1990
N

" V.32
1993
1994

'l 1795
a6
]| 1997

FIELD
NO.

84CP1
B4CP2

84CP3
84CP4
84CP5
B4CP6
84CP7
tg4aceps
4+ 84CPS

84CP10 7

MARINE MUDSTONE BELOW LOWER FRESHWATER SEQUENCE

84CP11

84CP12
84CP13
84Ccp14

84CP15
84CP16

84CP17 ~

ﬂ“ QNA&.

0.11
0.10

0.67
0.95
0.33
0.29
0.36
5

5.
1.

- 25.65

43 +

61

0.44

1.90
4.25

24,66 -

25,25
25.43
25.85

S
| SZ

Kg per Tonne

S
3

QUAMBY MUDSTONE

0.16 0.49
0.29 1.74
0.02 0.10
0.02 0.11
0.00 0.05
“15.02 236.80

1.30 38.90

-+ 0.65 4,37

0.03 0.02

0.05
0.07
0.08
.09
.33
.92
.50
.31

DO OCO

0.17

TMAX

°C

437
401

442
447
445
425
363

442

449
449

459

LOWER FRESHWATER SEQUENCE

0.03 0.02
£ 0.47 3.64
3.50 108.2n
FPREOLENNA
©7.30 100.6
10.10 102.4
© 6.60 68.4

0.07
0.13
6.10

277
435
434

COAL MEASURES

5.2
5.2
4.9

442
444
445

PI

0.25
0.14
0.17
0.17

- 0.00

0.06
0.03
0.13

0.75

0.75
0.11
0,03

0.07
0.09
0.09

HI

36
20

73
183
30
37
13
925
716
271

85
442

398
402

07

266

-
{

ROCK EVAL AND ORGANIC CARBON DATA PARMANEER SUPERGROUP N. TASMANIA

01

24
3
91

46
19

38

i L) LJ

20
20
19
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APPENDIX 2 — B.H.P drilling rezults 1931
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ORGANICCARBONMDFACUISVARIATICNINC{ACIAL—MARDIEMJDROG(S

A PALEOCLIMATIC INDICATOR -

ABSTRACT
Eugene Damack ard Lewis Burkley

Ancient polar glacimarine sediments are inportant palecclimatic and
paleccceanngraphic indicators. Consequently, as more is learned abxut these
depositional enviromments, better paleoclimatic reconstructioms can  be
produced. In additicn, ariy glacimarine sequences cantain organic-rich
muxdstones - potential petroleum source rocks. The develcpment of a detailed
Qepositicnal model for these ancient facies, a model that is closely tied to
current ideas concerning recent Antarctic deposition, would@ greatly improve
cut ability to 1) recognize individual facies within these ancient deposits,
2) interpret armd recanstruct paleoclimatic canditioms, and 3) predict source

rock potential and extent in basins where these types of deposits exist.

A detailed study of facies variatiom and asscciated organic matter
changes (type, richness, dCl3) for an ancient polar glacimarine sequence will
be done. Results from this work will be campared to similar recent Antarctic
sediments. This will enable us to develcp a detailed depositional model that

will include inorganic as well as organic variations.

Develcoment of a successful depositicnal medel ft;)r.polar glacimarine
sediments will provide 1) more precisely defined terperature ranges for
specific facies, 2) more diagnesitic ways in which to identify facies, 3) a
predictive toel for source rﬁck extent and quatity, and 4) insight into dCl3

variations in ancient glacimarine organic sequences.



Climatic Model

A climatic model presented in this proposal is modified fram Trewartha
{1968) for present climatic zones of the earth. In this model there are three
major zcmes of Interest focused around glacial activity near or adjacent to
marine basins, These zones include: Polar-ice cap, Polar-tundra {or subpolar},
and Boreal ard/or Temperate Oceanic (Table 1). Though modified samewhat by
oceanic circulation and orogrephy the above climates can be fourd in

- transition today alang roughly latitudinal directions. They represent a
cantinuum fram carditions of‘ absent meltwater with dynamic sea ice, to
glacially covered terrain with abundant meltwater, terrestrial vegetation, and
glaciated valley systews {Tabie 1), Because of this variability, gdlacimarine
facies within these emvircrments have been found to be distinctive with
respect to ice positions and the relative role of biogenic vs meltwater
derived sedimentation (Damack, 1982; Anderson and others, 1983, Powell, 1983;

Edwards, 1986; Damack, in review).

Polar (Ice Cap)

The Pcolar (ice cap) situation is exerplified by the envirorment alang the
East Antarctic coast (Figure 1) where mean summer temperatures are less than
- 2.0 degrees C. In such settings meltwater producticn is severely restricted,
thus limiting bot_h organic and inorganic terrigencus sediment supply to the
marine envirament. Sea ice fluctuations and nutrient rich waters result in
seasanal  bloams of phytoplankten which feed benthic productivity. The
cambiration of these climatic and cceanographic factors results in basinal amd
marine derived organic-rich (Table 1; Figure 2a) muds, shallow water

carbanates, and bioclastic rich sediment gravity flow deposits (Figure 1).

Other facies (diamictons} in this ervircorment are daminated by glacially



Climatic ~ | Polar Polar Boreal or
l 2on (Ice cap) (Tundra) Temperate Oceanic
e
al'\ Summer |
— <0°C —_—» 0°C-10°C —Pp >10°C
3loeratures
no terrestral limited terrestrial abundant terrestrial
l — vegetation ———®  vegetaton ¥  vegetation
A
miting ] limited abundant
l actors T no meltwater meltwater melwater
" input —> input —> input
(proximai) (distal & proximal)
__ extensive and . . .
dynamic sea-ice —— limited sea-ice ——  no sea-ice
a. b. C.
- T O C 1 - 6% < 0.5% < 1.5°/o
Temestrial
Marine
Conlemporaneous
Reworked

Table I: Climatic zonation, summer temperature variation and limiting
factors for various glacimarine environments. Resultant variations
in organic carbon for basinal mudrock facies are also shown. Total
organic carbon contents {T.0.C.) from, (a); Dunbar and others {1985)
??382§mack (in review), (b); Stevens {1985), (c); Atlas and others
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FIGURE 1 Depositional model for Antarctic polar glacial marine environment,
Based on information in Domack {1980, 1982, in reviewp)
Domack and Anderson {(1983) and Anderson et al. {1983}.




derived detritus and are deposi.gén-i_:'s'u]ﬂglacially ofﬁbeﬁxeath an ice S}e_lf.:Thes'e

units contain low amounts of organic carbon  (TOC<0.5%) and would be

characterized by reworked (detrital) kerogen (Sackett, 1986a).

Polar (Tundra)

Subpolar emviraaments, such as those of Spitsenbergen ard elseshere, are
marked by ice-proximal (<10 km) meltwater mud depcsiticn which occurs adjacent
to ice cap and cutlet glacier systems (Gilbert, 1982; Pfirman, 1985). Mean
surmmer teameratures are between 0 ard 10 degrees C, therefore, limiting
terrestrial vegetation on deglaciated terrain. Organics within glacimarine
muds would be expected to be daninated by reworked (Tzble 1 and Figure 2b)
organics transported and incorporated by meltwater depositional processes.
Contemporanecus marine organics woulé be highly diluted with meltwater derived
sediment, particularly in ice-proximal facies. Pleistocene examples suggest

TOC of < 0.5% (Stevens, 1985).

Boreal /Tamperate Oceanic

Piedmont and valley glacier systems surrounding the Gulf of Alaska exist
under Boreal or Temperate Oceanic climates amd are marked by high net balance
gradients (high acoumilation and ablation). Under such conditions meltwater
sedimentation in the marine envirarment is daminant in both proximal and ice—
distzl settings (Powell, 1981; Molnia and Hein, 1982; Molnia, 1983) ard
terrestrial vegetation is well established. The resulting glacimarine muds
sheuld contain low to moderate amounts of terrestrial organic carbam of both

reworked ard conterporanecus origin (Atlas and others, 1983).

Ancient Analogs

In the ancient record the above climatic variations would be expected to

be preserved as vertical changes in mudrock lithofacies and associated organic

e
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carbon (Figure 3}, Marine basins that have urdergumemlmmal uplift and
sufficient subsidence during the climatic transition would be ideal places for

the preservation of analogs to recent sequences.

Examples of ancient sedimentary deposits that.may be analogs for recent
Polar (Ice Cap) glacimarine sediments include: the Late Precarbrian Hedmark
and Pahrump Groups in MNorway and SW North America {Tucker, 1983; Tucker, 1986;
Tucker, personal cammunication - attached), the Barly Paleozoic Bthaat Ergil
Group (Troopette, 1973) and otter Paleczoic units in Northwest Africa  (Beuf
and others, 1966; Cambaz, 1967; Williams, 1978), and the Early Permian Quarmiy

Group in Tasmania (Barks, 1962; Carey and Almad, 1961).

Of these, the Early Permian Quamby Group in Tasmania is most similar to

the recent Antarctic glacimarine facies in three ways:

1, Both sequernces consist of glacimarine diamict directly overlain by
bicgenic deposits {Barks, 1362; Clarke and Barks, 1972; Damack, 1982;

Damack and Anderson, 1985) (see Figure 1).

2. In both sequences deep water organic-rich sediments grade laterally into
bioclastic carbonates and bioclastic rich turbidites within shallow
portions of the basin (Banks, 1962; Rac, 1981; Damack, 1%$82; Damack

and Anderscon, 1985) (see Figure 2).

3. Both sequences were deposited in polar latitudes {(greater than 65

degrees).

Cojectives

We propose to camare the Quamby CGroup Mudstone facies with recent

Antarctic glacimarine facies sedimentologically, petregraphically, and

gecchemically. In so doing we anticipate developing a better understarnding of

e



the aépositiamal history, ultimé.tely in the fdﬁﬁ_of "a testable depcsitional

model, We hope to do this by addressing the following ideas.

First, Do the facies change sedimentologically and petrographically as
the climatic conditions shift toward warmer temperatures in recent sediments

as is depicted in Figure 3.

Are there clear systematic facies variations as sea ice retreats and
climate warms such that specific temperature limits (Table 1 and Figure 3) can

be asscciated with the changes?

These questions will be answered by first examining zrecent antarctic
sediments already availalz;le (at Florida State University} as well as sediments
to be collected by E. Damack as part of NSF/RUI Research Grant DPP-8613565
"Depositicnal Ervirorments of the Antarctic Continental Shelf™ (refer to Part
IIT in application — Current Research Activities)., Then, the Quarby Group
Mudstone facies willl be similarly examined amxd campared to the recent

sediments,

Secand, how does the organic matter {type and richness) vary with the

sedimentology ard facies?

Do the facies show a systematic change in the ratio of land derived
kercgen to marine derived kerogen as they becane more distal, with respect to
the ice, and as fluvial imput and land plant camunities expand under climatic
warming and deglaciation? 2t what stratigraphic position is the greatest
amount  of organic material preserved and 1s 1t possible to predict the
position of such facies? How does the depositional enviromment of present day

organic-rich siliceous sediments campare to these ancient mudstones?

The acommlation of organic-rich well laminated sediments in the

Antarctic occurs within basins that contain cxygenated bottam waters (Damack

7
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Figure 3: Cartoon showing correlation of facies between recent and ancient
polar glacimarine sequences. Note, proposed climatic warming and
possible terrestrial (T) to marine {M} kerogen ratios for ancient
sequence. Antarctic stratigraphy from Domack (1982, in review),
Domack and Anderson (1983). Early Permian stratigraphy from Banks
(1962; 1985, personal communication), Clarke (1968) and Clarke and
Banks (1972). Laminated and massive mudstones are indicated by
continuous and discontinuous horizontal dines respectively.
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and Anderson, 1983; Gordon and Tchernia, 1972). This is mot typical of
enviraments generally inferred for deposition and preservation of good source

rocks (Demaisan and Moore, 1980; Parrish, 1982: Parrish and Curtis, 1982).

To address this quardary the origin of laminaticns within these basinal
mxds needs to be addressed. Preliminary data indicate that laminated zcones are
essentially lacking in terrigenaus detritus and, therefore, may represent
quite rapid pelagic (?) sedimentation (Damack, in re\_riew). Such rapid
deposition appears to be related to seasonal productivity associated with
receding sea-ice {(Smith and Nelson, 1985; Bodungen et al., 1986). Are
laminated intervals within the Quamty similar in origin to the Antarctic oczes
(Figure 2)7? The lateral relatianships of this facies, as coserved in ocutcrop,
would hé_lp clarify such questions and our urderstanding of modern Antarctic
oxze deposition. Further, the preservation of laminated pelagic facies is
generally thought to be an important indicator of bottom water ancxia (Byers,
1977; Savdra, et al., 1984) which prevents effective bioturbation and enhances
organic carbon preservation., Clearly, this widely accepted model does not
apply to the Antarctic ocozes ard may not apply to the Quamby and/or other
glacial-marine, organic-rich, mudrocks, Other factors important in such
settings may be the high, short-term sediment accumulation rates which may
rival those of low cancentration turbidity currents. Rapid deposition over a
short time interval may effectively limit bioturbation and is in contrast to
the "continucus pelagic sedimentation” included within the anoxic mcdel of

Savdra, et 21., (1984, p. 1189) ard others.

Thus, sedimentation rate is important in affecting organic preservation
(Ibach, 1982). But, we guestion whether a rapid sedimentation rate is
sufficient to result in highly organic-rich (>8% T.0.C.) sediment such as is
cbserved in the Quamby Group (Reid, 1924)}? Just haw do the organic-rich Quamby

mudstones (i.e Tasmanite) compare to the recent Antarctic orgenic-rich

N
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sediments? Do we have richer organic sediments accmlﬂating today in the -
Antarctic that have not as yet been sampled, or are there definite differences

between the recent sediments and the Quamby organic-rich facies?

Third, are changing ratics of land~derived kerogen to marine-derived

kerogen, from facies to facies reflected in the stable carbon isotcopes?

dC13 measurements of kercgen in source rocks are used for oil-source rock
matching. This correlation tool often works well (Fuex, 1977). However, in
sare instances dCl3 wvalues of kercgen from different samples of the same
source rock are highly variable. For example, the Kingak Formation in Alaska
shows a dCl3 spread of over 6 permil (Burkley and Castano, 1986). A spread of
this magnitude prevents the use of dCl3 values of kerogen for oil-scurce rock

matching.

‘ne possible cause of a large spread of measured dCl3 values of kerogen
is that the organi-c matter of different facies may differ, especially with
respect to the ratio of terrestrial to marine material. Dean and Arthur (1983}
interpreted abserved differerces in dC13 in ancient sediments as the result of
different scurces of organic matter as well as to diagenesis. Because land
derived kerogen is generally depleted in 13C relative to kerogen of marine
origin (Sackett, 1986a; Tissot and Welte, 1978; Stuermer and others, 1978), it
is corceivable that the measured isotcpic values reflect the mixing of these
two carponents in varying proporticns (Sackett, 1%86a). 2As pointed out by
Arthur and others (1985), the dCl3 relaticnship may not be easily inte_rpretred
in ancignt sediments without carefully <cobserving the facies ard

palaeogecgraphic setting.

Facies daminated by indigenous marine kerogen (i.e. Polar ice cap, Tabie
1) may also show dC13 variation which is tesperature, rather than facies

deperdent (Sackett, 1986b). Though the exact fractionmation relationships would
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be difficult to establish for amncient (exti.t;bt?) plytoplankton  species
relative changes could be established if the various camponents of the kerogen

are accounted for.

The Quamby Group is an excellent place to test these ideas. The
depositional sequence will  be thoroughly studied, Facies will be
differentiated and the ratio of terrestrial—derived to marine—derived Xkerogen
will be estimated visuvally by transmitted light microscopy in a methcd similar
to that of Boulter and Ardrew (1986). Then the richness (T.0.C.) and the 4dCi3
kerogen value will be measured. If the proposed ice—distal arnd/or polar facies
contain low amounts of terrestrial kerogen, as we suspect they will, we should
be able to cbserve the dCl3 values changing in a systematic pattern reflecting

changing imput of both inorganic and organic facies canstituents.

In addition, limited 4C13 analyses will be performmed on kerogen fram the
recent glacimarine sediments from the Antarctic used in the initial stages of
this study. Although these results may not be similar to those of the Quanby
mudstones (Arthur arnd others, 1985), it will be important to corpare them to
these ancient sediments deposited in a similar erviromment. The problem with
camparing dl3C values of ancient kercgen to those of the Recent is chiefly the
result of our lack of urderstanding of kerogen diagenesis (Tissot and Welte,
1978; Stuermer and others, 1978; Spiker and Hatcher, 1984}, coupled with the
incamlete and variable nature of the diagenesis in recent unconsolidated
sediments (Tissot and Pelet, 1981; Tissot ard Welte, 1978; Stuermer and
others, 1978; &Eatcher and others, 1983; EHarvey and others, 1984; Earvey and

cthers, 198&).
In summary, the cbjects of this project are:
1. To test current medels of polar glacimarine sedimentation,

2. To develop a sedimentologic model for organic-rich mudrocks in polar

o)



glacimarine enviroments,

3. To interpret the sedimentary record of these rocks with respect to

glacial climatic and oceanographic changes.

4. To test the dC13 variation in organic-rich ard organic-lean rocks as

the result of facies variation and organic type.

Inscfar as both ancient glacial marine sediments and mudrocks, in
gereral, represent two major frontiers of sedimentologic research (see
discussions by Reading (1986), Gorsline {1984) and Blatt (1982} we believe the
results of the proposed project will be well received by the geologic

canmuni.ty.

METEODS TO ACHIEVE THE (BJECTIVES

Sane sedimentological and petrological analyses of recent glacimarine
sediments have already bLeen done (Darack ard Anderson, 1985; Darack, in
preparation} while other sanples are available to us (Florida State Antarctic
Core Facility) to do more work. Additional sediment will be collected as a
part of NSF/RUI grant (DPP-8613565). Two or more students will participate in

the actual shirtcard sempling.

Field study and sampling of the Quarby CGroup in Australia will be
carducted in co-cperation with the University of Tasmania which can provide
same support for field and accamcdation expenses {personal cammunication, Dr.
Maxwell Banks; letter attached at end of proposal). One student will accamparny
E. Damack, the funds for which are available in a2 newly instituted "Rogers
CGrant in Geology" at Hamilton college (letter of explanaticn attached at end
of proposal}. These funds are specifically for student research and travel,

the use of which is determined by the geology department faculty.
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Detailed sed.imentoiogic studies will focus on the Lower Permian Wymyard
Tillite ard Quanby Mudstone Group which contains several oil shale units
{Figure 1). OCutcrop and drill core material from the Quamby Group will be
described and analyzed with the initial purpcse being recognition of distinct
lithofacies based on primary ard biogenic sedimentary structures, lithology,
amd petrography. The nature of contained ice—rafted debris will alsc be
examined in order to discern mechanisms of ice transport (i.e. sea-ice, basal
or supraglacial debris). Sediment sample analysis will be caducted at the
sedimentology laboratory at Hamilton College, Department of Geology (see

research schedule page 14).

Camparison of results fran the Quamby Mudstones with analyses of
Antarctic glacimarine sediment will pemmit the develomment of & tentative
depositional model (see research schedule, page 14). This model will be

modified ard altered as work progresses.

In the secend year, the Total Crganic Carbon (TOC) analyses for at least
75~ 100 recent ard ancient sediments will be determined by a service coampany
{funds for which are requested in the grant at about $10 per analysis).
Kerogen separates will be prepared and analyzed, in transmitted licght, both as
whole sediment sample and kercgen concentrates with estimetes made of the
types arnd percentages. The organic maturity of the Quamby is low (Marchend, et
al., 1969), so that it is anticipated genera! recognition of much of the
orgenic matter will be possible, With this information, samples for d4Ci3
analysis will be selected to display the best possible range of organic type
arnd richness., One or two students will travel to Case Western Reserve
University in Cleveland . to perform these analyses (seec letter fram 8. Savin
attached to exd of proposal). This will cost about $15 per sample for an
estimated 50-60 samples, plus student expenses and salary for two or three

months in the summer. Same money for students should also be available through

O
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the Roger's Grant for student research menticmed ﬁ‘réviamly. Th.lS phase of the
study will provide an extremely valuable laboratory experience. Funds for

anzlyses and student salaries are requested in the grant.

ca
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STUDENT PARTICIPATICN

Four students will be actively involved with this research project as
scholars (see research schedule, page 14). A general outline of their
involverent is as follows:

Participation by Two Scholars involving sedimentological aspects

1. Sedimentologic anxd grain size analyses

2. Statistical evaluaticns of bedding style and lamination

3. Petrogrephic examinaticns and descriptions

4. Core ard outcrop sanple descriptions

Participation by Two Scholars imvolving geochemical aspects

1. Kerogen separaticon and visual identificaticon

2. TOC sample preparations and analyses

3, Petrographic examination of organic-rich and lean mudstanes

4. Isotopic analysis of selected samples

It 1is anticipated that each students will participate in at least two
different aspects of the topics listed above. If students show an interest we
also anticipate that they will participate in publications that result fram

this work.

Besides these four scholars, we expect several other students to be
irvolved In smaller scale aspects of this study with senior theses or senior
projects. As of 1987-88 Hamilton College will institute a senior reguirement
that will encouwrage each student to do same kind of independent work., We
anticipate an increase in the nmmber of geology students who will participete
in senior related projects. As of 1989-90 this senior project will be

marditory.

087098
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ADDITIONAL BUDGETARY CCMMENTS

Field work request for $3000 will support cne of us for about a one month
recomaissance field seasan in Australia. This will cover travel expenses to
and from Australia, food, and same lodging. As stated in the body of the
prcposal Dr. Maxwell Banks fram the University of Tasmania has offered same
support for field work and lodging. The sumer of 1988, E. Darack and ore
student field assistant will return for a two moth field season. We
anticipate enough money will remain after the first trip, plus salaxy to
support E. Damack. The student will be supported by the Hamilton College

Roger's Grant in Geology (see attached letter at end of proposal).
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RESEARCH SCHEIXJLE

Surmer 1987 One month reconnaissance field work, Australia

(E. Dcmack)

Fall & Sedimentology arnd grain size analysis of recent

sediments and init:iales.

Spring 1987-8 Petrography of mudrocks. Visual kercgen ard
organic carbon analysis of glacial marine muds

{including Querby Group sarples).

Surmer 1988 Two months field work, Australia (E. Damack and
€
ﬂaj"jw student)
Surmey, Fall & Contirmation of studies fram previous year with
Spring 1988-9 additional samples as available,

Possibly initial carban isotopic analysis (L.
Burkley and student),.

Develomment of tentative facies model for Quamizy
Group samples, Petrography of mudrocks.

Develaoment of facies model for Quarnby.

Sumer, Fall Visuzl kervgen ard organic carbon anaiysis of
& Spring 1989-90 glacial marine muds and Quarby Group continue,

Petruographic analysis contimes.

wer 1990 Capletion of carbon isotope analysis of
lithofacies of glacial-marine mudrocks.

Petrography carpleted.

Synthesis and correlation of data (E. Damack &

i

i
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I.. Burkley).
Develament of camprehensive paleoclimatic model

for glacial-marine mudrocks.

(W,



l. - e P A S PP SR TP 5. T e i = 0 TR TS oo, SEAL J T it S Pl s T NN LR BTy W PE

l 16

BIBLIOGRAPHY

087102

lArderson, J.B., Breke, C., Damack, E., Myers, N., ard Wright, R., 1983, Develcmment
of a polar glacial-marine sedimentation model from Antarctic Quaternary
deposits ard glaciclogical informatiom, in, Molnia, B.F., ed., Glacial-Marine
Sedimentation, New York, Plemum Press, p. 233-264.

ur, M.A., Dean, W.E., and Claypool, G.E., {1985), Ancralous 13C enrichment in
mcdern marine organic carbon, Nature, v,315, p. 216-218.

Atlas, R., Venkatesan, M., Kaplan, I., Feely, R., Griffiths, R., amnd Morita, R.,

l 1683, Distribution of hydrocarbons and micrcbial populations related to
sedimentation processes in lower Cook Inlet and Nortem Spund, Alaska, Arctic,
v.36, p. 251-261.

lBank.s, M.R,, 1962, Permian {Tasrania): Journal of the Geological Society of
Australia, v.9, p. 189-21s6,

..'_-df. S., Biju-Duval, B., Stevaux, J., and Kulbicki, G., 1966, Amkur des
claciaticns <<Siluriennes>> au Sahara: leurs influences et leurs consequences
sur la sedimentation: Revue de L'Institut Francais du Petrole, v.21, p. 363-

I 3g81.

Blatt, H., 1982, Sedimentary Petrology, W.H. Freeman, New York, 564p.

IBCd‘-lnge—’h B., Smetacek, V., Tilzer, M. and Zeitzschel, B., 1986, Primary producticm
ard sedimentation during spring in the Antarctic Peninsula region, Deep Sea
' Research, v.33, p. 177-194,

Boulter, M ard Andrew, R., 1986, Classificaticon ard analysis of Palynodebris £rom
the Paleccene sediments of the Forties Field, Sedimentolegy, v.33, p. 871~

' 886.

Burkley, L.A. and Castano, J.R., 1986, Alaska north slope oil-scurce rock
correlation study, in Alaska Morth Sicpe 0Oil-Rock Correlation Study, Analysis
of North Slope Crude, L.B. Magcon and G.E. Claypool eds., A.A.P.G. Studies in
Geology Series #20.

Byers, C., 1977, Biofacies patterns in euxinic basins: a generzl model, In H.E.
Cock and P. Frnos, eds., Deep-water carbonate enwircrments: SEPM Special
Publication 25, p. 5-17.

lCarey, S.W., and Atmad, N., 1961, Glacial marine sedimentation, in, ed. Raasch, G.,
First Int. Symp. on Arctic Geology, Proceedings, v.2, Univ. Toronto, p. 865-
894,

CQlarke, M.J., and Barks, M.R., 1972, The stratigraphy of the I<wer (Permo-
Carboniferous) parts of the Parmeener Super-Group, Tasmania, in, Cambell, K.
S. W. ed., Gondwana Geology, Australian Mational Univ, Press, p. 453-467.

Cambaz, 2&., 1967, Lelosphaeridiacea Eisenack, 1954, et Protoleiosphaeridiaceae
Timofeev, 1959 - leurs affinites, leur role sedimentologique et geologigue,
Review Palecbotary and Palynology, v.l, p. 305-321. ‘

Dean, W.E., and Arthur, M.A., (1983), Relationship between amount and type of
organic matter and isotopic and chemical campositions of Cretacecus black
shales, G.S.A. Abstracts with Mational Meetings, no. 27781,



17 087103

Deraison, G.J,., and Moore, G.T., 1980, Ancoxic enviraments and oil source bed
genesis, A.A.P.G. Bull., v.64, p. 1179-1208.

Dcmack, E.W., 1980, Glacial marine geology of the George V - 2delie continental
shelf, East Antarctica (M.A. Thesis), Houston, TX, Rice University, 142 p.

-———, 1982, Sedimentology of glacial and glacial marine deposits on the George V -
2delie continental shelf, East Antarctica, Boreas, v. 11, p. 79-97.

Damack, E.W., and Anderson, J.B., 1983, Marine geology of the George V continental
marigin: carbined results of Deep Freeze 1979 ard the 1911-1914 Anstralasian
Expedition, in, Oliver, R.L., James, P.R., ad Jago, J.B. eds., Antarctic
Earth Science, Carberra Australian Academy of Science, p. 402-406,

Pamack, E.W., and Anderson, J.B., 1985, Bicgenic facies in the Antarctic
glacimarine envirovrament, G.S.A. Abstracts with Programs, v. 17, p. 285.

Nurbar, R.B., Anderscn, J.B., Damack, E.W., and Jaccbs, S.S., 1985, Oceanographic
influences on sedimentation along the Antarctic centinental shelf, in, Jaccbs,
S.S8., ed., Antarctic Research Series, Washington D.C., American Gecplysical
Union, v. 43, p. 291-312.

lPuex, A.N., 1977, The use of stable carbem isotopes in hydrocarbon exploration,
Journ. Geochem. Explor., v. 7, p. 155-188.

I Gilbert, R., 1982, Contemporary sedimentary envirorments on Baffin Island, N.W.T.,
Canada: Glaciamarine processes in fiords of eastern Curberland Peninsula,
Arctic and Alpine Research, v.14, p. 1-12.

' Gordon, A.L., ard Tchernia, P., 1972, Waters of the continental margin off Adelie
Coast, Antarctica, in, Antarctic Oceancgraphy II: The Australianm— New Zealand
sector, Antarctic Research Series, D.E. Hayes, ed.,Amer. Gecphys. Union, v. 9,
p. 59-69,

Gorsline, D.S., 1984, A review of fine grained sediment origins, characteristics,
transport and depositicm, in, Stow, D.A.V. and Pipers, D.J.W., eds., Fine
Graired Sediments, Deep—water Processes and Facies, Oxford, Blackwell, p. 17-
34,

Harvey, H.R., Richardson, M.D., ard Patton, J.S., 1984, Lipid camositicn ard
vertical distribution of bacteria in aercbic sediment of Venezuela basin, Deep
Sea Res. v. 31, p. 403-413.

Harvey, H.R., Fallcn, R.D. and Patton, J.S., 1986, The effect of organic matter and
oxygen on degradation of bacterial membrane 1lipids in marine sediments,
CGeochim. Cosmochim. Acta., v. 50. p. 795-804

Hatcher, P.G., Spiker, E.C., Szeveremyi, N.M., arnd Maciel, G.E., 1983, Selective
preservation and origin of petroleum-forming aquatic kerogen, Nature, v. 305,
p. 498-501.

Ibach, L.E., 1982, Relationship between sedimentation rate arnd total organic carban
content in ancient marine sediment, A.2.P.G. Bull., v. 66, p. 170-188.

Marchand, A., Libert, P., and Carbaz, A. 1969, Essai de caracterisation physico-
chimique de 1la diagenesis de guelques roches organiques, biologigueanent
hamogenes, Rev. Inst. Fr. de Petrole, v. 24, p. 3-20,

L



. 18

Molnia, B., 1983, Subarctic glacizl-marine sedimentation: a model, In B.F. Molina
{editor), Glacial-Marine Sedimentaticn, Plenum, New York, N.Y., p. 95- 144,

687104

Molnia, B. and Hein, J., 1982, (Qay minerzlogy of a glacially dominated sukberctic
l continental shelf: nortlwestern Gulf of Alaska, J. of Sed. Pet., v.52, p. 515~
527.

arrish, J.T., 1982, Upwelling and petroleum source beds,  with refererce to
Paleozoic, A.A.P.G. Bull., v. 66, p. 750-774.

Parrish, J.T., and Curtis, R.L., 1982, Atmospheric circulation, upwelling, and
organic-rich rocks in the Mesozoic arnd Cernozoic Eras, Palaeogeo. Palaeoclim.
Palececo., v. 40, p. 31-66&,

irman, G., 1985, Modern sedimentation in the northern Barents Sea: Trput,
dispersal, ard deposition of suspended sediments fram glacial melbwater,
Urpublsihed Fh.D. dissertation, Woods Hole, Mass., 378 p.

l- ~ell, R., 1981, A mxdel for .sedimentation by tidewater glaciers, Annals of
Glaciology, V.2, p. 129-134,

lRao, C.P., 1981, Criteria for recogniticn of cold—water . carbonate sedimentation:
Benriedale limestane (Lower Permian), Tasmania, Austrelia, Jowrn. Sed. Pet.,
v. 51, p. 491-506.

'i&ading, H.G., 1986, Prcblems and perspectives, in, Reading, H.G. ed., CSedimentary
Erwviraments and Facies, Oxford, Blackwell, p. 520-524.

lReid, A.M., 1924, The o0il shale resourcves of Tasmania, V. I, Mineral Res. Geol.
Surv., Tasmania, n. B.

ckett, W.M. 1986a, Organic carbon in sediments underlyirng the Ross Ice Shelf,
Org. Geochem., v. 9, no. 3, p. 135-137.

ckett, W.M. 1986b, Delta (13 signatures of organic carban in sourthern high
'Sa latitude cdeep sea sediments; paleotemperature implications, Oryg. CGeocchem., V.
9, no. 2, p. 63-68.
lSackett, W.M., Eadie, B.J., ard Exner, M.E.,, 1974, Stable Isotope Coagposition of
Organic Carben in Recent Antarctic sediments, In Advances in  Organic
Geochemistry 1973, p. 661-671.

lSavdra, C. Bottjer, D., and Corslire, D., 1984, Develcoment of a carprehensive
oxygen-deficient marine biofacies model: evidence fram Sarta Monica, San
Pedro, ard Santa Barbara Basins, Californiz contirental boarderland, A.A.P.G.
l Buwll., v.68, p. 1175-1192.

Snith, W.0., and Nelson, D.M., 1985, Phytorlankton bloam produced by a receding ice
edge in the Ross Sea: Spacial cohererce with the density field, Sciemce, v,
227, p. 163-166.
iker, E.C., ard Hatcher, P,G. 1984, Carbon isotope fractionztion of sapropelic
organic matter during early diacenesis, Org. Geocchem., v. 5, p. 283-290,

tevens, R., 1985, Glaciamarine varves in late-Pleistocene clays near Coteborg,
soutlwestern Sweden, Boreas, v.14, p. 127-132.

Stuermer, D.H., Peters, K.E., and Kzplan, I.R., (1578), Socuxce irdicators of humic

o

L



. ' ~105

) 087105
i

substarces and proto-kerogen. Stable isotope ratics, elemwental corpositions
and electron sSpin rescnance spectra, Geochim., Cosmochim. Acta, v.42, p. 985-
997.

Iissot,‘ B., and Pelet, R., 1981, Scurces ard fate of organic matter in ocean
sediments, Oceanologica Acta, p. 97-103.

issot, B.P., and Welte, D.H., 1978, Petroleum formatiaon arnd occurrence, Mew York,
Springer-Verlag, 538 p.

rapette, R., 1973, Le Precameorien et le Paleczoique inferieus del'2drar de
Mauritarise (bordure occidentale du bassin de Tecudeni, Afrique del'Cuest) un
exemple de sedimentation de craton, Etude Stratigraphique et Sedimentologicue,
Trav. Lab Sci. Terre, St-Jerome Marseille (B), 7.

l‘rewartha, G.T., 1968, An intrcductian to weather climate, McGrew-Hill.

- g cker, M.E., 1983, Sedimentation of organic-rich limestanes in the ILate
 Precambrian of scuthern Norway, Precarbrian Resezrch, v. 22, p. 295-315.

Tucker, M.E., 1986, Formerly aragcnitic limestones associated with tillites in the
Late Pruterczoic of Death Valley, Jour. Sed. Pet., v.56, p.B18-830.

Williams, G.L., 1978, Dinoflagellates, Acritarchs, and Tasmanitids, in, Hag, B.U.
and Boersura, A., eds., Intro. to Marine Microceleontoloagy, New York,
Elsevier, p. 293-326.

LA

i

)



APPENDIY

7 - Hilkinzon JW.H 1°

ri

2=}
=

73

087106



NOTICE: THIS MATERIAL

Y
BULLETIN OF THE AMERICAN ASSOCIATION o:rapggg?ll_%m#g&:‘{%qé CODE )

VOL. 37, NO. 2 (FEBRUARY, 19%3). PP, 250.253, 10 FIGS,

MAY BE PROTECTED

FRACTURING IN SPRABERRY RESERVOIR, WEST TEXAS!

WALTER M. WILKINSON?
Midland, Texas

ABSTRACT

The Spraberry formation of West Texas is developed in the lower Leopard of middle Permian,
restricted in most part to the Midland basin. The main producing structure is 2 fractured permeabxhl‘.y
trap on a homoclinal [old. This homogeneous mass is undifferentiated except as to alternate Jayers of
sands, siltstones, shales, and limestones, deposited in a deep basin under stagnant conditions with
hy drocarbons formed th:oughout the 3,000 feet of sedimentary rocks.

Fractures were ¢reated by tensional forces after induration, probably du.nng post-Leonard time.
With storage of the oil reservoir in the sandstone matrix, the fractures serve 2s “feeder lines” to
conduct the oil to the bore hole. Witkout these fractures commercial production would be from a
seemingly “too-tight™ reservoir rock.

The producing area of the Spraberry formation is a “fairway” 150 miles long and 5o miles wide
atap average depth of 8,500 fect. The main area, however, is so miles Jong, with width ranging from a

few miles to 48 miles, thus creating a triangle of 483,1:-00 proved and semi-proved productive acres.’

INTRODUCTION

The Spraberry trend (Fig. 1) is distributed throughout the main part of the
Midland basin, a geological province of the Permian basin. The major part of the
trend extends north and south 150 miles and attains maximum width of nearly
75 miles,

Physiographically, the trend area is in the region between the south end of the
Llano Estacado and the north part of the Edwards Plateau. The northern area is
mostly sand and sandy soils, while the southern area contains tighter soils which
are predominantly clay loams. The topography is marked by low hills, draws, and
dry lakes without drainage. Recent sands and gravels, Tertiary gravels, Cretace-
ous limestones and sandstones, and Triassic redbeds are exposed with no recog-
nized, but not necessarily unrecognizable, surface expression of the subsurface
structures. The climate is semi-arid with a mean annual rainfall of 18-20 inches.
The surface cover is mainly prairie grasses and mesquite.

HISTORY OF DEVELOPMENT

In 1944 2 dry pre-San Andres test was drilled by the Seaboard Qil Company
on the Abner J. Spraberry farm of éast-central Dawson County. During the drill-
ing of this well, a sandstone was noticed to have a slight showing of oil or gas and
was locally called the “Spraberry sandstone.” No completion was attempted in
this sandstone, and no significance was attached to the possible reservoir rock
until the Seaboard Oil Company’s Lee well No. 2-D was drilled in late 1948 to the
Ellenburger formation. During the drilling of this well, a showing of oil was noted

at approximately 7,000 feet and a decision was made to test this zone. The Lee

No. z was subsequently completed as a producer witk flowing potential of 319

! Read belore the Asseciation at Los Angeles, March 28, 1932. Manuscript received, July 1, 10572,
1 District geologist, Sohio Petroleum Compan;r.
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252 WALTER M. WILKINSON

barrels of oil per day after 640-quart nitroglycerine shot at 6,455-6,535 feet. This
was on January 22, 1949. '

In February, 1949, 65 miles south of the Seaboard discovery, the Tex-Harvey
Oil Company’s Floyd Ne. 1-16 was drilled to 12,063 feet. It stopped in Ellen-

burger and plugged back to be completed through casing perforations at 7,865 .

FRACT

consists of x

Between
4,700 feet of
Leonard ser

-_---_--—-—--—_-

and the low
7,875 feet and 8,045-8,055 feet opposite the lower Spraberry sandstone. Its pump- sa:dstone b
ing potential was 135 barrels of oil per day, plus 13 per cent water. This discovery i fissile shale
well was the beginning of the Tex-Harvey oil field in eastern Midland County. ~r overlies the
In January, 1950, the Humble Qil and Refining Company’s Pembrook No. 1, same litholo
30 miles south of the Tex-Harvey discovery, was drilled to the total depth of The Spr
12,660 feet in Ellenburger and plugged back to 7,169 feet and completed through generally cc
casing perforations opposite upper Spraberry sandstone. Its pumping potential stones, and
was 34 barrels of oil 2nd 4 barrels of water per day. to the lower
In November, 1950, the Humble’s Midkiff No. 1 in southeastern Midland can be sepa
County was completed as small pumping well from the upper Spraberry; it upper Spra!
marked the most western extension of the trend at that time. 330feetof r
By this time some importance was being placed on the possibility of “shore-. Some of
lice trend” according to conversations with several area geologists. All of the pre- Er- formation =
vious discoveries and their extensions were correlated to show that the producing the Sohio F
zone was in the same stratigraphic reservoir rock. Subsea limits on top of the Glasscock (
Spraberry formation between 4,200 and 4,500 feet were considered geologically uents have
justifable for a rush of wildcat activity in early 193z. All of these wildcats were . minerals ar
important productive extensions. ' ) Sillston:
During 1951 and 1952 additional wildeats were drilled structurally updip, grains falls
proving productivity in the Spraberry formation without regard for possible 'l:imits of o.
shoreline trend, with a discovery in January, 195z, in southwestern Sterling and the so:
County when the Honolulu Qil Corporation’s Sugg No. 1 was completed as 2 = some silica
producer with flowing potential of 349 barrels of oil per day. Upper Spraberry tainineg ne:
subsea datum was 2,450 feet, or 2,100 feet updip from the lowest subsez datum on minoracons
top of the Spraberry formation which was then productive, , Dolomi
On May 1, 1952, there were 1,630 completed producing wells in the entire crystals be
Spraberry trend, and 1,558 producing wells in the main productive region, known guartz gra
as the “Four-County area.” This arez includes parts of Midland, Glasscock, Shales.
Upton, and Reagan counties. On May 1, 1952, there were 243 active rotary rigsin blocky tyj
the Spraberry trend, 208 of which were busy in the Four-County area. have been
STRATICRAPHY T shnlles wer
- The Spraberry formation is overlain by approximately 7,000 feet of rocks end :},.;{;
beginning with 1,600 feet of Quaternary, Cretaceous, and Triassic sandstones and , acter. Cer
redbeds. Included in this sequence is a caliche unit which is prevalent throughout the upper
the entire area at depths of s—10 feet. The shallow depth and areal extent of this Spraberry
caliche bed provide an excellent source of road metal for oil-field use. ’
The Triassic rests uncoaformably on the upper Permian Ochoa series, WhiCh_ Tc:aslj-‘-‘ﬁfj
"_
)
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consists of 1,000 feet, more or less, of redbeds, halite, polyhalite, and anhydrite.

Between the Ochoa series and the top of the Spraberry are approximately
4,700 feet of rocks belonging in the Guadalupe series and the upper part of the
Leonard series. The upper 1,700 feet are interbedded dolomite and elastic beds
and the lower 3,000 feet are interbedded dolemite and black shale with several
sandstone beds prominent locally. It should be mentioned here that the black
fissile shale and the thin dolomite beds of the Clear Fork group which directly
overlies the Spreberry are fractured similarly to the Spraberry rocks and with the
same lithologic appearance.

The Spraberry formation (Fig. 2) is approximately 1,000 feet thick and is
generally composed of 852 feet of black shales and silty shales, 131 feet of silt-
stones, and 5 feet of thin-bedded limestones, or dolomites. This formation belongs
to the lower Leonard?and rests conformably on the Wolfcamp. The mass of rocks
can be separited into three distinct and correlative units, which are classified as
upper Spraberry, middle Spraberry, and lower Spraberry, with approximately
330 feet of rocks assigned to each unit.

Some of the characteristics of the common rock types found in the Spraberry
formation are listed and have been determined by petrographic descriptions from
the Sohio Petroleum Company’s Mary V. Bryans No. 1, Sec. 12, Block 37, T. 5 S.,
Glasscock County. The texture and mineralogical character of the major constit-
uents have been considered more important than the identification of the heavy
minerals and organic remains.

Sillstones—The grain-size description md1cates that the major percentage of
grains falls in the silt-size range with approximately 6o per cent between the grade
limits of 0.03—0.06 millimeter. The grains range from angular to very angular,
and the sorting from fair to poor. Primarily, the cementing agent is dolomite with
some silica. All gradations are present from a nearly pure siltstone to those con-
taining nearly go per cent dolomite. In association with the siltstones are some
minor constituents such as pyrite, mica, and plagioclase feldspars.

Dolomites—The dolomites vary in texture from fine to crystalline, the fine

crystals being primary. It was observed that the dolomites genera]ly corrode-

quartz grains,
Skales—Several types of shales have been encountered, such as massive,

blocky type as well as the commonly found fissile, brittle type. Most of the shales
have been classified as carhonaceous, but in all petrographic slides examined, the
shales were found to be silty and very ferruginous. :

In all of the wells examined it was observed that the silistones, dolomites,
and shales were very similar areally and vertically in texture and mineral char-
acter. Certain distinctions can be mtde by electrical-log study (Fig. 2) to separate
the upper Spraberry from the middle Spraberry, as well as to separate the middle
Spraberry from the Jower Spraberry. However, there does not appear to be any

' Lamar McLennan, Jr., and H. Waring Bradley, ““Spraberry and Dean Sandstones of West
Texas,” Budl, Amer, Assoc. Pelrol. Geol., Vol 35, No. 4 {April, 1951), p. 899-
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easily identifiable characteristic which differentiates the clastic content in the
three units, one from the other, if determination is made by binocular or petro-
graphic microscope. :

A generalized lithological description of each of the three units follows.

Upper Spraberry—323 feet of sedimentary rocks composed of approximately
45 feet of siltstone, 3 feet of limestone, and 275 feet of black shale or gradations
thereof, which include an increase in silt content.

Middle Spraberry —361 feet of sedimentary rocks composed of approximately
26 feet of siltstone found in very thin beds and not of the more massive type simi-
lat to upper Spraberry, one foot of limestone, and 334 feet of black shale and silty
shale, -

Lower Spraberry—304 feet of sedimentary rocks composed of approximately
6o feet of siltstone with the more massive type found near the base of the section,
1 foot of limestone, and 243 feet of black shale and silty shale.

Specific attention has been pald during the preparation of this paper to the
type of deposits and original environment in the Four-County area. The remain-
ing part of the Spraberry trend has a general similarity, but, with the exception
of Spraberry Deep pool, commercial production of major significance has pot
been developed. The writer believes that the Midland basin as a whole had partly
restricted water circulation during Spraberry time. The Four-County area was
notably different from other parts of the basin, however, in that the circulation
was so restricted as to cause toxicity in the bottom waters, with resulting sedi-
ments of euxinic facies. This region appears to have been a partly isolated part of
the broad shallow basin with confinement of organisms to the top waters and with
the deeper bottom waters oxygen-deficient and lacking in benthonic life, thus in-
dicating true euxinic conditions. :

The following is a general long-range correlation of texture. A well was exam-
ined in northwestern Lynn County (Anderson-Prichard’s White No. 1, Sec. 154,
HS&WT) in the northern end of the Spraberry trend. The upper Spraberry ex-
hibits gross mineral character and texture nearly identical with rocks examined
farther south in the Four-County area. The samples examined do not contain any
appreciable clastics in the sand-size range. East of the Four-County area, there
is an increase in the median diameter of grain size. In the Honolulu Qil Corpora- -
_ tion’s Sugg No. 1 of southwestern Sterling County, the texture is considerably
: I coarser than other sections examined farther west. The sample of upper Spraberry
wl s in this well is very fine-grained sandstone with the largest percentage of grains
in the upper limit of a very fine sand clgssification.

The feldspar materials examined contain no enlarged feldspar grains, but con-
sist of a detrital core with a secondary rim. All shale samples examined are silty,
even the black, carbonaceous types; nearly all specimens contain at least 1o per
cent silt-sized material. Intermixed with the shale, here and there, is a bit of argil-
laceous material, which consists of predominantly fine, micaceous shreds (seri-
cite) and kaolin. '
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ACCUMULATION QF QIL

As previously mentioned, a representation of “‘shoreline trend” was developed
during the early part of Sprabe:ry exploration. Long north and south extensions -
restricted production to subsea limits on top of Spraberry formation between 4,200
feet and 4,500 feet. At this time, however, oil is produced between subsez limits
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Fig. 3~—5tructure map of Four-County area contoured on top of Dean sind,
p . ac P
with regional dip eliminated.

of the Spraberry formation of 2,450-4,550 feet {Fig. 1). A sufficient number of dry
holes were drilled in 1951 to partially delineate the producing area as approxi-
mately triangular, Only the western sifle of the triangle follows datum and roughly
established water table, whereas the other two sides of the triangle follow no
established geological pattern. It is evident, therefore, that some controlling
factor is present for the accumulation of Spraberry oil in its present position other
than a “shoreline trend,” or facies change. With this idea in mind, 2 map (Fig. 3)
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of the Four-County area was prepared to eliminate regional dip and approximate
the probable topography of the sea floor during early Spraberry deposition.
During the preparation of paleogeographic maps, several mapping techniques
are used, Figure 3 illustrating only one. Such 2 map merely aids in the technique
of visually restoring rocks to their relative original position of deposition. To show
the topographic features at the end of Wolfcamp time, the top of Dean sand was
selected to represent the near close of Wolfcamp time. The stratigraphic position
of the Dean sandstone relative to the Spraberry is shown in Figure 2. The Dean
sand has been identifed-as Wolfcamp in age, but used as datum point since base

‘of Spraberry—top Dean interval is consistent in thickness. With the Dean data,

the present subsurface was rotated vertically from an arbitrary hinge line that
approximated the western edge of the Eastern platform. The map is, of necessity,

‘2 rough semblance of the ideal, but it does show a gentle, closed low area that

closely follows the areal distribution of the major productive region. .
During Permian time the Midland basin was a mildly negative area receiving

sediments from far-removed emergent lands, 2nd these sediments were deposited
in deep, quiet waters. The basin was not necessarily restricted in the environ-
mental sense. Circulation was open at the north and south; however, isolated
low areas on the main basin floor were locally restricted in circulation. In such
closed Jow areas the sea water could maintain its volume but would stagnate.
Surface waters were favorable for supporting many planktonic forms in its pelag-
ic realm. Contribution of organic material from these surface forms, as well as
floating débris, could be preserved on basin floors where oxygen was deficient and
hydrogen sulphide content was high. Rich organic muds were thus formed, as

"evidenced by much bituminous matter and in this type of environment, anaerobic

bacterfa would be encouraged to break down the organic material into simpler
and more basic hydrocarbons. The writer believes that such conditions did exist in
the gentle, closed low arez shown in Figure 3 at the beginning of Spraberry dep-
osition. _ '

This writer believes that the Midland basin was relatively non-texic in most
part, and yet it was probably pitted with several low restricted spots of varying

‘depths. In these low areas would be the richer accumulation of erganic muds.

Present distribution of oil or gas points to these areas individually, and tends to
show that the generation of o1l was localized to 2 great degree.

A lithofacies map (Fig. 4) of the Four-County area further substantiates the
reconstruction of the geological features at the close of Wolfcamp time. Northeast
of the Spraberry trend non-clastics are dominant with a gradual facies change
toward the productive area, where approximately 87 per cent of the Spraberry
is shale. West of the producing area a rather abrupt shale to limestone facies

. change occurs, with several wells on the west side of the present structural highs

containing 85 per cent non-clastics. This probably means that during the time of
Spraberry deposition, the west side of the Midland basin was elevated sufficiently
to provide an environment of warm, shallow waters, in which carbonates were
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precipitated and deposited. Superimposed on the lithofacies map are isopach con-
v tours representing the thickness of Spraberry-type rocks after total deposition
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Fig. 4—Lithofacies map, Foux;-CounLy aren, with Spraberry isopach contours.
and after accounting for all structural movements. Included in the interval thick-
ness is the 1,000 feet of Spraberry section plus approximately oo feet of upper .
Wolfcamp rocks to the base of the Dean sand. The area of thickest sedimentation
js found in the south-central part of Glasscock County and the north-central
part of Reagan County, and appears to be associated with the original low area,
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interrupted only by slight structural growth around the common corners of the
Four-County area. . '

The accumulation of Spraberry oil was probably directly associated with a
relatively deep, closed basin since present structural position is no determining
factor for the presence or 2bsence of a productive reservoir, nor is a lithologic
change a determining factor for the presence or absence of oil. Specific reference
is made to an arbitrary line representing the south limb of the triangular area
trending eastward through central Reagan County, The vocks nerth of this ar-
bitrary line are generally the same as the rocks south of this'line; however, pro-
ductive reservoirs are found at the north and increase in productivity toward the
center of the trizngular area.

FRACTTGRES

Even though many diagnostic characteristics of jointing are present, there is

" no evidence of vertical dizplacement, but there is a fairly well defined pattern of

Fic. 5.—Core showing incipient or latent vertical fractures. Diameter of corr, 31 inches.

fracture trend, both major and minor, which may establish a fracture, or joint
system.

Fractures have been assigned a set of arbitrary indices by the writer: (1)
latent fractures (Fig. 5); (2) single yertical or oblique fractures, discontinuous for
a relatively short distance; (3) single vertical fracture, extending for entire length
of lithologic unit (Fig. 6); (4) single vertical fractures parallel with each other;and
(5) vertical fractures parallel, intersected by oblique or vertical cross fractures

(Fig. 7).
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260 WALTER M. WILKINSON

The most common type of fracture with the ‘greatest continuous vertical
extent is found in the black, brittle shales and in the varved, sandy shales. Ob-
lique fracturing occurs by far the most commonly in the silts but, where present
in the shales, occurs alone and is discontinuous up to 18 inches in length, The
oblique fracturing has 2 tendency to assume a position of shattering with the end

=
P s

e e Y R

F16. 6.—Core of sbale and siltstone showing single vertical fracture extending across
lithologic units. Diameter of core, 3} inches.

povainpetl SR My

Fi¢. 7.—~Core showing combination of fracture types. Diameter of core, 3§ inches.

result representing a pattern of shingles. This type of shattering has been classi-
fied as imbricate. It is interesting to note that the obligue fracturing on onc side
of the core generally has a compensating latent fracture on the opposite side of the
core, but at an opposing angle. The writer suggests that the shattering effect pro-
duced in the sands and silts could be a result of compositional difference, as com-
pared with shales, with the sands and silts having reached an elastic limit, and
then shattering to relieve the tensional pressure when exposed by the bore hole.

All fractures tend to be centered in the cores, particularly where only single
vertical fractures are found. It would be an unlikely geological phenomenon that
fractures would fall naturally in a vertical plane within bore-hole deviation toler-
ances. Several hypotheses can be assumed for this phenomenon. It may be that
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fracturing is artificial to some degree and is created by stress relief along prede-
termined lines of weakness, or planes of microscopic fracturing. It may be that
the lines of fracturing are so closely spaced that the wandering action of the drill
bit or core head would find the line of weakness and follow it, as in steeply dipping
beds in areas of thrust faulting. However, mineralization of fracture planes (Fig.
8), presence of lost circulation materials, and cement within fractures after coring
certainly prove that fissures are épen, even though the presence of cement is
highly overrated. Abnormal injection pressures would aid in forcing foreign ma-
terials into the earth opening. Some operators have introduced carnotite into the
cement slurry before casing is cemented above the Spraberry formation. The

"gamma-ray log showed no evidence of cement below casing point.

Pore space in the fractures before coring has been partly determined by the

Tt T e e e T e
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Fic. 8.—Cores showing intersecting vertical fractures and mineralization.,
- Diameter of core, 2§ inches.

use of micrometer gauge. An over-all average for a single vertical fracture is
0.002 inch. Certainly capillary and sub-capillary openings can not be measured,
even though they have been proved te be present. These immeasurable openings
play a tremendous role in the movement of fluids. Since shales constitute 87 per
cent of the Spraberry rocks and since the presence of sub-capillary openings is es-
tablished, the shales are apt to be reservoir rocks in part. Oil has been retorted
from some samples to prove the presence of hydrocarbons within the shale matrix.

The matrix siltstone which serves as the main reservoir rock has an average
permeability of o.50 millidarcy and an average porosity of 8 per cent. With this
type of permeability in the reservoir rock, it becomes obvious that the fractures
serve mainly as “feeder lines” to conduct oil to the well bore. In very few places
has commercial production been developed without a rupturing process to create
more fracture permeability chanhels.

The genesis of Spraberry fracturing can be attributed to two forces: (1) non-
directional reduction in volume, and (2) regional tensions created by basinward
subsidence. These two changes occurred independently of each other, even though
the latter was associated with structural growth from deeper tectonic forces.
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Reduction in volume by the removal of interstitial waters is inherent in lithi-
fication of muds to form shales, Shrinkage is possible by changes in the various
clay minerals making up the shales. The process necessary for creating fissility
of shales results in microscopic lateral openings. All of these processes resulted in
shrinkage cracks, and after sufficient lithification had taken place for the rocks to
become brittle, latent fracturing took place as the volume changed, but resulted
only in microscopic lines of weakness without definite direction or trend. .

Tests have been made in Sohio laboratories of the different rocks of the Spra-
berry formation and prove the presence of sub-capillary openings. Fracture plane
faces were washed with lubricating gasoline for sufficient length of time to permit
absorption of the lubricating material into 2ny sub-capillary openings that might

- epmeney
T oRturrto Aty
e o

Fie. g.—Core showing <hrinkage cracks in Spraberry shale. Diameter of core, 3§ inches.

be present. Exposure to air and heat provided rapid evaporation from the frac-
ture plane. In a very short time the fracture face was free of gasoline, but a com-
prehensive system of skrinkage cracks was proved by the remaining lubricating
material in the cracks themselves (Fig. 9). Experiments have shown that this
system is present only in the shales. There is very minor evidence of latent frac-
turing in the siltstones. The presence of the shrinkage crack system in the shales
further proves the non-directional reduction in volume.

Core orientation tesis have been made in several wells in the Four-County
arez, and a major fracture trend has been indicated to have a general N. 25° E.
direction, with a more poorly developed set of cross fractures normal to the main
trend. These wells are: (1) Sohio’s TXL “A' No. 6, Sec. 35, Block 37, T. 4 5.,
Glasscock County; (2) Sohio’s Davenport “B* No. 1, Sec. 2, Block 37, T. 5 5.,
Glasscock County; and (3) Schio’s Bernstein No. 1, Sec. 5, Block N, Upton
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“thi- : County. An initial potential map (Fig. 10) prepared of the Tex-Ha;n'ey pool has ;

o indicated the same general north-northeast direction. On the initial potential _ ) f'

i map the black coloring represents the wells of bighest productivity and further | |

{in indicates the very close proximity to better developed fracture system.

The writer suggests that possibly the system of open fractures shown by po-
tential and productivity tests and core orientation tests was created by the efects it
y : of regional tension as the basin subsided after Leonard time. The gentle subsi- i1
dence would stretch the pre-existent mass of rocks from the buttressing positive ele-
ment of the Eastern platform. This stretching. would have a tendency to create :
ot the greatest amount of rock rupturing in the area closest to the deepest part of ' ¥
down-warping, but still would be confined to those rocks of highest shale content. 1
Tectonic movements near the end of Permian time re-uplifted certain areas such
as the Reagan anticline and the Wilshire-Pegasus fold (Fig. 1). The Reagan anti-
cline has a N. 45° W. direction, and the Wilshire-Pegasus fold has a northerly
direction. The down-warping of the basin, combined with the structural growth
and uplifting of the twe anticlinal folds, would have a tendency to create certain
torsional effects on the mass of rocks nearest the area of movement. The torsional .
and tensional efects of these combined movements on the Spraberry rocks would
be apt to produce porthwest to west nosings, and any such movement, however
slight, would tend further to rupture and connect the ancient lines of weakness.

-

PRODUCTICN STATISTICS AXD SUAMMARY

Since the date of the discovery well in the Spraberry Deep pool, and since
the time of completlon of the original Spraberry well in the Tex-Harvey field, an
ever-increasing tempo of activity has confronted the oil mdustry in the Spraberry
trend. The greatest concentration of drilling activity and completlons has been
confined, for the most part, to parts of the Four-County area. It is not important
to quote individual month or year statistics, but rather, comparison can be made
by quoting widely separated statistics.

In October, 1951, within the Four-County area there were 531 completed wells
and 241 drilling operations. Qutside of this area there were 72 completed wells
with 5 drilling operations.

During the month of April, 1952, there were 1,558 producing wells mlhzn the
Four-County area, an average of 176 completions per month. During this same
month 2,744,156 barrels of oil were produced, wh1ch represents 77 per cent of the
assigned allowable.

On February 1, 1952, there were 766 rotary drilling units in operation in the
Permian basin areas of West Texas and southeastern New Mexico. The Four- i
County area had 315 of those operations, which represents 41 per cent of the
actual drilling rigs in the Permian basin.

With an activity so concenlrated, there is 2 constantly changing picture day
by day, and any production charts of to-day would be obsclete tomorrow. It is i
expected that approximately 488,000 acres will be proved productive at the con- "

N
PR —
i,

y

v w2

2

=T o W
= =}
.l

|
k
l

=



0 $0%rzer
g P OF 600 BOPD OR GREATER

ﬁ P BETWEEN 400-500 BCPD
500 POFQ
=X ﬂwmm
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. clusion of developmental drilling within the Four-County area. Outside areas
appear to be marginal at present and yet areas favored by optimum accumula-
tion of oil and associated with greater fracturing would be favored for productmn
unkrnown at this time,

Tmthfully, it may be said that the Spraberryisa umque reservoir. It is fa'bul-
ous in areal extent, puzzling with its production problems, and baffling with its
geological phenomena. Here in an area devoid of typical folded traps, and from a
mass of rocks that would be.classified as non-commercial under average condi- -
tions, flowed the aforementioned 2,744,156 barrels of oil from 1,553 wells during
the month of April, primarily the result of fractures.
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- ABSTRACT

A review has been made of potential hydrocarben source and reservoir
rocks of Ordovician to Triassic age in Tasmania. The appraisal of
post-Cambrian to pre-Tertiary regional geology, in conjunction with
current concepts'on source rock characteristics, pa]eo—geotherma]
gradients, and known occurrences of sapropelic kerogen, implies the
presence of potential source rocks at several horizons of differing
agé and 1ithology. The most likely hydrocarbon source rocks are the
Ordovician Gordon Sub Group (carbonate), and the Carboniferous -
Permian section of the Parmeener Super Group {(clastic). Recent
discoveries of Petroleum seepages were made in the basal section of
the Pdrmeener Super Group; this lower section appears to fulfill
the accepted criteria for source rocks, although the limited number
of samples collected precludes authoratitive conclusions. High heat
flow during the Devonian in western and north western Tasmania, and
possibly relict as late as Permian time, has effectively down graded
the prospectiveness of these parts of the state for hydrocarbon
potential.

However, the remainder of the state appears to have been shielded
from the high heat flow, as evidenced by the Gordon Limestone in
Southern Tasmania, which was subjected to the requisite maturation
conditions for the generation of hydrocarbons.

o
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PRELIMINARY REPORT ON

PETROLEUM POTENTIAL - ONSHORE TASMANTA

by T.G. Summons
August, 1981.

INTRODUCTION

This review of current literature and ideas of Tasmanian geology,
applicable to exploration for 1iquid and gaseous hydrocarbons, is
intended to review some of the aspects of petroleum origin, migration
and retention in Tasmania, with the object of rationalising future

petroleum exploration programs.

Critical physical and chemical data on potential source and reservoir
rocks are either poorly known, or non existent; accordingly, many

of the comments made in this report are speculative and will almost
certainly be modified after co]]ectidn, compilation and interpretation
of the requisite data.

-

The report is divided into a discussion of lower Palaeozoic and
Carboniferous Permian-Triassic age rocks, under the following headings:-

Regional Geology

Comments on Source Rock Types
Geothermal History

Potential 0i1 Source Rocks
Potential 0i1 Reservoir Rocks
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REGIONAL GEOLOGY

Il 2:0

II 2:1
2:1.1

i 2:1.2

ORDOVICIAN

The Ordovician period is represented by the Junee Group, which
consists of the Denison Sub Group, overlain by the Gordon Sub
Group. The type area of the Junee Group is the Florentine
Sync]inorium_(Mé}d&na - Florentine Valley).

Denison Sub Group

This sub group consists of three formations:-

- Reeds CongTomerate 1500m
- Tim Shea Sandstone 300m
- Florentine Valley Mudstone 600m

As the formation names imply, the lithogies consist of conglomerate,
sandstone and siltstones with minor impure limestone. A widespread
marine transgression occurred at the top of the subgroup, with sand
deposited in N.W. and W. Tasmania, while silt was deposited in the
Florentine Valley (Florentine Valley Mudstone), suggesting a source
area in the N.W. and W. of the state; support for this model is seen
in the higher<proportion of calcareous beds in the Florentine Valley

and Beaconsfield areas, than elsewhere,

Gordon Sub Group

This sub group consists of three formations:-

- Karmberg Limestone

- Cashions Creek Limestone

- Benjamin Limestone (Corbett and Banks, 1974).
The Karmberg Limestone consists of approximately 400m of impure nodular
limestone, calcareous siltstone and chert; it is richly fossiliferous,
and contains large spherulites of pyrite. The Cashions Creek Limestone
consists of approximately 100m of dolomitic limestone with abundant

algal colonies (Girvanella).
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Fig. 1: Distribution of the Junee Group

Gordon Sub Group Localities shown as follows:

FG - Flowery Gully 0S - Olga Synclinorium
M - Melrose FY - Florentine Valley
GP - Gunns Plains * LR - Lune River
MC - Mole Creek SB - Surprise Bay
L - Loongana .
EH - Everlasting Hills
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Gordon Sub Group (Contd.)

The Benjamin Limestone consists of approximately 1200m of dolomitic
and stylolitic Timestone of variable purity; several horizons rich
in corals, stromatoporoids, sponges, cephalopods, brachiopods, and
gastropods occur, and are considered by C.F. Burrett (pers. comm.)}
to represent possible back reefs. The limestones represented by
these formations-consist of supratidal dolomites, intertidal
calcisilitites, and subtidal calcisiltites, calcarenites and shelly/
coralline calcirudites. During Chazyan time (Cashion Creek Limestone)
algal lawns were widespread across the state, and from Blackriveran
through Trentonian to early Cincinnattian time (Benjamin Limestone)
coral gardens/baffles became widespread.

The depositional environments for the Gordon Sub Group and the upper
part of the Denison Sub Group were shallow water/platform. The
youngest unit in the Junee Group is the Westfield Beds, consisting of
approximately 150m of siltstone and sandstone overlying the Gordon
Sub Group.

STLURIAN - DEVONTIAN

~

2:2.1E1don Group

This group consists of formations of three major alternations of
sandstone and siltstone, which, with minor 1imestone, ranges in
thickness from 1800m to 2300m.

Thus the Crotty Quartzite is overlain by the Amber Slate, the Keel

Quartzite by the Austral Creek Siltstone, and the Florence Sandstone
by the Bell Shale.

The general cyclicity of sandstone alternating with siltstone also
occurs within each of the major sandstone and siltstone units referred
to above.

A1l Eldon Group 1ithologies were deposited under shallow marine
conditions (including the siltstones); the greater coarsemess and the
higher sand : shale ratio of the Eldon Group in western Tasmania, imply
a source area to the west of the state (Banks, 1962).
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Mathinna Beds

The Mathinna Beds occur in N.E. Tasmania, and consist of more than
2400m of sandstone, siltstone, and mudstone (variably metamorphosed),
whiéh were deposited under deep water conditions. A crude twofold
subdivision into a sandstone/qreywacke - siltstone, and a mudstone
association {now slate and phyllite) is recognisable. The age ranges
from Ordovician fo Devonian, and the sequence shows strong contrasts
on faunal and sedimentological grounds with the rest of Tasmania.
Banks (1962) postulated a facies change from shallow water shelf type
deposition in western Tasmania to continental type deposition in N.E.
and E. Tasmania; the margin of the continental shelf is inferred to
occur in the vicinity of Flowery Gully. The Mathinna Beds are separated
from the rest of Tasmania by a NNW trending transcurrent (?sinistral)
fault known as the Tamar Fracture System (Williams, 1979).

CARBONIFEROUS - PERMIAN - TRIASSIC

Parmeener Super Group

The Lower Parmeener Super Group consists of the Lower Marine, Lower
Freshwater and Upper Marine Sequences, with a total aggregate maximum
thickness of 1300m (Williams, 1979).

The Lower Marine Sequence includes units such as the Wynyard Tillite,
Quamby, Woody Island Siltstone, Darlington Limestone and Bundella
Formations, and the Golden Valley and Masseys Creek Groups. Typical

rock types are dark coloured siltstone and mudstone {often carbonaceous)
with minor Timestone, sandstone, conglomerate, and oi1 shale {"Tasmanite").
Uraniferous, pyritic black shales {some of which are oil shales) occur
at Rossarden, and may represent marginal marine conditions at the
junction of the Quamby Formation and the Basal Conglomerates.in N.E.
Tasmania.

The environment of deposition was medium to shallow depth marine, cold {as
indicated by the Wynyard Tillite, glendonites and rare dropstones in the
overlying formations), and anaerobic, as indicated by the abundant
pyrite,-
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TABLE 1
PARMEENER SUPER GROUP
Upper Parmeener Super .Group (Upper Freshwater: Sequence)
1:250,000 Locality Cygnet | Ross Cluan Tiers | Brady Total
Map Sheet Coal Form'n{ Form‘n [Form'n{ Form'n
Measures | {m)} {m) (m) (m) (m)
(m)
Hobart - ND ND ND ND ND ND
~ Datlands (Poatina 60 200 140 90 165 655
(Great Lake ND ND ND ND ND 580
Launceston Quamby ND ND ND HD ND 630
Bumie Hest.Bluff ND ND ND ND ND 365
Queenstown Cent. Plat. ND ND ND ND ND ND
Average: 550

Lower Parmeener Super Group (lLower Marine, Lower Freshwater and Upper Mérine

Sequences )

1:250,000 Locality Lower Marine Sequence Lower [ Upper | Total
Map Sheet Tillite |S11t/ms|S5/S11t/LS Sub | Fresh-| Marine
(m) (m)* {m) Tot. |Seq. |Seq.
> m} | (m) [ (m) (m)
Hobart Cygnet/ 300 200 100 600 30 300 930
Glenorchy
Qatlands Poatina/ 105 90 60 255 (110 280 645
Friendly
Beaches
Launceston | Quamby ND ND ND 350 45 265 660
Burnie HWynyard/
West.Bluff 430 135 60 685 36 260 881
Queenstown Central 45 ND ND ND ND ND ND
Plateau/
Florentine
Valley '
Averages:|. .235. 142 73 . 432 .| .55 276 804

(* Includes the Woody Island Siltstone and “Tasmanite" horizons)

Maximum Thickness preserved:

655 + 981 = 1636m

(> 1.6m).

This contrasts with the figure given by Williams {1979) of 1930m.
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The Lower Fresh-water Sequence includes the Mersey and Prelonna Coal

Measures, with an average thickness of 30m. Typical l1ithogles are
sandstone, carbonaceous siltstone and coal; o0i1 shale and cannel coal
occur near the top of the sequence, adjacent to the Malbina Formation.

The Upper Marine Sequence includes the Cascades Group, the Malbina
Formation, Risdon Sandstone, Ferntree Mudstone and Poatina Group.
Lithogies range from calcareous siltstone and 1imestone to siltstone
and mudstone, with minor arkosic and glauconitic sandstone.

The environment of deposition was probably similar to that of Lower
Marine Sequence, namely medium/shallow water shelf conditions; the
climate was cool as indicated by rare glacial dropstones.

The Upper Parmeener Super Group consists of the Upper Freshwater Sequence

with a total maximum thickness of approximately 650m (Williams, 1979).
It includes the Cygnet Coal Measures, Ross, Cluan, Tiers and Brady

Formations.

Lithogies range from quartzose to lithic sandstone, siltstone,
carbonaceous to grey/green mudstone, to coal and acid/intermediate

volcanics.

The environment of deposition was similar to that for the Lower Freshwater

Sequence - continental and freshwater (lacustriﬁe).

Parmeener Super Group localifies and thicknesses are shown in Tabie 1,
where it should be noted that the apparent maximum preserved thickness

is approximately 1600m.
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COMMENTS ON SOURCE ROCK TYPES

3:1

CARBONATE

3:1.1

3:1,2

'
|~ - 3:1.3
'——

3;1.4

Pure 1imestones are able to generate heavy oil with the
requisite maturation conditions, and organic matter (OM)
content. Impure limestones, containing more clay minerals
(to act as Lewis Acid Catalysts) would modify the tendency
to produce heavy oil (Hunt, 1979).. The Karmberg Limestone
contains ¥ 75-85% CaCoz while Cashions Creek Limestone
contains * 93%-CaCoz, and the Benjamin Limestone ¥ 85-90%
CaCos.

Dark or brown coloured limestone/dolomite is generally a

gobd source rock; most of the Karmberg, and some of the
Cashions Creek and Benjamin Limestones are impure and
argillaceous. Litho correlates of these units at Lune River
(Summons, 1981), are similarly dark brown, with bituminous -
stylolites, disseminated pyrite, and with interbeds of
carbonaceous phosphatic shale/siltstone. Bituminous stylolites
are recorded from several localities in the Gordon Limestone
(e.g. Railton, Deloraine).

Fine grained carbonate rocks generate more hydrocarbons from
the same amount of total organic matter (TOM) than a clastic
source rock, because limestones contain sapropelic GM (rich
in algal/amorphous kerogen). These kerogen types have the
highest H/C ratio, and thus the highest yield of petroleum of
all the kerogens (Hunt, 1979).

The Gordon Limestone is essentially fine grained (micrites
and calcisiltites) across the state, and this feature is
important in maximizing the amount of associated OM within it.

Typical source beds were formed in low energy coastal marine
environments, where clays and carbonates were deposited with
0.5-5% OM. The critical factor in preservation of the QM is
the existence of toxic, anaerobic conditions. Sapropelic OM,
which was formed in marine environments, is able to generate
both oil and gas.
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The Gorden Limestone was formed under shallow water, marine
conditions (as discussed previously), and the frequent occurrence
of pyrite in conjunction with the carbonaceous shales implies an

anerobic and toxic environment.

A possible parallel of the Karmberg-Cashions Creek Limestones
(Florentine Valley) and the Lower Sequence at Lune River exists

in the lower part of the Marl Slate of N.E. England (Turner et al,
1978}, whére the sapropelic facies (laminated siltstone, dolomite
and bitumen) is overlajn by evaporite facies sediments. Details
on the evaporitic nature of the Middle Sequence at Lune River

_were described by Summons (1981).

Catalytic cracking of hydrocarbons can be induced by salts of

V, Mo, Ni (lLevorsen, 1966)}; the black shales in the Gordon Limestone
at Lune River are phosphatic, and anomalious in their content of

Mo and Ni.

The assaciation of oil brines with hypersaline dolomitizing brines
responsible for the formation of the Mississippi Valley Typé ore
deposits has been noted by several authors, e.g. Hall and Friedman
(1963), Hall and Heyl {1968), and Carpenter et aT {1974).

Dolomitization of the Gordon Limestone has occurred at several
localities, and a-mechanism of transport of any oil that may
have been generated may be envisaged.

CLASTIC

3:1.5

_ 3:1.6

||' 3:1.7
l ' 3:2

. 3:2.1

Catalytic cracking of hydrocarbons is a significant process in
the generation of petroleum below +125%¢ (Goldstein, in Hunt,
1979); typical naturally occurring catalysts are smectite clay
minerals and zeolites. Llevorsen (1966) cites an exampie of
polymerization of propylene at 35°C in response to natural
catalyst bearing rocks.

The Lower Marine Sequence of the Parmeener Super Group is
reported to contain altered glass shards in southern Tasmania
and the Upper Marine Sequence (Cascades Group) contains beds of
bentonité, (Banks, 1962). These occurrences are interpreted as
indicating 'volcanism (possibly that recorded in N.S.W.), during
the Permian, and the original presence of zeolitized tuffs may

be inferred.

087138
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The original presence of smectite c¢lays in the Lower Marine
Sequence is currently unknown, but the concept of smectite/
zeolite initiated catalytic decomposition of OM may have been
significant in view of the geothermal gradients estimated for
the Permian in Tasmania.

Sapropelic OM is formed by decomposition and poilymerization of
spores and planktonic algae, and may be converted to one of the
following with increasing maturatidn; boghead coal/oil shale,
cannel coal, or oil. Sapropelic OM is known to occur in both
the Lower and Upper Marine Sequences of the Parmeener Super Group
as follows:
{a)} The "Tasmanite" oil shale from N. and N.W. Tasmania

(Quamby Formation) consists of a single celled alga

named Tasmanites Punctatus, which has H/C ratio of

» 1.5, and an 0/C ratio of - 0.12.

As stated previously, sapropelic organic matter is the
most productive generator of oil, because its kerogen -
constituents (algal, amorphous and herbaceous) can
contribute H in the range of H/C from 1.7 - 0.30. Thus
the "Tasmanite" o0il shale may be viewed as representing
gpe optimum type of source rock OM.

(b) Banks (1962) recorded oil shale and'canne1 coal from the
top of the Mersey Coal Measures; however, it is egqually
possible that these occurrences of sapropelic OM occur at the
base of the overlying Malbina Formation; similar comments
(to those made for "Tasmanite" oil shale), apply as to the
petroleum prospectiveness of this OM, given the necessary
maturation conditions. The presence of cannel coal (world
ave. H/C%1.0, 0/C%=0.11) suggests that it has progressed
along the maturation pathway from the "Tasmanite" o1l
shale.

Radicactive elements may aid in the transformation of kerogen
to petroleum through the action of alpha particle bombardment
(Levorsen, 1966); however, the evidence for the significance
and extent ‘of such transformation is conjectural.

Uraniferous hlack shales occur beneath the Permian Basal
Conglomerate (and possibly in the Quamby Formation) at Rossarden.
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4:0  GEQOTHERMAL HISTORY

The geothermal history of a basin involves an analysis of the time
intervals during which the sediments were subjected to various
temperatures. It represents the optimum mode of evaluating hydrocarbon
generation in a basin, providing reasonable palaeo temperatures can be
established.

-~

The three main optical organic metamorphism indices are vitrinite
reflectance,palynomorph colour change (Thermal Alteration Index - TAI),
and conodont colour change (Colour Alteration Index - CAI). The colour
and preservation of palynomorphs is a function of the thermal alteration
(Staplin, 1969}, but it is only recently that Epstein et al (1977) and
Harris {1979) have demonstrated that the conodont colour is similarly
temperature dependant. These authors have correlated colour changes with
the amount of fixed C in the conodonts and the host sediments; the
conodonts darken with increasing temperature as a result of carbonization
of the OM in the inter lTamellar spaces. Further indications of thé
potential of using CAI values were summarised by Harris (1979) as follows:-

(a} Conodont colour alteration is progressive, cumulative and
irreversible, -

(b) The colour alteration is dependant on time and temperature, but
is independent of pressure.

(¢) An Arrhenius plot of experimental and field data indicate that
colour alteration of conodonts ranges from 50-450°C.

(d) Time is of minor importance for CAI values in rocks older than
50 million years.

(e) The 6 CAI values can be correlated with vitrinite reflectance,
translucence photometry,and chemical analyses,

5:0 PALAEO - GEQOTHERMAL GRADIENTS

5:1 Gordon Sub Group

Burrett (1978) showed that CAI values in the Gordon Limestone vary
considerably across the state, outlining an arcuate trend around the
Precambrian blocks of central Tasmania. This arcuate trend follows
Cambrian volcanics and lower Palaeozoic synclinoria, which both fringe
and overlie the Precambrian blocks (Cradle Mtn., Prince of Wales blocks).
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The Cambrian volcanics (which host the major base metal orebodies

of Mt. Lyell, Rosebery, etc.), have been interpreted as an island

arc adjacent to an east plunging subduction zone (Solomon and Griffiths,
1974}, and more recently as a rift valley-caldera structure by Corbett
(1979).

The zone of darke;} Ordovician conodonts {Flowery Gully, Melrose,
Loongana, Everlasting Hills, Olga synclinorium), coincides with a belt
of thinned Cambrian crust (represented by the Mt. Read Volcanics, Dundas
Group, etc.), and a belt of maximum deformation in Gordon Sub Group
localities. The Cambrian geothermal gradient would have been appreciably
higher within this region of thinned crust, and assuming this region

was not underlain by Precambrian crust, high heat flows would have
occurred in post-Cambrian times.

The corallary to this interpretation is that post-Cambrian rocks, floored
by Precambrian crust, would have been relatively insulated from the
postulated high heat flow values within the Cambrian volcanics.

Table 2 depicts CAI, change(&) in temperatﬁre, thickness and geothermal
gradients (@ ) for the Gordon Limestone. No gradients appear to have
existed acrosi_the Gordon Limestone at Flowery Gully, Melrose, Gunns
Plains and Everlasting Hills as indicated by the CAI values. The Gordon
Limestone in these areas was heated to$ 300°C, and a consideration of the
maximum depth of burial by post-Ordovician rocks implies the presence

of abnormally high geothermal gradients. A high, post-Ordovician

(probably middle Devonian) heat flow is assumed for W. and N. Tasmania

for the following reasons:

(1) In several localities (referred to previously}, the "normal®
geothermal gradient due to depth of burial (with attendant
increase in temperature), does not exist, suggesting that it
has been obscured by another source of thermal energy. The
lTowest CAI.values in, and the lowest geothermal gradients
across, the Gordon Limestone occur in those areas floored
by Precambrian crust; other areas marginal to the Cambrian
volcanics (e.g. Mole Creek, Olga River) have intermediate
geothermaT'gradients.
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TABLE 2
ORDOVICIAN (GORDON SUB GROUP) SAMPLES
Locality C.A.I. | Min. | Max. Thickness (km) | OMin. | 0 Max.
Base[Top |aTemp. |aTemp. Present [ + 35% |(°C/km) | (OC/km)
(50) | (°C
Flowery Gully 515 - - 0.47 0.72 - -
Melrose 5165 - - 70.25 70.39 - -
Gunns Plains 4 14 - - 0.90 1.39 - -
Loongana 514 100 210 0.65 1.00 100 210
Mole Creek 5 3 100 290 1.30 2.00 50 145
Mole Creek* 4 13 <80 180 1.30 2.00 €40 95
Bubs Hill 513 100 290 0.35 0.54 185 537
Everlasting 515 - - 0.25 0.39 - -
Hills _
0lga River %100 210 1.50 2.31 |#43.3 90.9
Florentine 50 240 1.70 2.62 19.1 .91.6
Valley
Lune River 2|1 20 80 >Q.70 »1.08 [<18.5 <83.3
Average Mole Creek* and Olga River: 41.6 92.9
. Average Florentine Valley & Lune River| 18.8 87.4
NR: (1) CAl - Conodont Colour Alteration Index
(1) Thickness recalculated to allow for volume reduction
due to pressure solution (diagenetic and tectonic
stylolites).
(ii1) (* - Geothermal gradient within Gordon Limestone,
before volume reduction (shortening). The (* values
shown here are reproduced as (3 values in Table 4.
(iv) CAI data from Burrett (1978), and change in

temperature (&) from Harris (1979).
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Parmeener Super Group

Harris (1981) examined samples collected by Victor Exploration Pty. Ltd.
staff from several localities in the Lower Marine Sequence of the
Parmeener Super Group. AMDEL (1981) analysed 10 out of 12 samples
collected, and Harris (1981) was only able to find herbaceous kerogen

in 5 of the 10 samples, and consequently, could only assign reliable

TAI values to half the samples. This data is shown in Table 3, which
also depicts change in temperature, thickﬁesses, and geothermal gradients
for the Parmeener Super Group and Jurassic dolerite.

Although it is not possible to construct TAI isograds from the Timited
number of samples, it is apparent that those samples collected from the
N.W. of the state (Bronte, Mersey River)show higher thermal maturity
than those elsewhere in the state (Poatina, Quamby Brook, Maydena).
Inclusion of the 5 samples devoid of kerogen (and assuming the inferred.
TAl values are valid), generally ephances the thermal maturity pattern
described above, the exception being the Poatina Power Station sample,
the true location of which cannot be determined.

This pattern may be a reflection of a relict, high Devonian heat flow
as discussed\previous]y. |

Similarly to the Gordon Limestone samples, the problem in determining
the "normal" geothermal gradient during'bermian and subsequent time
appears to be one of screening out the effects of high heat flow;
accordingly, the best estimate of the "normal" geothermal gradient can
be obtained from the Maydena/Styx River area (Sample 12A), which ranges
from 28-50°C/km, and has an average of 39°C/km. The Quamby Brook -
Poatina areas range from 32-70°C/km (average 57°C/km.).

Although the number of useful (berbaceous kerogen bearing) samples is
inadequate to permit statistically reliable conclusions to be made
about the thermal history of the Parmeener Super Group, the following
observations may be of possible significance:

H
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estimates only, as the samples did not contain any
herbaceous kerogen.

(i)

Wynyard Tillite, except for sample 12A, for which the
thickness was taken from the top of the Woody Island Siitstone
correlate.

(iii)
(iv)

087141
TABLE 3
PERMIAN SAMPLES
Sample| Locality TAI |Min.a| Maxa Thickness (Min. | Max.(@
Tem§ Temg PSGp | Dol. [Total| (oC/km}(0C/km)
(oC (OC
4/6 Mersey River | (4) - - - - - - -
5 Mersey River 3 100 155 | 0.86| 0.50| 1.36 | 73.5 114.0
7 Bronte 3 100 155 1.20{ 0.50 1.70 | 58.8 91.2
11 King William | (4) - - - - - - -
: Saddle .
12 Styx River (4} | 155 | 200 1.30| 0.70] 2.00|(77.5) !{100.0)
12A Styx River w2 +50 =90 1.10 ¢.70 1.80] 27.8 50.0
1 Hobart - - - - - - - -
2 Quamby Brook -2 <40 100 1.29( 0.50| 1.79<22.3 55.9
3 Poatina (4) 155 200 | 1.20{ 0.50| 1.701} (91.2) [(117.6)
8 g Poatina )27m 2)
9 HEC DDH ) ) < 30 60| 0.22) 0.50) 0.721<41.7 83.3
y [s5021  )esem | 3) '
Average for W. Tasmania (Samples 5,7) 66.1 102.6
Average for N.E. Tasmania (Samples 2,8,9) 32.0 69.6
Apparent o1 threshold (Maydena, Sample 12A) 27.8 50.0
Average for S. and N.E. Tas. (Samples 12A, 2, 8, 9) 30.6 | 63.1
NB: (i} TAT - Thermal Alteration Index; values in brackets are

PSGp - Parmeener Super Group thickness from the top of the

Sample 12A is from the Woody Island Siltstone correlate, Maydena.

Maydena section (above Wynyard Tillite) taken as 630m.
{lwr. PSGp), 640m. (upper PSGp)} and 700m. (J. dolerite).

The

section above the Woody Island Siltstone correlate excluded
this unit (200m).

(v)

0 - Geothermal gradient, calculated assuming a ground
temperature of 100C,

The (> values shown here are reproduced
as {3, values in Table 4.
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The majority of the geothermal gradients measured in Tasmania are
in excess of 30°C/km (D.C. Green, pers. comm.). Nicholas et al (1980)
produced an uncorrected geothermal map of Australia, and reported
the measurements of geothermal gradients from 5 Bass Basin oil wells,
which averaged 35°C/km.

However, corrections for mud circulation effects (cooling) in the
holes were not applied (+10, +14%, D.C. Green, pers.cowm.), Nor were
corrections for climatic controls, as discuﬁsed by Cull (1979). Cull
observed that variations in the geothermal gradient were caused by
surface .warming following the retreat of the Pleistocene glaciers in
Southern Australia, and estimated positive corrections of 10-25% for
all geothermal data obtained from depths of < 30Qm.

Assuming that the Bass Basin o1l well measurements were made at depths
»300m., the only correction to be made to the data is that for mud
circulation, i.e., the geothermal gradient in Bass Basin is approx.
35+10% to 35 +14%°C/km, which is approximately 400C/km. Thus the
present geothermal gradient for Tasmania would appear to range from
30-40°¢/km.

The generally higher heat contents of granite rocks is a function of
the concentration of naturally radioactive elements (K, U, Th) which
are concentrated in the upper portion of the earth's crust, and
contribute $ 50% of the heat flow measured at the surface.

In a recent gamma ray survey of granite rocks in Tasmania conducted

by the Geological Survey of Tasmania and the B.M.R., by Collins, Wyatt
and Yeates (1981, in press), the granites were found to be areas of
high heat productivity with U<25ppm, and Th X50ppm. These values are
clearly elevated from the world averages for granite of U< Sppm and
Th=17ppm (Levorsen, 1974}.

The high heat flow in the Tasmanian crust is probably due to two
factors:-
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The abundance of graniticrocks, as indicated by gravity surveys
(Leaman, Richardson and Shirley, 1980), with apparently anomalous
levels of U and Th as discussed above.

The combinations of thin crust overlying abnormally hot,
conductive mantle. Electric conductivity anomalies in Bass
Strait and.northern Tasmania were reported by Lilley (1976).

~Sutherland (1981) postulated that northward migration of

Australian continental plate has controlled volcanism in
Queensland, New South Wales, Victoria and Tasmania, from the
start of the Tertiary period 55 million years ago (i.e. the
Gondwanaland break up). He suggests that volcanism has

occurred as the Australian plate passed over a fixed mantle magma
source ("hot spot"), and that the present heat flow anomalies

are due to magmatism (crust/mantle), and extension of the crustal
plate.

Further discussion on the high heat flow in Tasmania is made in the
Appendix.
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7.0 _POTENTIAL OIL SQURCE ROCKS

7:1 _GORDON SUB GROUP

The Gordom Limestone is fine grained, often dark coloured, impure/
argillaceous, and frequently has bituminous stylolites. The most
likely source rocks would be the Karmherg and Cashions Creek Limestones
(or their correlates), particularly the algae rich Cashions Creek
Timestone. Beds of pyritic, carbonaceous shale/siltstone imply the
requisite toxic, anaerobic conditions existed for the preservation

of organic matter.

The type and amount of OM is not known, but it can be predicted as
being sapropelic.

Although pure limestones have a higher threshold temperature for
petroleum generation than clastic source rocks, the impure nature of
the Gordon Limestone, and the Mo, Ni bearing carbonaceous phosphatic
shales would offset this effect.

The geothermal history of the Gordon Limestone varies considerably
across the state; Tlowest geothermal gradients occurred in the south,
and highest in the west and north west. The low values are believed

to be representative of the normal geothermal gradient in those regions
underlain by Precambrian crust.

The effect of these Ordovician geothermal gradients in terms of
generation of hydrocarbons has to be viewed in context of the total
sequences in given areas, as shown in Figure 1.

The optimum generation of petroleum from Gordon Limestone potential
source rocks would have occurred in Southern Tasmania (based on present
data - the thermal history of the inferred Gordon Limestone in eastern
Tasmania is currently highly speculative.

Using the 60-150°¢C temperature interval to represent the interval of
0il generation, and 150-200°C to represent the interval of gas
generation (from Hunt,1979), the following ohservations can be made:-
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7:1.1 Florentine -Valley- - 0i1 would have been generated from the

Benjamin and possibly the Cashions Creek Limestones, and gas
from the Karmberg Limestone.

7:1.2 Lune River - 0i1 would have been generated from the basal
portion of the Middle Sequence, and all of the Lower Sequence
(which includes an algae rich 1litho correlate of the Cashions
Creek Limestone).

7:1.3 ~ Mole Creek - Mainly gas, with very minor oil, would have been
generated from the upper half of the sequence. Other areas of
Gordon Limestone in the state appear to have been very hot,
and any organic matter present wouldhave been metamorphosed
to pyrobitumen; however, minor gas occurrences may be present.

7:2 PARMEENER SUPER”GROUP

7:2.1 Lower Marine Sequence

This sequence is one of fine grained, dark coloured (often carbonaceous),
pyritic clastics, with minor sandstone and limestone; it is variably
fossiliferous, and toxic, anaerobic conditions are implied by the
pyritic, carbonaceous nature of the sediments (i.e. preservation of
organic matter}. The nature and amount of OM is not known with a

high level of statistical significance, but of 12 samples analysed by
AMDEL (1981) and examined by Harris (1981):-

(i} The clastic samples (11) contained an average of 0.74% TOC,
and the only carbonate sample contained 0.44%70C.

(i1} The clastic samples contain sapropelic kerogen in the range
30-95%, averaging 58%; coaly kerogen averages 40%, which is
in contrast to the comments made by Harris (1981).

(ii1) The clastic samples contain EOM in the range 44-192 mg/gTOC,
averaging 96 mg/gTOC.

(iv) Only half the clastic sampies contained herbaceous kerogen, so
that only half the samples have reliable TAI values.

I
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Clastic source rocks generally require » 0.4% TOC (Hunt, 1979) and
carbonate source rocks require > 0.2% TOC (Ruth and Cooper, 1976).
Extractable organic matter (EOM) in source rocks should be 3 150mg/g TOC
(Tissot et al, 1974) or %200 mg/g TOC (Ruth and Cooper, 1976), although
the Tatter authors observed that a significant quantity of EOM is
insufficient by itself to identify a source rock.

Liquid hydrocarbon; have recently been d{scovered by M.C. Forster and
R. Hine in the Woody Island siltstone Formation correlate at Maydena.

A single sample from this locality contained 1.19% TOC, 80% sapropelic
kerogen, and 192 mg/g TOC of EQM; the sample was assigned by TAI value
of 4 by Harris (1981), but did not contain herbaceous kerogen.

Liquid hydrocarbons have also recently been located (M.C. Forster,

pers.comm.) at Poatina and at the head of the Mersey River; the Poatina
sample contained 0.62% TOC, 70% sapropelic kerogen, 122 mg/g TOC of EOM,
and has a TAI value of 4; the Mersey River samples average 0.85% TOC,

58% sapropelic kerogen, 91 mg/g TOC of EOM, and have TAI values of 3 and 4.

However, all these TAI values of 4 are not based on palynomorph colours,

and are enigmatic in view of the apparent source nature of the rocks.
Alternatively, if the TAI values are reliable, it suggests the rocks

sampled are rg§ekvoirs, although the other source rock parameters (T70C,

EOM, etg.) indicate them to be a source rocks (particularly the Woody

Island Siltstone Correlate at Maydena). The Mersey River sample with

the TAI value of 3 seems a plausible indication of a source rock from

which petroleum has been produced. Oxidation and irradiation of palynomorphs
may also complicate the interpretation of TAI values.

0i1 shale ("Tasmanite") occurs in the north of the state near the base
of the Quamby Formation; oil shale is also known at Rossarden (probably
the Quamby Formation). The inter relationships between the "Tasmanite"
0il shale, other oil shales and the petroleum occurrences, in the Lower
Marine Sequence are not known at present, and a knowledge of such
relations appears imperative to the understanding of the hydrocarbon
potential.

NB: TOC: Total Organic Carbon
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Upper Marine Sequence

This sequence is one of limestone, mudstone, siltstone and sandstone;
on present knowledge, the sequence as a whole would not appear as
prospective for source rocks as the Lower Marine Sequence. Potential
source rocks appear restricted to the carbonaceous mudstones and the
impure limestones. '

0i1 shale and cannel coal occur at the inferface of the Mersey Coal
Measures and the Malbina Formation. MNo analytical data is available
for these concentrations of ?sapropelic organic matter; however,
the presence of cannel coal suggests a higher level of maturation
than the "Tasmanite” oil shale.

The significance of this occurrence of sapropelic OM apparentiy -
much younger than the Woody Island Siltstone Formation - "Tasmanite"
0il shale horizon has yet to be thoroughly evaluated.

The geothermal history of the Parmeener Super Group {similarly to the
Gordon Limestone) varies considerably across the state; lowest
geothermal gradients occur at Quamby Brook, Poatina and Maydena, and
highest valugs occur in the Bronte and Mersey River areas. Similarly
to the Gordon Limestone, the minimum geothermal gradients are believed
to represent the "normal" values while the higher gradients may reflect
a relict high Devonian heat flow.

The effect these geothermal gradients had on the generation of
hydrocarbons can be elucidated from Figure 1. Values range from
399C/km {Poatina, Maydena) to 62°C/km (Poatina) and 84°C/km {average
for Bronte and Mersey River). Using the data in Table 3, it is
apparent that most of the occurrences of the Lower Marine Sequence
have undergone the requisite maturation histories for petroleum generation,
This observation may explain the "petroliferous odour” noted in the
Mersey River, Poatina and Maydena localities, the apparent exceptions
being the Bronte, King William Saddle and Poatina drill hole No. 5021
Tocalities. The apparent lack of 1iquid hydrocarbons in these areas
may be the result.of the ratio of sapropelic to humic kerogen, or

the result of the samples being overmature.
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Hunt (1979) observed that the yield of hydrocarbons per volume of
sediments is higher in basins of high heat flow. The oil present in
the Woody Isltand Siltstone Formation Correlate at Maydena appears

to have been generated in the temperature interval 80-90°C.

An interesting feature of the geothermal gradients shown in Figure 1

" concerns the gradient across the Wynyard Tillite and the Eldon

Group, which is very slightly positive to markedly negative; this
may be due to the following:

(i} A high thermal conductivity of the sandstone rich Eldon
Group, or,

(ii} A positive geothermal gradient across the Eldon Group
which was cancelled by a negative gradient across the
Wynyard Tillite, or,

(iii) An inflated figure for the thickness of the Eldon Group
in the Florentine Valley area, and conversely a deflated
figure for the thickness of Eldon Group in the Lune River
area. If this interpretation is correct, it would modify
the h}pothesis-advanced concerning hydrocarbon generation
(potential) in the Gordon Limestone at Lpne River.
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POTENTIAL .OIL RESERVOIR ROCKS

Gordon Sub Group

As mentioned previously, the Gordon Limestone is generaliy fine
grained (micritic), a feature which would have assisted diagnetic
calcite cementation so that the present intergranular porosity

would be Z 2%. As the micrite facies of the Gordon Limestone seldom
contain < 2% of acid insoluble residue (AIR), some compaction would
have occurred.

Impure limestone {eg. Karmberg) with an estimated composition df <

85% CaCoz and 5-10% AIR (clay minerals, chert) would experience fTuid
losses through compaction, thus enabling primary migration mechanisms
to operate. Other evidence of inferred migration mechanisms comes

from those sections of Gordon Limestone which have been dolomitised,.
Potential reservoirs in the Gordon Limestone appear limited to coral
reefs, and those areas of secondary (granular) dolomite. Coral gardéns
were common from Blackriveran to Cincinnattian time, but no authentic
bioherms have yet been found.

The presencg of an Ordovician continental slope has been inferred east
of Flowery Gully, whéré Mathinna Group rocks overlie Gordon Limestone;
more recently (C.F. Burrett, pers.comm.) the discovery of a deep

water facies of the Gordon Limestone at Surprise Bay, has led to the
recognition of a continental slope in the south of the state.

The base of the Gordon Limestone is strongly diachronous, and the
Ordovician sea is inferred to have advanced over the Tyennan
Geanticliine in a genera11y westward direction. C.F. Currett, (pers.comm. )
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; M.R. Banks (pers.comm.) believes
the Ordovician sea contained several islands (e.g. Vale of Rasselas,
Glenorchy}. Thus a model may be envisaged whereby the Ordovician
continental slope extended south from Flowery Gully along what is now

the Tamar Fracture System (itself activated in Carboniferous time) and
south west to Surprise Bay.
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Deposition of Gordon Limestone west of this 1ine would have been . e
under shallow water platform conditions, possibly with fore reefs

which would have migrated west (landward) in the westward

trénSQressing sea. '

Secondary dolomites are known from several places in the Gordon
Limestone; at Tune River secondary dolomite was formed by the
action of hypersaline brines which originated in supratidal facies
limestone during diagenesis; this dolomite is porous and vuggy,
but no details of its intergranularqporosity are known.

Eldon Group

This groﬂp consists of alternating segquences of sandstone and
siltstone with minor limestone; it has a high sand : shale ratio
and should be viewed as hosting potential reservoirs. No data on its
intergranular porosity is available at present.

Parmeener Super Group

Mention has«already been made of the smectitic nature of some of

the clays in this group; the dehydration of smectite to iilite

provides extra pore water for migration mechanisms. " Possible reservoir

rocks include:-

(i) Lower Marine Sequence - Darlington Limestone and the basal
conglomerates,

(i1) Lower Freshwater Sequence - Mersey Coal Measures.
(1i1) Upper Marine Sequence - Malbina Formation, Risdon Sandstone.

(iv) Upper Freshwater-Sequence - Cygnet Coal Measures, Ross Sandstone.

No data on intergranular porosites is known; the Woody Island
Siltstone correlate at Maydena may be a reservoir as a function of
its microfracture porosity.
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APPENDIX

GEQTHERMAL ENERGY

The use of geothermal energy is relatively modern, and it differs
from conventional eneray sources (fossil fuels, uranium) in that
it may be directly utilized without prior. combustion or fission.

Three types of geothermal systems are commercially operative or
feasible, namely vapour dominated systems, and liquid dominated
systems of both hich and low enthalpy (natural circulation).

Extraction of geothermal energy from hot, dry granite is currently
being investigated at Fenton Hi11, New Mexico, U.S5.A.; the technique
used involves drilling to depths where the temperature is >160°C,

and then creating an artificial fracture system through which water
is circulated, and the thermal energy recovered by heat exchangeré,
or by using the steam produced as a result of the method.

A similar program of research is being undertaken on granites in
Cornwall, U.K., which have heat productivities'of'similar and lesser
magnitude to the five areas of hot dry geothermal energy outlined

by Collins et al (1981, in press) in Tasmania.

The Tasmanian Government has approved the drilling of a geothermal
test hole at Coles Bay, but is unable to provide finance for the
program.

It is apparent that in an increasingly energy short world alternative
energy forms will assume greater significance. On present indications,
the geothermal energy available in Tasmania is comparable and

possibly superior to that elsewhere, and its future utilization

should be given serious consideration.
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(i1) Lower Devonian conodonts, in rocks which were unlikely to
have been buried to any appreciable depth, have been meta-
morphosed (Burrett, 1978).

(iii) The K-Ar ages of late Devonian granite have not been reset
by heat induced leaking of Ar; however, the K-Ar ages of
Tate Cambrian granites have been reset to Ordovician ages
{Mcbougall and Leggo, 1965), presumably by Devonian heating,

Thus the best estimates of the "normal" (due to depth of burial alone),
geothermal gradient across the Gordon Limestone, are the values indicated
for Florentine Valley and Lune River (Table 2), which range from 19°C/km
to 87°C/km, with an average of 53°C/km.

The average of the Mole Creek (less altered sample) and Olga River
samples indicates a geothermal gradient of 42-930C/km and an average
of 67°C/km. Inclusion of the more altered sample from Mole Creek
indicates an average value for the two areas of 770C/km.

The CAI values for Flowery Gully, Melrose, Gunns Plains and Everlasting
Hills indicate heating to > 300°C for the entire Gordon Limestone,
which compare$ with temperatures of - 200°C and = 80°C at the top of
the Gordon Limestone, in the Mole Creek/0Olga River, and Florentine
Valley/Lune River areas respectively.

If it is assumed that the rocks overyling the Gordon Limestone were
similar in thickness and thermal conductivity, and that the Gordon
Limestone had approximate.constant thermal conductivity, then
temeprature is proportional to heat flow; accordingly, the CAI data
imply that the Devonian heat flow (relative to Florentine Valley/

Lune River), was 150% and 275% higher in the Mole Creek/QOlga River and
Flowery Gully, etc. areas respectively.
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TABLE 4

ESTIMATED GEOTHERMAL GRADIENTS (ORDOVICIAN - JURASSIC) - TASMANIA

Locality Thickness {k/m) Ave. Ceothermal Gradient {OC/km)

Dolerite|! PSGp | E.Gp.| Og.

-

Quamby/Poatina 0.5 1.3 1<1.0 1.3 51 352 6869 57-67 -
Moile Creek

01ga River (0.5) | (1.5 | 2.0 | 1.5 [(75) |(59) 67 (61)

Maydena/
Florentine Valley| 0.7 1.6 2.0 1.7 39 21 55 31

Lune River 0.5 - 1.6 (-} |>0.7 39 19 <51 <27

Average for Sthn, Tasmania: | -39 20 53 29
1

NB: (1) PSGp - Parmeener Super Group (Including Wynyard Tillite).
{(11) E. Gp. - Eldon Group (Silurian - Devonian).
(ii1) 0g - Gordon Sub Group (Ordovician)

' (iv)  Geothermal gradients, (® =
|

(

¢
(

3

Average geothermal gradient across dolerite + PSGp
to the top of the Wynyard Tillite.

Averagé geothermal gradient across dolerite, PSGp
(total) and E.Gp.

Average geothermal gradient across Og
{(Original thickness?

1t

Average geothermal gradient from dolerite to the
base of 0g {present thickness).

(v) The original thicknesses of dolerite and PSGp in the Olga

' Synclinorium are unknown, and are assumed to have been
similar to the Bronte data, with 300m. of Wynyard Tillite.
Similarly, the {% value was taken as the Bronte value;
accordingly, the », G , and (*» values for the Olga
River, are only very approximate, although the (; and(jT
figures are notably similar to those for the Quamby/
Poatina/Mole Creek area.
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FRACTURING IN SPRABERRY RESERVOQIR, WEST TEXAS 265

clusion of developmental drilling within the Four-County area. Outside areas
appear to be marginal at present and yet areas favored by optimum accumula-
tion of oil and associated with greater fracturing would be favored for production
unknown at this time. . .-

Truthfully, it may be said that the Spraberry is a unique reservoir. It is fabul-
ous in areal extent, puzzling with its production problems, and bafing with its
geological phenomena. Here in an area devoid of typical folded traps, and from 2
mass of rocks that would be _classified as non-commercial under average condi-
tions, flowed the aforementioned 2,744,156 barrels of oil from 1,558 wells during
the month of April, primarily the result of fractures.
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~ ABSTRACT

A review has been made of potential hydrocarbon source and reservoir

L | Illll

rocks of Ordovician to Triassic age in Tasmania. The appraisal of
post-Cambrian to pre-Tertiary regional geology, in conjunction with
current concepts'on source rock characteristics, paleo-geothermal
gradients, and known occurrences of sapropelic kerogen, implies the
presence of potential source rocks at several horizons of differing
agé and 1ithology. The most likely hydrocarbon source rocks are the
Ordovician Gordon Sub Group {carbonate), and the Carboniferous -
Permian section of the Parmeener Super Group (clastic). Recent
discoveries of Petroleum seepages were made in the basal section of
- the Parmeener Super Group; this lower section appears to fulfill
the accepted criteria for source rocks, although the 1imited number

- e e -

of samples collected precludes authoratitive conclusions. High heat
flow during the Devonian. in western and north western Tasmania, and
possibly relict as late as Permian time, has effective1y down graded
the prospectiveness of these parts of the state for hydrocarbon
potential.

However, the remainder of the state appears to have been shielded
from the high heat flow, as evidenced by the Gordon Limestone in
Southern Tasmania, which was subjected to the requisite maturation
conditions for the generation of hydrocarbons.
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PRELIMINARY REPORT ON

PETROLEUM POTENTIAL - ONSHORE TASMANTA

by T.G. Sunmons
August, 1981.

INTRODUCTION

This review of current Titerature and ideas of Tasmanian geology,
applicable to exploration for liquid and gaseous hydrocarbons, is
intended to review some of the aspects of petroleum origin, migration
and retention in Tasmania, with the object of rationalising future
petroleum exploration programs.

Critical physical and chemical data on potential source and reservoir
rocks are either poorly known, or non existent; accordingly, many

of the comments made in this report are speculative and will almost
certainiy be modified after collection, compilation and interpretation
of the requisite data.

AN

The report 1s divided into a discussion of lower Palaeozoic¢ and

Carboniferous Permian-Triassic age rocks, under the following headings:-

. Regional Geology

Comments on Source Rock Types
Geothermal History

Potential 0il Source Rocks
Potential 0i1 Reservoir Rocks

[ 2 I - 'S T A I
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REGIONAL GEQLOGY

l 2:0

l' 241
2:1.1
2:1.2

ORDOVICIAN

The Ordovician period is represented by the Junee Group, which
consists of the Denison Sub Group, overlain by the Gordon Sub
Group. The type area of the Junee Group is the Florentine
Synclinorium (Mé}dena - Florentine Valley).

Denison Sub Group

This sub group consists of three formations:-

- Reeds Conglomerate 1500m
- Tim Shea Sandstone 300m
- Florentine Yalley Mudstone 600m

As the formation names imply, the lithogies consist of conglomerate,
sandstone and siltstones with minor impure limestone. A widespread
marine transgression occurred at the top of the subgroup, with sand
deposited in N.W, and W. Tasmania, while silt was deposited in the
Florentine Valley (Florentine Valley Mudstone), suggesting a source
area in the N.W. and W. of the state: support for this model is seen
in the higher«proportion of calcareous beds in the Florentine Valley
and Beaconsfield areas, fhan elsewhere.

Gordon Sub Group

This sub group consists of three formations:-

- Karmberg Limestone

- Cashions Creek Limestone

- Benjamin Limestone (Corbett and Banks, 1974},
The Karmberg Limestone consists of approximately 400m of impure nodular
limestone, calcareous siltstone and chert; it is richly fossiliferous,
and contains large spherulites of pyrite. The Cashions Creek Limestone
consists of approximately 100m of dolomitic limestone with abundant

algal colonies {Girvanella).
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Fig. 1: Distributicn of the Junee Group

Gordon Sub Group Localities shown as follows:

- FG - Flowery Gully 0S - 0lga Synclinorium
M - Melrose FY - Florentine VYalley
GP - Gunns Plains “ LR - Lune River
MC - Mole Creek SB - Surprise Bay
L - Loongana :

EH -

Everlasting Hills
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Gordon Sub Group (Contd.)

The Benjamin Limestone consists of approximately 1200m of dolomitic
and stylolitic limestone of variable purity; several horizons rich
in corals, stromatoporoids, sponges, cephalopods, brachiopods, and
gastropods occur, and are considered by C.F. Burrett (pers. comm.)
to represent possible back reefs. The limestones represented by
these formations-consist of supratidal dolomites, intertidal
calcisilitites, and subtidal calcisiltites, calcarenites and shelly/
coralline calcirudites. During Chazyan time (Cashion Creek Limestone)
algal lawns were widespread across the state, and from Blackriveran
through Trentonian to early Cincinnattian time {(Benjamin Limestone)
coral gardens/baffles became widespread.

The depositional environments for the Gordon Sub Group and the upper
part of the Denison Sub Group were shallow water/platform. The
youngest unit in the Junee Group is the Westfield Beds, consisting of
approximately 150m of siltstone and sandstone overlying the Gordon
Sub Group.

SILURIAN - DEVONIAN

2:2.1E1don Group

This group consists of formations of three major alternations of
sandstone and siltstone, which, with minor limestone, ranges in
thickness from 1800m to 2300m.

Thus the Crotty Quartzite is overlain by the Amber Slate, the Keel
Quartzite by the Austral Creek Siltstone, and the Florence Sandstone
by the Bell Shale.

The general cyclicity of sandstone alternating with siltstone also

occurs within each of the major sandstone and siltstone units referred
to above.

A1l Eldon Group lithologies were deposited under shallow marine
conditions (including the siltstones}; the greater coarsemess and the
higher sand : shale ratio of the Eldon Group in western Tasmania, imply
a source area to the west of the state (Banks, 1962).
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2:2.2 Mathinna Beds

The Mathinna Beds occur in N.E. Tasmania, and consist of more than
2400m of sandstone, siltstene, and mudstone (variably metamorphosed),
which were deposited under deep water conditions. A crude twofold
subdivision into a sandstone/greywacke - siitstone, and a mudstone
association (now slate and phyllite) is recognisable. The age ranges
from Ordovician to Devonian, and the sequence shows strong contrasts
on faunal and sedimentological grounds with the rest of Tasmania.
Banks (1962) postulated a facies change from shallow water shelf type
deposition in western Tasmania to continental type deposition in N.E.
and E. Tasmania; the margin of the continental shelf is inferred to
occur in the vicinity of Flowery Gully. The Mathinna Beds are separated
from the rest of Tasmania by a NNW trending transcurrent {?sinistral)
fault known as the Tamar Fracture System (Williams, 1979).

2:3 CARBONIFEROUS - PERMIAN - TRIASSIC

2:3.1 Parmeener Super Group

The Lower Parmeener Super Group consists of the Lower Marine, Lower
Freshwater and Upper Marine Sequences, with a total aggregate maximum
thickness of 1300m (Williams, 1979).

The Lower Marine Sequence includes units such as the Wynyard Tiliite,
Quamby, Woody Island Siitstone, Darlington Limestone and Bundella
Formations, and the Golden Yalley and Masseys Creek Groups. Typical

rock types are dark coloured sjltstone and mudstone {often carbonaceous)
with minor limestone, sandstone, conglomerate, and 0il shale ("Tasmanite”).
Uraniferous, pyritic black shales (some of which are oil shales) occur
at Rossarden, and may represent marginal marine conditions at the
junction of the Quamby Formation and the Basal Conglomerates in N.E,

Tasmania.

The environment of deposition was medium to éha]]ow'depth marine, cold (as
indicated by the Wynyard Tillite, glendonites and rare dropstones in the
overlying formations), and anaerocbic, as indicated by the abundant

pyrite.
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PARMEENER SUPER GROUP
Upper Parmeener Super Group (Upper Freshwater Sequence)
1:250,000 Locality Cygnet | Ross Cluan Tiers | Brady Total
Map Sheet Coal Form'n{ Form'n |Form'n| Form'n
Measures| (m) (m) (m) (m) (m)
(m)
Hobart - ND ND ND ND ND ND
~ Datlands (Poatina 60 200 140 90 165 655
(Great Lake ND ND ND ND ND 580
Launceston Quamby ND ND ND ND ND 630
Burnie West.Bluff ND ND ND ND ND 365
Queenstown Cent. Plat. ND ND ND ND ND ND
Average: 550

Lower Parmeener Super Group {Lower Marine, Lower Freshwater and Upper Mérine

“Sequences )

1:250,000 Locality Lower Marine Sequence Lower | Upper { Total
Map Sheet TilTite [S11t/ms|SS/S1T1t/LS Sub | Fresh-{ Marine
(m) {m)* (m) Tot. {Seq. | Seq.
~ {(m) (m) (m) (m)
Hobart Cygnet/ 300 200 | 100 600 30 300 930
Glenorchy
Oatlands Poatina/ 105 90 60 255 | 110 280 645
: Friendly
Beaches
Launceston | Quamby ND ND ND 350 45 265 660
Burnie Wynyard/
West.Bluff 490 135 60 685 36 260 981
Queenstown | Central 45 ND ND ND ND ND ND
Plateau/
Florentine
Valley
Averages: | .235 | .142. .73 . {472 .| .55 276 804

(* Includes the Woody Island Siltstone and "Tasmanite" horizons)

Maximum Thickness preserved:

655 + 981 = 1636m

(

1.6m).

This contrasts with the figure given by Williams (1979) of 1930m.
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The Lower Fresh-water Sequence includes the Mersey and Prelonna Coal

.

Measures, with an average thickness of 30m. Typical lithogies are
sandstone, carbonaceous siltstone and coal; oil shale and cannel coal
occur near the top of the sequence, adjacent to the Malbina Formation.

The Upper Marine Sequence includes the Cascades Group, the Malbina

. ' . : . . H
. ' . H .
’- . . .

Formation, Risdon Sandstone, Ferntree Mudstone and Poatina Group.
Lithogies range from calcareous siltstone and 1imestone to siltstone
and mudstone, with minor arkosic and glauconitic sandstone.

The environment of deposition was probably similar to that of Lower
Marine Sequence, namely medium/shallow water shelf conditions; the

climate was cool as indicated by rare glacial dropstones.

The Upper Parmeener Super Group consists of the Upper Freshwater Sequence

with a total maximum thickness of approximately 650m (Williams, 1979).
It includes the Cygnet Coal Measures, Ross, Cluan, Tiers and Brady
Formations.

Lithogies range from quartzose to lithic sandstone, siitstone,
carbonaceous to grey/green mudstone, to coal and acid/intermediate
volcanics.

The environment of deposition was similar to that for the Lower Freshwater
Sequence - continental and freshwater (lacustrine).

Parmeener Super Group Tocalities and thicknesses are shown in Table 1,
where it should be noted that the apparent maximum preserved thickness
is approximately 1600m.
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3;0  COMMENTS ON SOURCE ROCK TYPES

CARBONATE

}II.
i
|| 3:1
-l' 3:1.i
i
!
I'
I' 3:1,2
ll
I{
IIH
]I_
- 3:1.3
'“
3
I
II;‘ 3:1.4.
B
I
]

Pure Timestones are able to generate heavy oil with the
requisite maturation conditions, and organic matter (OM)
content. Impure limestones, containing more clay minerals
{to act as Lewis Acid Catalysts) would modify the tendency
to produce heavy 0i1 (Hunt, 1979).' The Karmberg Limestone
contains “75-85% CaCoj while Cashions Creek Limestone
contains » 93%-CaCoj, and the Benjamin Limestone ¥ 85-90%
CaCos.

Dark or brown coloured limestone/dolomite is generally a
gobd source rock; most of the Karmberg, and some of the
Cashions Creek and Benjamin Limestones are impure and
argillaceous. Litho correlates of these units at Lune River
(Summons, 1981}, are similarly dark brown, with bituminous
stylolites, disseminated pyrite, and with interbeds of
carbonaceous phosphatic shale/siltstone. Bituminous stylolites
are recorded from several localities in the Gordon Limestone
(e.g. Railton, Deloraine).

Fine grained carbonate rocks generate more hydrocarbons from
the same amount of total orgamic matter (TOM) than a clastic
source rock, because limestones contain sapropelic OM {rich
in algal/amorphous kerogen). These kerogen types have the
highest H/C ratio, and thus the highest yield of petroleum of
all the kerogens (Hunt, 1979).

The Gordon Limestone is essentially fine grained (micrites
and calcisiltites) across the state, and this feature is
tmportant in maximizing the amount of associated OM within it.

Typical source beds were formed in Jow energy coastal marine

environments, where clays and carbonates were deposited with

0.5-5% OM. The critical factor in preservation of the OM is

the existence of toxic, anaerobic conditions. Sapropelic OM,
which was formed in marine environments, is able to generate

both 0i1 and gas.
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conditions (as discussed previously), and the frequent occurrence
of pyrite in conjunction with the carbonaceous shales implies an

anercobic and toxic environment.

3:1.5' A possible parallel of the Karmberg-Cashions Creek Limestones
(Florentine Valley) and the Lower Sequence at Lune River exists
in the Tower part of the Marl Slate of N.E, England {Turner et al,
1978), whére the sapropelic facies (laminated siltstone, dolomite
and bitumen) is overlain by evaporite facies sediments. Details
on the evaporitic nature of the Middle Sequence at Lune River

_were described by Summons (1981).

i

i

i

i

l |
3:1.6 Catalytic cracking of hydrocarbons can be induced by salts of

I ¥, Mo, Ni {lLevorsen, 1966)}; the black shales in the Gordon Limestone

at Lune River are phosphatic, and anomalous in their content of

I Mo and Ni.

3:1.7 The association of oil brines with hypersaline dolomitizing brines
responsibie for the formation of the Mississippi Valley Typé ore
deposits has been noted by several authors, e.g. Hall and Friedman
(1963), Hall and Heyl (1368), and Carpenter et al (1974).

Dolomitization of the Gordon Limestone has occurred at several
localities, and a-mechanism of transport of any oil that may

have been generated may be envisaged,

3:2  CLASTIC

3:2.1 Catalytic cracking of hydrocarbons is a significant process in
the generation of petroleum below £ 1259¢ {Goldstein, in Hunt,
1979); typical naturally occurring catalysts are smectite clay
minerals and zeolites. Levorsen (1966) cites an example of
polymerization of propylene at 35%C in response to natural

catalyst bearing rocks.

The Lower Marine Sequence of the Parmeener Super Group is
reported to contain altered giass shards in southern Tasmania
and the Upper Marine Sequence (Cascades Group) contains beds of
bentonite, (Banks, 1962). These occurrences are interpreted as
indicating ‘'volcanism (possibly that recorded in N.5.W.}, during
the Permian, and the original presence of zeolitized tuffs may

. 087 i '7 6 The Gordon Limestone was formed under shallow water, marine
_ be inferred.
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The original presence of smectite clays in the Lower Marine
Sequence is currently unknown, but the concept of smectite/
zeolite initiated catalytic decomposition of OM may have been
significant in view of the geothermal gradients estimated for
the Permian in Tasmania.

Sapropelic OM is formed by decomposition and polymerization of
spores and planktonic algae, and may be converted to one of the
following with increasing maturation; boghead coal/oil shale,
cannel coal, or oil. Sapropelic OM is known to occur in both
the Lower and Upper Marine Sequences of the Parmeener Super Group
as follows:
(a) The "Tasmanite" oil shale from N, and N.W. Tasmania

(Quamby Formation) consists of a single celled alga

named Tasmanites Punctatus, which has H/C ratio of

« 1.5, and an Q/C ratio of+0.12.

As stated previously, sapropelic organic matter is the
most productive generator of oil, because its kerogen -
constituents (algal, amorphous and herbaceous) can
contribute H in the range of H/C from 1.7 - 0.30. Thus
the "Tasmanite" oil shale may be viewed as representing
@pe optimum type of source rock OM.

(b) Banks (1962) recorded oil shale and cannel coal from the
top of the Mersey Coal Measures; however, it is equally
possible that these occurrences of sapropelic OM occur at the
base of the overlying Malbina Formation; similar comments
(to those made for "Tasmanite" oil shale), apply as to the
petroleum prospectiveness of this OM, given the necessary
maturation conditions. The presence of cannel coal (world
ave. H/C+=1.0, 0/C%0.11) suggests that it has progressed
along the maturation pathway from the “Tasmanite" oil
shale.

Radioactive elements may aid in the transformation of kerogen
to petroleum through the action of alpha particle bombardment
(Levorsen, 1966); however, the evidence for the significance
and extent 'of such transformation is conjectural.

Uraniferous hlack shales occur beneath the Permian Basal
Conglomerate (and possibly in the Quamby Formation) at Rossarden.
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GEOTHERMAL HISTORY

The geothermal history of a basin inyolives an analysis of the time
intervals during which the sediments were subjected to various
temperatures, It represents the optimum mode of evaluating hydrocarbon
generation in a basin, providing reasonable palaeo temperatures can be
established.

~—

The three main optical organic metamorphism indices are vitrinite
reflectance, palynomorph colour change (Thermal Alteration Index - TAI),
and conodont colour change (Colour Alteration Index - CAI). The colour
and preservation of palynomorphs is a function of the thermal alteration
(Steplin, 1969), but it is only recently that Epstein et al {(1977) and
Harris (1979) have demonstrated that the conodont colour is similarly
temperature dependant. These authors have correlated colour changes with
the amount of fixed C in the conodonts and the host sediments; the
conodonts darken with increasing temperature as a result of carbonization
of the OM in the inter lTamellar spaces. Further indications of thé
potential of using CAI values were summarised by Harris (1979) as follows:-

(a) Conodont colour alteration is progressive, cumulative and
irreversible. -

(b) The colour alteration is dependant on time.and temperature, but
is independent of pressure.

(c) An Arrhenius plot of experimental and field data indicate that
colour alteration of conodonts ranges from 50-450°C.

(d} Time is of minor importance for CAI values in rocks older than
50 million years.

{e) The 6 CAI values can be correlated with vitrinite reflectance,
translucence photometry,and chemical analyses.

PALAEQ - GEOTHERMAL GRABIENTS

Gordon Sub Group

Burrett (1978) showed that CAI values in the Gordon Limestone vary
considerably across the state, outlining an arcuate trend around the
Precambrian blocks of central Tasmania. This arcuate trend follows
Cambrian volcanics and Tower Palaeozoic synclinoria, which both fringe
and overlie the Precambrian blocks (Cradle Mtn., Prince of Wales blocks).
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The Cambrian volecanics (which host the major base metal orebodies
of Mt. Lyell, Rosebery, etc.)}, have been interpreted as an island
arc adjacent to an east plunging subduction zone (Solomon and Griffiths,
1974), and more recently as a rift valley-caldera structure by Corbett
{1979).

The zone of darkest Ordovician conodonts (Flowery Gully, Melrose,
Loongana, Everlasting Hills, 0lga synclinorium), coincides with a belt

of thinned Cambrian crust {represented by the Mt. Read Volcanics, Dundas
Group, etc.), and a belt of maximum deformation in Gordon Sub Group
localities. The Cambrian geothermal gradient would have been appreciably
higher within this region of thinned crust, and assuming this region

was not underlain by Precambrian crust, high heat flows would have
occurred in post-Cambrian times.

The corallary to this interpretation is that post-Cambrian recks, floored
by Precambrian crust, would have been relatively insulated from the
postulated high heat flow values within the Cambrian volcanics.

Table 2 depicts CAI, ;hange(éa in temperature, thickness and geothermal
gradients (@ ) for the Gordon Limestone. No gradients appear to have
existed acrosg_the Gordon Limestone at Flowery Gully, Melrose, Gunns
Plains and Everlasting Hills as indicated by the CAl values. The Gordon
Limestone in these areas was heated toS 3000C, and a consideration of the
maximum depth of burial by post-Ordovician rocks implies the presence

of abnormally high geothermal gradients. A high, post-Ordovician
{probably middle Devonian) heat flow is assumed for W. and N. Tasmania
for the following reasons:

(i) In several localities (referred to previously), the "normal"
geothermal gradient due to depth of burial (with attendant
increase in temperature), does not exist, suggesting that it
has been obscured by another source of thermal eneragy. The
Towest CAI values in, and the lowest geothermal gradients
across, the Gordon Limestone occur in those areas floored
by Precambrian crust; other areas marginal to the Cambrian
volcanics {e.g. Mole Creek, Olga River) have intermediate
geotherﬁa]lgradients.
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TABLE 2
ORDOVICIAN (GORDON SUB GROUP)‘SAMPLES
Locality C.A.1. | Min. | Max. Tnickness (km) | OMin. | 0 Max.
Base [Top JaTemp. |aTemp, Present + 35% [(°c/km) | (OC/km)
(58" |"(cc
Flowery Gully 5165 - - 0.47 0.72 - -
Melrose 515 - - 20.25 70,39 - -
Gunns Plains 414 - - 0.90 1.39 - -
Loongana 51 4 100 210 0.65 1.00 100 210
Mole Creek ; 513 100 290 1.30 2.00 50 145
Mole Creek* 4 {3 %80 150 1.30 2.00 740 95
Bubs Hill 51 3 100 290 0.35 0.54 185 537
Everlasting 51465 - - 0.25 0.39 - -
Hills '
Olga River 4 |«100 210 1.50 2.31 [#43.3 90.9
Florentine 2 50 240 1.70 2,62 19.1 .91.6
Valley
Lune River 211 20 90 >0.70 »1.08 j<18.5 <83.3
Average Mecle Creek* and 0Olga River: 41.6 92.9
. Average Florentine Valley & lune River| 18.8 87.4
NB: (1) CAl ~ Conodont‘Colour Alteration Index
(i1) Thickness recalculated to allow for volume reduction
due to pressure solution (diagenetic and tectonic
stylolites).
(iid) {# - Geothermal gradient within Gordon Limestone,

(iv)

before volume reduction {shortening).
shown here are reproduced as (%

The ¢ values

values in Table 4.

CAI data from Burrett (1978), and change in
temperature (&) from Harris (1979)}.
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(i) Lower Devonian conodonts, in rocks which were unlikely to
have been buried to any appreciabie depth, have been meta-
morphosed (Burrett, 1978).

(iii) The K-Ar ages of late Devonian granite have not been reset
by heat induced leaking of Ar; however, the K-Ar ages of
late Cambrian granites have been reset to Ordovician ages
(McDougall and leggo, 1965), presumably by Devonian heating.

Thus the best estimates of the "normal" (due to depth of burial alone),
geothermal gradient across the Gordon Limestone, are the values indicated
for Florentine Valley and Lune River {Table 2), which range from 190C/km
to 87°¢/km, with an average of 53°C/km.

The average of the Mole Creek (less altered sample) and Olga River
samples indicates a geothermal gradient of 42-93%C/km and an average
of 670C/km. Inciusion of the more altered sample from Mole Creek
indicates an average value for the two areas of 77DC/km.

The CAI values for Flowery Gully, Melrose, Gunns Plains and Everlasting
Hi1ls indicate heating to > 300°C for the entire Gordon Limestone,
which compare? with temperatures of = 200°C and % 80°C at the top of
the Gordon Limestone, in the Mole Creek/0lga River, and Florentine
Valley/Lune River areas respectively.

If it is assumed that the rocks overyling the Gordon Limestone were
similar in thickness and thermal conductivity, and that the Gordon
Limestone had approximate. constarit thermal conductivity, then
temeprature is proportional to heat flow; accordingly, the CAI data
imply that the Devonian heat flow (relative to Florentine Valley/

Lune River), was 150% and 275% higher in the Mole Creek/Olga River and
Flowery Gully, etc. areas respectively.
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Parmeeneyr Super Group

Harris {1981) examined samplies coliected by Victor Exploration Pty. Ltd.
staff from several localities in the Lower Marine Sequence of the
Parmeener Super Group. AMDEL (1981) analysed 10 out of 12 samples
collected, and Harris (1981) was only able to find herbaceous kerogen
in 5 of the 10 sqpp1es, and consequently, could only assign reliable
TAI values to half the samples. This data is shown in Table 3, which

also depicts change in temperature, thipkﬁesses, and geothermal gradients

for the Parmeener Super Group and Jurassic dolerite.

Although it is not possible to construct TAI isograds from the limited
number of samples, it is apparent that those samples collected from the
N.W. of the state (Bronte, Mersey River)show higher thermal maturity
than those elsewhere in the state (Poatina, Quamby Brook, Maydena).

Inclusion of the 5 samples devoid of kerogen (and assuming the inferred.

TAI values are valid}, generally enhances the thermal maturity pattern
described above, the exception being the Poatina Power Station sample,
the true location of which cannot be determined,

This pattern may be a reflection of a relict, high Devonian heat flow
as discussed previously. -

Similarly to the Gordon Limestone samples, the problem in determining
the "normal" geothermal gradient during'Permian and subsequent time
appears to be one of screening out the effects of high heat flow;
accordingly, the best estimate of the "normal" geothermal gradient can
be obtained from the Maydena/Styx River area (Sample 12A}, which ranges
from 28-50°C/km, and has an average of 39°C/km. The Quamby Brook -
Poatina areas range from 32-70°C/km (average 57°C/km.).

Although the number of useful (herbaceous kerogen bearing) samples is
inadequate to permit statistically reliable conclusions to be made
about the thermal history of the Parmeener Super Group, the following
observations may be of possible significance:
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TABLE 3
PERMIAN SAMPLES
sample| Llocality TAI |Min.a| Maxa|  Thickness (*Min. | Max.(?
Temg Temg PSGp [ Dol. [Total | (0C/km)(OC/km)
(oc) [ (°c
476 Mersey River 1 (4) - - ~ - - - -
5 Mersey River 3 100 155 0.86| 0.50 1.36 | 73.5 114.0
7 Bronte 3 100 155 1.20] 0.50 1.70 8.8 91.2
11 King William (4) - - - - - - -
. Saddle . |
12 Styx River (4) 155 200 1.30 0.70] 2.00{(77.5) |{100Q.0)
12A Styx River w2 <50 £904 1.10f 0.70( 1.80| 27.8 50.0
1 Hobart - - - - - - - -
2 Quamby Brook |- 2 <40 100 1.29| 0.50| 1.79(<22.3 55.9
3 Poatina (4} 155 200 1.20f 0.50 1.70) (91.2}) [(117.6)
8 Poatina }27m 2)
9 HEC DDH ) ) <30 60 0.22) 0.50] 0.72([<41.7 83.3
) |5021  )24em | 3) |
Average for W. Tasmania (Samples 5,7) 66.1 102.6
Average for N.E. Tasmania (Samples 2,8,9) 32.0 69.6
Apparent ofl threshold (Maydena, Sample 12A) 27.8 50.0
Average for S. and N.E. Tas. (Samples 12A, 2,.8, 9) 30.6 63.1
NB: (i) TAI - Thermal Alteration Index; values in brackets are

estimates only, as the samples d1d not contain any
herbaceous kerogen.

(i1) PSGp - Parmeener Super Group thickness from the top of the
Wynyard Tillite, except for sample 12A, for which the
thickness was taken from the top of the Woody Island Siltstone
correlate.

(ii1) Sample 12A is from the Woody Island Siltstone correlate, Maydena.

(iv) Maydena section (above Wynyard Tillite)} taken as 630m.
(lwr. PSGp), 640m. (upper PSGp) and 700m. (J. dolerite). The
section above the Woody Island Siltstone correlate excluded
this unit (200m).

{v) (} Geothermal gradient, calculated assuming a ground
temperature of 100C. The (* values shown here are reproduced
as (5, values in Table 4.
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Locality Thickness (k/m) Ave. Geothermal Gradient (9C/km)
Dolerite| PSGp | E.Gp.| Og.
Quamby/Poatina 0.5 1.3 [=1.0 1.3 51 ¥52 68-69 57-67
Mole Creek
0lga River (0.5) | (1.8)} 2.0 { 1.5 |(75) |[(59) 67 (61)
Maydena/
Florentine Valley| 0.7 1.6 2.0 1.7 39 21 55 31
Lune River 0.5 1.6 (-) [>0.7 39 19 <51 <27
Average for Sthn, Tasmania: ! .39 20 53 29
L
NB: (i) PSGp - Parmeener Super Group (Including Wynyard Tillite).
(i) E. Gp. - Eldon Group (Silurian - Devonian). :
(iii) 0g - Gordon Sub Group (Ordovician}
(iv) Geothermal gradients, { =
(i = Average geothermal gradient across dolerite + PSGp
. to the top of the Wynyard Tillite.
p. = Averagé geothermal gradient across dolerite, PSGp
(total) and E.Gp.
(-

Average geothermal gradient across Og
(Original thickness?

n

(>

The original thicknesses of dolerite and PSGp in the Olga
Synclinorium are unknown, and are assumed to have been
similar to the Bronte data, with 300m. of Wynyard Tillite.
Similarly, the (% value was taken as the Bronte value;
accordingly, the 0\, , and (*+ values for the Olga
River, are only very approximate, although the ¢ and {7,
figures are notably similar to those for the Quamby/
Poatina/Mole Creek area.

Average geothermal gradient from dolerite to the
base of Og (present thickness).
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(1) The geothermal gradient across the Gordon Limestone in
the Mole Creek/0lga River areas was = 26% higher than the
gradient in the Florentine Valley/Lune River areas.

(1) The geothermal gradient in the Mesozoic in the Quamby
Brook/Poatina areas was - 30% higher than the gradient

at Maydenma.

A1l palaeo-geothermal data is shown in Table 4, which was compiled
from Tables 1, 2 and 3, and from Figure 1.

MODERN GEQOTHERMAL GRADIENTS

Surface heat flow (Q) is measured in units of w/m2, and related to
thermal conductivity ('~ , in units of W/m/®C) and the geothermal
gradient (( , in units of 9C/m) by the expression Q =X,

Currently, Tasmania has an abnormally high heat flow which is approximately
twice the world average of 60nW/m2. Evidence for this comes from the

work of Newstead and Beck (1953}, Jaeger and Sass (1963), Wronski (1977),
Lilley, Sloane and Sass (1977), Cull {1979), Cull and Denham (1979),

and Nicholas, Rixon and Haupt (1980).

Lilley et al (1977) produced a heat fiow map for Australia, and reported
the following Q values (in mi/m?) for Tasmania:

Rosebery {Cambrian schist) = 120

Glenorchy (Parmeener Super Group - Cambrian Volcanics) = 87
Storeys Creek (Mathinna Group Sediments) = 150

Central Plateau (dolerite) = 75 - 100

There are no known measurements of heat flow in granitic rocks in the
state.

Cull (1979) assigned eastern Tasmania to the Eastern Australian Heat
Province, while Cull and Denham (1979) observed that the heat flow
anomalies in Tasmania were apparently unrelated to surficial deposits
of uranjum; they Feported the heat flow in Tasmania to range from
85-110r /m2 .

P

ot
s
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The majority of the geothermal gradients measured in Tasmania are
in excess of 30°C/km (D.C. Green, pers. comm,). Nicholas et al (1980)
produced an uncorrected geothermal map of Australia, and reported
the measurements of geothermal gradients from 5 Bass Basin oil wells,
which averaged 35°¢C/km.

However, corrections for mud circulation effects (cooling) in the
holes were not applied (+10, +14%, D.C. Green, pers.comm.), NOr were
corrections for climatic controls, as discussed by Cull {1979). Cull
observed that variations in the geothermal gradient were caused by
surface .warming following the retreat of the Pleistocene glaciers in
Southern Australia, and estimated positive corrections of 10-25% for
all geothermal data obtained from depths of < 30Qm,

Assuming that the Bass Basin oil well measurements were made at depths
»300m. , the only correction to be made to the data is that for mud
circulation, i.e., the geothermal gradient in Bass Basin is approx.
35+10% to 35 +14%°C/km, which is approximately 40°C/km. Thus the
present geothermal gradient for Tasmania would appear to range from
30-40°C/km.

The generally higher heat contents of granite rocks is a function of
the concentration of naturally radioactive elements (K, U, Th) which
are concentrated in the upper portion of the earth's crust, and
contribute $ 50% of the heat flow measured at the surface,

In a recent gamma ray survey of granite rocks in Tasmania conducted

by the Geological Survey of Tasmania and the B.M.R., by Collins, Wyatt
and Yeates (1981, in press), the granites were found to be areas of
high heat productivity with U< 25ppm, and Th A50ppm. These values are
clearly elevated from the world averages for granite of U« 5ppm and
Thv17ppm (Levorsen, 1974).

The high heat flow in the Tasmanian crust is probably due to two
factors.:-
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The abundance of granitic rocks, as indicated by gravity surveys
(Leaman, Richardson and Shirley, 1980), with apparently anomalous
levels of U and Th as discussed above,

The combinations of thin crust overlying abnormally hot,
conductive mantle., Electric conductivity anomalies in Bass
Strait and.northern Tasmania were reported by Lilley (1976).

~Sutherland (1981) postulated that northward migration of

Australian continental plate has controlied volcanism in
Queensland, New South Wales, Victoria and Tasmania, from the
start of the Tertiary period 55 million years ago {(i.e. the
Gondwanaland break up). He suggests that volcanism has

occurred as the Australian plate passed over a fixed mantle magma
source {"hot spot"), and that the present heat flow anomalies

- are due to magmatism (crust/mantle), and extension of the crustal

plate.

Further discussion on the high heat flow in Tasmania is made in the
Appendix.
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7.0 POTENTIAL OIL SGURCE ROCKS 087188

7:1 _GORDON SUB GROUP

The Gordom Limestone is fine grained, often dark coloured, impure/
argillaceous, and frequently has bituminous stylolites. The most
Tikely source rocks would be the Karmberg and Cashions Creek Limestones
(or their correlates), particularly the algae rich Cashions Creek

limes tone. Bed; of pyritic, carbonaceous shale/siltstone imply the
requisite toxic, anaerobic conditions existed for the preservation

of organic matter.

The type and amount of OM is not known, but it can be predicted as
being sapropelic.

Although pure limestones have a higher threshold temperature for
petroleum generation than clastic source rocks, the impure nature of
the Gordon Limestone, and the Mo, Ni bearing carbonaceous phosphatic
shales would offset this effect. |

The geothermal history of the Gordon Limestone varies considerably
across the state; Jlowest geothermal gradients occurred in the south,
and highest in the west and north west. The low values are believed

to be representative of the normal geothermal gradient in those regions
underlain by Precambrian crust.

The effect of these Ordovician geothermal gradients in terms of
generation of hydrocarbons has to be viewed in context of the total
sequences in given areas, as shown in Figure 1.

The optimum generation of petroleum from Gordon Limestone potential
source rocks would have occurred in Southern Tasmania (based on present
data - the thermal history of the inferred Gordon Limestone in eastern
Tasmania is currently highly speculative.

Using the 60-150°¢C temperature interval to represent the interval of
0il generation, and 150-200°C to represent the interval of gas
generation (from Hunt,1979), the following observations can be made:-
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7:1.1 Florentine 'Valley - 0il would have been generated from the

Benjamin and possibly the Cashions Creek Limestones, and gas

from the Karmberg Limestone.

7:1.2 Lune River - 0i1 would have been generated from the basal
portion of the Middle Sequence, and all of the Lower Sequence
(which includes an algae rich Titho correlate of the Cashions
Creek Limestone).

7:1.3 ~ Mole Creek - Mainly gas, with very minor oil, would have been
generated from the upper half of the sequence. Other areas of
Gordon Limestone in the state appear to have been very hot,
and any organit matter present wouldhave been metamorphosed
to pyrobitumen; however, minor gas occurrences may be present.

7:2 PARMEENER SUPER GROUP

R N N N S B BN SR EN .

7:2.1 Lower Marine Sequence

This sequence is one of fine grained, dark coloured (often carbonaceous),
pyritic clastics, with minor sandstone and limestone; 1t is variably
fossiliferous, and .toxic, anaerobic conditions are implied by the
pyritic, carbonaceous néture of the sediments {i.e. preservation of
organic matter). The nature and amount of OM is not known with a

high level of statistical significance, but of 12 samples analysed by
AMDEL (1981) and examined by Harris (1981}:-

!

(i} The clastic samples (11) contained an average of 0.74% TOC,
and the only carbonate sample contained 0.44%TOC.

(ii) The clastic samples contain sapropelic kerogen in the range
30-95%, averaging 58%; coaly kerogen averages 40%, which is
in contrast to the comments made by Harris (1981}.

(i11) The clastic samples contain EOM in the range 44-192 mg/gTOC,
averaging 96 mg/gTOC.

(iv) Only half the clastic samples contained herbaceous kerogen, so
that only half the samples have reliable TAI values.
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Clastic source rocks generally require 5 0.4% TOC (Hunt, 1979) and
carbonate source rocks require > 0.2% TOC (Ruth and Cooper, 1976).
Extractable organic matter (EOM) in source rocks should be * 150mg/g TOC
(Tissot et al, 1974} or 200 mg/g TOC (Ruth and Cooper, 1976), although
the latter authors observed that a significant quantity of EOM is
insufficient by itself to identify a source rock.

Liquid hydrocarbons have recently been dfscovered by M.C. Forster and

R. Hine in the Woody Island siltstone Formation correlate at Maydena.

A single sample from this locality contained 1.19% TOC, 80% sapropelic
kerogen, and 192 mg/g TOC of EOM; the sample was assigned by TAI value
of 4 by Harris (1981), but did not contain herbaceous kerogen.

Liquid hydrocarbons have also recently been located (M.C. Forster,

pers.comn.) at Poatina and at the head of the Mersey River; the Poatina
sample contained 0.62% TOC, 70% sapropelic kerogen, 122 mg/g TOC of EOM,
and has a TAI value of 4; the Mersey River samples average 0.85% TOC,

58% sapropelic kerogen, 91 mg/g TOC of EOM, and have TAI values of 3 and 4.

However, all these TAI values of 4 are not based on palynomorph colours,

and are enigmatic in yview of the apparent source nature of the rocks.
Alternatively, if the TAI values are reliable, it suggests the rocks

sampled are rg§efvoirs, although the other source rock parameters (TOC,

EOM, etc.) indicate them to be a source rocks (particularly the Woody

Island Siltstone Correlate at Maydena). The Mersey River sample with

the TAI value of 3 seems a plausible indication of a source rock from

which petroleum has been produced. Oxidation and irradiation of palynomorphs
may also complicate the interpretation of TAl values.

0i1 shale ("Tasmanite") occurs in the north of the state near the base
of the Quamby Formation; oil shale is also known at Rossarden (probably
the Quamby Formation). The inter relationships between the "Tasmanite"
oil shale, other oil shales and the petroleum occurrences, in the Lower
Marine Sequence are not known at present, and a knowledge of such
relations appears imperative to the understanding of the hydrocarbon
potential,

NB: TOC: Total Organic Carbon
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Upper Marine Sequence

This sequence is one of lTimestone, mudstone, siltstone and sandstone;
on present knowledge, the sequence as a whole would not appear as

prospective for source rocks as the Lower Marine Sequence. Potential
source rocks appear restricted to the carbonaceous mudstones and the

impure limestones.

0i1 shale and cannel coal occur at the inﬁerface of the Mersey Coal
Measures and the Malbina Formation, No analytical data is available
for these concentrations of ?sapropelic organic matter; however,
the presence of cannel coal suggests a higher level of maturation
than the "Tasmanite" oil shale. '

The significance of this occurrence of sapropelic OM apparently .
much younger than the Woody Island Siitstone Formation - "Tasmanite"
0il shale horizon has yet to be thoroughly evaluated.

The geothermal history of the Parmeener Super Group {similarly to the
Gordon Limestone) varies considerably across the state; Jlowest
geothermal gradients occur at Quamby Brook, Poatina and Maydena, and
highest valugs occur in the Bronte and Mersey River areas. Similarly
to the Gordon Limestone, the minimum geothermal gradients are believed
to represent the "normal" values while the higher gradients may reflect
a relict high Devonian heat flow.

The effect these geothermal gradients had on the generation of
hydrocarbons can be elucidated from Figure 1. Values range from
39%C/km (Poatina, Maydena) to 62°C/km (Poatina) and 84°C/km {average
for Bronte and Mersey River). Using the data in Table 3, it is
apparent that most of the occurrences of the Lower Marine Sequence
have undergone the requisite maturation histories for petroleum generation.
This observation may expliain the "petroliferous odour" noted in the
Mersey River, Poatina and Maydena localities, the apparent exceptions
being the Bronte, King William Saddie and Poatina drill hole No. 5021
localities. The apparent lack of liquid hydrocarbons in these areas
may be the result.of the ratio of sapropelic to humic kerogen, or

the result of the samples being overmature.
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Hunt (1979) observed that the yield of hydrocarbons per volume of
sediments is higher in basins of high heat flow. The oil present in
the Woody Island Siltstone Formation Correlate at Maydena appears

to have been generated in the temperature interval 80-90°C.

An interesting feature of the geothermal gradients shown in Figure 1

- concerns the gradient across the Wynyard Tillite and the Eldon
Group, which is very slightly positive to markedly negative; this
may be due to the . following:

(i) A high thermal conductivity of the sandstone rich Eldon
Group, or,

(i1} A positive geothermal gradient across the Eldon Group

!

which was cancelled by a negative gradient across the
Wynyard Tillite, or,

(i1i) An inflated figure for the thickness of the Eldon Group
in the Florentine Valley area, and conversely a deflated
figure for the thickness of Eldon Group in the Lune River
area. If this interpretation is correct, it would modify

~ the hypothesis advanced concerning hydrocarbon generation
(potential) in the Gordon Limestone at Lune River.

1
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8:0 POTENTIAL OIL RESERVOIR ROCKS

8:1 Gordon Sub Group

As mentioned previously, the Gordon Limestone is generally fine

grained (micritic), a feature which would have assisted diagnetic

calcite cementation so that the present intergranular porosity

would be € 2%, As the micrite facies of the Gordon Limestone seldom
contain < 2% of acid insoluble residue (AIR), some compaction would
have occurred.

Impure limestone (eg. Karmberg) with an estimated composition of <
85% CaCog and 5-10% AIR (clay minerals, chert) would experience fluid
losses through compaction, thus enabling primary migration mechanisms

to operate. Other evidence of inferred migration mechanisms comes

from those sections of Gordon Limestone which have been dolomitised.
Potential reservoirs in the Gordon Limestone appear limited to coral
reefs, and those areas of secondary {granular) dolomite. Coral gardéns
were common from Blackriveran to Cincinnattian time, but no authentic
bioherms have yet been found.

The presencg of an Ordovician continental sTope has been inferred east
of Flowery Gully, where Mathinna Group rocks overlie Gordon Limestone;
more recently (C.F. Burrett, pers.comm.) the discovery of a deep

water facies of the Gordon Limestone at Surprise Bay, has led to the
recognition of a continental slope in the south of the state.

The base of the Gordon Limestone is strongly diachronous, and the
Ordovician sea is inferred to have advanced over the Tyennan

Geanticline in a genera11y westward direction. C.F. Currett, (pers.comm.)
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; M.R. Banks (pers.comm.) believes

the Ordovician sea contained several islands (e.g. Vale of Rasselas,
Glenorchy). Thus a model may be envisaged whereby the Ordovician
continental slope extended south from Flowery Gully along what is now

the Tamar Fracture System {itself activated in Carboniferous time) and
south west to Surprise Bay.

. , ; ;
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Deposition of Gordon Limestone west of this Tine would have been Te
under shallow water platform conditions, possibly with fore reefs

which would have migrated west (landward) in the westward

trénsgressing sea.

Secondary dolomites are known from several places in the Gordon
Limestone; at Lune River secondary dolomite was formed by the
action of hypersaline brines which originated in supratidal facies
limestone during diagenesis; this dolomite is porous and vuggy,
but no details of its intergranular porosity are known.

Eldon Group

This group consists of alternating sequences of sandstone and
sjltstone with minor limestone; it has a high sand : shale ratio

and should be viewed as hosting potential reservoirs. No data on its
intergranular porosity is available at present.

Parmeener Supér Group

Mention has<already been made of the smectitic nature of some of

the clays in this grouﬁ; the dehydration of smectite to illite

provides extra pore water for migration mechanisms. Possible reservoir

rocks include:-

(i} Lower Marine Sequence - Darlington Limestone and the basal
conglomerates.

(i) Lower Freshwater Sequence - Mersey Coal Measures.
(i19) Upper Marine Sequence - Malbina Formation, Risdon Sandstone.

(iv) Upper Freshwater'Sequence - Cygnet Coal Measures, Ross Sandstone.

No data on intergranular porosites is known; the Woody Island
Siltstone correlate at Maydena may be a reservoir as a function of
its microfracture porosity.
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APPENDIX

GEOTHERMAL ENERGY

The use of geothermal energy is relatively modern, and it differs
from conventional energy sources (fossil fuels, uranium) in that
it may be directly utilized without prior. combustion or fission.

Three types of geothermal systems are commercially operative or
feasible, namely vapbur dominated systems, and liquid dominated
systems of both high and low enthalpy (natural circulation),

Extraction of geothermal energy from hot, dry granite is currently
being investigated at Fenton Hill, New Mexico, U.S.A.; the technique
used involves drilling to depths where the temperature is »>160°¢C,

and then creating an artificial fracture system through which water
is circulated, and the thermal energy recovered by heat exchangerﬁ,
or by using the steam produced as a result of the method.

A similar program of research is being undertaken on granites in
Cornwa]], U.K., which hqve heat productivities bf’simi]ar and lesser
magnitude to the five areas of hot dry geothermal energy outlined

by Collins et al (1981, in press} in Tasmania.

The Tasmanian Government has approved the drilling of a geothermal
test hole at Coles Bay, but is unable to provide finance for the
program.

It is apparent that in an increasingly energy short world alternative

energy forms will assume greater significance. On present indications,
the geothermal energy available in Tasmania is comparable and

possibly superior to that elsewhere, and its future utilization

should be given serious consideration.
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INTRODUCTION

The presence of commercial volumes of 0il and gas in the subsurface
in Tasmania is entirely conjectural, with many of the prerequisite
elements which constitute a valid hydrocarbon province not fully
verified. Many observers and geoscientists remain skeptical about
the possibility of significant volumes of hydrocarbons being found
in Tasmania. Perhaps the skepticism is warranted, particularly in
light of the abundance of volcanic and other ignecus rocks
distributed throughout the stratigraphic sequence across much of
Tasmania. The subsurface geclogy of Tasmania is largely an unknown
entity. Until recently, only a very limited amount of work had
been conducted which addresses the petroleum potential of the
State. A few shallow boreholes have been drilled at sites of
reported seepages and a few kilometers of seismic data has been
acquired.

The first serious and methodical investigations into the petroleum
potential of Tasmania were initiated by Conga 0il in the 1980's,
financed entirely by their own resources. Work carried out by
Conga 0il in the past few years has led to some very encouraging
results, providing a considerable degree of optimism that the
criteria essential for hydrocarbon generation and accumulation
could very well be present in Tasmania and that commercial
accumulations of ¢0il 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.

The elements or criteria 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
reservolr rocks

3) The presence of an efficient, impermeable seal

4} A trapping mechanism formed by folding and /or faulting
of rock sequences or involving lateral changes in rock
composition ( porasity and permeability variences)

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

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 source rocks. Faults may also assist.

7) Preservation of hydrocarbon accumulation from excessive
temperature and maintaining of trap integrity
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8) Sufficient pressure within reservoir 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 be artificially induced.

The absence of any one of the first seven of the above criteria
will preclude any chance of a hydrocarbon accumulation being
present. Until Conga Cil began its investigations into the
petrolaeum 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 certain parts of the Conga 0Qil
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 scurce rock distribution, quality and
maturation, on reservoir development and on basin structure. In
order to obtain this basic information, boreholes without o0il 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 genercous hydrocarbon
drainage areas. There is a lot of work ahead but the reward could
be considerable.

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 cil in Tasmania, exploration inspired
by the numerous reports of 0il seepages across the State and the
occurrences of bitumens on the west coast of Tasmania. To date 13
companies including Conga 0il Pty Ltd have actively explored for
petroleum in the island State. A total of 127 exploration licences
have been held and some 40, shallow, boreholes drilled. Almost all
of the wells were drilled solely on the basis o0of petroleum seeps
without any real knowledge of subsurface structure and
stratigraphy. Not one company has evaluated the Pre Permian
sedimentary seguence, 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 the dolerites are relatively thin. In spite of all
of the above, small volumes of o0il and/or gas were recovered in
several of the drill holes.
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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
not observed in petroleum exploration in Tasmania in the past.
Today, in light of a new understanding, several major international
0il exploration companies are showing an interest in the
hydrocarbon potential of onshore Tasmania.

GEQLOGICAL HISTORY

Pre-Cambrian quartzites, phyllites and dolomites which are exposed
extensively in the central and northwestern part of Tasmania and
which may date back as far as 1100 Ma, constitute the oldest rocks
in the State. They are almost entirely of sedimentary origin and
range from relatively unmetamorphosed subgreenschist facies
sequences through to highly metamorphosed amphibolite facies,
Earliest PreCambrian sediments were severly deformed and intruded
with granites during the Penguin Orogeny which occurred about 725 -
750 million yvears ago. Terrestrial sediments and shallow marine,
predominently quartzose sandstones and dolomites, deeper marine
mudstones and turbidites and basalts were deposited across the
deformed surface during late PreCambrian and Early Cambrian time.

A thick sequence of volcancg-clastic sediments was deposited during
Middle and Late Cambrian time. The segquence includes the arcuate
zone of the Mt. Read Volcanics, a mineral rich island arc complex,
and the Dundas Group, which comprises conglomerates and finer
grained clastics of a predominently volcanic origin, deposited in a
back arc setting. Loc¢al 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
predominently clastic sediments which were deposited in a full
spectrum of depostional environents 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
overlalin 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.
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As stream gradients on the uplifted areas decreased, limiting
clastic transport, carbonate deposition began tc replace clastic
deposition. Up to 2000 metres of Gordon Group carbonates overlie
the Denison Group clastics in central Tasmania. Shallow marine to
platform margin buildups to deep water (>200m) carbocnate turbidite
- graptolitic shale environments are present with rapid lateral and
vertical facies changes noted.

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 predominently shallow
marine siliciclastics of the Late Ordovician - Early Devonian Eldon
Group. The Eldon Group comprises three major cycles of sandstone
and siltstone, which with a minor limestone contribution, reaches a
thickness over 2000 metres., The greater coarseness of grains and
the higher sand to shale ratios of the Eldon Group in western
Tasmania, imply a source area in the west of the State. In the
eastern part of the State, basinal grapholitic 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 QOrogeny. Approximately northwest to north northwest
trending folding occurred across most of the State but esast-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
{CAI) indicate that Lower Palaeozoic sediments were heated to about
300°%C adjacent to intrusions in the western part of the State. In
central and scuthern Tasmania, Lower Palaeozoic sediments were
heated to an estimated 150°C, even though distant from the granitoid
masses. This major heating event is significant to the development
of petrcleum in Tasmania.

During the Late Carboniferous and Permian, glacial deposits (Lower
Parmeener Super Group) were deposited unconformably on the newly
deformed, older rocks. Lateral variations in lithofacies are
considerable particularly in the vicinity of topographic highs
generated during the Tabberabbheran 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 Super-Group
includes the Tasmanite Q0il Shale, a glaciolacustrine sequence which
has an extremely high organic content. Triassic rocks are
represented by up to 600 meters ¢of fresh water, lacustrine and
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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 200 metres of clean sandstone.
Dark grey shale horizons and subordinate coal measures occur
throughout the sequence. Almost everywhere in Tasmania, rocks of
the Parmeener Supergroup are subhorizontal.

Extensive sills of dolerites 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.
While thick (up to 8000 metres)} accumulations of alluvial fan,
fluviatle and volcanic sediment were deposited in 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. UJOuring 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 graben. 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 Basin
to the north.

KNOWN PETROLEUM OCCURENCES

In 1871 ., surface tar was reported from Prime Seal Island. This
was the first report of petroleum recorded in Tasmania. 8Since that
time, more than 200 reports of possible onshore, ligquid petroleum
and natural gas seepages and flows and bitumen occurences 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 have been preserved in museums and libraries further
validating early reports. Unfortunately, there are only written,
unconfirmed reports of seepages in the interior of the State with
no preserved samples.

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
occurence of either considerable seismic activity or events greater
than a magnitude of 4 on the Richter Scale. There have not been a
large number of reports of petroleum shows since 1969 but then
Tasmania has not experienced a major earth tremor since 1958.
Figure shows the distribution of reported seeps in Tasmania
(from Bendall 1990). Northeast ~ southwest trends in seep
distribution are evident from 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
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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 400
metres. All wells drilled to date have been initiated solely on
the basis of effusive 0il or tar seepages without any real
knowledge of subsurface structure or stratigraphy. Nevertheless,
0il was recovered from a depth of 27 metres at Johnson's well on
Bruni 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 o0il from Johnson's
Well in drums. Minor oil and gas flows were reported from at least

two other petroleum boreholes and
Core bled 0il from the Tasmanites
2 borehole, drilled to 480 metres
Mines and a gas flow was reported

from at least one water bore.

0il Shale interval from the Ross
in 1985 by the Department of

by a competent geoscientist,

while drilling through the Quamby Mudstone at Douglas River. Oil
has almost definitely been generated and it looks like low volume
secpage has been occuring 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 kilometers to the west.

There have been numerous reports of oil and gas seepages in
Tasmania. Most of these reports remain unconfirmed except in the
written record. Some coastal bitumens have been preserved in
museums and geochemical analyses, although perhaps somewhat
inconclusive, indicate an origin from offshore Tasmanian basins.
They do not appear to be related to Tasmania's onshore basin.

There have been a large number of reports of seepages from the
interior of Tasmania. The sightings appear to have coincided with
periods of major earthquake activity. 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 knowledgable '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 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 interpreted as deep seated
thrust faults and there is therefore good reason to believe the
seepages originated from subsurface hydrocarbon accumulations.
This remains to be verified.
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GEQCHEMI STRY

Potential Source Rocks

Until the late 1980's, explorers and geoscientists had very little
knowledge regarding the actual source(s) of the tars, bitumens and
natural gas occurences across the State. The original explorers of
New River (circa 1915 - 1925) identified the Gordon Limestone as
the primary source of the abundant o0il seeps and tars and
similarities were drawn between the Gordon Limestone and time
equivalent, prolific 0il producing limestones in the U.S.A. It has
been presumed by most investigators that oil generated and revealed
as seeps was derived from the Permian o0il shales. Although
organically very rich and often o0il saturatd themselves, these
rocks were not, however, considered to have ever been sufficiently
buried to achieve temperatures sufficent for significant
hydrocarbon generation to occur.

Today, as a result of considerable work initiated primarily by
Conga 0Oil and carried out by CSIR0QO, the BMR and AMDEL, there is
considerabie evidence that carbonates, shales and evaporates of the
Gordon Limestone Group and shales and coals of the lower Parmeener
Group have each generated significant voliumes of both o0il and gas.
Other potential source rocks include Precambrian shales and
dolomites.

The Gordon Limestone was formed under shallow water, marine
conditions. The fine grained limestones, dark grapholitic shales
and evaporite sequences which comprise the Group should all provide
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
and other o0il prone organic material. The Cashions Creek Limestone
appears to be particularly rich in oil prone, algal matter.

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 gecochemistry reveals a
very close similarity between hydrocarbons extracted from
Ordovician Limestones from Ida Bay and those obtained from
Johnson's well on Bruni Island (and in addition with samples of
bitumen from the Tasmanian Coast). Analyses indicate that neither
the 0il from Bruni Island nor the coastal bitumens were generated
from the Tasmanites 0il Shale.

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

The Parameener 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 Parmaneer Supergroup but
that which has been completed indicates the unit is highly variable
both in lateral and vertical sense with TOC's ranging from just a
trace to more than 30 percent in ¢il shales and coals. Organic
quality too is highly variable with some samples particularly rich
in exinite (0il prone) and other samples consisting of
predominently inertinite {(neither ¢il nor gas prone). Sampling
within the Parameener 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 representative
of the unit as a whole. Neverthelesss, results are very
encouraging.

It appears the Tasmanites 0il Shale, a glacio-lacustrine sequence
of organically rich shales, provides the best potential source
interval in Tasmania. The o0il 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) wvalues within
the Tasmanites range up to 30 percent and higher and even on world
standards, provides an exceptionally rich, Type 1, 0il prone
source rock. The Tasmanites in north and northwest Tasmania
consists of a single celled algae known as Tasmanites punctatus.
which has a H/C ratio of about 1.5 and an 0/C ratio of about 0.12.
It may thus be considered as representing the optimum type of cil
source rock.

The Tasmanites 0il Shale appears to be sporadically developed
across Tasmania and considerable work will have to be undertaken to
determine its geographical distribution. It is particularly
prominent in the north of the State near the base of the Quamby
Formation. Nevertheless, it has been identified in numerous
outcroppings and drill holes and is probably of a greater
geographic distribution than many workers may think.

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

A rock sample of lower Permian mudstone from Poatina, Tasmania, and
thought to be stratigraphically related tp Quamby Mudstone, was
analysed by CSIRO. The sample was grey in colour and had a
noticeable petroleum - like odour when broken open. The sample was
found to contain considerable amounts of hydrocarbon having the
characteristic distribution found in mature crude o0il. Biomarkers
were distinctly different from those found in Ordovician carbonates
and it is believed (Veclkman 1989) the Quamby hydrocarbons were
indigenous to the rocks from which they were extracted. Thin, oil
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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 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.

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

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

0 {c Ma £

There have been numercus 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 Parneeer Supergroup sediments
were considered to be nowhere sufficiently mature for the
generation of significant volumes of 0il and/or gas. The high
organic content of the Tasmanites 0Oil Shale was well known but
explorationists considered the unit was everywhere insufficiently
mature for the generation and release of significant quantities of
hydrocarbons.

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 of data 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 PreCambrian seguence would
have been initiated in response to high heat flows introduced into
the basin during the orcgeny. 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
action. The particularly high basin temperatures were interpreted
from conodent alteration index (CAIl) values from Early to Middle
Palaeozoic marine carbonate rocks of western and west central
Tasmania. Low vitrinite reflectance values from unconformable
overlying Parmeener Supergroup sediments suggested that the major
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heat input into the pre Carboniferous sequence occurred before
Parmeener Supergroup depositon.

Isograds of CAI wvalues in western and northwestern Tasmania form an
arcuate belt following the cutcrop 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 and was due to high heat
flow rather than to depth of burial. Low CAI values however, in
the south west and central Tasmania suggest that if Gordon Group
carbonate rocks are present at depth, and there is strong evidence
that they are, they are currently within the o0il and gas windows.
Maturation Modelling suggests that hydrocarbons would not be
expelled from these more basinward sediments (at least from the
upper parts of the Gordon Group) until after a considerable and
protective Parmeener Supergroup cover (seal) was in place. Over
large parts of the State, therefore, the Gordon Group offers
considerable hydrocarbon potential.

Until very recent time, no mature source rocks of Permian -
Carboniferous age were thought to exist in Tasmania. Recent
investigations by CSIRC, 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 0il window, with Vitrinite Reflectance
value ranging from 0.7% (lower o0il window) at the edge of the basin
to 1.35% (upper oil window) at the centre of the basin. The Methyl
Phenarthrene Index (MPIl) measured from the aromatic fractions of
hydrocarbons extracted from Permain 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 currently has a high heat
flow which is up to twice the world average of 60 mW/MZ. Present
geothermal gradients onshore Tasmania are 30 - 40C/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 Conodont colour
alteration indices indicate a significant, Devonian heating event.

Gravity and magnetics data indicate greater thicknesses of
sedimentary sequence than previous thought in grabens and other
basin depressions and a post Parmeener Supergroup cover of in
excess 0of 2 kilometres is interpreted in 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 generation of o0il and gas
at the centre of the basin. This makes much of onshore Tasmania
prospective for hydrocarbons.
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RESERVOIRS

Very little definite 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
Permeener Super Group.

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
shoud 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. Currett (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 yvet to be discovered
fore reef to the east. Forereef 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.

The Eldon Group comprises alternating sequences ¢f 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 teo its porosity or permeability has
been reported.

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

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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The Liffey Sandstone seems to stand out as an important reservoir
objective. The unit is the first semiregional coarse clastic unit
(?reservoir) above the Tasmanites 0il Shale. It is also directly
associated with the Preolenna Coal Measure. 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.

Mudstones generally provide source rock or seal potential but the
Quamby Mudstone seemingly offers considerabe reservoir potential.
The formation includes the organically very rich Tasmanites 0il
Shale and, independent of the 0il 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 reusulting from uplift and erosion
accompanying Tertiary Orogeny, or alternatively the formaticon may
have been highly water saturated prior to uplift and the fracturing
could therefore be related to shrinkage from dewatering. Fractures
ware 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 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 Spraberry Trend in West Texas oil
production and other fractured reservoirs.

SEALS

Intraformational seals are abundant within both the Lower
Palaeozoic (Gordon Group) and Upper Palaecozoic {Parmeener
Supergroup) sequences. There has been, however, considerable
concern that anticlines formed during the Tabberabberan Qrogeny
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, their 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 extensive and thick reservoir or
that all potential reservoirs have been breached, both
possibilities being 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
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structures in the basin and the degree of structural relief imposed
upon the anticlines as a result of the orogeny.

Up to 420 meters 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 0il and gas generation from potential source
rocks of the Gordon Group would ncoct have been reached until after
Permian deposition had commenced.

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

STRUCTURE

Pre Parmeener rocks are concealed across more than half of Tasmania
and the described source and reservoir rocks of the Gordon
Limestone Group are rarely exposed where the Parmeener cover is
absent. Precambrian 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
however, the geology of the pre Permo-Carboniferous sequence is
unknown. Geclogical 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 pocr. High velocity surface problems coupled
with near surface Jurassic dolerites have made it very difficult to
obtain good seismic data. Aquisition and processing problems
associated with such difficult conditions are now being assessed.

Good seismic data has, 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 and are together ideal
for targetting areas for more detailed (and considerably more
expensive) seismic reconnaisance.
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Preliminary and in places detailed gravity and magnetics analyses
and interpretations have been made by 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 association 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 drilling. 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.

PLAY CONCEPTS

As there are numerous and varied potential reservoir objectives and
source rocks ranging in age from Precambrian 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
pessible 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 invgolving 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 topographic highs.

Conventicnal anticlinal development is also seen in Parmeener
Supergroup sediments, the result of Tertiary earth movements.
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Specific prospect definition will not, however, be possible until
more knowledge about the subsurface stratigraphy of Tasmania is
obtained and until better, more definite 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
seapages 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 purely "wildcat™ drilling in the future.

Aareas 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.

Mackintosh Reid, the then Director of Mines, in 1929 confirmed oil
and gas seeping into Johnston's Well on Bruny Island. The Tasmania
0il 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 o0il and gas, the o0il 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 0il 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 considerble 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 particlular the Quamby Mudstone - Tasmanite il
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 traced the
length of one seismic traverse at a depth of about 2 seconds TWT -
an implied depth of 3-4 kilometres. It is problable 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. Leaman while a bore hole
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was being drilled through the Quamby Mudstone in a coal assessment
well at the Douglas River bridge. Two seams of Tasmanite 0il shale
were identified (C. Calver et al, 1984) and free 0il was observed
in core. Analysis of the 0il indicated it to be marginally mature.
Should the results of a stratigraphic well prove encouraging a
conventional o0il 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 Number 2 borehole, to evaluate
source {(in particular the Tasmanite Qil Shale) maturity and quality
and reservoir potential at that location. The Ross Number 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
Tasmanite horizon was identified at 410 metres.

There is considerable evidence to suggest that the most prospective
part of Tasmania for o0il and gas will be the west central part 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
the hydrocarbon potential of this very exciting area. An abundance
of seeps provides considerable optimism for commercial
accumulations of o0il (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 possibly seismic data will provide
considerable insight as to where these accumulations might be
positioned. Results of the stratigraphic drilling 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 o0il wells with the objectives of intersecting
hydrocarbon accumulations of commercial proportion.

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 srquence, the lowest being located
near the pre-Permian unconformity.
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The Jurassic dolerites refect 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 be as thick as 50 metres. The problem can be overcome
although expensive processing {and acquisition) is required.

Expert gravity/magnetics interpretation can resolve where the
dolerites are absent or thin 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 but are
confined to river valleys.

The abundance of igneous intrusions and volcanic sediments
throughout the stratigrapic sequence across much of Tasmania is on
first impression discouraging but the major portion of the
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.

CONCLUSIONS

Tasmania is prospective for oil and gas. There is no longer any
reason to say otherwise. Although 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 prone source rocks have
been identified and analysed geochemically. The Tasmanites 0il
Shale is of particularly good source rock quality and there is very
good evidence that the unit lies within the 0il window across much
of Tasmania. Considerable work remains to be carried out on
reserveir distribution and quality but several potential, porous
reservoirs have alredy been identified. Permeability relationships
must still be verified. The integrity of seals has been challenged
many times in the past but there appear to be an abundance of
seals. S8tructures have not been adegquately defined, there being
very limited seismic contreol 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 0il and gas generation.

FOR DISCUSSION PURPOSES
ONLY
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Numerous reportings of o0il and gas seepages provide considerable
encouragement and small volumes of ©0il and gas have been recovered
from shallow boreholes. What appears to be the most prospective
region 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 the sole 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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