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ABSTRACT

Shittim #1 at Variety Bay on Bruny Island was cored to a depth of 1021
metres. Gas was encountered below a 580 m sill and increased through the
Woody Island Formation into 200 m of Truro Tillite.

Results from this hole, from the 228 m deep Jericho#1 and from all previous
work of Condor and Great Southland Minerals Pty Ltd were assessed by
independent consultants Jack Mulready (from Melbourne) and Bob Young
(from Houston Texas), who found the results very encouraging

They have concluded that the Tasmanian Basin is prospective for commercial
quantities of oil and gas.
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INTRODUCTION

Since the recent phase of oil and gas exploration started in 1984 and the first
exploration licence was applied for, over 8 million dollars has been expended on
research and development for the project, 3.5 million dollars of that being recent
Federal Government funded Australian Geological Survey Organisation
(A.G.S.0.) research,

Collaborative studies with many persons, groups and agencies, including those
listed below, have considerably enhanced the understanding of the basin.
B.M.R (rock eval.)
University of Tasmania Honours students (basin studies)
Shell (seismic reprocessing)
B.H.P. (oil geochemistry)
State Mines Department (gravity and seismic)
C.S.LR.O (seep studies and geochemistry)
Eugene Domack (maturation and depositional environment of the
Tasmanites oil shale)

Three holes were drilled on the original 50 sqkm licence EL10/84 - now a part of
EL 1/88. The holes were drilled on Bruny Island for the following reasons:

¢ Onshore and offshore seismic existed in the area and needed velocity control,
which was only obtainable by a down hole shot so that the previous
processing could be repeated with actual real velocities.

» Historic records indicated:
« that the area had had numerous seeps of both oil and gas
e at least five shallow wildcat holes had been drilled but were
depth-limited because of previous technology.

» Results of gravity and magnetic surveys indicated that the whole of North
Bruny Island is on a basement high , with a good potential regional trap for

oil and gas.

o Modern geochemical oil exploration methods indicated that there were crude
oil seeps in creeks and around old drill sites that warranted investigation.

e The area was remote. Therefore private land access was not a problem and a
24 hour rig operation was possible without disturbing anyone.

¢ A recent Mines Department hole on the neck at Bruny Island had discovered
oil in loose sand at 30m depth.

The results of the drill holes are recorded in the next section of the report.
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SUMMARY OF RESULTS

The drill holes on Murray field , North Bruny island , were called Shittim 1,
Gilgal 1 and Jericho 1.

All three holes recorded petroleum hydrocarbons in a gaseous state.

e Shittim 1 recorded tar with the zeolites in the fractured dolerite and gas from
810 metres depth . The hole was drilled on to 1021 metres without reaching
the unconformity due to overpressured gas.

Gilgal 1 recorded gas at its total depth of S1metres
Jericho 1 recorded gas from 15 metres to the bottom of the hole at 228
metres.

The implications of these results are summarised in a report by Robert Young,,
(Appendix 1). This report was commissioned after a visit by Jason Slot and
Gordon Wise to Houston, Texas and upon advice determined that a review of the
significance of the results by a world expert was required to validate the results
obtained to date.

Trent Woods summarises the stratigraphic correlations for Shittim 1 and Jericho
1 along with the timing of potential hydrocarbon generation and potential
reservoir rocks in Appendix 2,

Appendix 3 is an internal summary of the results recorded in Shittim 1 and a
gives a general overview of the project's progress.

At the request of the Mines Department an independent consultant was
employed to assess the significance of the gas encountered in Shittim 1.

Jack Mulready is well known in the Australian oil and gas community, being the
chief former geologist of Moonie oil and gas . Mr Mulready concluded
(Appendix 4) that the hole established that a seal, reservoir and gas were present
and that the results encouraged further investigation of the basin depocentre
located in central Tasmania. Bob Young (Appendix 1) also suggests that the next
hole should be on the mainland in a deeper part of the basin.

In regard to the location of that stratigraphic hole, Appendices S - 9 supply the
current research results , which , when integrated , indicate sites for future drill
holes.
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RESULTS REPORTED PREVIOUSLY

The major work completed was the drilling of Shittim #1 to 1021m. Nearby,
Jericho #1 well has been precollared to 228m with the intention of drilling to pre-
Parmeener basement when a suitable drill rig is available Summary logs of
Jericho #1 and Shittim #1 are attached (Appendix 10).

In addition, the necessary physical and chemical analyses have been performed
on the core and on the gas. Basic geology has been carried out in and around
the drill sites and calculations performed to assess theoretical maturation based
on various models.

Shittim #1 spudded in in November 1994, HQ drilling below a precollar set at
80m commenced in March 1995, NQ coring was carried out from 181m to 888 m
and BQ thereafter. Unfortunately, the hole did not reach pre-Parmeener
'basement’' before technical difficulties (overpressured gas) necessitated re-siting
of the hole.

Drilling at Shittim #1 has provided encouraging results for the company.

Formations encountered were as predicted by Dr David Leaman except that the
dolerite was unexpectedly thick (580 m thick rather than the 250m predicted). The
Deep Bay Fm is strongly metamorphosed to a calc-silicate hornfels and the Bundella
Fm correlate and Woody Island Fm also , not surprisingly , show evidence of strong
contact metamorphism.

Vitrinite reflectance on the Woody Island Fm indicate metamorphic
temperatures of 300 C plus. Of interest are the fractures in the Woody Island
Fm and the Truro Tillite that are increasingly lower in dip downhole, probably
indicating the existence of low angle faulting at depths of 1000m+, as indicated
on the Storm Bay seismic profile.

Porosities and permeabilities were carried out on core samples. Sandstone
porosities from the Bundella correlate range from 7.4 to 11.9% whilst horizontal
permeabilities range from 6.8 to 9.0 millidarcys, which values are regarded as
fair by Levorsen . By comparison, producing Cooper Basin reservoir sandstones
range in porosity from 5-12% . Away from a thick dolerite sill we would expect
correlative sandstones to have much higher porosities and permeabilities and the
company now has much higher measurements from the Lower Parmeener in
areas outside of 1/88.

Mr Ted McNally reports
"Combustible gas vapours were first detected whilst drilling in open hole
above the dolerite . The first documented gas show occurred shortly after
a hotwire was installed whilst coring at 904 m. At 907 m the chart drove
to a peak of 58 gas units which was 22 units above a steady gas
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background. Two following cores to 910 m and 913 m recorded 20 units
background generated as cuttings gas . At 944 m a further show above
100 units background generated as cuttings gas. At 944 m a further show
above 100 units was noted.

The hole continued to produce high swab and bottoms up gas after each
rig shutdown. The highest swab gas reading was 254 m at 988 m. The
highest bottoms up gas was 390 units at 1021 m. The gas shows and the
attendantly necessary mud weights are shown in appendix 3.

Drill fluid weights in excess of 9.5 1d/gal. were required due to
overpressuring"

Samples of gas collected by Mr Ted McNally were fowarded to AMDEL and the
CSL Iab at the University of Tasmania for GCMS analysis . The samples
contained methane and ethane in a ratio of 4:1 with significant concentrations of
propane through to hexane

A report on the significance of Shittim #1 was compiled by independent
consulting geologist Jack Mulready in September 1995 and submitted to the
TDR earlier ( Appendix 4 ). Mr Mulready examined all of the core , visited the
rig and assessed the physical and chemical data acquired by the company and
concluded (p.6) that Shittim#1
"...raises the possibility of a sizeable column of gas , possibly in a
stratigraphic trap "' and (p7) "...must certainly be viewed as a most
encouraging result so far." (italics added).

Independent consultant geologist Bob Young, from Houston Texas, visited
Tasmania in December 1995 and reviewed all of the company's data, reports and
operations for the last 19 years (see Appendix 1). He concluded that:
" all of this builds a good case for finding commercial oil and gas in the
basin...”;
"work to date has certainly established a valid play for oil and gas "'; and
“a core hole program to evaluate the basin and explore for hydrocarbons
can be designed. The economic factors for the area are very attractive and
would sustain the costs of such a program.” (italics added).

M
Managiny Director
Great Southland Minerals P/L
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Robert S, Young
Consulting Petroleum Geologist

8014 Twining Oaks Lane Office: (713) 370:3623
Spring, Texas 77379 . Fax:  (713) 3703623
Home: (713) 376-3900

March 13, 1996
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At the request of Great Southland Minerals Pty. Lud,, I have reviewed the geological,
geochemical, and geophysical reports made available over several years on the "Potential of Qil
& Gas of Tasmania". 1 have also reviewed the recently completed No. 1 Shittin well drilled to
a depth of 1021.4 meters on Bruny Island. The well botiomed in Permian Truro Tillite with an
increase of methane gas upon penetrating the tillite. In December, I met with Dr. Clive Burrett,
Chief Geologist for Great Southland Minerals; Malcolm Bendal, Director of Great Southland
Minerals; Jason Slot, Director of Great Southland Minerals; and David Leaman, Geophyscist
with the Geology Dapartment of University of Tasmania. We had extensive discussions on the
potential of oil and gas in the basin and also on the recent developments in the geochemical
analysis of seep samples, the evaluation of the recently drilled No. 1 Shittin well on Bruny Island,
and the recent "TASGO" seismic project onshore Tasmania Basin by Australian Geological

Survey Organization (AGSO).

The geochemical analysis from severa) samples certainly indicate that the source for these many
oil seeps could primarily be generated from the Ordovician limestones and the limestones and
the Permian source rocks are in or very near the oil window. These rocks, and possibly

additional source beds, could exist deeper in the basin,

The methane gas recorded in the Truro Tillite of the No. 1 Shittin well could be interpreted as
being in place swamp or lake deposits of the tillite and were released by the coring and drilling,
Or, the tillite could be highly fractured with gas seeping in from a deeper ordovician reservoir.

Either way, the recording of gas was very important.

&
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Great Sonthland Minerals Pty. Ltd.
March 13, 1996
Page 2.

The recent "TASGO" seismic lines were shot to test the recording response of shooting over
dolerite for half the line and without dolerite for the other half My observation of the
unigrated T-4 line had good results of energy being recorded on all of the Jine. ] did not get
to see the migrated processed line, but I understand it was very successful. This covld open up
a Jarge arca for reflection seismic exploration to define structures or potential traps.

All of this builds a good case for finding commercial oil and gas in the basin, but an extensive
seismic program would take a great deal of time and money.

My recommendation would be for a core hole to be located in the deeper pﬁrt- of the basin on
what is interpreted as a ridge of structure from magnetics and gravity, with possibly two seismic
lines, crossing the weli sight, perpendicular to each other and done prior to drilling.

Although the basin has shown potential for source, reservoir and seals, the picking of a location
to find commercial reserves is going to be very difficult to impossible without the assistance of
reflection seigsmic. Drilling core holes can also be very expensive and the need for a lot of luck.

Sincerely,

Robert Xourng

xc: Dr. Clive Burrett
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OTE L D GAS L TAS N ONSHORE BASI

Robert S. Young
Consulting Petroleum Geologist
Houston, Texas

INTRODUCTION

i
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There has been an early interest in oil in the Tasmenia Basin, since the first sighting of oil seeps
I in 1880, Shallow wells were drilled in the early 1900's and the maximum depth of any well was
about 400 meters, Gas shows were discovered in one well at Port Sorell and oil dikcovered in
' small quantities from Bruny Island, but since 1939, there has been little or no activity of serious
exploring for oil and gas until recently. Recent drilling at Variety Bay, Bruny Island, had shows
I of methane gas of over a 200 meter eolurin, The few wells to have penetrated Permian Pre-
]
i
I
1
1
i
i
i
|
4

Parmaner basement have proven dolomitic Precambrian, turbidites or Cambrian volcanics. No
A

hole is deeper than 100 meters.

The arcal extent of Tasmania and all its smaller outer islands covers 16.8 million acres. The
Tesmanian Basin covers over S million acres, These marine and non-marine sediments of upper
Paleozoic and lower Mesozoic age are very widespread and are referred to as the Parmeener
Super Group (Bank 1973), It is estimated the thickness of the basin is over 2,500 meters. In
general, the Tasmanian Baéin rests unconformably upon the Ordovician, Cambtien, and Pre-
Cambrign rocks. Much of Tasmania consists of exposed Cambrian and Pre-Cambrian in the
west and the Ordovician-Devonian turbidites in the northeast, al} intruded by Devonian
granitoids. The granitoids are inferred 10 occur at shallow depths beneath the unconformity.
There are over 270 seeps discovered, which transect all rock types, strongly suggesting that deep
crustal lineaments are still active” (Burrett). Many of the seep samples have been analyzed
geochemically and found to be related in oil signatures with the potential source of the

Ordovician limestones of the Gordon group and very little with the Tasmanite oil shale or

-1-
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Quamby mudstones of Permian. It is also presumed that deeper and older formations in the
basin could have source potential. The Permian snnds make up the greatest potential for
reservoirs and ere intermixed with coal beds and an oil shale zone. A primary seal to these beds
is the overlying Jurassic dolerite that covers nearly 3/4 of the basin. The Ordovician limestones
of the Gordon Group are alko considered possible reservoirs as paleckarsts, reefal or fractural.
Structural features are difficult to define. To date there has been very little refection seismic
coverage due to the poor quality of data beneath the blanket of dolerite. The present coverage
of gravity and magnetics of the basin, have been used extensively to date and have been able
to define regional older structural elements. Most of the younger Permian sediments in the

basin will be structurally drapping, fault trapping or stratigraphic, which will be practically

impossible to define with only gravity or magnetics.

HYDROCARBON POTENTIAL

The importance in the evaluation of any basin for commercial hydrocarbons are source,

reservoirs, seals, and traps.

Prolific oil producing basins, when geochemically evaluated are shown to contain

at least one adequately mature, deeply buried source rock system. It is often

stratigraphically widespread and was dcposited in an oxygen-depleted

environment. With over 200 hydrocarbon seeps and shows which have been
studied geochemically and have identified at least four mature oils, it is very
probable there are several possible hydrocatbon sources in the Tagmanian Basin.
Geochemical comparisons of seeps shows that the most likely source would be the
Ordovitian of the Gordon Group Limestones, Ratios of C27: C28: C29 Steranes
are identical between seeps of the Bruny Island Johnson well and the Ordovician
Gordon Limestone and thc predominance of C27 Steranes and the abundant

diasteranes in Tasmanian bitumens suggests a widcspread algae and clay rich
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source rock.

Conodonts color indicates that much of the Gordon Limestone, particularly in
central and southern Tasmania, it in the oil and gas windows. This limestone is

expected to underlay Permian and Triassic sediments in much of Tasmanian

Basin.

Other sources include the Permian Quamby Mudstone, “Freshwater Sequence”
and Preolenna coal measures. In all three rock units of which the total organic
carbon may reach 25%, vitrinite reflectance data and fossil pollen colors show

that these source rocks are within the 0jl window over large areas of the basin.

2. Reservoir

Reservoirs are very easily envisioned in the shallow marine Ordovician

considered source material, migration would be minimal. Additional potential
reservoirs are within the Siluro-Devonian sandstones of the Eldon and Tiger
Range Groups and within sandstones of the Permian Bundella Formation,
Faulkner Group and Liffey Sandstone of the Lower Parmeener Super Group,
Measured porosities in the I'avlkner and Liffery are 13% and 12% respectively,
while other Permian sandstones in the northern block of EL21/95 have porosities

averaging 16% and horizontal permeabilities ranging vp to 386 millidarcies.

3. Seals

Evaporites are most efficient seals mainly because they offer very little or no pore

space; however, the long-term sealing properties of very fine grained, water-wet
porous rocks such as shales are also remarkably efficient in the absence of open

fractures. This is due to the displacement pressure barrier effect created by

-3-
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capillary pressure between oil and water in rock pores (Berg 1975, Schowalter |
1976). Long-term sealing properties of very fine grained waier-wet rocks are
demonstrated by the excellant preservation of light oil and gas reserves in some
very old sedimentary basins. Por instance, shallow Paleozoic oil and gas in
IHinois, Michigan and Applachian basins, major reserves in the Palezoic Volga-
Ural Basin (USSR) and giant Pevonian and Ordovician fields in the southern
Algerian Sahara demonstrate the scah'ﬁg efficiency of very low permeability rocks,
provided geologic history following entrapment has remained quiescent. All the
above basins feature stable tectonjc conditions and a lack of adverse thermal

history.

~ It would be anticipated that the Ordovician Limestone reservoirs would be sealed
by additional limestone within the Gordon Group or by the Turo Tillite above the
unconformity. Goond seals of shale and silts are found throughout the Permian-

Triassic sedimentary sequence. The Jurassic dolerite sills also make an excellent

cap rock for the Permian-Triassic rescrvoirs.

Defining traps and siructura] features within the basin is very difficult to
impossible without good reflection seismic tecords. To date, there has been very
little reflection seismic data and most of the data is of poor quality due to the
extensive dolorite blanket aver a lai'ge part of the basinal sediments. Recent
seismic work on the TASGO project seems to have improved the quality and
depth of recordings through the dolerite, which will greatly assist in defining the
structural traps. The present gravity and fnagnetics, which have been extensively
used to date have been able to define regional structural elements of mostly
Paleozoics. Structyres in the Pefmian, or younger, are probably going to be
faulted, and of Jow relicf. Although I have not reviewed the recent migrated
"TASGO" seismic lines T-4 or T-5, I did have the opportunity to see the lines

4.
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unmigrated and they indicated low relief structural featores. Line T-4 was part
of an experiment to determine whether sediments within the Tasmanian Basin
could be imaged beneath the cover of difficult to penetrate dolerite and to
determine the depth of the basin. Previous estimates of the thickness of the
carboniferous-Mezozoric basin was 2500+ meters and there has been no new

reported thickness based on the "TASGO" seismic program.

Except in wnusual cases of very long range migration typically encountered on
foreland basin plates, most untrapped oil in sedimentary basins originates from
synclinal drainage areas that surround the trap itself. Thus, migration distances
commonly range in tens rather than hundreds of miles, pariicnlarly on ﬂmng!y

structured and/or faulted basins.

RISK

Exploration risk, being defined as the probabillty of spending exploration funds without
economic success, has always been at the heart of the oil business. Geologic tisk, which is a part
of overall exploration risk, is fueled by uncertainties in subsurface geologic conditions, prior to

drilling. It can also be expressed in terms of the probabihty of simultaneous occurtence of the

key factors that determine the habitat of oil and gas in the subsurface.

Successful exploration for producible hydrocarbons in the subsurface depends on satisfying the
following probabilities: i) probability of existence of trap (structure x reservoir x seal); i)
probability that the trap has received and physically retaiped petroleam charge (source x
maturation x migration paths x timing); and fif) probability that the entrapped petroleum has

been preserved from the effects of thermal or bacterial degradation (temperature x meteoric

waler ingress).

Since these thtee probabilities are independent of each other, the overall probability of

discovering producible hydrocarbons at a given location it the product (not the sum) of the

-5-
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probabilities of these individual factors, that is, if any one of these three main factors js 0, the

overall probability of success is 0, regardless how favorable the other two remaining factors are.

In respect to the Tasmanian Basin. I believe the only probability that may be missing is the
probability of trap. Not the prohability that there won't be a trap, but how do you locate it?
At the present, this makes any drilling program a high risk, and very costly. Hopefully, new ahd
improved parameters in the reflection seismic data will overcome some of this risk.

LAND
Great Southland Minerals Pty, Ltd. holds 100% of exploration leases EL/188 (3500 KM2, 12L9/95
(3700 KM?), and EL21/95 (6000 KM?) comprising of a total of 13,200 KM? (3,2 million acres)

which is located in the Dervent Valley, These leases are granted for six years and expire the

year 2001. These exploration licenses cover about 60% of the Tasmanian Basin.

Tasmania’s primary source of energy has been by hydro-electric. Tasmania is approaching a
decision point, in that new sources of energy supply will be required in a relatively near future

to entice new industry to the area and to maintain a stable energy base for Tasmania. A

commercial discovery of either oil or gas should have a ready market.

Conclusjon

Work to date has certainly established a valid exploration play for oil and gas. Although the
occurrence of sceps does not guarantee the potential for commercial hydrocarbons, it is
encoutaging to know that oil is generating in the basin. ‘The recent analysis of the Ordovician
and the methane shows in the No, 1 Shittin well lead you to believe that hydrocarbons in
commercial quantities could be found in the basin. 1believe that the criteria needed to establish

hydrocarbons have been met in that source rock, within the oil or gas window, has been

-6-
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established. Reservoir rocks are present, seals are in place to trap migration, and if the recent
"TASGO" seismic program is successful in penetrating the dolerite to reccive good data, then
the search for a trap should be made much easier, If it is not possible to use reflection seismic
data, then the drilling risk will be considerably higher, but I belicve a core hole program o
eveluate the basin and explore for hydrocarbons can be designed. The economic factors for the

area are very attractive and would sustain the costs of such a program.

March 13, 1996

11; USERS\RACHEL\WPSI DATA\GEOLOG YATASMANIA.LLTR

|
'
i
|
i
:
;
}
i
i
[
’
'
|
i
'
'
'
'
I
|



q‘b -32ubA
351619

APPENDIX 2

PETROLEUM PROSPECTIVITY OF THE PALAEOZOIC , SOUTH - EAST
TASMANIA:

AN INVESTIGATION ON THE TIMING OF POTENTIAL HYDROCARBON
GENERATION FROM PALAEOZOIC SEDIMENTS AND
CHARACTERISATION OF POTENTIAL RESERVOIRS OF THE LOWER
PARMEEMER SUPERGROUP.

BY TRENT J WOODS B.Sc.

DECEMBER 1995



PETROLEUM PROSPECTIVITY
OF THE
PALAEOZOIC, SOUTH-EAST TASMANIA:

An investigation on the timing of potential hydrocarbon generation from

Palaeozoic sediments and characterisation of

potential reservoirs of the Lower Parmeener Supergroup.

Trent. J. Woods B.Sc.

University of Tasmania

Geology Department/CODES

A research thesis submitted in partial fulfilment of the requirements for
the degree of Bachelor of Science with Honours

December, 1995
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Abstract

The Lopatin method is used to model the thermal maturity of potential hydrocarbon source rocks of
the Lower Palaeozoic of south-eastern Tasmania. Results indicate that Early Permian sediments are
likely to lie close to, or within the '¢il window'. Any petroleum generation from organic-rich rocks
would not have commenced until after the deposition of potential reservoir and seal formations in the
Lower Parmeener Supergroup. Increased burial and heating by the emplacement of dolerite in the mid-

Jurassic may have enhanced the thermal maturity of potential source rocks.

The thermal maturity of potential Ordovician source rocks is likely to vary widely throughout
southern Tasmania. Modelling suggests that potential source rocks have at least passed into the oil
window and are probably currently generating gas in south-east Tasmania. The timing of hydrocarbon
generation from Ordovician sediments will depend essentially on early burial history. Early burial to
over 3000m would have resulted in the generation of petroleum before suitable reservoirs or seals were

deposited.

Several Permian sandstone units represent potential reservoirs. Most are laterally extensive within the
study area. The porosity of these units varies from 7% to over 20%. Sediments deposited in moderate
to high energy environment, such as a shallow marine shelf or coastal fluvial setting were found to
have the better reservoir characteristics. Proximal to igneous bodies, contact metamorphism has
severely reduced porosity and permeability. On a regional scale, authigenic silica cement has been
most detrimental to reservoir characteristics. Vuggy porosity is commonly observed in outcrop due to
decalcification and also at depth in drill cores from decarboxylation. Dissolution of feldspars and lithic
fragments has created secondary intergranular and intragranular porosity in some formations. This
process has often resuited in the formation of authigenic clay which has helped preserve primary

porosity.

Potential source rocks are likely to be at various stages of maturity throughour the Tasmania Basin.
Thicker sequences are conducive to oil generation from the Lower Parmeener Supergroup, while
hydrocarbon generation and preservation from Ordovician sediments is favoured by limited burial.
Potential reservoir units have been identified and are laterally extensive with good porosity and
permeability. Reservoir characteristics are similar 1o other known onshore petroleum provinces, such
as the Cooper Basin of South Australia, There is good reason therefore, to believe that hydrocarbons

have been generated and are emplaced within Palaeozoic reservoirs.
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Introduction

1.1 Aims

This research thesis is part of a larger project to determine petroleum prospectivity of the
Palaeozoic sediments in Tasmania. The main aim of this thesis is to determine the
reservoir characteristics of the Lower Permian sediments in south-east Tasmania.
Secondary to this, is the determination of timing of possible hydrocarbon generation from

potential source rocks of the Palaeozoic.

1.2 Study methods and locations

The location of diamond drill hole (DDH) sites and outcrop sections is given in figure 1.1
The Woodbridge, Granton and Glenorchy DDHs are houselin the Tasmania Department of
Mines core library. Jericho 1 and Shittim 1 DDHs were drilled by Great Southland

Minerals. All grid co-ordinates are quoted using the universal grid reference system.

Detailed logging of diamond drill core and outcrop was carried out in order to make
stratigraphic correlations and thereby determine the areal extent and physical variations of
potential reservoir units. Samples were taken for porosity, permeability and thin section
analysis. X-ray diffraction (XRD) was used to determine fine-grained mineralogy. The
diagenesis of potential sandstone reservoirs is determined by optical petrography. The
above analysis and previous research are used to interpret facies and palaeogeography.

Results are compared to similar, known petroleum provinces.

Results from thermal modelling of potential source rocks, using the Lopatin method, are
compared to thermal maturity data from the literature. Mathematical modelling is used to

determine the effect of intrusive igneous sills on the temperature of the host sediments
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Figure 1.1a.
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Figure 1,1b. Locations of stratigraphic studies.

Figure 1.1a. Extent of the Tasmania Basin (after Bacon 1986).

1. Shittim 1

2. Jericho 1

3. Glenorchy DDH
4, Granton DDH

5. Geiss Ck

6. Woodbridge DDH
7. Cygnet

*~x Location of cross-section
(figure 5.2)
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1.3 Previous studies and exploration

A full account of the history of petroleumn exploration onshore Tasmania can be found in
Bendall (1990). Since 1871, there have been over 200 reported occurrences of tar, oil and
gas seeps in Tasmania. Most of these occur within the Tasmania Basin, notably along the
edges of the basin and along lineaments such as faults and fractures (Bendall, 1990). The
earliest report on the topic of petroleum prospectivity in Tasmania was by Twelvetrees

(1917) encouraging further study and exploration.

In the early part of this century, over 900 000 litres of oil was produced from Permian oil
shale by artificial distillation. Prior to World War II a number of companies were formed
to explore for oil. Due to limited drilling capacity and knowledge of geology or petroieum
formation, most of these wells were aimed at shallow targets. A small amount of light oil
was recovered from "Johnson's well” on North Bruny Island in 1929 from a depth of less
than 30m. This triggered the formation of the short lived Tasmanian Oil Company. In
more recent history however, the number of petroleum explorers has been minimal.
Nudec Proprietary Limited drilled many holes in the 1960's and 1970's resulting in only
one gas show and two oil shows. They too, were seeking shallow targets and did not

investigate the possibility of a Lower Permian or Ordovician source.

More recently, studies have been done on heat flow and potential source rocks (Bendall et
al. , 1991, Burrett, 1992, Campbell, 1992, Denwer, 1986, Revill et al., 1994, Summons,
1981). All reports indicate favourable conditions for the formation of petroleum products.
The most recent explorers in Tasmania have been Conga Oil, Condor Qil Investments and

now Great Southland Minerals.
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Regional Geology and Stratigraphy 2

2.1 Pre-Carboniferous

General stratigraphic relationships in southern Tasmania are illustrated in figure 2.1.
Precambrian rocks in Tasmania are predominantly metasedimentary, predominantly
schist and quartzite. Dolomite, mostly secondary in nature, is also present. Granitic

intrusions coincided with the Penguin Orogeny at around 725-750 Ma.

From the late Precambrian to the Cambrian, terrestrial and marine siliciclastics and
dolomite were deposited unconformably on the older rocks. The volcanics and
volcaniclastics of the Mount Read Volcanics and Dundas Group were deposited in
the Middle to Late Cambrian. A Late Cambrian to Early Ordovician marine
regression resulted in the deposition of fluvio-deltaic sediments. The following
transgression deposited deep marine siliciclastics. These units are referred to as the

Denison Group.

The shallow marine carbonates of the Gordon Group conformably overly the Denison
Group. The carbonates grading laterally into deeper marine shales. The Gordon
Group is overlain conformably by the sandstone and siltstone units of the Eldon
Group. This Group is up to 2000m thick and ranges in age from Late Ordovician to

Early Devonian (Summons, 1981).

Uplift and erosion during the Tabberabberan Orogeny was accompanied by granitic
intrusions. Volcaniclastic sequences were also deposited during the uplift. The
deformed rocks are overlain unconformably by the sediments of the Parmeener

Supergroup (Clarke and Forsyth, 1989).

.



oy N !

G o i

[

VVY—y—V
VVV '

Qp=w=e=~=<q] Qaciation, fluvial and coastal depostion

Volcanics, volcaniclastics and siliciclastics

Syenite (local), uplift and erosion

Hifting

Dolerite

. * |Terrestrial sandstone, coal measures

~|Qacimarine siltstone, sandstone

GOil shale
Qaciation, tillite

Volcanics, volcaniclastics

TabberabberanOrogeny

Turbidites, mudst one, silt stone and sandstone

PG
—

Shallow marine carbonates and siliciclastics

Volcanics and volcaniclastics
PenguinOrogeny

Schists, phyllite, dolomite, siliciclastics

Figure 2.1 Idealised stratigraphic column for southern Tasmania showing very general

relationships. Not to scale
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2.2 Carboniferous-Triassic

The Tasmania Basin (figure 1.1a), in which the Parmeener Supergroup was deposited
was shaped by glaciers in the Late Carboniferous (Clarke and Forsyth, 1989, Martini
and Banks, 1989). Up to approximately 1.5km thick of Parmeener Supergroup
sediments unconformably overly the Lower Palaeozoic rocks. Figure 2.2 summarises
the nomenclature and relationship of units within the Parmeener Supergroup in south-

east Tasmania.

South North
Cygnet Granton
Abels Bay Fm Ferntree Fm
ae .s o Risdon Sst .
A Minnie Pt Em n M
102 Deep Bay Fm n Malbina Frp =~ Gremea
4 ® Norta 1l Lot Berriedale Lmst 0

48  Hidman
[.TT N wauﬁ
Faulkner Grpf £)

Bundella Formation
Glenordry

172 Woody Is Em

Truro Tillite

Figure 2.2 Nomenclature and stratigraphic relationships within the Lower Parmeener Supergroup (after

Farmer, 1985). The relative location of some DDHs is also shown. Unit thicknesses in metres.

A basal tillite is usually present as the oldest unit in the Parmeener Supergroup (Truro
Tillite). This sequence is predominantly an unfossiliferous, matrix supported glacial
diamictite which is very variable in thickness. Subordinate sandstone, conglomerate
and laminate sequences are present (Farmer, 1985). The tillite is overlain by a

generally massive bedded. carbonaceous, pyritic and glendonitic siltstone unit
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(Woody Island Formation). In the north of the state several thin seams of tasmanite
oil shale can be found at the base of this unit (Denwer, 1986). Conformably overlying
the poorly fossiliferous siltstone unit is a highly fossiliferous unit of interbedded
siltstone and sandstone (Bundella Formation). Lonestones are cornmon throughout.
Localised occurrences of calcareous siltstone and limestone can also be found in the
southern part of the study region (Porters Hill Siltstone, Darlington Limestone).
These units together consﬁtutc the "Lower Marine Sequence” (Clarke and Forsyth,

1989).

The "Lower Freshwater Sequence” conformably overlies the Bundella Formation. In
the Hobart area, the sequence is represented by the Faulkner Group. It consists of
wavy and flaser bedded siltstone and sandstone, conglomerates and very thin coal
seams. In the north the sequence is represented by the Liffey Group, Preolenna and

Mersey Coal Measures.

The 'freshwater’ sequence is overlain by bryozoan rich, calcareous, marine siltstone
(Nassau Formation, Hickman Formation). The basal unit is a poorly sorted sandstone
(Rayner Sandstone). Following this siltstone unit is highly fc-)ssilifcrous limestone
with subordinate calcareous siltstone, shale and micrite (Berriedale Limestone,
Hickman Formation and Harts Hill Formation). Bentonite layers are present and are
useful marker beds (Pollington, 1974). Fossils include a range of spiriferids,
strophalosiids, linoproductids, pectinids and bryozoans (Clarke and Forsyth, 1989).

Lonestones tend to become more common higher in the sequence.

The Deep Bay Formation unconformably overlies the older calcareous beds in the
Cygnet region. Around Hobart, the Malbina Formation unconformably overlies the
Berriedale Limestone. These formations are varyingly fossiliferous, with spiriferids,
fenestellids and Stenopora being the most common fauna. The correlate of the
Malbina Formation at Cygnet is the fine grained, fossiliferous sandstone of the
Minnie Point Formation. The Risdon Sandstone conformably overlies these units. It

is a relatively thin (up to 8m) unit of poorly to well sorted, feldspathic sandstone.
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This is followed by interbedded fissile and non-fissile siltstone with subordinate
sandstone (Ferntree and Abel's Bay Formations). Fossil and conglomerate horizons
occur and are more common further south, notably around Cygnet and Bruny Island

where the unit tends to be coarser grained.

The "Lower Marine Sequence”, "Lower Freshwater Sequence” and "Upper Marine
Sequence" make up the Lower Parmeener Supergroup. The Upper Parmeener
Supergroup begins with the Cygnet Coal Measures of late Permian age, passing into

fluvial Triassic sandstones.

2.3 Post-Triassic

In the mid-Jurassic, dolerite sills up to nearly 600m thick intruded into the sediments
of the Parmeener Supergroup fed by thinner, vertical dykes (Clarke and Forsyth,
1989). This caused fracturing and faulting within the Permo-Triassic sediments
(McDougall, 1961). During the Cretaceous minor syenite dykes intruded the

sediments associated with extensional tectonics (Berry and Banks, 1985).

Cenozoic sediments are poorly preserved in Tasmania due to glacial and periglacial
erosion in the Quaternary. Locally, Tertiary basalts and volcaniclastics may be found.
Poorly consolidated Quaternary sediments are generally found in topographic lows.

Scattered outcrops of ferricrete and silcrete can also be observed.
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Potential Source Rocks 3

3.1 Introduction

It is generally agreed that most of the world's petroleum is produced from the burial
and heating of organic-rich rocks. Kerogen, an insoluble organic residue, is the most
important organic compound in hydrocarbon generation (Selley, 1985) and is the
source of most of the world's fossil fuels (Waples, 1985). There are three main types
of kerogen representing their origins. Type [, lipid-rich kerogen is of algal origin and
is oil prone. Type II, sapropelic kerogen is derived largely from phyto- and
zooplankton and is oil and gas prone. Type III kerogen is humic in origin and is gas

prone (Selley, 1985).

For hydrocarbon generation to occur, a source rock must have a sufficient amount of
the right type of organic material preserved. A source rock is ‘defined as one from
which hydrocarbons are known to have been generated. A potential source rock is
defined as a rock which has been tested for hydrocarbon generating characteristics
(quality and quantity) and would produce petroleum given the appropriate thermal
history. A rock which has not been tested for hydrocarbon generating potential but is
thought to have been deposited in a suitable environment, is defined as a possible

source rock (Waples, 1985).

In exploration it is important to know the quantity of organic carbon of the sediments
and the form it is in. The economic potential of a source rock can be classed on total
organic carbon content. A TOC of less than 0.5% is usually considered poor; 0.5% to
1.0% has slight source capacity; 1.0% to 2.0%, modest source capacity and greater
than 2%, good to excellent source capacity (Waples, 1985). A number of potential

source rocks exist in Tasmania.
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3.2 Lower Parmeener Supergroup

The ‘tasmanite oil shale' occurs in the lower part of the Quamby Mudstone (Woody
Island Formation time equivalent). It consists of at least two thin seams of very
organic rich sediment (Denwer, 1986, Campbell, 1992). The high organic content is
due to the alga Tasmanites punctatus , producing type I, oil-prone kerogen (Denwer,
1986). The tasmanite oil shale can be considered an excellent potential source rock
(Denwer, 1986, Revill et al., 1994, Domack, 1995) with TOC values often over 20%
(Campbell, 1992, Revill et al., 1994).

The organic matter in the siltstone surrounding the oil shale is predominantly type I,
gas prone kerogen (Denwer, 1986). Organic carbon content in the siltstone varies
considerably, from being very lean to TOC values of over 3% (Revill er al., 1994),
making it a potential source rock given a suitable thermal history. While the tasmanite
oil shale has not been identified in south-east Tasmania, the carbonaceous mudstone
facies in which it occurs can be recognised in Shittim 1. This black mudstone unit, at
the base of the Woody Island Formation, contains a small amount of what was

probably algal material (TS48A).

The Faulkner Group and its correlates range in depositional environments form
alluvial to sub-tidal. It is highly bioturbated, with carbonaceous material often filling
burrows. Thin coal seams, for example in the Granton DDH, are obvious organic rich
horizons. The predominant kerogen is likely to be humic in nature and therefore gas

prone. The quality and quantity of kerogen in this unit has not been tested.

The basal tillite may also be a possible source rock. Organic rich environments,
similar to those proposed for the deposition of the Truro tillite can be found off the
coast of present day Antarctica (Domack et al., 1993). The petroleum generating

characteristics of this unit remain to be tested.

10



3.3 Gordon Group Limestone

The Ordovician System in Tasmania consists of shallow marine shelf carbonates to
deep basin siliciclastics. Fine grained carbonate rocks are able to produce more
petroleum per amount TOC than most organic rich clastic rocks (Hunt, 1979). Type I
algal kerogen is usually dominant, enhancing oil producing qualities even further.
Shelf platforms and reefs are usually rich in marine life and are therefore considered to
be prime potential source rocks for hydrocarbon generation (Palacas, 1984).
Geochemical analysis has shown the organic signature of many oil seeps and biturnen
around Tasmania closely match that of hydrocarbons within the Ordovician carbonates
(Bendall et al., 1991). Isotherms constructed by Burrett (1992) from conodont Colour
Alteration Indices (CAI) and thermal modelling (this study), places the Gordon Group
Limestone if present in south-east Tasmania within the oil and gas windows (figure

4.5).

3.4 Precambrian Dolomite

Marine carbonates and shales of the Tasmanian Precambrian are possible source
rocks. While Precambrian rocks are not commonly prospective due to overmaturity,
Precambrian carbonates are responsible for significant hydrocarbon accumulations in
central Australia, Oman and Siberia. Relatively shallow burial depth could place the
sediments within the temperature range for petroleum generation. The organic content

of these rocks remains to be established.

3.5 Discussion

There are several possible and potential source rocks for hydrocarbons in southern
Tasmania. Table 3.1 is a summary of some of the potential source rocks, indicating

measured amounts and types of organic content.

11



Age Unit/Formation Kerogen TOC range  Reference

Precambrian Dolomite g 0%t O'Leary, 1987

Ordovician Gordon Limestone 11 07-23%"  OLeary, 1987, Summons, 1981

Carboniferous-Permian  Truro Tillite M, .7

Permian Woody Island/ m 0-3% Campbell, 1992, Denwer, 1986
Quamby Fm

Permian Tasmarite Qil 1 15-35% Denwer, 1986, Revill et al., 1994
Shale

Permian Faulkner Group M, I ?

Table 3.1 Potential petroleum source rocks of onshore southern Tasmania. *Data for the Gordon

Limestone is based on only three samples and Tone sample from the Precambrian.

It is clear from the gaps in table 3.1 that much work needs to be done in quantifying
potential source rock characteristics in Tasmania. However, it is clear that potential

source rocks for hydrocarbon generation are present.
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Thermal Maturity 4

4.1 Introduction

Shows of a wet gas were recorded in the Shittim 1 hole on Bruny Island. To
determine a likely source for the gas, thermal modelling of potential source rocks is
carried out. Burial curves and geothermal histories are reconstructed using data from
the Shittim 1 core and the literature. The Lopatin method is then used to calculate
thermal maturity. The effect of heating on host rocks due to the intrusion of Jurassic

dolerite is also examined.

The breaking down of the kerogen matrix to form hydrocarbons and bitumen requires
heat. This process occurs during ‘catagenesis’. The temperature range in which oil is
produced from kerogen is called the ‘oil window', that is from around 60°C to 120°C.
Generation of gas from gas prone kerogen occurs between 120°C and 225°C, the 'gas
window'. Overheating (above 225°C) will cause hydrocarbons to burn off” (Selley,
1985). Figure 4.1 (Selley, 1985, Rejebian er al., 1987) illustrates the relationship
between temperature, hydrocarbon generation and various maturity indicators. It is
important to know whether potential source rocks are thermally mature or immature in

order to warrant further exploration.

There are a number of methods used to assess the thermal maturity of sediments.
Thermal indicators such as vitrinite reflectance, spore and conodont colouration
(figure 4.1) can be used to estimate the maximum temperature range that a sediment

has been subjected to.

13
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Figure 4.1 Hydrocarbon generation and thermal indicators (Selley, 1985, Rejebian, 1987)

Indicators of thermal maturity however, can only give an indicat@on of the heating that
a sediment has undergone. For petroleum to be preserved, a suitable trap, including
reservoir and cap rocks must usually be in place before generation occurs from source
rocks. Therefore, it is very useful to know when and at what depth petroleum
generation may have occurred. Thermal modelling is often used to estimate the timing
of hydrocarbon generation. One of the simplest thermal modelling methods available

is Lopatin analysis.

4.2 Lopatin method

Thermal maturity is a factor of burial history and geothermal gradients. From known
or estimated ages and depth of burial of sediments a hypothetical burial curve can be
constructed. Using present measured geothermal gradients and interpreted palaeo-

geothermal gradients, the thermal history of a sedimentary unit can be modelled. The
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Lopatin method assumes that the rate of reaction for petroleum generation will double
for every 10°C increase in temperature (Katz ef al., 1982). While this assumption has
been greatly debated, especially if applied to higher temperatures, the method has
proven successful and is valid for temperatures within the oil window (Waples,
1985). By taking a temperature factor and the time at which a particular stratigraphic
level spends at each 10°C interval, time-temperature indices (TTT} can be calculated.
The indices can then be correlated with vitrinite reflectance and a relationship with the

oil and gas windows established (table 4.1).

Rg T

0.40 <l

0.50 3  Oil generation from S-rich rocks
0.55 7

0.60 10

0.65 15  Onset of oil generation

0.70 20

0.85 40

1.00 75  Peak oil generation

1.15 110

1.22 130

1.30 160

1.39 200

1.50 300

1.75 500 Maximum limit for occurrence of oil
2.00 900

2.50 2700

3.00 6000

4.00 23000

5.00 85000

Table 4.1 Correlation of time-temperature indices and vitrinite reflectance (Waples, 1985)
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4.2 Thermal modelling of the Woody Island Formation

The Lopatin method was used in order to assess the thermal maturity of the Woody
Island Formation and the top of the Truro Tillite. Based on the thickness of various
units measured in the Shittim 1 drill hole, several possible burial curves were
constructed for the base of the Woody Island Formation. Geothermal scenarios were

overlain on these burial curves in order to determine a range of maturation histories.

Two burial scenarios are considered. To begin with, a linear sedimentation rate for the
deposition of each formation is assumed in a continuously subsiding basin. Age
estimates for the deposition of each formation are from Clarke and Forsyth (1589).
This burial curve assumes that there has been no post-Minnie Point deposition or

erosion and can be considered a minimum burial scenario (figure 4.2a).

A second burial curve is constructed taking into account erosion and deposition post
Parmeener Supergroup (figure 4.2b). It is likely that erosion of the Permian sediments
at the Shittim 1 locality occurred sometime in the Triassic as relative sea level fell and
again, by periglacial erosion in the Quaternary. To consider a maximum probable
burial scenario, all erosion is taken to be post-Triassic. Intrusion of dolerite is
assumed to have been instantaneous. Sutherland (1977), using zeolite minerals within
Jurassic dolerite estimates between 1.6km and 2.2km of sediments were deposited in
the Cenozoic. Denudation of these sediments occurred at an average rate of 5-7m/my,

due mostly to uplift (Wellman, 1987).

In order to calculate possible maturation histories, two geothermal histories are
overlain on the burial curves. The first assumes constant, linear, present day
geothermal gradients. The present day geothermal gradient for the Parmeener
Supergroup has been measured at 29°C/km to 60°C/km (Green, 1989). An average

value of 40°C/km and surface temperature of 10°C is used. There have been several

16
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periods of increased heat flow in Tasmania (Summons, 1981). This geothermal model

is therefore taken to be a minimum maturation case.

It is however, not likely that geothermal gradients have remained constant. Based on
the results of apatite fission track data (Hills ez al., 1995) a more realistic geothermal
history is constructed for the Cretaceous onwards. Increased heat flow is assumed for
the Jurassic. For this period a geothermal gradient of 60°C/km and surface
temperature of 10°C is used. A geothermal gradient of 30°C/km and surface
temperature of 0°C is assumed for the early Permian. This thermal history is used for

later modelling and is illustrated in figure 4.4.

A minimum maturation path for the Woody Island Formation suggests that the
minimum burial and heating model would result in the formation being immature
(figure 4.3a). Using this unlikely scenario it is easy to see why there has been the
common belief that potential source rocks within the Parmeener Supergroup have been

considered too immature to be prospective for hydrocarbons.

Models assuming a constant geothermal gradient through geologic time place the
Woody Island Formation at Bruny Island, near the base of the oil window. With a
'maximum’ burial history, the Woody Island Formation is placed at least near the base
of the oil window, where hydrocarbon generation may be expected from sulphur rich
organic rocks (Waples, 1985). A greater burial depth and higher heat flow model
places the Woody Island Formation within the oil window (figure 4.3d). In this
scenario, petroleum generation would not begin until after increased burial in the
Jurassic due to the intrusion of dolerite. The base of the Woody Island Formation at
Bruny Island must therefore lie within, or close to the base of the oil window. The
basal tillite will therefore be within the oil window at Bruny Island. Pyrolysis studies
on the tasmanite oil shale has shown that in at least one location (north-eastern
Tasmania) maturity is close to the oil window (Revill et al., 1994), confirming the

results of modelling.
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Burial depth obviously plays a major role in thermal maturity. The relatively thin
estimate for Cenozoic cover on Bruny Island is due largely to its position on a graben
margin. Greater Cenozoic cover and therefore burial depths would be expected
towards the centre of grabens. Deeper burial of Lower Parmeener sediments would
also be expected at other locations within the Tasmania Basin which are yet to be

penetrated. Therefore, it is probable that potential Permian source rocks lie within the

oi! window at locations that have undergone deepest burial.

Heat flow, while varying, has been unusually high in Tasmania. Taking this into
account and estimates of likely burial depth of potential source rocks, it is reasonable
to assume that the sediments at the base of the Lower Parmeener Supergroup lie
within, or close to the oil and gas windows. Any pre-Carboniferous rocks will
therefore be within, or have passed through the hydrocarbon generating windows at

some stage.

4.3 Thermal modelling of the Gordon Limestone

Few drill holes have penetrated the entire thickness of the Parmeener Supergroup in
southern Tasmania. The lithology of 'basement’ rocks is therefore largely unknown.
Burrett (1992) suggests, from conodont colour alteration studies, that the Gordon
Limestone is likely to lie within the oil and gas windows in south eastern Tasmania, if
present at depth. Lopatin analysis was therefore applied to the base of the Gordon

Limestone in order to establish possible thermal maturation histories.

Burial curves constructed for the base of the Gordon Limestone assume extreme
circurnstances of burial and erosion (figure 4.5) in order to determine maximum and
minimum feasible maturities. Present day, average geothermal gradients were then
overlain and thermal maturity indices calculated using the Lopatin method. The
maximum burial scenario (figure 4.5a) assumes constant pre-Carboniferous

deposition, using maximum unit thicknesses from Summons (1981). A minimum
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burial scenario for the base of the Gordon Limestone assumes very thin Ordovician
sedimentation, most of which was eroded during the Tabberaberran Orogeny in the
Devonian (figure 4.5c). Due to the range in expected TTIs, an intermediate burial

curve was also constructed (figure 4.5b).

To obtain an estimate of the limits of possible thermal maturity , ‘'maximum' and
'minimum’ heating conditions are again considered. As before, an unchanging surface
temperature of 10°C and constant geothermal gradient of 40°C/km were assumed for
the minimum heating case. For the maximum geothermal history, the same gradients
as for the Woody Island case are used for the post-Carboniferous. Prior to the
Carboniferous, a constant surface temperature of 10°C and unchanging geothermal
gradient of 30°C/km is assumed. Increased geothermal gradients are assumed during
the Tabberabberan Orogeny in the Devontan. This thermal history is illustrated in

figure 4.4.

A minimum maturity scenario places the Gordon Limestone presently at the base of oil
window, hydrocarbon generating conditions having possibly been reached in the early

Cretaceous (figure 4.6).

Maximum burial scenarios would have the Gordon Limestone entering the oil, then
gas window relatively rapidly (figure 4.6¢c, 4.7c). Any hydrocarbons generated during
this scenario would need to be trapped within the Gordon Limestone itself or, in the
sandstone units of the Eldon Group immediately overlying. Maximum burial and high
Devonian heat flow however, would mean any hydrocarbons present at these depths

would be destroyed during the Tabberaberran Orogeny.

Interpretations from geophysical modelling indicate that if Ordovician to Devonian
sediments are present at depth in Tasmania, there has only been relatively limited
preservation (Leaman, 1990). A scenario similar to the intermediate burial curve is
therefore the most likely. The Gordon Limestone, if preserved in south-east Tasmania

is therefore most likely presently at the upper limits of the oil window or within the
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gas window. Migration of gas, up-dip from the west, from an Ordovician source may

thus be an explanation for the gas encountered in Shittim 1.

The results of thermal modelling suggest that thermal maturity of the Gordon
Limestone varies greatly throughout the state and will depend largely on the preserved
thickness of Ordovician to Devonian sediments. Maximum burial would mean the
base of the Gordon Limestone is overmature where complete stratigraphic sections
have been preserved from the Ordovician onwards. Uplift and erosion during the
Tabberaberran Orogeny means this is unlikely. The thickness of Lower Paleozoic
sediments in south-ecastern Tasmania is relatively thin, if present. The Gordon
Limestone has therefore most probably passed into the oil window and within the gas
window in this part of the state. In areas where Lower Paleozoic deposition was high,
the oil window was probably entered in the early Devonian (figure 4.7b,c). In extreme
burial cases the gas window is entered soon after. In these places, any hydrocarbons
preserved must be trapped within sediments of the Gordon Limestone or Eldon

Group.

In regions of low Ordovician to Devonian sedimentation, hydrocarbons would not
have been generated until after deposition of the Parmeener Supergroup (figure 4.7a).
In this case increased heat flow and burial due to the intrusion of dolerite in the
Jurassic is conducive to higher thermal maturities. It must be noted that these
calculations do not take into account regional change in heat flow. Higher than average
heat flow is cxpec;:tcd along graben margins and other tectonically active features. In
these regions the results under-estimate thermal maturity. Likewise, geothermal
gradients change in accordance to lithology. This factor is much more likely to affect
modelled thermal maturity of the Gordon Limestone than it is, the Woody Island

Formation, due to a greater overburden thickness with varying lithology.
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4.4 The effect of intrusive Jurassic dolerite on thermal maturity

The intrusion of thick dolerite sills during the Jurassic has caused contact
metamorphism in host sediments and may have enhanced the thermal maturity of

potential source rocks at a distance from the sills.

Thermal indicators from the Woody Island Formation, such as a vitrinite reflectance
value (Rg = 3.57), palynology and mineralogy indicates that the igneous intrusions
have caused metamorphism of most sedimcnts- in the Shittim 1 core. The first
macroscopic observations that the host sediments are becoming contact
metamorphosed is a more brittle nature and a more massive appearance. Thermal
modelling using an equation (table 4.2) for 'the effect of thin igneous intrusions on
host rocks' (Jaeger, 1965, Esposito and Whitney, 1995) is carried out in order to
attain an estimate of the likely extent of heating that intrusive dolerite sills would have

on the Permian sediments.

Using the Shittim | example, temperature profiles away from a 580m sill are
calculated and plotted. An initial temperature of intrusion, To= 1000°C is assumed. A
thermal diffusivity of, k = 0.01 is used (as per Esposito and Whitney, 1995). Profiles

are plotted for several time intervals.
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T/To = 1/2 (erf (E+1)/(2Vt) - erf (E-1)/(2V1))
where:
T = time dependant temperature at a given point,
To = initial temperature of hzagma,
erf = error function

E = proportional distance from intrusion, that is, distance from the mid-plane of the
intrusion over half the thickness of the intrusion,

t = dimensionless time
= ky/d2,
d = half the thickness of the intrusion,

k = thermal diffusivity of country rock,

y = time since intrusion.

Table 4.2 (Esposito and Whitney, 1995, Jaeger, 1965). Effect of a cooling igneous intrusicn on the

femperature of host sediments.

The modelled results indicate that within a distance of between one third and a half of
sill thickness, any potential source rocks, will be overmature due to contact
metamorphism (figure 4.8). Heating to over 300°C will occur within this region and
well over 500°C closer to the intrusion. Maximum heating in host sediments close to
the sill, occurs at approximately 1000 years. This accounts for the high vitrinite
reflectance and palynological data. Metamorphic mineralogy can also be adequately
explained with the model. Calc-silicate mineral assemblages of wollastonite, grossular
and vesuvianite confirm temperatures in excess of 550°C (Botrill, 1995) at a distance

of at least 120m from the sill. Up to 100m from the dolerite, a spotted homnfels occurs
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in the Bundella Formation. The 'spottiness' being due to the sericite porphyroblasts,
possibly after andalusite (Botrill, 1995), which would be expected at temperatures of
around 350°C. This may have been the result of a second heating event associated
with veining or Cretaceous intrusions, or could be due to later retrogression during

cooling of the intrusion.

At a distance of greater than about one half of the sill thickness, thermal maturity of
the host sediments will be enhanced, so as to increase any petroleum generation from
potential rocks. This is in addition to temperatures caused by burial. Between lky and
10ky since intrusion, the temperature away from the sill increases gradually as
sediments close to the sill begin to cool. Temperatures within the gas window are

maintained for up to almost 100ky at a distance of over 700m from the intrusion.

The effect of large igneous intrusions on thermal maturity of sediments is therefore
twofold. Increased maturity should be expected beneath sills due to burial and due to
direct heating of the host sediments. It is reasonable to assume that igneous intrusions
could place what might otherwise be thermally immature sediments within oil and gas
windows. Such a mechanism has been identified as significant ini gas generation in the
Gulf of Mexico region (Ezat et al., 1994) and, oil and gas generation in the oilfields of

Nevada (Allison and Hulen, 1990).

Heating from igneous intrusions also has an affect on porosity, changing textures and

mineralogy of host sediments. This will be examined in a later chapter.
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Local Stratigraphy

5.1 Shittim 1

The Shittim 1 DDH is located on the southemn side of Variety Bay, North Bruny
Island (EN339161, figure 1.1a). The stratigraphy of the core is summarised in a
graphic log (figure 5.1) and in detail in appendix I. Table 5.1 is the key to all
graphical logs used.

Most of the sediments within the core have been metamorphosed to some degree due
to the intrusion of thick dolerite sill. Xenoliths of fossiliferous siltstone are
identifiable within the 580m thick intrusion. Sediments adjacent the sill are highly

brecciated and poorly consolidated.

The Truro Tillite is present as a pebbly, granular siltstone to mudstone. The matrix is
dark grey to black, fine siltstone to mudstone. Abundance of clasts decreases above
900m, where the formation grades into the Woody Island Formation. Clast lithology
varies greatly from metamorphic fragments such as quartzite, schist and other
metamorphics, to carbonate and quartz granules. Clasts size, shape and roundness
vary greatly. Pebbles with a sharp flat base and rounded sides are not uncommon.
Quartz granules are characteristically angular. A normally graded conglomeratic
horizon occurs in the uppermost part of the formation (Plate 1b). Erratics between

sand and granule size are most common.

Bedding is not readily identifiable in the Woody Island Formation due to baking and
a high degree of bioturbation. Granular and pebbly horizons are common,
particularly in the uppermost part of the formation. Rare fossils of fenestellids and a

spiriferid also occur at the top of the formation.
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ratigraphi mn
Lithology Fossils
r02e22:2) Conglomerate J Brachiopods
Sandstone (pebbly) & Gastropods
Sandstone o~ Bivalve
Siltstone {(granular) 4 Stenoporids
Siltstone/Mudstone ] Fenestellids
Granular horizon Y Plant/Wood
Coal seam
reviati
Breccia ' . gry grey
Igneous intrusion gm green
(dolerite/syenite) cmm creamy/white
blu blue
Calcareous siltstone bm brown
Calcareous sandstone blk black
Limestone 1. light
Unconformity d. dark
Tillite f. fine
Schist m. medium
C. coarse
Sedimentary Structures v.c. very coarse
Lamellar bedding T highly
Wavy bedding L low/rare
Cross bedding mod. moderately
Graded bedding calc., calcareous
Bioturbated Imst limestone
Symmetrical ripples sst sandstone
Asymmetric ripples sltst siltstone
Sole marks fract. fracture
Flame structures F Fault
0 Dropstones L perpendicular
Y Glendonites py pyrite/pyritic
~=" Flaser Bedding pyh pyrrhotite
TSHH Thin section
* Sample
* ¥R % Porosity
Table 5.1 Key to symbols used in stratigraphic columns (incuding appendices).
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The rock is highly fractured in places, usually at an angle of about 30° to vertical to
sub-vertical. Fractures are often filled with carbonate veins, euhedral pyrite grains
are also common. Closer to dolerite sills, pyrrhotite can also be observed. Pyrite is
also often found as rims around calcareous fossils. Disseminated pyrite occurs
throughout the Woody Island, Bundella and Deep Bay Formations . The sediments
become finer grained, less fossiliferous and more highly carbonaceous down-core.
Poorly consolidated breccia with angular siltstone clasts and poorly consolidated,
silty matrix occurs throughout the top of the Woody Island Formation and the

Bundella Formation.

The Bundella Formation becomes evident by the presence of typically one to two
metre thick, medium to coarse grained sandstone beds, interbedded with blue-grey
bryozoa-rich siltstone. Sandstone beds are often graded, having a pebbly or granular
base. Brachiopods and bivalves occur predominantly in the sandstone beds. A
distinctive spotted, blue hornfels occurs within the Bundella Formation at a distance
of over some 100m from a 580m thick dolerite sill. The rocks have been contact
metamorphosed to a spotted hornfels. The speckled appearance being due to
sericitised porphyroblasts (Plate 1a), possibly after andalusite (Botrill, 1995). A 30
cm thick, poorly sorted, pebbly sandstone at 795m is correlated with the

D'Entrecasteux Tillite of Banks et al., (1955).

The top 80m of the hole was not cored, so the exact thickness of the Deep Bay
Formation at this location is not known. The contact with the Minnie Point
Formation occurs at approximately 20m. Thin section and XRD analysis (appendix
II) reveals that most of the core has been highly baked. Two other dolerite bodies are
also evident in the core. The thicker of these has an upper contact which is at an
angle of approximately 30° to vertical. Metamorphosed limestone and calcareous
mud are evident as buff coloured calc-silicate hornfels and white spotted homfels in
the top 30m of the cored section of the hole. These rocks correlate with the

'Eurydesma’ Limestone of Woody Island (Banks er al., 1955). The units are highly
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fossiliferous, bryozoans, gastropods, brachiopods and bivalves being common.

Fossil fragments are preferentially orientated parallel to bedding.

5.2 Jericho 1

Jericho 1 is located approximately 2km west of Shittim 1 at EN322167 (figure 1.1a).

Core stratigraphy is summarised in figure 5.1 and detailed in appendix I.

From 222m to 193m the core consists of grey and blue-grey siltstone, the topmost
part of the unit is calcareous and highly fossiliferous, fenestellids being the most
common fossils. Below 200m the siltstone becomes spotted and poorly fossiliferous.
The rock is brittle and commonly fractures into small, roughly equal size pieces of

approximately 6cm in length.

Above 193m, blue siltstone passes into buff coloured calcareous siltstone with beds
of impure limestone. Bryozoans, brachiopods and bivalves are common. Horizontal
to sub-horizontal bioturbation obscures any bedding. These fossiliferous units can be
correlated with the calc-silicate hornfels at the top of the Shittim | core which are
equivalent to the 'Eurydesma’ Limestone on Woody Island. Thin clayey units up to
10 cm in thickness could represent meta-bentonite units. Sub-ordinate medium
bedded calcareous sandstone units also occur. One metre thick brecciated calcareous
siltstone horizons appear towards the bottom of this unit. Erratics are not as common
as in adjacent units. As in Shittim 1, a high degree of vuggy porosity is evident on

several herizons .

A disconformity can be observed at 106m, above which, a calcareous siltstone
grades into fine sandstone. Normally graded and massive bedded, very coarse to
fine-grained sandstone follows. Conglomerate and fossil horizons occur
sporadically. Brachiopods and bivalves are the prevalent fossils, fenestellids and

stenoporids being be less common.
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At 83.3m, the Risdon Sandstone, a 4m thick, normally graded, poorly fossiliferous,
coarse-grained sandstone unit is observed. This unit interfingers with the poorly

fossiliferous siltstone of the Abels Bay Formation above.

The uppermost 78m of the Jericho 1 core consists of poorly to moderately
fossiliferous sandy siltstone. A 6m thick, coarse sandstone unit grades into a matrix
supported conglomerate at 23m. The sandstone unit can be identified on a hill to the
west of the drill hole. This is likely to the uni.t in which ojl was discovered in
Johnson's Well being highly porous. It appears to be a well sorted sandstone in
which any previous matrix has been destroyed, the rock has then be silicified. Clasts
of differing lithology as well as woody fragments were found in the sandstone.

Occasional fossils include brachiopods, bivalves, gastropods and fenestellids.

5.3 Granton 1

The Granton DDH is located on Mount Nassau (EN515266), just outside the
township of Granton. The hole was drilled by the Tasmania De.partmcm of Mines in
order to fill gaps in the Permian type section of Rayner Creek. A detailed graphic
log of the Granton 1 core can be found in appendix I, a stratigraphic summary with

correlation to other cores studied is illustrated in figure 5.1.

The lowermost 21 m of the core at Mount Nassau is dolerite. The next 180m consists
of highly baked, veined and brecciated, pyritic and granular, dark grey siltstone of
the Woody Island Formation. Reaction haloes commonly surround calcareous
concretions. These may have been carbonate clasts or glendonites. The top of the
formation is much less baked. The lowermost one metre of Woody Island Formation
observed in the core is a very pebbly mudstone, probably representing the topmost
portion of the basal tillite. Calcite rosettes, assumed to be glendonites, are most
common in the uppermost 80m of the formation. Several dolerite sills occur

throughout the lower half of the core. Contacts with host sediments are generally

33



35LL69
conformable with bedding. Brecciation, with associated carbonate veining often
occurs close to the sills. Pyrite and pyrrhotite are also found in fractures and

rimming calcareous fossils close to dolerite intrusions.

The Woody Island Formation is overlain by 118m of the Bundella Formation, which
at this location is predominantly a highly fossiliferous, calcareous, blue-grey
siltstone. Thin (up to 20cm) fossil rich limestone beds appear towards the base of the
formation. Bryozoa, brachiopods, bivalves and crinoid debris are common fossils.
Conglomeratic horizons of pebbles and shell fragments appear throughout the
formation. Moderately fossiliferous, sandy siltstone towards the top of the formation

is moderately bioturbated. Burrows are usually sub-vertical.

Above 162m, fenestellid- rich siltstone is replaced by flaser bedded, fine sandstone
and carbonaceous siltstone, Plate 1c shows a typical flaser bedded sequence passing
into highly bioturbated conglomeratic siltstone. A thin (<lcm) coal seam occurs at
I57m. Unfossiliferous, highly bioturbated and carbonaceous siltstone and mudstone
overlay the flaser beds. This unit is highly bioturbated, sub-horizontal burrows often
filled with black mudstone. Where the unit is not heavily biotﬁrbated, thin parallel
bedding and occasional wavy bedding can be observed. Granular and conglomeratic
horizons are common, often with a sandy matrix. A series of small (10cm) graded
beds with sole structures occurs at 135m, overlain by a 30cm, highly bioturbated
conglomeratic siltstone. A normally graded, coarse grained conglomerate 3m in
thickness sharply overlies the siltstone (Rayner Sandstone). It is a very poorly sorted

unit, bioturbation resulting in the incluston of mudstone.

Marine fossils such as fenestellids and bivalves begin to appear again in grey,
calcareous, granular siltstone above 123m. Spiriferids and bivalves are also present.

This unit is defined as the Nassau Formation (Banks and Hale, 1957).

The Berriedale Limestone is a 60m thick, highly fossiliferous unit of interbedded

calcareous siltstone and limestone. Erratics occur throughout, but are not as common
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as in the overlying formation. Sub-vertical joints are widespread and usually filled
with calcite. Thin (1-25cm) clayey units occur throughout the formation. Previous
XRD analysis (Pollington, 1974) has proven these to be meta-bentonite units. Very
coarse, massive and graded sandstone units are more prevalent towards the top of the
formation. A highly weathered brecciated unit occurs beneath the sandstone units.
Bryozoa, notably Stenopora, are very common in the siltstone units,. Brachiopod
and bivalves are typically.r large and occur predominantly within limestone units.

Gastropods are also present throughout the formation.

Highly fossiliferous, medium bedded, calcareous, coarse-grained sandstone and
siltstone of the Malbina Formation occupies the uppermost 32m of the Granton core.
The siltstones are light brown and granular. Spiriferids are most common in
sandstone beds, some in growth position with spines preserved. Large erratic clasts
are common, especially in sandstone units where the base is occasionally a clast

supported conglomerate.

5.4 Geiss Creek

The type section for the Permian in Tasmania is found in Rayner Creek a few
hundred metres to the east of Geiss Creek. The section begins in the Bundella
Formation along-side the Lyell Highway (EN145672). The outcrop along the
highway is well exposed although the base of the Bundella Formation can not be
seen. Exposure along Geiss Creek (EN143667 to EN145665) is good, some sections
being covered with alluvium. As would be expected, lithologies are very similar to
those in the Mount Nassau drill hole. Qutcrop however, provides the opportunity to

examine lateral variations and larger scale sedimentary structures more closely.

The lowermost exposed units of the Bundella Formation are medium to course
grained, light brown sandstones interbedded with siltstone. Sandstone units exhibit a

viggy porosity due to decalcification of fossils and possibly glendonites. The
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uppermost units of the Bundella Formation consists of medium bedded, poorly
fossiliferous, fissile and non-fissile siltstone. Fossils are the same as those in the

Granton core.

A short distance up Geiss Creek, a thin, poorly sorted, matrix supported
conglomerate represents the basal unit of the Faulkner Group. It irregularly overlies

the siltstone beds of the Bundella Formation (Banks and Hale, 1957).

Alluvium covers the next several metres, the basal portion being a fine grained,
medium bedded sandstone. Flaser bedded fine sandstone with carbonaceous
mudstone drapes extend over the next 8m. The flaser bedded unit passes into highly
bioturbated, carbonaceous siltstone often with coarse granular or pebbly horizons.
The conglomeritic horizons are typically only several centimetres in thickness.
Burrows within the siltstone are generally horizontal and filled with carbonaceous
mudstone. A very coarse, well sorted, lenticular sandstone unit overlies wavy
bedded, fine to medium-grained sandstone beds (figure 6.1, Plate 2.c). Carbonaceous
plant fragments are occasionally observed in the siltstone. Dropstones are not
present in the sandstone units and occurrence within siltstoﬁe units is sporadic.
Approximately 10m of interbedded fissile and non fissile, highly bioturbated
siltstone grades into calcareous marine siltstone of the Nassau Formation.

Fenestellids are the most abundant fossils but brachiopods are also common.

Above the fenestellid siltstone, the Berriedale Limestone becomes evident as very
calcareous siltstone and highly fossiliferous, impure limestone. Fossils are the same
as those observed in the Granton core. Meta-bentonite units are frequently

represented as highly weathered clay units.
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5.5 Glenorchy 1

The Glenorchy core is summarised in figure 5.1, a detailed log can be found in
appendix L. The drill hole is located at Glenorchy (EN230570). The lowermost rocks
of the Parmeener Supergroup rest unconformably on albite-epidote schist of the
Precambrian (Leaman, 1976). The lower part of the Woody Island Formation, the
bottom several metres of which are a clast rich mudstone, rests unconformably on
the basement rocks. A large dolerite sill intrudes the Woody Island Formation
between 197m and 493m. This has resulted in the lower part of the formation being
highly brittle and brecciated. Sub-vertical calcareous veins are often associated with
pyrite and pyrrhotite. A black, 'shaley’ horizon occurs at 564m. The uppermost half
of the Woody Island Formation is also highly baked. Erratics are much more
frequent up-sequence. Glendonites appear at the top of the formation with rare

fenestellids.

The lower siltstone units of the Bundella Formation are highly bioturbated, most
worm burrows being sub-horizontal. Fenestellids become common and rare shell
fragments are present, commonly with pyritic rims. Poorly fossiliferous, blue-grey
silty sandstone is overlain by grey, highly bioturbated, clast rich, sandy siltstone.
These siltstone units are overlain by medium-grained, bryozoa rich sandstone.
Bivalves are also appear. The uppermost 17m of the Glenorchy core consists of
bryozoa rich, calcareous siltstone. The top several metres are beds of normally

graded, coarse-grained, grey sandstone.

5.6 Woodbridge 1

The Woodbridge DDH it is located at Little Peppermint Bay (EN193226). The
bottom 25m of the core is a black phyllitic siltstone with infrequent quartzite

banding. Light grey, porphyritic intrusions of syenite together with fine grained
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dolerite have caused most of the sediments to be highly baked and brittle throughout
the core. The tillitic mudstone overlies the phyllitic unit with a flat base (Plate 2a).
Minor kink bands can be observed in the black phyllite. This unit closely resembles
the black, shaley mudstone found in the Shittim 1 core at the base of the Woody

Island Formation.

The tillite is a very pebbly, erratic rich, dark grey to black mudstone. Clasts,
especially carbonate, often have reaction haloes up to several centimetres in
diameter . Clast vary greatly in lithology, shape and size. Phyllitic clasts towards the
base of the formation are typically 1.5cm long and show preferential orientation.
Angular quartz granules occur throughout. Larger (>1cm) metamorphic clasts are
sub-round to sub-angular. Boulder size clasts are increasingly common between
123m and [38m. Highly baked siltstone with rare pebbles occurs between 263m and
275m. Pebbles are generally not preferably orientated, although elongated clasts up
to 2cm have a slight tendency to lie horizontally. The relationship with bedding can
not be observed so it is not known whether this is due to gravitational settling during

deposition or to compaction. It is most probably a factor of both.

At 100m, the tillite has a higher proportion of carbonate clasts and also a calcareous
matrix. Calcareous veins up to 2mm in thickness are usually sub-vertical, but
occasionally dendritic in nature. Disseminated pyrite appears throughout. Pyrrhotite

is found in veins close to syenite and dolente bodies.

5.7 Cygnet

Excellent chiff exposure along the coast at Cygnet enables easy access from Deep
Bay Formation (EN083532) to Abels Bay (EN072033). The lowermost units of the
Parmeener Supergroup from the Truro Tillite to the Bundella Formation are exposed

along a road leading to Toby's Hill (EN0O80211-EN095222).
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92m of granular, clast rich, basal tillite outcrops along Toby's Hill Road. Tillitic
mudstone grades into massive, greenish-brown mudstone. The Woody Island
Formation is highly fractured in places, producing a blocky appearance in which
components are several centimetres in diameter. Rare glendonite moulds occur
towards the top of the formation. The total exposed thickness of the Woody Island

Formation is just over 150m.

Unfossiliferous Woody Island siltstone is overlain by poortly fossiliferous, light
green siltstone of the Bundella Formation. Fossils become more abundant up-
section. Sandstone units are common at the bottom of the formation. Brachiopods
and bivalves are the dominant fossils on several horizons. Bryozoans appear
throughout and erratic clasts are common. These fossiliferous units are overlain by
21m of poorly fossiliferous siltstone and subordinate sandstone. Grey and greenish
grey calcareous bryozoa rich siltstone overlies this unit. Spiriferids are also
common. The unit becomes more baked towards the top, where soil probably

obscures a dolerite sill.

Deep Bay (EN078152), near the township of Cygnet is the location for the type
section of the Deep Bay Formation. The formation is generally a poorly to medium
bedded, highly fossiliferous, grey to dark brown siltstone. The basal sandstone units
do not appear at this location, but are revealed in a nearby drill hole (Farmer, 1985).
Brachiopods, particularly spiriferids and fenestellids are abundant throughout.
Stenoporids are also very common. Ostracods are prevalent on several horizons.

Erratics are common, clasts ranging in size up to approximately 40cm.

The Minnie Point Formation conformably overlies the Deep Bay Formation. The
transition being marked by medium to very coarse-grained, poorly sorted, clast rich,
highly fossiliferous sandstone units. Bedding is generally massive to medium. o
Subordinate siltstone and conglomerate units also occur. Total thickness of the unit

at this location is 46m.
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The coarse-graincd. poorly sorted Risdon Sandstone has an estimated thickness
around 7m. The basal 30 ¢cm of which is a matrix supported, pebbly conglomerate.
The unit is cross-bedded. Beach sediment obscures the contact with the Abels Bay

Formation.

As in the Jericho 1 core, the Abels Bay Formation at Port Cygnet consists
predominantly of poorly fossiliferous, poorly sorted, fine-grained sandstone and
sandy siltstone. Subordinate coarse-grained sandstone units become more common
towards the top of the formation. Erratics are common throughout, occasional pebble

horizons also appear.

5.8 Geology of North Bruny Island

The sediments of the Lower Parmeener Supergroup are readily identifiable in coastal
cliffs on North Bruny Island. On the Eastern shore they outcrop as sheer cliffs of
varyingly to highly fossiliferous siltstone and sandstone of the Deep Bay Formation.
Dolerite sheets can be observed beneath the sediments, usﬁally at, or near the

waterline, contacts appear to be conformable with bedding.

Dips on the eastern shore typically vary between 12° and 16" to the west, striking
approximately north-south. Dips very gradually become shallower to the west. At
Jericho I, the Abels Bay Formation is dipping 10° west. On the western shore, dips
of 6" to 8" west are recorded. This information and drill hole data from Shittim 1 and
Jericho 1, were used to construct a geologic cross section of North Bruny Island.

(figure 5.2). The section was drawn on a line passing through both DDHs.

The blue spotted hornfels at the base of the Jericho | core is interpreted as
representing part of a contact aureole. Further drilling is expected to encounter a

substantial thickness of dolerite.
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Geologic cross section: North Bruny Island
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Figurc 5.2 Interpreted geologic cross section across North Bruny Island. See figure 1.1b for cross-section location.
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Surface outcrop between Shittim | and Jericho 1 is scarce. Boulder float between the
two holes suggests an anomalous thickness of Minnie Point Formation and the
possibility of at least one fault, as mapped by the Tasmania Department of Mines.
The cross section (figure 5.2), drawn to scale, with no vertical exaggeration confirms
this. Floats of dolerite occur extensively over between the drilling sites, suggesting
there was another, stratigraphically higher dolerite sheet. At Great Bay (EN312171),
the contact between the Abcls Bay Formation and a dolerite sill is obscured by

beach sediment. It appears however, that dolerite is dipping under the Abels Bay

Formation.
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Facies Analysis and
Palaeogeography ]

6.1 Truro Tillite

The abundance of poorly sorted clasts of greatly v@ing lithology and size, in a very
fine grained matrix which persists for several hundreds of metres has led to the
interpretation of this formation as a glacial tillite (Farmer, 1985). Pebbles with a flat
base and rare striations are also supportive of glacial transport at some stage. The
thickness of this formation varies greatly throughout Tasmania. It is not present in the
Glenorchy DDH, while in the Woodbridge DDH and surrounding outcrop, a
thickness of at least 450m is proved. Thus far, a thickness of just over 100m has been
proved on North Bruny Island. Hand (1993) suggests that the boundary between the
basal tillite and the Woody Island Formation is diachronous. The greater thickness of
tillite being found in near shore, proximal environments, with siltstone predominating
in deeper, distal environments. Many of the clasts within the tillite have a similar
lithology to pre-Carboniferous rocks in western Tasmania, a likely provenance for
much of the material (Farmer, 1985). Some of the larger ¢lasts are an albite-epidote

schist, the same as found at the base of the Glenorchy core.

The great thickness of tillite in the southern portion of the study area and the near
absence near Hobart, suggests a proximal environment grading to distal from south to
north. Jt is generally agreed that the tillite is the result of at least several
glacial/interglacial cycles, with tillitic siltstone interfingering with deeper, distal

mudstone and siltstone (Domack ez al., 1993, Hand, 1993).

The phyllite at the base of the Woodbridge DDH has previously been interpreted as

basement for the Parmeener Supergroup sediments (Farmer and Clarke, 1985). As
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mentioned previously, the lithology of the phyllite is similar to that of the basal unit of
the Woody Island Formation. In thin section (Plate 2b), the rock is a phyllitic, fine
grained siltstone, consisting predominantly of quartz, mica, chlorite and some
feldspar. Carbonate veins up to 0.5mm thick are at angle of approximately 35° to core
length. XRD analysis (appendix II) indicates the phyllite (W1011.8) has very similar
mineralogy to the black shale of the Woody Island Formation (48A). Samples from
the base of Woody Island Formation in Shittim | show the same wavy cleavage as
that in the Woodbridge phyliite, that is, a very fine foliation, with a wavelength of
20mm and amplitude of Imm. The similarities in lithology and structure of lowermost
phyllitic unit in the Woodbridge DDH and the base of the Woody Island Formation on

Bruny Island suggests they are facies equivalents.

The lack of a fault breccia suggests the phyllite is an interfingering of siltstone within
tillite, caused perhaps, by a brief transgressive pulse during a larger regression.
Alternatively, the overlying tillitic sequence could represent a large scale regressive
event which caused distal siltstone to be overlain by a thick tillitic sequence. Kink
banding, which only occurs in the uppermost several metres of the phyllitic siltstone,
may have been produced by a prograding glacier. Whatever the scenario, the
implication is that, in the Cygnet region the palaeo-basin is deeper than previously

thought and that the lithology of basement rocks is unknown.

More recently the debate has been whether the tillite was deposited in a marine or
lacustrine environment (Farmer, 1985). The thickness of the formation in the Cygnet
and Bruny Island regions, coupled with the siltstones massive nature, would suggest
glacio-marine deposition. Some sections, for example in the Woodbridge DDH,
exhibit minor laminated siltstone sequences. Domack et al. (1993) claims that pebble-
free, rhythmite within the tillite is indicative of glacio-lacustrine deposition. Minor
cross-bedded sandstone and conglomerate horizons could represent glacio-fluvial
conditions (Farmer, 1985). Contrary to this, Hand (1993) claims the rhythmite

banding is due to tidal influence and can only have occurred in a very large body of
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water. As tides large enough to produce these varves are not found in any of the
largest modern day lakes, glacial marine deposition is assumed for the whole of the
formation. It is difficult to determine whether the rhythmic nature of the siltstone is
tidal, seasonal or, due to some other environmental mechanism. Therefore, it is
impossible to conclude whether the tillite was deposited entirely in a marine
environment or, is partly terrestrial in nature. In the Shittim 1 core, a graded
conglomeratic horizon iﬁ the uppermost part of the tillite, indicates a proximal
environment (Plate 1b). This may represent a fluvio-glacial deposit, a turbidite from a
wet base glacier or, graded bedding near a glacial grounding line. Lack of diagnostic

features inhibits a conclusion, other than its proximity to a terrestrial source.

6.2 Woody Island Formation

Domack et al. (1993) identifies two main facies within the Quamby Mudstone; a
carbonaceous mudstone, which includes the tasmanite interval and, a massive,
glendonitic, silty mudstone. Both these facies can be identified in the Shittim | DDH.
The basal, carbonaceous mudstone lies conformably above tillite. An abrupt boundary

between the black mudstone and lighter coloured, silty mudstone is observed at 870m.

Glendonites are calcite pseudomorphs after ikaite, CaCO3.6H70 (Suess et al., 1982).
Ikaite is formed in sub-freezing, anoxic, carbonate and phosphate rich marine
environments (Jansen et al, 1987). Less commonly, it has been observed
precipitating in lacustrine brines, where mixing with calcium rich groundwater occurs
at near freezing temperatures (Council and Bennet, 1993). Above 5°C, the mineral
becomes unstable and reverts to calcite and water, resulting in porous calcite
pseudomorphs (Jansen et al., 1987). High concentrations of orthophosphate inhibits
the initial formation of calcite from carbonate waters, while not affecting the growth of
ikaite crystals {Council and Bennet, 1993). Cold, anoxic waters are favourable for the

production of HCO3- and PO43- from organic matter. Organic rich environments
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therefore provide the optimum conditions for ikaite precipitation (Bischoff et al.,

1993).

Pseudomorphs of ikaite formed by lacustrine processes are generally poorly preserved
due to fluctuating temperatures. Where glendonites are produced they tend to be
concentrated in mounds, close to sub-lacustrine springs (Council and Bennet, 1993).
Glendonites in the Woody Island Formation are laterally extensive and randomly
distributed along stratigraphic horizons. The widésprcad abundance of glendonites at
the top of the Woody Island Formation suggests deposition in a cold, poorly
oxygenated, low energy environment. A lack of sedimentary structures supports low
energy conditions, while the abundant pyritic and carbonaceous material supports

reducing conditions (Banks and Clarke, 1987).

The lower, dark mudstone facies is less glendonitic. The tasmanite oil shale at the base
of the Woody Island Formation equivalents was depos.ited largely from algal blooms
as sea tce melted (Banks and Clarke, 1987, Domack et al., 1993).There has been
recent debate over the depositional environment of the lOWCl‘VWOOdy Island Formation
and correlates, in particular, the tasmanite oil shale (Revill er al., 1994, 1995, Domack
et al, 1993, 1995). Domack et al. (1993) interpreted the black mudstone unit,
including the tasmanite horizons, as being deposited in a deep, sub-freezing,
oxygenated, low energy environment. Revill et al. (1994) propose a shallow, sub-

freezing, dysaerobic environment of deposition.

Revill et al. (1994) argue that the abundance of terrestrial spores and 2 number of
intact, shallow marine fossils found in the mudstone in the north-east of the state are
difficult to explain using a deep water deposition model. The shallow water model
explains the absence of oil-shale from within the basin as being controlled by distance
to the palaeo-shoreline. Domack (1995) favours a deep marine environment for
tasmanite deposition. This model more easily explains the large areal extent of oil
shale over the high relief, glacial basin. In the deep water model concentration of

Tasmanites within mudstone is controlled by the flux of terrigenous sediment. The
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concentration of organic material will therefore occur in distal environments, where

biogenic flux dominates.

QOil shale has not been identified within the Woody Island Formation. As the facies in
which it appears is present throughout south-east Tasmania, it seems deposition of
tasmanite is controlled by factors other than depth. This fact would favour Domack’s
mode!l. There is however, no evidence to put depth constraints on the Woody Island
Formation. The relative lack of structures suggeét a very low energy environment,
while glendonites and occasional dropstones are evidence of near freezing water
temperatures. The formation of glendonites, pyrite and preservation of carbonaceous

material throughout the formation suggests anoxic to dysaerobic conditions.

6.3 Bundella Formation

Fossils within the Bundella Formation are indicative of an open marine shelf
environment (Clarke and Forsyth, 1989). Erratics within the formation tend to be
rounded and smaller compared to those of the basal tillite. 'I:hey can be observed
breaking bedding (TS26A), suggesting they are dropstones. Therefore, rather than
solely glacial processes, the clasts have probably undergone fluvial or beach

reworking, with final transport by fast ice (Martin, 1986).

Normally graded beds occur throughout the formation. A number of these show an
association between well-sorted coarse sandstone and brachiopod and bivalve-rich
honizons. Fossils are mostly oriented parallel to bedding and relatively intact. Martin
(1986) suggests that normally and reverse graded beds within the formation are due
predominantly to changes in terrigenous input, rather than to changes in the energy of
depositional environment resulting from fluctuating sea level. Evidence of this is in the
limited lateral extent of coarse graded units and relatively immature mineralogy;
feldspar content is usually greater than 20% (figure 7.1). It is likely that many of the

graded sandstone beds are deposits from both mechanisms as a relative rise in sea
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level will, at first, inhibit fluvial input. Likewise, a prograding shoreline will increase

the terrestrial flux of sediment.

The presence of glauconite suggests sedimentation rates were very low. A lack of
turbidite deposits suggests a gently dipping slope in a relatively calm environment.
Fossils, glendonites and sedimentary structures suggest a shallowing upwards
sequence, which begins in a cold and deep, low energy environment and grades into a
shallow, sloping, marginal marine depositional s;etting. The limestone units found
within the Bundella Formation on Bruny Island are correlates of the Eurydesma
Limestone on Woody Island (Banks et al., 1955) and probably the Darlington
Limestone on Maria Island (Banks, 1957). This unit has been interpreted as being
deposited in a cold, 'normal’ salinity, and mostly low energy environment which
allowed the formation a shell banks (Rao and Green, 1982, Brill, 1982). The units

below the limestone originate from similar, but deeper depositional environments.

The Bundella Formation is conformably overlain by freshwater sequences in the north
of the study area and unconformably by the highly fossiliferous marine sediments
further south. It represents a marine shelf environment depoéited during a marine

regression.

6.4 Faulkner Group

The Faulkner Group and its terrigenous correlates are often referred to as the "Lower
Freshwater Sequence”. The lack of marine fossils and presence of thin coal seams

would confirm its 'freshwater’ origins.

Martini and Banks (1989) conducted a detailed study of the Lower Freshwater
Sequence throughout Tasmania. Many of the facies they define are identified at Mount
Nassau (Granton 1 and Geiss Creek), as shown in figure 6.1. The proximal marine

facies (Mp) of Martini and Banks (1989) occurs in the uppermost portion of the
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Figure 6.1 Stratigraphy and facies interpretation for the Faulkner Group at Mount

Nassau. See text for discussion.

50




IR g ol
Soea 4V 4

Bundella Formation. Regression results in the Bundella Formation being overlain by
carbonaceous siltstones and a thin coal seam, having been deposited in a coastal swale
or marsh eanvironment (Cw). A tidally dominated system is indicated by flaser bedded
fine sandstone and carbonaceous mudstone of a tidal mixed flat (Sm). A near shore
swale facies (Sw) is interpreted as being represent by well sorted, carbonaceous and
bioturbated siltstone. Thinly laminated beds of well sorted silt and fine sand are
thought to represent storm layers or channel splay (Martini and Banks, 1989).
Granular and pebbly horizons are interpreted as being due to changes in terrestrial
input. A coastal floodplain facies (Cb) is evident, being dominated by well sorted,
wavy bedded fine to medium-grained sandstone and siltstone (Plate 2c). Flaser
bedding also occurs, but ripples are generally 'starved’. A well sorted, coarse grained,
lenticular sandstone unit was interpreted as a point bar of a coastal or tidal channel
(Cd, Plate 2c). The coastal floodplain deposit grades again, into nearshore swale
deposits, followed by proximal marine sediments, signifying the end of 'freshwater’

deposition and a renewed marine transgression.

Flaser bedding is interpreted as being due to tidal influence. Massive bedded,
lenticular sandstone units were interpreted as being channel lag from small tidal

channels.

6.5 Berriedale Limestone

After brief freshwater deposition, marine conditions once again became prevalent. The
calcareous, fossiliferous siltstones of the Nassau formation grade into highly
fossiliferous, impure limestone and calcareous siltstone. Meta-bentonite units testify to
distant volcanic activity. Erratics, some which break bedding planes (Pollington,
1974), faunal assemblages and oxygen isotope studies (Rao and Green, 1982)

indicate a cold water environment.
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Pollington (1974), proposes that deposition occurred in a marine gulf, mostly below
the wave base. The alternating calcareous siltstone and limestone sequences having
been attributed to changes in the flux of terrigenous material. Rao and Green (1982),

attribute this to glacialinterglacial cycles.

6.6 Deep Bay Formation

A marine transgression from the south-east resulted in an overlapping unconformity.
The Deep Bay Formation was deposited paraconformably above the Bundella
Formation, Hickman Formation, Harts Hill and Berriedale Limestones. An oscillating
low to moderate energy, near shore environment has previously been interpreted for
the Deep Bay Formation (Farmer, 1985). This is supported by faunal assemblages,
most fossils being very well preserved. Alternations between well sorted sandstone

and siltstone units is further evidence.

6.7 Minnie Point Formation

An increase in erratics is noted towards the top of the Berriedale Limestone and into
the conformably overlying Malbina and Minnie Point Formations. This may represent
increased float ice or a more proximal environment. The well sorted, coarse grained

texture of the basal sandstone units suggests the later.

The formation was deposited in a shallow marine shelf environment, which was at
first transgressive, as marked by the transition from fossil rich sandstones into poorly
fossiliferous siltstone. The transition to predominantly coarse sandstone at the top of
the formation marks a rapid regression resulting in a sand bar facies being deposited
over offshore sands (Willink, 1974}. The 'sudden’ change in lithology may be due to

the large aerial extent of the shallow environment. Any relative drop in sea level would

52



. €

cause rapid progradation of the shoreline. This unit proves o be the beginning of a

large scale regression.
6.8 Risdon Sandstone

The near-shore shelf sediments of the Malbina and Minnie Point Formations are
overlain by the Risdon Sandstone. This unit has previously been identified as an
offshore barrier bar (Ellis, 1974). It is consistently thin, usually less than 8m. Sorting
varies between locations and stratigraphically. This has been explained by a facies
variation between the aeolian influenced duncs. a high energy, shallow marine barrier
and bioturbated lagoonal sands. Well sorted, mature, cross-bedded sandstone is
characteristic of the dune facies. The submerged facies are generally poorly sorted,

with the offshore side having a less mature mineralogy.

6.9 Abels Bay Formation

Continuance of the regression resulted in the deposition of highly bioturbated lagoonal
siltstones over the Risdon Sandstone (Abels Bay and Ferntree Formations). A
proximal environment can be established for these formations due to the abundance of
lonestones, plant and woody material. Stratigraphic relationships and a low diversity
fauna also support the low energy, near shore model (Ellis, 1974). The porous
sandstone unit that occurs within the Abels Bay Formation is likely to be of the same
depositional environment as the Risdon Sandstone. Evidence of terrestrial influence
comes from the abundance of drift wood in the unit, while marine fossils are found in

siltstone both above and below the sandstone.

A large scale regressive sequence is further evidenced by the stratigraphic gradation of
near shore sediments into the Cygnet Coal Measures and overlying Trassic fluvial and

aeolian sandstones.
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Potential Reservoirs 7

7.1 Introduction

The most important reservoir characteristics are porosity and permeability. Porosity is
the percentage of total rock volume that is occupied by pore space (North, 1985).
Permeability is a factor of the rock which controls the ease at which a fluid passes
through it. It is a function of pore throat diameter and connectivity. The proportion of
total porosity through which fluid is able to flow is termed effective porosity (Selley,

1985).

This chapter examines the results of porosity and permeability determinations for

potential sandstone reservoirs of the Lower Parmeener Supergroup and also briefly

examines other possible reservoirs in south-east Tasmania. All porosity measurements

were performed by ACS Laboratories Proprietary Limited, using helium injection
methods as outlined in appendix III. Optical petrography and facies analysis (previous
chapter) is used to establish how diagenetic, metamorphic and depositional factors
influence porosity. Ideally, a scanning electron microscope would have been used to
examine clay textures and morphology in more detail, but one was not available for

use at the time of this study.

7.2 Potential reservoirs formations in Tasmania

The Lower Palaeozoic of Tasmania has several possible reservoirs, although data on
such units are scarce. The process of dolomitisation increases porosity as the

pseudomorphing of calcite results in a loss of volume of up to 12.3% (North, 1985).
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Precambrian dolomite may therefore provide both source and reservoir sediments. A
similar scenario can be envisaged for the Gordon Limestone, where a palaeokarst
topography provides a high porosity reservoir for source rocks within the same
formation (Bendall er al., 1991). Dolomitisation has also occurred locally within the

Gordon Group, thereby enhancing potential reservoir qualities.

Sandstone units within the Eldon Group are also reported to be potential reservoir
rocks for any hydrocarbons that may have been produced prior to the mid-Devonian
(Summons, 1981). The sediments of the Lower Parmeener Supergroup are
predominantly siltstones. There are however, many potential reservoir units which

will be examined in more detail.

7.3 Potential sandstone reservoirs of the Lower Parmeener

Porosity determinations were done on a number of sandstone units from the Lower

Parmeener Supergroup. The results are shown below (table 7.1).

Formation Porosity (%) Environment of Deposition
Risdon Sandstone 13.7- 14.7 barrier complex

Malbina Formation 2.1 shallow, marine shelf
Minnie Point Formation 14.1- 16.6 shallow marine shelf
Rayner Sandstone ’ 3.97 Tbasal conglomerate
Faulkner Group 12.8 coastal channel

Bundella Formation 7.4-223 shallow, marine shell

Table 7.1 Porosity of sandstone units within the Lower Parmeener Supergroup (ACS Laboratories,
1995a, 1995b, 1995¢).

North (1985) considers porosity values less than 5% to be negligible, 5-10% poor,
10-15% fair, 15-20% good and greater than 20% very good. Using this classification
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scheme, only samples from the Rayner Sandstone and the Malbina Formation have
porosity that can be considered negligible. Porosity determinations for other sandstone
units lie mostly in the fair to good range. One core sample from the Bundella

Formation (G33.9) had a porosity which could be considered very good.

7.4 The effect of depositional environment on reservoir

characteristics

Point counting is used to classify sandstone units of the Lower Parmeener Supergroup
according to sand-size mineralogy. A minimum of 250 points was counted for each

thin section. The results are shown in figure 7.1.

Key

+ Bundella Formation

o Faulkner Group

s Rayner Sandstone

° Minnie Point Formation
* Malbina Formation

® Risdon Sandstone

Figure 7.1 Ternary plot of quartz (Q), feldspar (F) and lithic (L) components of sandstone units within

the Lower Parmeener Supergroup.
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It is not surprising that the Rayner Sandstone and Malbina Formation samples exhibit
a relatively immature mineralogy compared to the more porous samples. Feldspars
breakdown relatively easily by chemical and physical weathering. Mineralogically
mature sandstones consist predominantly of quartz with very little feldspar. Sandstone
dominated by quartz, has therefore, often undergone a higher degree of reworking or
has been subject to higher energy conditions. Both of these processes are conducive to
sorting. Porosity is controlled more by sorting than by grainsize (Selley, 1985). Well
sorted fine-grained sandstones have much a much higher porosity than coarse grained,
poorly sorted sandstones. This is most evident on comparison of the highly
bioturbated and poorly sorted Rayner Sandstone and the very well sorted, channel

facies of the Faulkner Group.

The Risdon Sandstone is prominent throughout the study area, with a thickness of
usually 4m to 8m. So far, limited porosity measurements from outcrop have yielded
consistently good results. The Minnie Point/Malbina Formation is also extensive
throughout the study area, but becomes much thinner to the south. Well to moderately
sorted sandstone units occur at the base and top of the formation. Porosity varies

markedly between sandstone units, which are up to several metres in thickness.

Unlike its marine counterparts, the Faulkner Group is confined to the north of the
study area. Alluvial correlates of the freshwater sequence are extensive in the northern
portion of the Tasmania Basin (Martini and Banks, 1989). The mature mineralogy of
the channel sand facies (figure 7.1} is further evidence that the unit has been deposited
in a high energy environment. The coastal plain facies, within which, the coarse
channel sand is found, consists primarily of very well sorted, fine to mediurm-grained
sandstone. High primary porosity and permeability would therefore be expected.
Alluvial correlates of the sandstone unit in the central and northern areas of the
Tasmania Basin are also likely to be well sorted and thus have high primary porosity.
Point bar facies are often laterally extensive, while braided streams often have a high

degree of connectivity. These facies often grade or pinch-out into well consolidated
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siltstone and shale, thus providing stratigraphic traps for the accumulation of

hydrocarbons (North, 1985).

The Bundella Formation has a consistent thickness throughout the study area.
Sandstone units are usually graded and dominant in the upper and lowermost sections
of the formation. Thus far, porosity has been found to be consistently fair to good.
Fissile and non-fissile siltstone units dominate much of the lithology of the Bundella
Formation. Fissile siltstone units exhibit a regular foliation parallel to bedding and are
readily friable in outcrop. These units may therefore provide an alternative to
sandstone reservoir units. Compact siltstone beds on either side of these units may

represent potential seal rocks.

Readily identifiable potential reservoir units in the Deep Bay and Abels Bay
Formations are rare. They consists predominantly of poorly sorted, sandy siltstone,
with occasional interbedded sandstone. The 8m thick, coarse sandstone unit within the
Jericho 1 core is an exception. Porosity is expected to be similar to that of the Risdon
Sandstone. In outcrop the rock appears to be silicified, in core the cementing os not as
pronounced. The unit can recognised on the foreshore at Cygnet and, is likely to be as

extensive as the Risdon Sandstone.

7.5 Diagenesis of potential reservoirs

Risdon Sandstone

Thin section analysis of Risdon Sandstone samples (VB004, KOO8 and DO0O05)
indicates that the majority of porosity is secondary intergranular, resulting from the
dissolution of minerals or organic material (Plate 3a). Primary intergranular porosity
has been severely reduced by compaction and silica overgrowths on quartz grains.

Partial dissolution of feldspars provides secondary, inter- and intragranular porosity
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(Plate 3a). Minor secondary mouldic porosity is also evident from the dissolution

fossil material.

Several diagenetic events preclude primary porosity in the Risdon Sandstone. Silica
overgrowths on quartz grains are well developed, often growing into adjacent grains.
Many quartz-quartz grain contacts are angular, clay grain coatings are generally absent
from these boundaries. Silica cementing of the Risdon Sandstone therefore occurred
early, caused by pressure-solution at quartz-quartz grain contacts during early burial.
At first, compaction produced the sutured texture between these grain contacts.
Further burial, solution, and then re-precipitation, resulted in syntaxial silica
overgrowths that further precluded porosity. Quartz overgrowths from this second
phase of silica cementation are sometimes coated with authigenic clay, which,

perhaps inhibited further growth of silica cement.

Smectite, identified by XRD analysis (VB004), occurs predominantly around feldspar
grains, lithic clasts and immediately adjacent to grain boundaries. The clay is
therefore, mostly authigenic, resulting from the partial dissolution of feldspar grains.
Smectite can be formed from potassium feldspar by the diIuti_bn of waters with an
initially high silica activity and low K*¥/H* activity ratios (Velde, 1992). The inverse
conditions are applicable to silica cement. Therefore, it is likely that the dissolution of
feldspar was coincident with the second phase of silica precipitation. The formation of
loose packing, authigenic cement and partial dissolution of feldspar has probably
resulted in secondary porosity. Clay however, does not intrude into secondary,
macroscopic pores, suggesting that dissolution of these grains occurred after the
formation of smectite. The macropores are probably the result of decalcified fossil
casts, caused by the relatively recent weathering by meteoric water. Figure 7.2 is

summary of the diagenesis of the Risdon Sandstone.

Thin section porosity appears to be much less than measured core porosity. The
precipitation of loosely packed authigenic clays from the dissolution of feldspar has

therefore significantly increased intra- and intergranular porosity. Well developed
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silica overgrowths on tightly packed quartz grains and the lack of intrusive authigenic
clay along these grain boundaries, suggests, that while porosity for the Risdon
Sandstone is fair, permeability is probably low, having been severely degraded by the

precipitation of authigenic silica cement.

Timing: Early : Late

Silica overgrowths (pressure-welding)  e————————————

Silica overgrowths {pressure-solution) 18 E———

Feldspar dissolution 1
Smectite precipitation e ——
Decalcification —

Figure 72 The relative timing of diagenetic events affecting porosity and permeability in the Risdon

Sandstone.

Minnie Point Formation

Thin section porosity of the Minnie Point Formation is difficult to identify with an
optical microscope. Sand-size grains are typically poorly sorted and mineralogy is
relatively immature. The sandstone is matrix supported, consisting of very fine, silty,
quartz, plagioclase and feldspar. There is minor macroscopic porosity in the form of
fossil casts and remnant primary intergranular voids, but most of the latter have been
intruded by clay. No intragranular porosity can be identified. Porosity within the
Minnie Point Formation is therefore, due predominantly to the preservation of very

fine primary intergranular pores between well sorted silt grains.
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Silica overgrowths on quartz grains are rare, this may be due to the presence of clay
coatings on grain boundaries, which commonly inhibit the growth of these cements
(He and Conaghan, 1994). Many of the quartz grains that do have silica overgrowths

are probably reworked, this would explain the sporadic distribution of these features.

Fracture porosity due to microveining is evident in one sample (Plate 3b). Vein-filling
minerals have been removed and iron oxide and clay minerals line either side. The
infiltration of meteoric water has probably resultéd in the dissolution of calcite, the
introduction of iron and the weathering of adjacent feldspars and micas to clay. XRD

analysis suggests that this is kaolinite and smectite.

The grain coating clay mineral is probably chlorite or smectite. Feldspar and mica
dissolution is rare and suggests authigenic clay minerals formed from an influx of K+
rich water. The diagenetic history of the Minnie Point Formation is relatively limited, a
factor that may account for such a poorly sorted, fine grained unit having well
preserved primary porosity. The brief diagenetic history of the Minnie Point

Formation is summarised below (Figure 7.3).

Timing: Early Late
Authigenic smectile S — —
Silica (syntaxial overgrowths) S —

Veining STE—

Decalcification T —
Authigenic kaolinite —

Figure 7.3 Summary of the major diagenetic events affecting the Minnie Point Formation.
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Rayner Sandstone
The very poor porosity determined for the Rayner Sandstone is due predominantly to
its poor sorting (Plate 3c). The bioturbation of detrital clay and further compaction,
evident by slight preferential alignment of grains, has further precluded any primary
porosity. Quartz overgrowths and feldspar dissolution is very rarely observed. Low
primary porosity and permeability has inhibited the flow of diagenetic fluids and the

formation of authigenic minerals.
Faulkner Group

Most of the void space in the channel sandstone of the Faulkner Group is primary
intergranular porosity (Plate 3d). Compaction and welding of quartz grains and silica
overgrowths has precluded much of the primary intergranular porosity within this
facies. This has resulted in a severe loss of permeability and also inhibited the
mechanical intrusion of clay from these boundaries. Quartz-quartz contacts that do not
exhibit angular, interlocking cementation are usually coated with thin clay coatings.
The grain coating clays have inhibited further syntaxial growth, this is most evident
around clays that coat primary pores (Plate 3d). Thus, the precipitation of clay has
preserved some of the primary intergranular porosity of the sandstones. All

interconnecting pores that have been preserved exhibit clay coating

The fine grained component of this unit is minimal and XRD analysis was therefore
not deemed necessary. A diagenetic history is proposed as follows. The angular
nature of some pores suggest that they have resulted from the dissolution of minerals.
Some feldspar grains are highly weathered and show signs of dissolution. The facies
interpretation of this unit as a tidal channel means the unit was subject to flushing by
meteoric water and sea water, resulting in the removal of most detrital clays. Early
burial and compaction led to pressure-welding of quartz grains. Soon after, an influx
of meteoric water caused the dissolution of most feldspar grains and resulted in the

precipitation of grain coating clay. The water was also rich in silica ions, but the
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formation of syntaxial silica overgrowths was inhibited to some degree by grain
coating clays. Any feldspar that remained after deeper burial underwent some
dissolution to form minor intragranular porosity. The paragenesis of this sandstone

unit is summarised below (figure 7.4}

Timing: ) Early Late
Silica (pressure-solution) I

Silica (syntaxial overgrowths) e—

Feldspar dissolution | B S |
Authigenic clay | B S —————

Figure 7.4 Paragenesis of the Faulkner Group channel sand facies.

Bundella Formation

Vuggy porosity is observed in outcrop and in drill core in various units of the
Bundella Formation, notably the lowermost sandstone units (Plate 4a). At Mount
Nassau, several rosette shaped moulds suggest that some vugs are the result of
decalcified glendonites, however they are more commonly fossil moulds. Moulds are
generally aligned horizontally, sand grains show some preferential orientation (Plate
4b). Disseminated pyrite is often observed filling a small portion of the mouldic
porosity. Horizontal foliation is evident in the silty and clay component of the

sediments by the distribution of dark brown clay and opaque minerals.

Clay minerals do not intrude into secondary porosity. Quartz overgrowths are absent
or rare and feldspar dissolution is very limited. Grains of mica occasionally exhibit

partial dissolution. Glauconite pellets form a small portion of most samples.
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Observable porosity is thus, mouldic, with permeability seemingly controlled by

foliation associated with bedding.

As previously mentioned (chapter 6.3), the Bundella Formation was deposited on a
shallow, low energy marine shelf. The presence of pelletal glauconite, flat-lying
bryozoa and horizontal foliation associated with an opaque mineral, probably pyrite,
suggests that foliation in these rocks is caused by the laying down of sea-weed fronds
which hosted the bryozoa. The precipitation of sulphides occurred by the reduction of
organic material during very early burial. In outcrop, these units are apparent as
fissile, fenestellid-rich, siltstone and sandstone. Pyrite has done little to affect

porosity.

Deeper burial resulted in decarboxylation and the dissolution of remaining organic
matter. This occurred only after early cementation, as evidenced by the lack of
mechanically intruded clay within the secondary pores. A decarboxylation process is
preferential to meteoric decalcification because of the lack of shallow forming
diagenetic minerals (for example, kaolinite) found in the deeper core samples, also,
calcareous unit conformably overly the vuggy intervals. Outcrop and shallow core

samples, have however, had porosity enhanced by late stage decalcification.

Metamorphic induced porosity is also discounted. Porosity is usually considerably
reduced by hydrothermal activity (Einsele et al., 1980). The presence of impermeable,
interbedded siltstone units, which also exhibit decarbonation, would prevent vertical
fluid flow. Also, no evidence of vertical fluid flow was observed in thin section, most
sediments of the Bundella Formation appear to have preferential horizontal

permeability as indicated by laminated and fissile siltstone.

Quartz overgrowth and feldspar dissolution is rare and has probably been inhibited by

the compaction of detrital clay and the silt matrix.

XRD analysis (appendix II) reveals the presence of a small percentage of kaolinite

(<5%), this however, was only in a shallow core sample (G33.9), and not observed
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at deeper intervals. In thin section, partial dissolution of mica grains can be observed.
Kaolinite is therefore  late diagenetic product resulting from the dissolution of mica
by meteoric waters. A summary of the paragenesis of the Bundella Formation is

illustrated in figure 7.5.

Timing: Early Late

Pyrite Am—

Glauconite EEREE——
Compaction/cementation R ——
Decarboxylation 19 EE——————

Kaolinite

b ]
Decalcification S

Figure 7.5 Paragenesis of sandstone in the Bundella Formation.

7.6 The effect of metamorphism on potential reservoir

characteristics

Diagenesis usually results in a decrease in both porosity and permeability. Burial, due
to the effects of time, temperature and compaction, therefore, reduces reservoir
quality. Thus, porosity usually decreases markedly with depth. However, a plot of
depth against measured core porosity for Shittim 1 show an inverse relationship

(Figure 7.6)

This is not what would be expected, taking into account only depositional
environment and diagenesis. Within the Shittim | and Jericho 1 DDHs, primary
textural features are largely obscured by contact metamorphism. Primary and

diagenetic minerals are altered to skarn and pyroxene homfels mineral assemblages. It
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is therefore, the alteration of primary and diagenetic minerals by contact
metamorphism that has resulted in the reduction of porosity in relation to proximity to
a dolerite sill. Figure 7.6 is best interpreted as a cross-plot of porosity versus distance

from thick dolerite sill.
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Figure 7.6 Cross-plot of porosity against depth for sandstone units of the Bundella Formation.

Shittim 1, Bruny Island

Contact metamorphism has changed primary and diagenetic mineralogy and textures
throughout the Lower Parmeener Supergroup. The process of metamorphic
recrystallisation generally has the effect of increasing grain size and thereby infilling
pores. As the data indicates (figure 7.6), the detrimental effect on porosity is most
pronounced in proximity to the intrusion. Metamorphic grain-size generally increases
towards the intrusion, this region experiences the highest temperatures over the
greatest time and therefore, crystallisation is relatively slow, aliowing more

pronounced crystal growth.
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Figure 7.7 Cross-plot of horizontal permeability in sandstone units of the Bundella Formation against

distance from a thick dolerite sill. Data from Shittim 1, Bruny Island.

While contact metamorphism has a detrimental effect on porosity, the reduction in
permeability is even more severe. A cross-plot of horizontal permeability agdinst
distance from the igneous intrusion in Shittim ! clearly demonstrates an exponential
decrease in permeability in proximity to the sill. In thin section, the effect of
metamorphic alteration is most evident by the interlocking growth of minerals in
secondary pores, for example, the formation of wollastonite 'needles’ within fossil
moulds has not only reduced porosity, but almost totally destroyed permeability (Plate

4c).

After cooling, metamorphic minerals that rim voids may prevent further reduction in
porosity due to compaction or diagenesis (Plate 4c¢). Permeability is, however,
unlikely to be changed, the detrimental effects of metamorphism on reservoir

properties can therefore, for all practical purposes, be considered irreversible.
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7.7 Fracture porosity and permeability

Fractures, where not filled by hydrothermal or diagenetic minerals may provide
significant porosity. Most commonly however, the importance of fractures is
associated with permeability (North, 1985). Faults and fractures may provide fluid
pathways for petroleum to'migrate from source sediments to reservoir rocks, they may
also enable hydrocarbons to escape from reservoirs to the surface. Petroleum seeps in
the Tasmania Basin have been associated with faults, lineaments and earthquakes

(Bendall et al., 1991).

The Woody Island Formation and Truro Tillite are often observed to be highly
fractured in outcrop (for example, at Cygnet). It has previously been suggested that
these fractured units are potential reservoirs (Bendall, 1990). The Woody Island
Formation and Bundella Formation and highly fractured in the Shittim 1 core. Brittle
fractures within the Bundella Formation are sub-vertical and typically unsealed,
although carbonate and pyrite filling is not uncommon. In the Bruny Island, Shittim 1
core, the Woody Island Formation is highly brecciated in places. Occasionally the
breccias are well consolidated, exhibiting a fine siltstone-mudstone matrix with clasts
of angular siltstone. More often, brecciated siltstone is poorly consolidated and is
readily friable on weathering. Both the consolidated and unconsolidated breccia are

probably associated with faulting.

Plate 4d is a photomicrograph of a consolidated breccia within the Woody Island
Formation from the Shittim 1 core. A high degree of porosity (>10%]} is exhibited by
loosely packed clay minerals. Pores are well connected, thus permeability is also
good. Fault breccias and fractures may therefore have been the conduit for the gas

recorded in the Shittim 1 drill hole.
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7.8 Comparison to Australian reservoirs

In order to put the results of reservorr analysis into context with producing petroleum

provinces, a brief comparison is required.

Basins ranked by
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Figure 7.8 Comparison of reservoir charactenistics of producing Australian oil and gas fields with

potential reservoirs of the Bundella Formation {modified from Miyazaki, 1989).

Porosity and permeability data from the Bundella Formation of Tasmania compares
favourably to other onshore Australian oil and gas fields (figure &.1). Characteristics
most closely match reservoirs of the Permian, Cooper Basin in South Australia and
the overlying Eromanga Basin of South Australia and Queensland. The Cooper Basin
and Tasmania basin share many characteristics, so the similarities in reservoir

parameters is not surprising.
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Figure 7.9 Stratigraphic relationships in the Cooper Basin (Apak et al., 1993)

The lowermost units exhibit the most similarities in facies. As in the Tasmania Basin,
glacial sediments are overlain by a fluvial sequence. The Tirrawarra Sandstone of the
Cooper Basin was deposited in a braided stream environment (Apak ef al., 1993).
Fine to medium-grained sandstone is interbedded with channel conglomerates, minor
shales and coal. It is the primary Permian oil reservoir in the basin. The facies of the
Tirrawarra Sandstone is similar to that of the "Lower Freshwater Sequence” of
Tasmania, particularly further north from the study area where the intertidal sequences
of the Faulkner Group grade into wholly freshwater sediments (Martini and Banks,

1989).

Average porosity in the Tirrawarra Sandstone is 13%, very comparable to 12.8%
observed in the channel sandstone of the Faulkner Group. The similarities in porosity
are likely to be due to similar depositional environments and diagenesis. The main
porosity precluding event in both formations is silica cementing, first by compaction

and then further overgrowth due to solution (Wild, 1986). In both formations
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porosity has been enhanced by the dissolution of labile grains. The similarities in
depositional environments and porosity demonstrates the importance of environmental
setting and diagenesis on reservoir characteristics. The aim of this comparison
however, was merely to show that reservoir qualities of the Tasmania Basin sediments

are similar to those of developed petroleum provinces.
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The results of thermal modelling indicate that the sediments of the Lower Parmeener
Supergroup, particularly those of the Woody Island Formation and the Truro Tillite,
are likely to lie within or close to the base of the oil window. Whether these sediments
have generated hydrocarbons will depend on the type and amount of organic carbon
within the sediments and the depth of burial at various locations. This is a factor of
Parmeener Supergroup thickness and post-Triassic cover. The most favourable
regions for generation of hydrocarbons from the lowermost units of the Parmeener
Supergroup are those that have undergone the deepest burial. That is, the deepest
locations of the palaeo-Tasmania Basin, coupled with a maximum thickness of
Cenozoic overburden, the later may be found within graben centres. Hydrocarbons
are not likely to have been generated from the Lower Parmeener Supergroup until late
in the basin history, therefore, potential reservoir and seal rocks of the Permian would

have already been emplaced and may have trapped oil or gas.

Considering the Gordon Limestone as a source rock for petroleum, the locations of
deepest burtal are likely to have resulted in premature maturation and consequently, in
the loss of hydrocarbons at the surface. It is very likely that the Gordon Limestone has
passed into the oil and gas windows and generated petroleum at some stage, given
suitable source rock potential. Within the oil and gas windows, the results of thermal
modelling for the base of the Gordon Limestone using maximum and minimum
geothermal scenarios gave similar results for the timing of potential hydrocarbon
generation. This indicates that burial depth has been more important in determining the
thermal maturity of the Gordon Limestone than prevailing geothermal gradients. This

is not true of the Woody Island Formation, where geothermal history is the dominant
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factor due to much shallower burial depths. Rapid burial prior to high mid-Devonian
heat flow is not conducive to the preservation of hydrocarbons. Potential Ordovician
source rocks are most likely to be generating hydrocarbons where burial has not been
extreme. This may include a large area of southern Tasmania as the pre-Parmeener
Supergroup geology is relatively unknown. The migration of gas up-dip from the
west, or via fractures in siltstone and tillite below, from an Ordovician (or other)

source is one explanation for the gas encountered in Shittim 1.

The intrusion of dolerite has a number of implications for petroleum generation. Any
hydrocarbons that have been generated and trapped prior to the igneous intrusion will
be destroyed to a distance within approximately one third of the sill thickness. Cooling
of a large igneous intrusion heats the sediments in which it is hosted. After a period of
time, geothermal gradients will decrease, previously immature sediments may be
heated for prolonged periods at temperatures within the oil and gas windows. Within
the Parmeener Supergroup, this mechanism is most likely to produce gas from
organic-rich rocks. This process may have been responsible for the generation of gas
discovered in Shittim 1. Heating from igneous intrusions has enhanced hydrocarbon
generation in known producing oil and gas fields. The heating of host sediments and
additional burial due to thick dolerite intrusions may therefore, be a significant factor
in enhancing the thermal maturity in marginally mature potential source rocks of the

Lower Parmeener Supergroup.

Several potential reservoirs are available in the Lower Parmeener Supergroup, they
include the sandstone units of the Bundella Formation, Faulkner Group, Minnie Point
Formation, Risdon Sandstone and possibly the Abels Bay Formation. Porosity for
these units varies from fair to good. Depositional environment is the main control on
primary porosity. High energy environments are conducive to sorting and therefore
offer the prime conditions for primary intergranular porosity. Locally, metamorphism

has had severe effects on primary porosity and permeability. Increasing grain size and
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interlocking textures have resulted in a decrease in porosity and severe loss of

permeability.

Diagenesis of potential sandstone reservoirs has also significantly reduced primary
porosity. Silica solution and precipitation has had the most detrimental affect. The
formation of authigenic clay by the dissolution of feldspar or influx of water has
created minimal intragranular porosity. More important than this, is the degree to
which authigenic clay has inhibited silica cementing. The process of decarboxylation
has significantly increased mouldic porosity in the Bundella Formation.
Decalcification by meteoric waters has only recently enhanced the porosity of most
potential reservoir units that appear in outcrop. Some fracture porosity is evident in the
sandstone units, although it is more significant in the Woody Island Siltstone, which

has little primary porosity.

Reservoir characteristics and diagenesis of sandstone units in the Parmeener
Supergroup are not unlike that of other known petroleum producing provinces.
Permian glacio-marine sandstones have similar porosity and permeability to Permian
sandstones of the Coopers Basin, South Australia. Therefore, with potential source
rocks identified, potential reservoirs available, and a suitable thermal history, there is

every reason to believe that onshore Tasmania is prospective for petroleum.

Identifying structures and traps beneath thick dolerite sills has proved troublesome.
Therefore good stratigraphic control is needed to recognise subsurface structure. To
further validate thermal models, maturity measurements are needed from various
localities and stratigraphic levels. Models may then be further refined in order to
identify regions of mature source rocks. Data on porosity and permeability of potential
reservoirs could be much expanded so that regional, stratigraphic and diagenetic
trends can be distinguished. In summary, the data so far presented is encouraging.

Further exploration and study can only add to the geologic database.
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APPENDIX I: Detailed stratigraphic logs
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APPENDIX II: XRD results
TASMANIA DEVELOPMENT AND RESOURCES

Industry Safety and Mines Divislon

Client: T. Woods

Sample Location: Bruny Island
Analysia: Approximale Mineralogy
Method: X-Ray Diffraction

Reasulls (approx wt %}

Sampie >60r% 40-50% 25-40% 15-25% 10-15% 5-10% <59

b Quartz Pyroxene Laumonitite, Plagioclase, Calcite Apophyllite

16b Quaitz Laumontile, Smectila. Chlorile, K-Faldspar Plagioclase, Cakite, Mica, Stilbile
23a Quanz Plagioclase, Laumontile Smactie_ K-Feidspar, Pyle, Chionte, Mica, Caicile
26a Wollasionite Pyroxene Plagiaclase Prahnite, Quartz, 7

32a Cuarz Calcite Prahnile Smaeaciite Epidote

b Cuanz Smechls Prehnite, Calcile K-Faldspar/Pyroxens, 7Epkiole
37a Cuarlz Chlarite Plagioclase K-Feldspar. Smactite Mica

43a Quanz Mica, Plagioclasa, Chlorie Smaeclite K-Fekispar. Stilbile, 7Pyrite, 7Prehnite
4pa Quanz Mica, Chigrile Plagioclase Calkcile

Gy g Quanz Plagiociase, K-Faeldspar Kaalinite Mica, Pyrile, 7Gypsum
vBDO4 Quanz Smeclite K-Feldspar

VBDOE Quanz Plagioclasa K-Feldspar Smectite, Kaolinile

wWio1 8 Chlorile Mica Quartz Plagiociase

Minerals present in traca amounts may nol be detectsad.
Peak overlap may interfere with identifications {e.g. in low concentrations, Pyroxene and K-Feldspar are hard 1o distinguish).

A1 h‘fwﬁ’%/ :z

Analysl: R.N. ‘Woolley
Dala: 29 Novamber 1995
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APPENDIX III: Method of porosity and permeability determination

SAMPLING
Due to the size (47 mm diameter) of the cors, it was sampled as follows:

A Whole core sections were trimmed and run in the whale core
apparatus to determine helium injection porosity and vertical
permeability.

B. One inch {1") core plugs were then cut {with water) to run horizontal
permeabilly measurements.

C. Al cora and plugs were trimmed and offcuts retained. The offcuts are
held in the Brisbans laboratory for viewing and possible selection of
petrology/palaeontology samples.

The core was sampled and analysed as follows:

1. SAMPLE EXTRACTION AND DRYING
Under UV light thera was no visible fluorescence and therefore no extraction.

All plugs were dried in a controlled humidity environment at 63°C and 40%
relative humidity. The plugs were stored in an airtight plastic container and
allowed to cool to room temperature before analysis.

2. AIR PERMEABILITY

Air permeability was determined on the 1" plugs (horizontal) and whole core
(vertical). The plugs are placed in a Hassler cell at a confining pressure of
250 psig (1720 kpa). This pressure is used o prevent bypassing of air
around the sample when the measurement is made,

During the measurement a known air pressure is applied to the upstream
face of the sample, creating a flow of air through the sample. Permeability for
each sample is then calculated using Darcy's Law through knowledge of the
upstream pressure and flow rate during the test, the viscosity of air and the
plug dimensions.

002-218 Bruny lstand ACS Laborstories Pry. Lid.
ACN: 008 273 00S
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3. HELIUM INJECTION POROSITY

The helium injection porosity of the whole core sections was determined as
follows. The samples were sealed in a matrix cup and a known volume of
Helium at 100 psi reference pressure introduced to the cup. From the
resultant pressure the unknown volume i.e. the grain volume was calculated
using Boyles law, where P,V,=P;V;

The bulk volume of the samples was determined by mercury immersion. The
difference between the grain volume and the bulk volume is the pore volume
and from this the porosity is calculated as the volume percentage of pore
space with respect to the bulk volume. The porosity calculated using this
technique is an effective porosity.

4. APPARENT GRAIN DENSITY

The apparent grain density is determined by dividing the weight of the sample
by the grain volume determined from the helium injection porosity
measurement.

The core plugs used in routine core analysis are currently stored with ACS
Laboratories Pty Ltd in our Brisbane laboratory. The whole core remnants and
offcuts are held pending further instructions.

We have enjoyed working-for Great Southland Minerals on this project and look
forward to working with you in the near future.

END OF REPORT

002-218 Bruny Island ACS Laboratories Pty. Lid.
ACN: 008 273 005
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Great Southland Minerals Pty Ltd

ACN 068 650 386

Oil and Gas Prospectivity of the
Tasmanian Basin

A Progress Report

Hydrocarbon Prospectivity

Great Southland Minerals' 1995 stratigraphic drilling program on North Bruny Island
has confirmed that the Tasmanian Basin is a valid and prospective province for the
exploration of commercial oil and gas.
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Great Southland Minerals Pty Lid
Corporate Directory
Directors
Dr Gordon Michael Wise Director Chairman
Mr tan McNeil McCormick Director Deputy Chairman
Dr Clive Francis Burrett Director Chief Geologist
Mr Malcolim Roy Bendall Direclor Special Projects
Mr Davic Bendall Director
Mr Jason Slol Managing Direclor
Mr David Michael Wise Direclour
Company Secretary Jason Slot
Business & Postal Address 24 Jackson Sl Glenorchy
Registered Office PC Box 101, Glenorchy Tasmania 7010
. Tel (6102) 723 044 Fax (6102) 730 284
Accountants Garily Hurd & Parlners, 110 Hampden Road
Battery Poinl Tasmania 7004
Independent Consultant Geologist Mutlready Consuilanls
Level 25 Challenge Tower, 452 Collins Streel
Melboune, Vicloria 3000
Independent Solicitor Jennings & Elliolt

1 Brooke Slreel Hobar, Tasmania 7000

Letter from the Chairman

| am pleased lo advise you of developments and proyress of the Company during 1995 and in
particutar the results from recent drilting in our tenemen! EL 1/88 on Norh Bruny Island. The
following report is further, an introduction to the struclure and objeclives ol Great Southiar
Minerals Ply Ltd which is aclively exploring for commercial oil and gas in south eastern Tasmania.

The inaugural ineeling of the Cammpany was held al Faulkner House, Weniworth Slreet South

Hobart on 1st July 1995. A board strong in cormmercial, administrative and technical experience
was appoinled al the meeting.

The table below lists the issued share capilal of the Company at the time of writing this repor.

As it is our objective to become a successiul vil and gas exploration and develepment Company we
are, accordingly, cumnmitted to funding and promuting hydrocarbon exploration in the Slate.

Cuirently Greal Southland Minerals Ply Lid is the operator of EL1/88, EL9/95 and EL21/95,

manages a drilling program in these tenements and has an exploration team to support a wider
basin study program in the Slale.

Yours faithiuily,

Great Suuthland Minerals Ply Lid

Guidon Wise
Chairman Director

Page 2
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Great Southland Minerais Ply L

Locatio__n of the Tenements

The company holds 100% of EL 1788 comgiising 3500 kin”
which is located in the Dengend Valley  Fhe ¢ :unpany has

Applied 1or o extension to the e of this licenes, which is
flue to expite in December 1995,

Two iher lonement applicalions, also hekd 100% by e
Company, are EL. 9/95 and EL 21195, The Tasimanian
Depattinent of Mines has ieconumended these applicalions
be yranted o Great Southiand Minmals Ply Lid. These
exploration licences cover aboul 60% of the Fasnkinian
Basin,

The schedule below lisls e stalus and the Company's

interestin these [enements af the dale of printiog his 1eport.

Schedule of Tenements

$i

/\il‘d E||||rly Anniv Stitus
ki’ ale
Granted
EL/168 annn 100% IG5 Exlension
apylied
for.
Recommended for Approval
9/an R¥ALY 100% Giranted
for 6 years
21/95 GQo0 100% Grantet)
lor 6 years
W - — - -
t.--rn..u ' R ---‘n—rl --"I-n-; 'nu:n.-r
| . FARW
' u--.. “'_ pans e '
\b Laaiale LLA
4 ‘ i lﬁ N (
{ -t .-_ 3
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Map of Tasmania shiowing Exploration Licences and iajor popalation
cenlres mud highways.

1995 Drilling Program
Bruny Island

A shatigraphic hole was planned
in EL 1/88 dwing November of
1994, The well plan contained a
aontingency 1o be used in the
everl hydioeathons or abnormat
piessiie . weie  encountered
downhole.

HQ cote thilling below a precollar
set al BUm counmenced in March
and proceeded o 181m. NQ
coring Iollowed 1 88Bm and
finally a BQ core stiing run inside
ihe NQ rods diilled 1o a depth of
1021 4m hefore drilling
operalions weie suspended on 14
July 1995,

The Company has now installed
Blow Out  Prevenlion safely
equipment to conlrol increaing
levels of hydrocarbon gases that
have been entering he hola.

Diilling to dale has provided
encowraging  resulls  for  the
Company,

A lithology descriplion and a
staligiaphy for this area of the
basin lias been prepared by our
Company geoloyist. Hydrocarbon
gases recorded while drilling
have also been sampled and
described by two laboralories.

Purosily and permeability
analysis, maturation and source
rock studies carried out on core
obtained at Shillim #1 have
enhanced  subsianlially the
piospeclivity of the tenements
buw uoperaled by or unde
applicalion lo Gieal Southland
Minerals Ply Ltd.

LimoLocy Loa

Come  has been gpoved ol
localion to a sloinge area apwl
logged by the  Company
neoivgist. A lithology log  and
interpreled shaligraphy for this
seclion is inchrled on page 6 of
this progress repoil,
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Great Southland Minerals Pty Ltd

History of Hydrocarbon
Exploration in Tasmania

The Goverrunent geologist W.H, Twelveliees teported
unconfinned hydrocarbon seeps and hiluminous resilnes in
the Mines Departtiment Circutar Mo, 2 of 1917 titled The
Search for Pelroleun in Tasmania.

There has been sporadic explotation tor oil awd gas in the
slate since 1915 Some samples cullected during this time
were held in collections at the Hobail and Launceston
Musewns. Past conliiutors o Whe history of the search are
listed bejow.

Tasmanian Oil Wells Comnpany 1915
Port Davey Minesal and Qi Prospecting 1915
Syndicale

The Asphailum Glance and Qil Syidicate 1915
The Biuni Oil Coimpany 1916
The Tasiman Oil Camipany 1921
The Mersey Vailey Qil Company 1922
The Adelaide Oif Explination Company 1922
The Tasmianian Oil Company 1929
The Auslial Oil Drilling Syndiicate 1936
Produceis Oilwell Supjlies 1939
Nudec Pty Ltd 1965
EZ Company Ply Lid 1965
BHP Limled 1940
Conga Qil Pty td 1684
Greal Soullitand Minerals Pty Lid 1995

Conlinuing exploration in the Tasimanian Basin, afler BHP
Lid in 1980, has been, v a gieat extenl, (e 1esull vl a
prisistance o the part of Mr Malcolim Bendall who has
promoted and reported all operations canied out since 1984

Atull and recent accoum of the Geuvlogy of Tasmania may
be found in C.F. Burrell & E. Martin, Genfogy and Mineral
Resources of Tasniania. GSA (1989) and in Recent
Developments in Exploration for O it Tasmania, MR
Bendall, J K. Volkiman, D.E. Leaman, C.F. Buitell, APEA
Jouinal 1991

Matunarnon Stuoes

Vittinite reflectance and fosil
poten studies (palynology) have
shown core sampled belween
855 to 883in in the Woody Island
Formation {o indicale the shale
has been heated above 300;C.
This heating event precludes the
possibilily  of  hydrocarbops
having originated locally from
shales of this Jormation.

Ponrosity Ano  PeErRMEABILITY
Conre ANaLysis
Although  heal has mela-

morphosed the sands and shales
at this location in the basin four
samples taken between 787m
and B11m were forwarded for
porasily as well as horizontal
permeability analysis.

The porosities ranged from 7.4 to
11.9% while herizonlal
permeabilities ranged from 6.8 to
9.0 millidarcies. These readings
are considered fair in oil
teservoirs. The Couper Basin
fluvial sandstunie reservoir poro-
silies, for example, range from 5
to 12% with corresponding
produclion rates of 100 lo 600
Lbls of il per day.

ManIFESTATIONS oF COMBUSTIBLE
Hvorocanaon Gases

Combuslible gas vapours were
first detected while drilling in
open hole above the dolerile.
The first gas show recorded at
the location occured shortly after
a hol wire was inslalled while
coring below 904m. At 907m the
chart recorder drove to a peak
reading of 58 gas units which was
22 unils above a steady gas
Lackyground in the interval,

Twao lollowing cores to 8910 and
813m  recorded 20  upils
backyround generaled as
cuttings gas and it was not until
944m Ihat a further show above
100 units was noled.

==
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Greal Southiand Minetals Py Lid

The mastiecent tepat on the basin is Pevanian Cefrolear
Pulential Onshore Tasnmnia, 1992, which was also compiled
by M. Birndah

Somr pas! seismic dala hias revoaled stiuciiees hopeall the
pre-Connin o meonformily and there is o need of o wider
SPISHHC suveying pragam in the basin bo syppoit imther
stiativraphic difing

Source for Hydrocarbons

Owes 200 hislorieal hydioenbon seeps il shows lowe heen
recordedin e Tasmanian Mines Department aichives and
mctuade L, "hilmnens”, oil and gas. Soepages have berp
repotled mainly after emthquakes. Tas sloned in (e
Launcoslon Museam hivve heen stigliod geochrmicnlly along
with sammples collected Tionn Yhe tiokl. 1heas shidios hve
identition al least frne maltee gils. The e sevmal
prabable hythocaibon sowces in the Tasmania Basin.
Geochemical compaisons of senps show that e mnsl
prolilic souree has been the Otdovician Gardon Limestone,
Ratios of C27.C28:C29 sleranes are idenlical helween seeps
on Biumy Island and the Gordon Limestlone and the
predominance of C27 steranes and e abundant dinsleranes
in Tasmanian hilumens suggests A widesperemd alga and
clay-tich stee vock,

Conadanls codouy idicates thal nneh of Wie Gordon
Limeslone, panticulauly in cential and sonthern Tasgmania, js
in the oil aned gas windows. This liinestone is oxpecied Lo

undetly Perminn and Tiiassic sediments in imnch of the
Tasianian Iwnsin,

Qe sasneaes jne:loee 3 Porian Quamby Muddstones,
"Freshwaley Sequence”™ el the Preolenna Coal Mensines.

I all thiree iock units e total organic carbn may 1each
25%. Viliinite jellectanee dala and fossil pollen coloms show

{ad these semiee tocks are within 1he oil window over lage
areas of Lhe [asin

Reservoirs

Potential ieseyvairs are wilhin tha Siluro - Devondian
sanislones ol the Elilon amd Tiger Rapnge ionps, with
pataeakatst amd reets of the Godon Limestone and within
sanddstones of the Peanian Bundella Ponnalion, Fantknm
Group and Liffey Sandstone. Measued pagosilies in the
Faulkiter and Lilfey e 13% and 127% iespadtively, whilst
olher Penmian sandslones in EL 2195 have poiosjling
average 167 and ranging vp to A86 millidsicies hoizontal
prnesthilily

Nage §

The hole conlinued 1o produce
Myh swab and bottoms up gas
after each riy shul down while
thifling to 1021m. At this depth a
100 show was 1ecorded while the
iesultant swaly gas yeneratesd
recoveling Whis core reached 250
units. The recorded shows are
helieved to emaunale from high

angle Iracture porosily noted in
the cone,

Curninegs Gas

Cullings gas is 1eleased from
inck  cattings  as  lhey  aie
displaced from lhe bit to the
swinee. The dischaiged gas
oduced a hackground record of
5 to 30 yas units duding diilling.

Ghas SHows

The first yas show recorded al
the focation occurred alter the
holwire was inslalled while coring
below 904m. At 907in the chait
recurder trove to a peak readiny
of 58 gas units which was 22
unils above  a  steady gas
backgrownd being recorded in the
interval,

Eiaht  sebsequent shows  are
recorded g the mad log. The
highrest show was 254 unils A}
988in,

The recorded gas shows are
helieved! lo emanale fram high-
angle hactre poiosily noled in
the cote.

Swnan Gas

Swab gas is produced retrieving
ihe hney cuore harrel aflter a
cing wun. The wireline retrieves
the coute lube lo suiface inside
the drill red and swabs the bottom
hole like a pump piston. The
proceduwe {(afller every 3 or 6m of
coring) swabs-in formalion gas
Irom e bottom of the hole.
When the barel is pinped back
o batbom the nand with swals gns
refurs Ao and discharges at the
surlaee.




Great Southland Minerals Pty Lid

Seals

Goud seat sedquences mie loumd throughout the Penmian-
Triassic sedimenlary seyuence. The Jurassic duletite sills

also make ellective cap rocks,

Traps

Conventional anliclinal and fault taps will he expecled in the
pre-Peimian Palaeozoic while yenlle waiping of the Permian
sediimments has produced domal sttuctures. Both pre- and
post-Pennian faulling was extensive and may he expected lo
have protduced many suilable stiuclural iaps.

The hiyhest swab gas recorded
peaked al 360 unils while
recovering care from 102141,

# HBorioms Ur Gas

Mud down the hole is frequently
charged wilh gas from the
formalion i the hole is lefl
;

uncircwlaled for any lenglh of
time. Circulating after the hole
has heen lefll overnight produced

peaks up lo 390 gas unils at
1021m

Gas Apnrarsis

Samples of peak gas collected in
glass conlainers or syringes were
forwarded to Amdel and the
Ceniral Science Laboratory al

the Universily of Tasmania for
GCMS analysis.

The gas samples contain
methane and ethane in an
approximate  ratio  of 4:1.
Significant concentrations of the
salurated hydrocarbons Propane
{C3) lu hexane (C6) have also
been detected in these samples.

S ——

et

tsopach map {in inelres) of enly Permian stoata

Seeps and coastal tais in e Tastmanian Basln
T=Tars
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Great Southland Minerals Pty Ltd viov 11
Shittim #1, North Bruny Istand, Well Log
Well name Shillirn #1 Lat 220 QOON
Localion Nih Bruny Is Long 533 000E
Slale Tasmauia Elevalion 25 m ASL
Operator Gieal Southland Mineials  |Rig Langyear 44
Supervisor - Spuif Dale Novernber 94
Projecled Depth 1250 m
Hole Data
Interval Deplh Rl on D Wit Hole Rod
m i IR ky/m L/m L/t
Conductor 6 ail 150 polypipe
Conducior BU ar 100 pulypipe
Surface casing 181 HQ 89.0 778 11.45 7.248 4754
Intertmediate 808 NQ 70.0 60.3 7.58 4500 | 2850
1K m —= ——
Formation || il
sunss o IR
{580 m thich)
.
Bundalin .:’.:’.:'.:'::’i:;
Formmntion |- pevons
correiate |- sAamisfonrs |
ey I phus shaies -
Hotwlia Gaa Detactor
Woaody Intand n 50 100 200 200 ioial pas urfte
Foumnatlon
cormrelate I
Mud wi
{Ro/gal)
| e
so0 — —— & 504 m, 20 June 95
=T BACI2 @ 832.5m
Teuro Tillite T
S
S
, S
nmom — —_— _15

L}

Lo
—L
-— o)

1021.4m, 12 July 85
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Great Southland Minerals Pty Ltd

Exploration Strategy

LRI B
SRR IS S

Thick sedilmentary seguences conlaining severat sources and with several sealed and stacked
reservoir largels are anticipaled in all lhiree licence areas. The Company is lo review all exisling
geophysical data including aeroimagnetics, marine and land seismics and gravily, A siraligraphle
dritling program is planned that will include bolh shaliow (lo 1200m) and deep (lo 2500m) holes.

Triassic
sandstones

Bundella Fin

Quamby Fm

Tiger Ra. Gp

Gordon Gp I

dolerite seal

sandstone

reservoirs

1 shale source
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sandstone
reservoir

_ reef reservoir

.carbonate
- lsource

Sualigraphic reservoirs plus, seals and sauees in central part of
Tasmanian Basin with siinpllied slructure,
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APPENDIX 4

REPORT ON THE SIGNIFICANCE OF THE SHITTIM NO 1
STRATIGRAPHIC CORE HOLE E/L 1/88 NORTH BRUNY TASMANIA AS
AT SEPTEMBER 5TH 1993.

BY JACK MULREADY.

SEPTEMBER 1995

(INDEPENDENT CONSULTANT)
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MurpEADY CoNSULTING SERVICES PTY LTD

C S A.C.N. 007 0419 pa9 Incorporated In Victorla

The Alrlum, Level 5, 459 Collins Street Melbourne Victorla 3000
Postal GPO Box 427 G Maibourna 3001

v Phione (03) 629 1575 Facsimlle (03) 629 1624 A/H (03) B4g 2760 Mabile 018 032678

September 14, 1995

The Directors

Grent Seuthern Mineradls Pry Limited
24 Jackson Street

Glenorchy

Tasmanla 7010

Dear Sirs,

At your reguest | have prepared the following report regarding the significance of recent
driling at Great Southern Minerals’ ShittimB1 well, North Bruny [sland.

On Monday September 4+th | met with Dr Clive Burrett, Chlef Geologist for Great
Southern Minerals In Hobart. Extensive discusslons regarding the results of the well and
recent developments with respect to the ongoing exploration of EL1/ 38 followed.

On the morning of Tuesdoy September 5th | Inspected the Shittim#l core at Dr.
Burrett's home before leaving to Inspect the rig site at Bruny lsland In the company of
Malcolm Bendall. | returned to Melbourne on Wednesday September Gth. '

Dr. Burrett has kindly made avallable the references listed at the end of the
cccompamying report. In preparing this report | have drawn on my own knowledge of the
hlstory of exploration in ELV/88 and its predecessor EL22/84, the references ched
herein, and discusslons with G5 staff and contractors.

Yours truly
NS ¥ I P S

Jack N. Mulready

B.Sc., Fell. Dip. Management RMIT
MGSA MPESA

AAFG Certlifled Petroleum Gecloglst #5321

Pelroleurn Exploralion Planning & Management, Pennil Valualions, Basin Sludies, Prospacl & Permil Evaluallons
Raserve Eslimales, Ecunotnic Evalualion, Pelioleurn Exploration & Development Geology, Wellsite Supervision




REPORT ON THE SIGNIFICANCE OF THE SHITTIM NO 1
STRATIGRAPHIC CORCHOLE, EL1/88
NORTH BRUNY ISLAND, TASMANIA

AS AT SEPTEMBER 5TH 1995.

PREPARLED FOR GREAT SOUTHERN MINERALS N.L.
BY
MULREADY CONSULTING SERVICLES PTY LTD
Seplember 14, 1995.
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SUMMARY OF THE SIGNIFICANCE OF THE RESULTS OF SHITTIM#1
The results of drilling thus far at Shittim#l are significant in the following respects.

1. It has established the effectivencss of the dolerite seal in this portion of the
Tasmania Basin..

2. It has established the presence of fair quality reservoir sandstones at Druny
Island.

3. It has established the presence of gaseous hydrocarbons in this reservoir, thus
indirectly confirming the significance of the Johnson's well seep results of the
1930's.

4. It has raised the possibility of a hydrocarbon-trap at Bruny, possibly
stratigraphic in nature, and the results of Johnson’s well and the presence of
C4+ gas fractions suggest that an oil leg may not be an impossibility.

. Just as importantly it provides further encouragement for continuing the
exploration effort on the Main Island, and raises the possibility of attracting
additional risk funds for expenditure on Tasmanian onshore plays.

It is certainly true that GSM have adopted an innovative approacliin attempting to
further their exploration endeavours in EL1/88. In the circumstances this has been
almost unavoidable. In this context the surprising results of Shittim#1 thus far
provide encouragement for further exploration on Bruny Isl., and hopefully,
(particularly if supported by quantitative well test data), will provide the technical
and financial incentive required to fund the more expensive drilling required to

evaluate the main plays located within the depocentre of the Tasmania basin.

o

o



A
M
[N

INTRODUCTION

Great Southern Minerpls Pty Bimited ("GSM”) now hold three pelroleum
exploration licences within the Tasmania Basin. 'The oldest of these is EL1/88, which
includes much of the deposilional centre of the basin, (generally defined by the
valley of the Derwent River), as well as the estuary of the Derwent River, parts of
Storm Bay and Frederick Bay, North Brony Istoud and parts of South Bruny Island,
(refer ligure 1).

Exploration activity carly this cenlury was focused on shallow plays dictated largely
by the distribution of seeps. A notable result was the recovery of oil and gasina
shallow sandstone reservoir al Johnson's well on North Bruny Island in the 1930's.
Whilst in retrospect much of this activity can be scen lo have been misguided, due
to lack of understanding of the requircients for pelroleum generalion and
entrapment, exploration was, (and continues Lo be), severely hampered by the wide
distribution of substantial dolerite sills throughout the Tasimania Basio.

EXPLORATION STRATEGY

Modern exploration in Tasmania has been concentrated largely within the offshore
Bass Basin with winor activity in ihe offshore Sorrell Basin, Gnshore exploration

within Tasmania has tacpely Tanguished foe two dominant reasons.

A perceived lack of mature source rocks, based largely on samples of
Parmeener Supergroup samples, in parlicular the Tasmanite oil shale which
although very ricl in algal material has lacked sufficient maturity for oil or
gas generalion where sampled. (Nole, however, the absence of samples from
the Basin depocentre due to the absence of well control at the depths required.
Also note that a recent paper on analysis of samples of the Tasmanite oil shale

at Nouglas River indicates that it is vear Uw oif window at that location - see
Revill et al. in reference).

The formidable problem of attempling, to image horizons below the dolerite
cover.

Alter being grauted petroleum exploration licences in the Tasmania Basin in
the mid 1980's Couga Qil atlempled to address both these problems as follows

(a) Lack of mature source rocks
Studies of conodont colour maturation indices (Burrett) had suggested
that the widely distributed Ordovician carbonates (Gordon Limestone)
conld provide a viable allevmative oil source rock which in many parls
of Tasnania would be within the oil &/or gas generalion window.
Conga Qil expended vonziderable offort sampling both the Gordon
River Limestone and the widespread oil seeps recorded v Tasmanis,

Chd
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Some success in relatings Gordon Limestone source o seeps has been
achieved, but the separale issue of whether Gurdon Limestone karst or
fracturing could provide adequate reservoir remains to be resolved.
Similarly the question of the ullimale potential of the Tasmanite oil
shale section awaits apypraisal by drilling to deptls of >2500 m. in the
vicinity of the Tasmania basin depocentre.

Seismic imaging of structure beneath the dolerite

Recopnising Wie need Lo be able to map sub-dolerite structure Conga
(irstly attempted to oxtend the gravily and magne,ics data bases in lhe
Tasman Basin. Whilslt this has helped in delining regional trends and
lineations, the lack of subsurface control and the limitations of the
method ilsell have limited the usefulness of these lechniques for the
purpose of identifying potential hydrocarbon traps.

Despile carlier discouraping resulls onshore Tasmania, Conga elected
o altempl acquisition ol additional data both on the Main Island and
North Bruny Island in the vicinily of Johnson's seep. Additional data
was acquired offshore in Slorm Bay atilising AGSOYs Rig Seismiic
vessel. lu general it iay be said that the resulls have proved deeply
disappointing. Certainly the poor quality of these records means that
none of the sections would be regarded as adequate for the purpose of
identifying and mapping a petrolewm trap.

The problem faced by the current permit holders (GSM) is how to
advance their exploration programmie in the absence of useful scisinie,

this being the most commonly accepled crilerion for prospect
definition.

As Toreshadowed in my report of 1987 and Questa’s report of 1991 Lhece
is an alternative, high risk option available, namely stratigraphic
drilling designed to answer questions related to stratigraphy, reservoir

quality and structure. This is essentially the logic behind the drilling of
the Shittim#! well,
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Shittim#] -Wcll

[ have reviewed the results of the well 1o date with Dr Clive Burrelt, and also bricfly
examined the core from this well. The Jdrilling resulls are summarised in figure 2.

Shiltim#t well is located on North Bruny Island, several hundred metres to the cast
of Julmson's well. 'The well was designed o resolve the question of the nature of
basement at Bruny Island, in particular whether the Gordon Limestone section is
present at depth, as well as providing stratigraphic/petrophysical informaltion on
possible migration paths, reservoirs and seals, (reler Leaman, D. “Prognosis for a
well, North Bruny Is1.”)

The well spudded in November 1994, and at the lime of my vi.il (3/9/95) was shut
in waiting on cement, having reached a depth of 1021.4 m. The operator, Great
Southland Minerals, were in the process of checking oul equipment prior to
installing a BOIP stack, following, flows of gas encoantered in the well.

The imporlant tesults W dale are as (ollows:

1. The dalerite thickiness is preater than expected (580m), suggesling the
possibility that the [ocation is close 1o a feeder.

The Bundella For equivalent sandstones possess porosity and permeability of
reservoir qualily for production of gas and possibly also for vil (marginal).
Results of core analysis from Shitlimitl cores were as follows:

787 m, porosily 7.4%,  horizontal permeability 0.07 mdarcy.
803.5 m, poresily 8.0%, horizontal permeability 0.96 mdarcy.
BU5 m, porosity 11.9%, horizontal permeability 6.8 mdaccy.
8L1 i, porosity 11.4%, horizonlal permmeability 9.0 mdarcy.

From my inspection of the core [ suspect that this porosity may be secondary,
but this matter should shortly be resolved as 1 understand GSM are
submitting samples for petrological analysis,

The Woody Island equivalent shales exhibit high vilrinile reflectance (of
urder 3.7) showing they are over matuee for sourcing of both oil & gas.

4, Sands of the Bundelia Um equivalent and the ‘Truro Tillite have both yielded
significant gas shows. A gas detector was installed at a depth of ca. 8380 . The
continuing Hows of pas into e borchole have necessitated weighling up of
the dvilling Toid amd finally cessation of drilting to enable BOIs to be
installed. T am also informed thal gas shows were encountered near the base
of the dolerite, presumably associaled with fractures. No quaatitative dala is
available Tor These shows.



The pas deteclor equipment on site does not include a chromatograph at this -
stage, bul analysis of sminples has been undertaken al AMDIEL. Considerable
air contamination is noted, presamably due o the inadequacy of on site
sampling facilities, but the analysis does indicate the pas has fractions up to Cy
and hipgher,

5. Pressure data is gqualitative al this stage, bul Tam informed that dritling fluid
weights in excess of 9.5 1b/gal. have been requived o contain gas production
from the well. This is supgestive of over-pressuring

CONCLUSIONS:

Several conclusions can be drawn feom the driffing results thus far.

1.

e

Reservoir quality sands exist within the Bundella eguivalent sandslones al
Bruny Island North, Sampling of outerop of time equivalents of these sads
elsewhere in Tasimania has yickled porosity values of 12.8% (Mt Nassau

Fautllkener Gp.) and up to [9.9% porosity and 386 mdarcy (Poatine & vicinily,

Nth tasmania). If this porosity proves (o be secondary it opens up the
passibility of a widespread bt unprediclable distribution of reservoir in

sediments whiclhe may have heen ignored as potential targels 1o date.
Seal.

It has heen demonstealed That the dolesite is capable of acling as an effective

seal. Varialions in its thickness would appear (o be difficult o predict with
any degree of accuracy.

Generatian & Migralion of ilydeocarbous .

The Woody Tin correlate al Bruny is over- mature for sourcing. It can
therefore e concluded that the hydrocarbons encountered in the Bundella
equivalent sands are hosting hydrocarbons which have migrated into the
formation, presumably front dowan-dip (o the west. The source of these

hydrocarbons is yel to be established. The most likely migration path at this
stage is the pre-Termian unconformily.

Pressure data, although gualitative, suggesls thal the gas veservoir/s are over

pressured, ‘This is signilicant in hal it vaises the possibility of a sizeable
colomn of gas, possibly locatod ina stratigraphic taap.



COMMENTS:

Shittim#1 has raised as many questions as it has answered, but must certainly be
viewed as a most encouraging result so far. Unfortunately GSM are now faced with
the problem of attempting to drill and evaluate a well originally designed as a
stratigraphic core-hole. The well has first to be drilled to basement, (assuming casing
integrity is established), and it would be most desirable if at all possible to firstly run
electric logs and then drill-stemn test at least the Bundella equivalent sands at around
810 m. The availablity of logging tools for such small diameter hole within Australia
may present an insurmountable problem, especially as it will also be necessary to
first remove stuck rods from this part of the hole. The value of a sustained drill
stem test should not be underestimaled, however. The choking effect of such a
small hole may restrict the size of the flow but the pressure and fluid recovery
which may be anticipated would be of immense value in attempting to assess the
importance of the results of Shittimf1.
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Conodont geothermometry in Palacozoic carbonate rocks of
Tasmania and its economic implications

P BURRETT

Geology Department, University of Tasmania. Hobart, Tusmania 7001, Australia.

Conedonl codonr adteration index (CAD values lion Fady (o Middle Palacoroie marine carbonale rocks of the West
Tasmania Terrmie anpe from LS o R Hlighest CAT vilnes ate {fonnd in hornlels adjacent 1o a Jurassic dalerite
trusicow. CALod S indivate lemperatures of J00-380°C aml are found cither adjacent tw Jurassic dolcrite intrusions or
i an arcuate bell around 1he west and northwest of the island vinsming the Precambrian rocks of the Tyennan and
Rocky Cape regiens. CAT valoes of 1.5 aee found in the soathwest ol the state aml values of 2 are connmon in centraf
southern asimanin,

Low vitrinite rellectines values fooam the oncomloroabdy avebying Late Carbeniferous-Late Triassic "armeener
Supcigrowp, sogpest that the major heat inpot imo the conodouts was in the Late DC\'UIIiﬂI'I—Early Carboniferous
aszoriated with regiomal mettnorphisme and the widespremd intrusions of granitoids,

Fhigh CALvalnes are notadne to thick overbuden as these are vesy unlikely in many pacts of Tasmania 401s prabable
that bigh heat flow pecnnred i many areas of aoithwest Tasorimia in the Late Devonian and that these arcas are
prospective Lo ivibothermal ore depuosies

Lo CAL (LS 3 in somthwest ancd coentel Tasmana suggest that, o Garden Group carbonale rocks are present at

depth, they are in the oil and gas windows and oy lave, o may be, geneiing vil and gas.

Rey words: conodopts, Devowinn, gas,  metamorphism,  Oclovician, vres, petrolenm,
h L |

Tnsmanin.

INTRODUCTION

During the 1970s Harris and others found that the
colour variation s conadonts could be related pri-
marily to metamorphic temperature (Epstein ¢f of.
1977, Harris 1979y, Conodonts from unmetamor-
phosed cavbonate rocks are amber in colour with
white matter in the denticles, whereas conodonts
from metamorphosed carbonate scquences arc
darker and often black. The colour change is pro-
gressive and irreversibe, Epsteineral (1977 estab-
lished a “Colour Alteration Index” (CAL seale from
I to 3, which was later extended to 8 (Flarcis 1979,
Rejebian er al. 1987). They experimentally repro-
duced the colours Tound in fickl samples mind sug-
gested the following values Tor cach CAL 1= 50-
80°C; 1.5=50-90"C; 2=60- 1407 3=110-2007C";
4=190-300°C:  5—300-480°C, 6—=360-550"C"
6.5=440-610°C, 7=490-720°C and K> 6000C.
This ts a uselul geothermometer that overlaps with
the well established palvnomorph thermal alier-
ation index at low tewperatures, and the well
known mincral anlices of nretamorphism at high
temperatures (Ovaalanova & Petrosyants 1984).
The temperature assignments have been verilied in
several stadies (Avmstrong & Strens 187 Kovaes
& Arkai T987) and the method applicd (o basinat
studies vn scveral continents (Bergstrom 198:
Legall er of 1USTD Aldridpe 1984, T9R0; Ban &

Fabberaliberan  Orogeny,

Wang 1984: Nicoll & Gorter 1984; Nowlan &
Barnes 1987, Qendordl ef af. 1988).

METIIODS
!

Conodonts have been obtained from almost all
wajur outeruops of Ordovictan (Gordon Group) to
Early Devonian (Eldon Group) marine carbonate
scquences in the West Tasmania Terrane. Speci-
wens were compared with standard samples pre-
pared, using the techniyue of Epstein et al. (1977)
from CAl | conodonts obtained from uameta-
morphused Australian and American Palaeozoic
carthonale rocks.

RESULTS

Since no appreciable differences in CAl values
{(Tauble {. Fig. 1) were found between the tops and
the bases ol the thick {up to 1800 m) limestone piles
anly one CAY value has been used Tor each location.
Ontly three samples from Devonian carbonate units
viclded conudonts and these have been plotied.
Their inclusion makes no difference to the contour-
ing. The CAl value of 7 is found in a wolias-
tonite-divpside-epidote hornfels adjacent to a Jur-
assic dolerite at Lake Sydney {(Currey 1983) in
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Table | Localities referred toin the text with conodont colour alteration indices (CAL) ages and grid reforences.
Mo on
Locality Fig. | Civid vell oAl Age and unit
Andrew River } CIF 4o by 5 M.Ord., Gordon Up -
Bubs 1l 2 CP 9RS 0| S M.-L.Ord., Gordon Gp Ji
Clande Creck 1 1) 203068 5 M.Ord.. Gordon Gp
Duck Creck + CPARETa b M.-L.Ord., Gordon Gp
Eugenana s 1)) 422349 5 M.Ord.. Gordon Gp
Everlasting Vhills H DI 200153 4 M.-L.Ord., Gurdon Gp
Florentine Valley 7 1IN SH08M0 1 M.-L.COrd., Gardon Gp
Flowery Crally i ) K481 5 M.Urd., Gordon Gp
Franklin River 9 N RO 5 M.Ord.. Gordon Gp
Gunns Plains 10 U vnad 5 M.-L.Ord., Gordon Gp
Huskisson Svncline | CIP 65R741} 5 M.-L.Ord.. Gordon Gp
Isle 1 Giolle 12 JIN 618755 ] M.-L.Ord., Gordon Gp
Judds Cavern 13 DN GG LGT 4 M.Ord., Gordon Gp
Lake Syduey 14 DN 6R 2064 6 L.Ord.-E.Sil., Eldon?Gordon Gps
Licna 15 {* 5unun 5 M.-L.Ord., Gordon Gp
Loongina 14 ey 120150 5 M- LOrd, Gordon Gp
Lower Gowdon River 17 (N ULIRGS h 1.Si.-E.Dev, Eldon Gp
Lower Gordon River 1R CN 5 M.-1L.Ord., Gordun Gp
Lune River/Ida Bay 19 (RIS SN RRY R M~L.Ovd,, Gordon Gp
Melrose/Paloonn M IRIPNIRRL 5 M.Od, Gordon Gp
Mering 21 it 22007 5 M. Grd., Gondon Gp
Mule Creck Aiea L 1Y S05am) 5 M.-L.Ord., Gordon Gp
Olga River 21 N Do 5 M.-1.Ohd., Gordon Gp
Picton Wiver L PN 730000 1 M.-L.Ord., Gordon Gp
Point Ceeil 25 [N AT RTR 3 M.-L.Ord., Gordon Gp
Paint Filibs 26 N 575404 1-5 M.Ord.-M.Devonian
Precipitous Blull’ 27 DM 677880 5 M_-L.Owd.. Gordon Gp
Queenstown 28 CT" ROGF00) 5 M.~L.Ord., Gordon Gp
Ratlon 29 (R NI 5 MLOrdL, Gurdon Gp
Salisbury River n 1K1 HROMGY 5 ML —L.Ord., Gordon Gp
Sophia River M CP o7 5 M.-L.Ord., Gordon Gp
Surpnise Ny a2 XM 716730 3 M.—-L.Ozd., Gordon Gp |
Vale of Beivoir i M) 0760110 5 M.-L.Ord.. Gordon Gp a’
Vanishing Fatls 3 DM 704954 1.5-2 M.-L.Ord., Gordon Gp " ,
Wilson River a5 CP pdnlad 5 M.-L.Ord., Gordon Gp .-
Zechan 6 CPaiinld S M.-L.Ord.. Gordon Gp )

southwest Tasmania. CAl 5§ values are commaon in
western amd northwestern “Fasmania and lorm an
arcuale belt Tollowing the outcrop of the Farly
Palacozoic rocks around the Precambrian meta-
morphic units in the Tyeonnan region. CAL values
decrease 1o the cast with values of 2 1o 3 in central
southern FTasmania and the lowest values (1.5-2)
are found in the south at Vanishing Falls. High
vatues (5) are found at Precipitous Blulf,

INTERPRETATION

CAT@ valuesare the result of the total heat inpud into
the conodont element. A briel pulse of high heat
input may have the same ellect as lower heat input

vver much longer periods of time. As Tasinania has
been subjected to many heating cvents that variced
in intensity, longevity and geographic distribution
{Williams 1989). caution is clearly necessary in the
interpretation of the CAl isograds.

In the Appalachians, Epstein ef al. (1977) sug-
gested that ‘depth of burial and the attendant
increase in temperature is the dominant factor” in
controlling CAL I this i1s true in Tasmania, then
post-Middle Devonian overburdens of 10 km
would have to be postulated in areas such as western
‘Tasmania where CAl of 5 are common in Late
Ordovician-Early Devonian linmiestone deposits.
This appears highly unlikely, as the unconforimably
overlying Late Carbonilerous to Late Triassic Par-
meener Supergroup rarcly exceeds | km in thick-
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Fig. 1

Contaurs deawn on CAL values obtained liom conadois from the Gordon Group (Ordovician; O) and from

Eldon Grotp and correlitive Siluro-Devonian oo bemate omiis (<3, M is the eastern limit of the Tamar Mobile Belt of
Leaman and Richacdsoun (L9997 which defines the nonpin of the West Tasmania Terrane and includes the Tamar

Fracture System of Williams (1989). The ponthwestern aren ol Precambrian rocks is the Rocky Cape Region and the
central area is the Tvennan Region. Conodont Tocaditics are histed in Table 1.

ness and is usually mueh thinner (Claurke & Forsyth
1989) and the vounger rocks such as the Jurassic
dolerite and Tertiary sedimnentary deposits are niost
unlikely to have exceeded another Y km (Everard o
Turner & Calver J987). This conclusion is sup-
ported by the low 1 values lrom e Penmo-1oas-
SiC seguenee.

Therefore, if depth of burial is insufficient to ac-
counl for the high CAl values, then high heat flow
hias (o be postulated for Tasmania in post-Early
Devonian times, The conodonts may have been
licated in the Devonian-Early Carboniferous by
regional metamorphism and granitoid intrusions
(McClenaghan  1989), in the Jurassic by the

149
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intrusion ol Luge volumes o doleritic miggman
(Carey 1976): i the Cretaceous by continenlal rilt-
ing and local syemitic intrusions (Sharples &
Klootwijk 1981 and in the Tertiary by widespremd
Filting and Dhasaltic voleanism (Sutherlind 1989),

Although there was sullicient heatilow during the
Cretaceous to reset the ‘solt” magnetisin in Pal-
aeuzoic sequences (Sharples & Kiootwijk 1981),
this could have been of relatively low inlensity il
distributed over 10 Ma. Except very close to doler-
ite, vitrigite rellectance values from the Pareener
Supergroup (Nanks e af. 1989) are commonly in the
range .5-0.6 (i.c. CAl 1) and suggest that post-
Middie Carbonilerous heating was ol low inten-
sily,

Fis therelore probabte that the ogor heat input
into the conodonts wis in the Devonian and assoct-
ated with the widespread regional metmunorphism
and intrusion of pranoid from the Bitelian 1o
the Early Carbonilerons, [here is good correlation
of low AL values with the deepest Tevels
of pranile as determined from graviny data (ol
Richardson 1989, Other estimaies ol the ivtensily
of Devonin regional metamorphism in western
Tasmaniin ave in good agreement with the CAl
values in thisstudy. Forinstance, Hall (19903, using
the six  component  chlonte  geothermometer-
geobaromeler of Walshe (1986), estimalted temper-
atures of 31030 with an average of 328°C, and
Coreen (EOR2Y estimated temperatures irom 350-
400°C. These data agree well with the nearby black
{(CAL=35) conodonts thal suggest  lemperatures
between 300748070, CAL values of 3 [rom Surprise
Bay on the sonth coastare not supported by vitrinite
reflectance equivalents of 115 (CAl=2) calculated
from the organic geochemistry ol carbonate sam-
ples {Volkman 1988) but are supported by rellec-
tance vitllues on graptolites (AL C, Cook pers, comm,
199U) Trom the saome locality average 2.17 ora CAl
of 3 (Bertrand 1994).

Channel samples from the Early Devonmian Poim
Hibbs Limestone {on the remote west coast ol Tas-
mantia, collected Dy T Conkin in the carly 1960s)
yielded a mixture of liow CAl Devontan conodonts
and high CAl Ordovician  conodonts. Burretl
(1984) processed Conkin's samples and interpreted
this mixing as indicating metumorphism, vphift and
redeposition of the conodonts as elasts within the
Point Tibbs [imestone i the Proapian. However,
follow-up work by Carey and Berry (19R8) showed
that the channel sioples ied heen collected acrossa
scrics ol lose anple thinst Bthis that hronght o-
gether Ordovicin (Gordon Grouph amd [ revenian
(Point Hibbsy carbopate nimits. Botlvearbowate units
contain a varety ol logh (Syand low {23 CAT values,
Conodonts Trome the dolamie than bl the theust

€T
e

¢

planes have the characteristic pitted texture indica-
tive of hydrothermal alteration (Rejebian ef al.
1987),

The data from western Tasmania suggest that
metamorphic temperalures ol over 300°C were
comnon in the Ordovician limestone and that later
DPevonian thrusting brought slices of varicd meta-
morphic grade into coniact. This later Devonian
thrusting is important through all of Tasmania
(Bendall ef al. 1991). Subsequently, hydrothermal
alteration oceurred along thrust planes.

An lmportant cor :lusion is that very high heat
How was develuped during the Tabberabberan Oro-
peny. The palacogeothermal gradient at the time of
the Devonian granitoid imtrusion is dillicult to
assess becawvse the amount ol overburden is hard Lo
estinate and the duration of high heat Mow associ-
ated with the intrusions may have been between
1-100 Ma. CAl of 5 (the muost common value in
western Tasmania) may be achieved at 370°C in
TO00 years or at 300°C in 50 Ma (Rejebian ef af.
1987). This lutter temperature, il present at a depth
ol 4 km, sugpests a geothermal gradient of 7.5°C
per LG m during the Tabberabberan Orogeny, or
double that of normal modern continental gradients

(=< 3°C per 100 m according to van Orstrand
1951).

ECONOMIC IMPLICATIONS

The zone of maximum generation of oil in a sedi-
ment lics between CAL 1.5 and CAl 2. Thus, out-
cropping Ordovician limestone in south and central
Tasmania has reached the oil window and in the
subsucrface, may be expected to be generating oil,
assuming sullicient total organic carbon content.
Arcas wilh CAl 2-3 arc in the gas window. Work by
M. Bendall of Conga Qil Ltd and J. Yolkman of
CSIRO has shown that some of the numerous
hydrocarbon sceps and shows (> 260) that have
been recorded in the last 100 years in Tasmania
have geochemical signatures remarkably similar to
those of the Ordovician Gordon Group carbonate
(Volkman 1988} It is possible that, if suitable res-
ervoirs, such as palacokarst, exist at depth cither in
or adjacent to Gordon Group limestone with low
CAl values, then oil and gas may be prescent in com-
mercial quantities,

The extension of areas with high CAl values be-
yond Lhe known extent of granite intrusions may
suppeest arens of hydrothermal activity and indicate
regional prospectivity for mineral deposits, which
may be uscful. not only cconomically, but in re-
giomal land use assessments (Baillie & Burrelt
19901 A search for hydrothermally altered cono-
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donis should be pseful in detecting ore deposits in
areas ol bath high and low CAL values. Phesy dis-
tribution might even be used to reconstruct palago-
convection cells in minerahized tercains,

CONCLUSLONS

Conodant CAL isograds Trom Early to Middle 'al-
acozoiv crbonate unils provide 3 pomd indication
ol vanations in palacoheat flow m Tasimania. The
major heat input is interpeeted as being Devonian,
assaciated with the intrusion of granite and with
regional metamorplusm during the Tabberabberin
Orogeny. Regional metamorphism in western and
northwestern Tasmania was just above 300°C and
was due to high heal Nlow rather than o depth of
burial. Thrusting during the Tabberabberan Ovo-
geny has brought logether thrust shices wilh very
diflerent CAL

Hydrothermally altered conmbonts should e
scarched (o and may provide evidence of palavo-
hydrothermal svslems,

Aveas with fow CAL (1.5-2.5) in central and
southern Tasman ave i the oif and gas windows,
are assoviated with hydrocarbon seeps and are pro-
spective lor ail and gas,
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Abstract—This study represents the Brst geologicat and organic genchemical investigation of samples of
tasmanite mil shale representing ditlerent thermal maturities rom three separate locations in Tasmania,
Australia. The most abundant aliphatic hvdrocarbon in e imasuure oif shale from Latrobwe is a C,,
tricyelie alkane, whereus in the more matwe samples from Qonah and Douglas River low molecular
weight a-alkanes dominate the extractable hvdrocarbon disteibution. The aromatic hyvdrocarbons ase
predominantly derivatives of trivyelic compounds, with 1.2 8-inmethylphenanthrene increasing in relative
abundance with increasiog inatwcidv, Geologicnd and peochemical evidence suggests 1hat the sediments
were deposiled ina marine envitonment uf bigh Liitude with associated cold waters and seasonal sea-
e, {1 is proposed 1l the organisim contibwting the bulk o the kerogen, Tasianies, oecupicd an
environmental miche similar o that ol modern seasice distoms siwd that blooms conditions coupled with
physical isolation Irom stmospheric CO, led to the distinctive “isotopically henvy™ 8''C values (= 13.5%
to —11.7%) Tor the kerogen. 8''C data from modern sea-ice dintoms (=72} suppons this hypothesis,
leotapic analysis of s-alkanes in the hitmen { -13.5 10 ~317) supgest a multiple source rom bactena
and alegae, On the other hand, the sealkanes generated Trom closed-system pyralysis of the kerogen (—15%)
wre mnnnly derived Troan the preserved Tavruines biopolymer algaenan, The tricyclic compounds (mean
=R both i the Ditumen amd pyroly<ae, have s comimon peecwisor, They are consistently enriched in
"'C compared with the kerogen amd probably have a dillerent source from the realkanes. The identitication
afa location wheie the maturity of the tasmanmite oil shale approaches the “oil window™ raises the possibility

that it may be a viable petredenm souree 1ok,

INTRODECTION

THE O, PROSPECEINVITY of onshore Tasimania has long been
prabiematcal lnterest i the possibliny of hinding oi) has
been stimulated by repreated reprants of Bitumen stcindings
on western and southern beaches since the late 19 century
(TwrLYEIRFES, 190 7). [his interest has continued, despite
the fact that these coastad bitucnens are now thanght ter arise
from Mesozoic or Cainozoie olfshore sediments that e
poorly represented onshore (Vorssian et al, 1992 There
have been. however, tumerous reports over the last century
of oil-seeps onshore (eNpALL et al (991), sugeesting the
posaibility that older onshore rocks may also be a souee of
petroleum, Central o much of thas interest has been the or-
ganic-rich tzsmamite nil shvale Gsulseguenty relcrred 1o simiply
as “tasnuntte” or “oil shale”y wineh ocenrs particubuly iy
the north-west ol the state (Fie T Ianies etal, (193 2 reponied
that the il shale was retorted 10 liberate ndrocahons as
early as 1910, and this carried on aptil the 19 30s, prodoecing
ahout 113 megalities of sluile ol

The tusmanite acems s a distinctive band sy in the
Quamby Mudstane. The stratigraphy of Late Palavozoie sed-
iments in Tasmania has been the centie of much research
interest (see €1 arkE and Faisien, 1976 O spwg. 1989)
due to the difficulty of applvne the twarm wauer Isiseedd in.

S Present didioa RO
Queenslaml ad vusad

Faplamgo, MY Bow T Shinn,

kLT E

ternutignally accepted biostravigraphic divisions 1o the cold
water environment of Tasmania at this time. Because of this
ditliculty, the more approprate Rekunmian Series has been
proposed (CLarkE amd Banks, 1975 CLARKE and FARMER,
19761 witls a subdivision, the Tamarian stage. within which
i the Quamby Mudstone (Fig. 2). That part of the Quamby
Munistune contuining the oi! shale has consistently yielded
stage I microfloras (TRRUswELL, [978) and a Faunal Zone 1
macroliuna (Fig. 23 CLARKE and BANKS. 1975), The age has
been given as cither Early Permian (FOSTER and WATER-
Houst. 1988) or Late Carbonilerous (CLARKLE, 1992 ic. a
little wlde- or a linde younger than 290 my HP, laken as the
el the beginning of the Permian by HarRLAND et al., [9%0).

The anly lithological distinction between the oil shale and
surrounding mudstone is that the lormer contains abundant
aleal remains, These are dominated by the unicellular alga
Pensnranutes punctatis [NEW 10N LTE75)] whose biolugical af-
fimitics have been suggested to lie with the exiant green alga
Pachvsphinera pelugiea [OS1ENFELL {T899)] (WaLL. 1962).
taitially, the tasmanite was thought to have been Jdeposited
in an eatsnsive laike (MILLIGAN, TRS2), hul the discovery of
nuuine fussils (GonLd, 1861) precluded this. Recent work
has suggested a nearshore marine origin (BaNks, 1962: CaL-
vir et o, 1984) with the vil shale representing a period of
whzth blooms (CaLviER et al., 1984, CLARKE. 19891, This hy-
pothesis is further suppotted by omparison ol the known
veenrrence of tasinanie with the inlerred palacogeography
ol Lasmama dunng the early Tumarnan (BANKS and CLARKE.
9T i, 30,
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There has been much discussion about the correet no-
menclature for the abundam microfossils found 1 the tas-
manite (sec WaLL, 19625, The term spore has been used (SI-
MONEIT and BuruInGamE. 1973), while studies of some

MIGRO- | iNVERT] LAg -
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b F reahwatae [Marysy Chiy
Bads
J
I z
Speeyton
G gpane Beds
TAMARIAN
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FiG. 2. Conrelation chart for the lower (Carlwniferous and Permian)
sections of he Parmeener Supergroup for Laniobe and Dowglas River
(adapted from Banxs and CLarkE, 19R7), Sst ~ Sandsione. CMs
= Conl Measure Formation.

menlern prasinophycean genera (Pac/isphaera, Halosphaera,
and rerosperma) have shown that the asexual reproductive
cvele comasts of 2 phycoma (eyst) and a motile stage (PARKE
and HARTOG-ADAMS, 1965. Parkr, 1966: PARKE et al..
1978y, Guy-OnLson (1988) idemiified various developmental
stages of Tusinanites in the Jurassic of Sweden and concluded
that the fossil cysts were phycomata. Recent studies (BoaLcH
and Gy -ONLSoN, 1992; Guy-0Q1Lson and BOALCH. 1992)
have indicated that the morphology of fossil Tasmanites ace
sullicient!y close 10 some rarely found living specimens off
Puchyapiiacra that the genus Tasmanites suffices for both.
Tarpan (1980) indicates that the term phycoma describes
the non-mauotile stage specific 1o prasinophytes and therefaore,

Fie;. 3. Suggested paleopeography of Tasmania during the Early
T awmarian stage. Dashed lincs = isppachs, numbers = thicknesses in
metres, T ~ occurrence of lasmaniie oil shale. O = land arzas, O

= arcas of unknown geography. (Adapted from BANKS and CLARKE,
1987
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Iable i. Examples of oil shale clvaraciericticn at (hunab,

| ower beif.

| .mwer hett -

 Middis hed - Upper bed -

e e s ey seam €r scani _]_JMELgyﬂ__E;ltx_cr seam
“Thickne<e of pib <habe () oo 0.3-0.7 naR.nrv (2420 28
1l walled - lick walleld fnssils In] fH5 1 Ity Sl
*a Matiix AR " A4 AR R 74 8
"a lonssile AL 161 kP 54
®s Spherical Mossis =02 01 2 LX)
"= ytite (iamboids L 20 43 37
®s Nou-frammbaidal pyrite 13 ~0.2 “012 0.2
*e Vitlinite ns 02 IR n/d
*» lilongare hurrows 1.2 6 1.1 Vo
o (nher® 1.9 15.5 [P 151

* Preduminantly clay and silt

n/d — et detected

Pereentapes are finin puim counts using appraximately 300 data pointe

In the sample Jrom Datrobe, sibea-flilled burnioaws sue less
prevalent and smaller than in the sediments from Qunah,
The oit shade at this site exhibits large-seale Iensing as well as
the siall-scale lensing noted above. This suggests a {loctuating
envirenment, and e ail shale mgintains a constant thickness
possibly indicating an almost flm sea Hoor.

Within the core taken from Doughlas River. two beds of
oil shale cin be recopnised Degwern 20 and 32105 m{t arvirg
el al., 1984) The lower Bed exbibats a fossil nrorphebogy very
similar 1o that from Latrobe. The upper bed has a thin (20
em thick} hasal conglomernte which fines upward< into the
oil slade. Sinlar sinabl-seale sinctimes 1o those in the smiple
from Latobe can be observed and the top of the shale is
characterised by lame structuies. The oil shale is overlain
by a thin [ining upwards scquence (ca. 50 cm thick) com-
mencitg with conplomernte. Dispeersed Tasnranites are ob.
served in The silt at the wopood the segquenee.

Bulk Parameters

Bulk parameters are given in Table 2, The sunples from
Qonah represent i span (e the wpper dspaniie seam o
below the lower scam.

Total organic carbon {TOC) cancenstrations are consistently
greater in the immature sunple Hom Latiobe aind the more
mature Douplas River sample than in that of itermediate
thermal maturity Trern Qomah glable 20, There appears Lo
be no direct correlation berween onganic carbon content and
sulphur concentration in the Oonah sedimenis, excep pos-
sibly in the upper scam (Fig. 51 The majority of sulphur is
framboidal {Tabkle 1) with the greawest concentration coin-
ciding with the fosstl-tich sedimenis, In the sample tom 1 a-
trobe, pyrite is prescit in lower concentrations than ot Oonah
and appears 1o be proportionad 1o the TOC conent (g 5).
Despite having the lowest maturitv, the relative amoont of
extractable organic midier in the §atrobe matenal is e theee
fimes that of the other sunples, This probably ellects a pen.
eralty higher fussil concentration in these sumples, with some
being almost 74'% Tasmannes

Total extraciable organic mater contiimed fram S67 hy-
drocarbons in the Latrobe sample W 957 hydiocarbons in
the lower shale seam al Gonaly; the remainder being atuibuted
to polar material (Table 2).

The lugh 1diogen Tndes {11 of the Latrobe, Uonah,
uprper sein and Douglas Riser ssinples (Table 23 ctassify the
Keropen as comaiming hydiogen-rich Type [ organic matter
Chissor and Wep TE TY84) wherein over 70% of tie organic

Fre: 3t Moesi! Tusmranies illed with pyrite from Qoeah (dr-
mneler — e (S mm) (b Dropsione in tasnanite shale from Ouonaiy.

MNese fusse the stane breaks the hettdang of the shale. tmagnification
= >,
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Hydbroearhon mamagkers in oil shaies of Tasinania

to use this description would wdicate an accepianee that
Tasmanites puncraius, found in Tasmanian tasmanite, is the
equivaient of a modern prasinophyte. To avoid any taxo.
nomic inference, the shundant microlossils in these samples
will be referred 1o as Tusingnites or simply fossils. Although
known to range [rom the Cambrian (54() da) to present,
Tasmanites and related forms occur in high concentrations
only in the tasmanite deposits of Tasmania (Permian) and
Alaska (Jurassic) with other less abundant ogeurrences in the
Sahara and Brazil {AQUING NETO et al., 1992).

The lossils were spheroidal, but become disc shaped with
sediment compaction, ranging in size from <t). | to >0.6 mn
in diameter. The wall of the Tossil is formed of two o three
Inyers, with the vuter layer ragely preséoved. T he middie Tayer
forms the bulk of the wall, the inner layer being thin and
fibrous {KAaNISLER, 198,

The algai origin for the tasmanite and its organic richness
has led ta a wide range of geochemival studies of the kerogen.
Data have been presented on carboxylic acids {TURLINGAME
et al.. 1909 SIMONETT and Butiincanir, 1973), and more
recentty the hvdrocarbon content (e e al, 1982 Az
VED et ol 19U Semioner et al, 199 AZEVEDO ef al,
1992). These studies have klentified noavel piphatic amd ar-
omatic compaounds, hut all have been based on samples from
the one site at Latrobe (Fig. 1), where the oil shale is iclatively
immature. In this paper we report a comprehensive organic
geochemical study ol the wmsmanite ol shale, including a
compatison of inmattre and matare samples feom ditferent
locations in Tasniania,

EXPERIMENTAL
Samples

Samples were collected from pock vuterops ot Qonah, Latrolee, in
the Mersevy Valley and froan a core taken a1 Dovglas River (Fig. 1
for wrntigraphy see Tie. 20 The rock ample from Latrobe shared
many of the characienisnics of that from Qoualy, except that iy came
from a continuous 1.8 i seam, 214 mabove the hasad conglenerale
within the Spreyion beds tig 2). A spure concentraie was ohtined
from a campie collected at Ounah by density separation ol the fossls
from the crushed rock using ferric chloride.

Extraction

Total solvent-extractable comnpounds were vhiained by sanjcation
of the crushed rock samples (ca. 30 g) with chloroform/methanal (2:
L. 3 % 50 mby The compasition of a portion of the ial extracts
was Jerermined cither hy gravimetry afler lactionation or by Gittesein
thin-laver chromatography-thine onisation detection, using heviae
as the develuping subvent (VoL Kaman et al. 1986) Satunced amd
aromatic bvdrocarhans were isolated by applving 20 mg of extiact
fo 2 glass columin contmning 3 g ol siliow weid (=200 me<hy cappsed
with | g of activated alumina {0, Aliphatic hydrocarbons were
eluted with hexane (200 ml Yaod o sevond frchion con@imng atonetic
hydrocarbons was ohiatned hy clining with bexanewluene (101 20
ml} Resing and asplattienes were eluted with chlorotorm 120 mi)
and methanol (10 mL.

Analyses

Hvdrocarbes tavtens sere anabosed by capiitare gas chromanme.
maphy ot a S m nonpobar metd alicone Tuaal slicacapilay cohoon
THEP-0 008 el 0025 g lilond soth omecnlumn myjection gqind
hvdrogen as the caroer gas. Phe temgpesature program war 35870 tor
I min. followed by a conp to 12070 2t WA i ' theo a cnnp to

&2
frzada
[SES
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J0°C a 4°C min~'. The oven was ihen mainlained jsoihermally
for 15 inin.

Biomarker information was obtained by gas chromatography-
muadrupole mass spectrometry (Fewlett Packard 5790 MSD with
1P 5890 GC and 59970A computer workstation) in selected ion
maonitoring {SIM) mode. Typical conditions were: electron multiplier
22040 ¥, transfer line 310°C, electron impact energy 70 eV. GC con-
ditinns were as above except that helium was used a1 carrier gas.
Samnples were also apalysed using metaswable reaction monitoring
GC-MS using 2 VG 70E instrument fited with an HP 3790 GC and
controlied by a VG 1 1-250 dara system. The GC was equipped with
2 til Uhra-1 capillary columa (5¢ m X 0.2 mm i.d.) connected 10
a (3C1-) covied an-column injectar (SGE) with a retention gap of
uncoated lused silica (0.5 m % 0.33 mm i.d.). The oven was pro-
grammed from S0 1o 150°C at 10°C min™ and then 1o J00°C at
3*C min "' with a final" hold 1ime of 30 min. The carmier gas way
hydrogen with a linear flow of 30 cm s™'. The mass spectrometer
was operated with 3 suuree lemperature of 240°C, ionisation energy
ol 70 eV and interface and re-entrant at 310°C. In full scan mode
the MS was operated from m/z 650 10 mfz 50 at 1.8 s per decade
and an inter-sean delay of (1.2 s, \n MRM mode, the magnet current
and ESA voltage were switched to sequentially sample 26 seiccied
parem-daughier pairs. The sampling time was 40 ms per reaction
with 2 10 ms deiay giving a total cycle wme of 1.3 5.

Cas chironiography-isotope ratio mass spectrometry (GC-IRMS)
was cunad ontas deseribed by HaYES et al. (199)) using a Finnigan-
MAT 252 isotope rafio mase spectrometer linked (0 2 Yapan 3440
€3C" via a cupric axide combustion furnace gperated 3t 900 "C. Isatopic
calibratinn was imade using an eaternal prmary CO; standard intro-
duced via a'sunple bellows and change-aver valve and checked using
deterium labelled pealkanes as internal standards. The latter. in
hexane, were co-injected with the sample onte a J&W DB.5 capiltary
coluni {M) m ¥ 0.25 mm i.d.) using a Varian SPI injector. The
wven was programmed Trom 50-300°C a1 6°C min™',

Clnxed-System Pyrolysis

Keragen was isulated feom the tasimanite shole by standacd acid
igestion technigues and pyrolysed in evacuated quarnz tubes for 72 It
ar MM, WM and 3S0°C, in the presence of water. Only liquid prostucts
were isalated and these were ireated in the same way as other extracts.
Rock-Fval derived kinetic parameters on whole rack samples of La-
trube tasmanite {AGSO #1995) were determined by Daniel Jarvie,
{lumhle Instruments, [umble, Texas.

i

RESULTS Ai.D DISCUSSION

Genlogical Setting of the Tasmanite Qil Shale

The 1asmanite 31 Qunuh consists of two seams, separated
by up to 6.7 m of siltstane. The lower and upper seams con-
1ain two and three Tasmanites-rich beds. respectively. These
beds consist of @ multiplicity of lenses, each up lo about 2
millimetre hick and a fow cenumetres long, sepacated by silt
lavers. The beds generally show a gradueally increasing con-
centratton of alpad remains cpwards. The {ossil content de-
creases rapndiy at the top of each bed. The oil shale vuntains
Tussils in spherical or Hattened forims. the latter being much
wwre cammenon. Spherical Tusmanites are observed in tossil-
poor sediment. but are absent or race in (ossil-rich sediment
(Table 1), and tend to be filled with framboidal pynite with
or withaout collophanc. The flattened disks are probably pro-
duced by compaction of the spheroidal form. The fossils exist
as thin- and thick-walled specimens, the latter baving two
distinet walls (Fig. ). The samples irom Qonah contam rel-
atisels tugh devels of clay and silt (quartz) grade sediments,
The fossit-rich sediments also contain a greater abundance
of elongate, horizoutal, silica-flled burrows (Table 1)

&
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Hydrovarhan ioninkers in oil shales of Tasmania g7
Taile L. Dk parwtieters for Lasinanite samples
- Inttoscan |1LC- Rock-Eval
. FID
Sample Sarmple T EOM Toux LT} 52 Sy
Mof (% whoie (mg/g Hydrocarbans Polars (*C) (kg/Tonnc) (kg/Toone) {(kg/Toone) Pl HI OI
wmpie)  TUC) (e (me/g [OC)  {%) !
Latroba { 11 51 6% (19 a4 444 1.3 3042 LX) 003 9711 Iz
Qonah
Upper Seam
Toml 1 69 66 94 (62} 6 443 3.6 83.2 0.3 0052 97 ¢
fossl Coocentrate 3 61.0 13 85 (19) 13 448 108 5908 23 0050 917 3
Sittoone shove team 9 1.01 nm, nm nm. 417 0.04 0.89 073 o4 B N
Sihmone between weam 7 o7 nm nm n.m 440 0.07 1.0 .34 003 166 4}
Lower Seam
Toal L] 81 R 95 (30} 5 440 14 44 22 0028 413 17
losxil Concentrate 4 6l) n.m nm. n.m 444 A2 314,99 n co4 77 3
Siltstone below team R 1.1 33 73{25) 27 436 0.1 1.9 0.6 0052 163 51
Douglas River 3 17 34 90431) L ads 6. 147.3 02 0.041 358 1
¥ Sample number refers wo Fig. 13
n.m. = not meatuled
* determined by gravimenry
Pl = Production Index ~ Sy / 5 + §;
matter is converlible e hydrocarbong, The slightly ceduend
HI value [rom the Oonal lower seam may bearesult ol more
oxidation/reworking consistent with the elevited Oxypen tn.
dex (Ol value. R —_
Oonah
Hiydrocarhan Distributions and Source Characteristivs Patcant
o 2 4 8 a 0 12
The GC-FID traces (Fig. 6) of the saturated hyvdrocarbons
from the tasmanite extracts show s-alkane distcibutions 27.4-27.65
dominated by lower molecular wetght components witl dJis-
. . .. . . R 26.4-28.85
tobutions maximising between 4-Cy and #-Cyr, with little
odd or even predominance (Table 3). Samples also comained 15.25.25.66 IT
signiftcant amounts of the acyclic isoprenoids pristane and
phytane, though in dilferent relative proportions {Table ). E 23.3-24.186
The silistong s.umple_has a [‘.r(f’h t‘.ui-n. higher than the wil ;;: 23.3.23.55 Oroc
shales ( Table 3). consistent with depositiun under more oxic ‘; B s
conditions. 3 20.05-20.3
For the purposes of 1his studyv. detailed analyses were only T 167517
conducted on three of the samples: a thermaily inure ?
rock samnple from Latrobe. the Tasimaniies lossil concentrale 16.1-18.]
from Oonah, and the core sample from Pouglas River. Al 15.9-16.1
the samples contain sierancs and diasteranes as shown by )
the m/z 217 mass chrunsatograms (Fig. 7). which is in couteast 15.25-16.5
1o their presence as onby “trace components’™ imoa sample .
pre X ’ pane : 13.00.13.7%
from Latrave (Fig, 1) analvsed Dy SIMONEN e al. (1900).
The relative proportions ol Cz, o ond O steranes show
some variation hetween the samples (Fable 3 with C., dom. T T
inant in the Latrobe sample, Cyr in Qonah and no preference N Latrobe
at Duuglas River. Although this may reflect subile diilerences g - .
in source inputs, matmily will abso have an inlluence. s ! " -
24-n-prupylcholestanes which are generally aceepied o be 05
indicative ol a murine source (Mon DOWAN el al . P9960) conhd ol—0
not be easily detected in the sz 217 mass choomatogram, 0 3 a 18 20 s
but were readily idennficd (ough Tess soia the Douglas % ToC

River samplet esimp MM topether with 2eamicthia aod -
methyl sterane isomers Hes ¥ 100 The simples also contiin
relatively Iigh proportioms of dusteranes ¥ 75 Table By
which were oot reported i saimples previously analssed (See
MONELL et al., 1Y),

Fre 5 Relationship berween TOC and sulphur content in 1as-
nunite samples. The upper graph shows the relationship with height
abore the Wynard nllite m a sample from Qonah. T indicates the
oil ¢hale scams, The lower graph shows the general relatioaship in
<iraples taken from [atrohe, )
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Fia. 6. Gas chromategrams of the aliphatic fiactions of extracts from samples 1aken from Latrobe, Oonah, and
Douglas River il an cxample tricyclic teheilanthane) structure, Numbers refer to carbon number: Pr = pristane: Ph
= phytane; T = tricsclic alkane. Note thal the Lawobe fraclion was analysed using a difTerent 1emperature program.
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FiG. 7. Extended my/z 217 mass chromatograms [or samples trom Ounah and Douglas River. Numbers refer to
carbon number: [Y = diasieranes: 208 and 20R refer to sicreochemistry at carhen 20, Those denoted aoa 20R have
the biological siereochemisiry. i.e.. So, 14, 1Tail13-J0R with the other signals anising ffom “geological™ isomers,

The plot of T, vs. HI (Fig. 13) shows very similar [,
1443—246°C) values for the Latrobe, Qunah fussil concentrale
and Douglas River sumples. flowever, the siltstone fiom
above and below the oit shaic has a similar maurity bt
shows a much lower T, (430°C), eyuivalent o a vilrioite
reflectance of 4.5% for Type [l kerogen (Fig. 13). This em-
phasises the limiled use of the 7,.;. parameter in assessing
the thermal maturity of Type I keropens {115801 et al.. 1YR7).

The Production Index (P1) fur the most thermally mature
sample (Douglas River} is only 0.04 {47, Table 1), which
indicates an imenature kerogen (BORDFENAVE et al.. 1993),
‘This suggests that the iomarker dala {steranes) are overes.
timating the thermal maturity of the samples, which is con-
sistent with recent results. MARZ1 and RULLKOTTER (1992)
calculated an activation energy for sicrane ispimerization at
Cyo of 169 kJ/mol, while kinetic data derived for the tasmanite

indicates a typical Type 1 distribution {TI1SSOT et al., 1987),
‘There is a very narrow distnbution of activation energies for
Leropen transformation {Fig. 14) which, in combination with
the frequency factor of B9 % 10" s, indicates a relatively
labile kerogen once generation commences. When these data
are used 1o model maturity il becomes clear that the 20 §/
20 I jsomerisation is complete before the onset of significant
hydrocarhon generation (Fig 15). In contrast, the kinetic data
for sterane isomensation calculated by MACKENZIE and
MOKENZIE (198 3) predicis over 50% kerogen conversion for
the Douglas River sample (Fig. 15), clearly inconsistent with
is ingh H1 value.

Calculation of the Transformation Ratio (TR}, according
1o hydrogen index (HI) values

Hl, - H,
Hl,

TR =
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Hydroearhon biomarkess in oil shales of Tasimania

AGSO #1995 Lavrobe tasmanite
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Fic. R Disrthwmtion of actane and terpang bioniaherst in the <ai-
urdied hvdreearbon knction isodated from ithe Lrobe cunpie. 1he
data were acquited by gas chromatogeaply - mass spevtronietry nsing,
metanable reaction monioring (NRM Each trace is identified with
the carbon number. the reaction as deternined by the masses of the
parent and daughicr jions, amd a4 normalized relative abundance. 1he
last peak 1o clute in each werane tnwe (g dlerse denoted aune-201)
have So 14 1 Tar(H)- 208 aereochemisiey with the other signals arnis.
ing from ~geological” isamers. The desmethnd steranes are 2d-u-pro-
pylcholestane (Cy). 24-cthylcholestane U} 23-methivicholesiane
(Ch). and cholestane (Cyo). The Cy methylsierames are 2d-ethyleho-
lestanes with an additienal methyl growp in ring-A e Yoamethni
and 3d-methy) which are denoted 2ed Aet B sespectivedy, Fin-
panes are dengted 1L iricyelice 12 aml unkmown connpomnds H, ri-
evelic terpenuida appear 1 each opane reaction s anebiets of tw
MRAL anglysic using (he linked scan trechmoue. For evuuple. Uy s
srl‘t'ilil':l.lly detected i the A1a — 191 reaction, T alsoappwears as an
artelact, atoag withy 1y, an the 412 — M acaction.

81

(where Hl, and HI, are the initial HI value and the Hi at a
depth z, respectively, and 14[, is taken as the value for Latrobe:
Table 23, shows the Douglas River sample 10 have a TR
vaiue of 0.1, considered ta define the onset of petroleum
generation. Thus. from the kinetic data curve (Fig. 14) it is
clear that this sample has only just started hydrocarbon pro-
duction, but significantly, an increase of only 10-15°C 1o
exceed the activation energy would see a rapid increase in
the amount of petroleum production. The production curve
{Fig. 15) shows that some hydrocarbons have been produced
yuite carly in the maturation sequence. and his is probably

Oonah tasmanite
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Fiei Y. [hstribution ol sierane and lerpane biomarkers in the sat-

wiatcd hvdrocarbun Iraction isolated irom the Oonah sample, from

GO-MS analvsis with MRM (sce Fig. B legend tor an explanauon of
svitbnl<),
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Fic. 10. Disizibuuion of sierane and weipane nomarkers in the
oiurated hvdricarbon Taction isolaed fiun e Douplas River

aampie. from GC-MS analvsis witls MM isee Fig. ¥ legemd lor an
cxplanation of symbuols).

due 1o the presence of weaker bonds within the keropen. These
are represeated by the lower activation encrgies (205 and 200
KJ/mol; Fig. 14} and probably refleet the sulphur content of
the kerogen. Clearfy, the depth of the ol shale at Douglas
River {320 m) is insulbicient to produce this level of thermal
maturity, even piven a iigh geothermal gradient for this arca
of around 30°C/kin (Grren, 19891 This could rellect sig-
nificant crosion of Tertiary maierial or be due to past and
localised heating of the organic matter. Too little is currenity
known about the peology of this region of Tasimania to assess
which is the more likely of these two aliernatives.

)
Lo
foonde
s

. Revill enal

The high TOC and 11 values coalirm that the tasmanite
has the potential 1o penerate large amounts of hvdrocacbuns
but imponantly, in the cast ol Tasmania. as shown by the
data from Douglas River. its thermal maturity is near the oil
witiow, [ s resull contradicts previous assumptions than
the il shale in’ Tasmania i$ oo immalore W represent a
possible petroleum source, althwough the present day areal
extent ol matyre strata is unknown.

Iuferred Fausironmnent of Deposition

BANKS{1962). KANSTLER (1980). and CALVER ¢t al. (1984)
supgesicd 1hat Taspamires represents the “cysts™ of a plank-
lonic organism living in a restricted environment, generally
litorad and assoviated with reduced salinity duee to a high
freshwarer input. 1t has been supgested that much of preseni-
day Tasmauia was covered during the Late Carboniferous
by an ice sheet Howing ram the west {BANKS and CLARKE,
19R7). Arthat ime Tasmania was positioned in high seuthern
Fativodes tons TS-R0S: Sannnn ¢t al., 1981). As the glaciers
retrenied, Black muds were deposited on the sea flgar in front
ol the e, and il was in these muds that beds ol tasmanite
were lonnsed, The oveasional presence of fossil brachiopods
and st hish in the tasmaniie shale indicales a marine setting.
Diepasition in guiescent shallow 1o very shallow water is in-
dicated by fine-scale cross unination. scouting. and lensing-
vut over very shert distances of hoth the siltstone and Tus-
mumiies-rich 1ayers in oil shale from Oonah and by the close
associalion with lenticular sand and well-sorted granule budies
in the Duougias River core. 1 is suggesied that deposition
occurresd inowater depths of 100 m or less (Fig. 3)% a nearshuore
deposition is furthier sugpested by the presence of desmocul-
limite a1 Qopah and collinite at Latrobe. The overall fine-
grain size ul the oil shale-beacing sequence shows that very
how current strengths existed at the sile of deposition. Lone-
stones. some of which are demonstrably dropstones (Fig. 4b),
may have been transported to the site by shore ice as their
shapes are characteristic of Hluvial and beach environmenis
with little cvidence for wranspon by glacial ice (DOMACK et
al, 1993} .

Estinutes of sea surlice lemperature for carly Permian
Tasinania ol — 1.8°C (Rao and GrEEN, 1982) are close w
the resent average near the Antaretic ice shelf of —1.9°C,
PXonac k et al. 11993) propose that the tasmanite beds record
o period o ‘enhanced prinaary productivity coupled with potar
o subpokir placial marine conditions charactensed by very
coled winers, seasonad sea ice. and shore-ice rafiing, Cold water
deposition is consisient with the low diversity of 11,2 inver-
tebrate fauna and strongly indicaied by the presence of glen-
donites, pseudomorphs afier {kaite (calcium carbonate hexa-
hvdrate: CaC Oy - 6H:0). This mineral is suggesied 10 be an
aumhigenic precipitate. forming at low temperatures (rom in-
terstival waters of organic-rich sediments, undergning mi-
clobial degradation and accumulated rapidly in cold bottom-
waters (Stiss onoal, 1982 S1IEARMAN and SMITH, 1985
Jansra el al., 1987).

It is notable that the sediments where Tasmaniics is abun-
dant, in the Late Qrdovician-Eatly Silurian of the Sahara,
the Devonsian of Brazil. the Late Carboniferous-Early Permian
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G, 12, Gas chromatograms of the aromatic fractions isolated rom samiples collecled at Larobe, Qonah, and
Pouplas River. Peak aseiptiments ag indicased by sipuciues. Peak A is discussed in the text.

tmportant {TEN HAVEN e1 al., 1987). In contrasl, the siltsione
above and helow the wsmanite shale which represents de-
posilion in an oxic cnviranment exhibits a relatively high
pristane/phytane ratio of 3.1. Cur data is consistent with car-

licr models of 1asmanile deposition, suggesting that the sum
of the physical properties indicates deposition in a dysaerobic
cnvironment with a dissolved oxygen content less than 0.5
il L™ a1 the scdiment-waler interface (ARTHUR et al., 1984).
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Hydrocarbun bimnarkets in oil shales of Tasmania 313
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Fiai_ 13, HI/ Tmax plot showing the reftive positions of the sumples
Note the dillerence in maturily shown by the algal kerogen and the
associaled siltstone. The standard 0.5% Vitninite reflectance contour
is shown. | = [atrobe, 2 = Quonah upper seam whuole rock. 3
w Donabh Tusendet concentmte. 4 - Qonah lower sepiy Tasoeenites
concentrte, 5 — Oonah lower seam whole rick. 6 = Doeuglas River
whole shale. 7, R, 9 - Silistone sunplbes froun above and below the
il shale at Qonah.

SIMONEIT et al (1992, 1993) reported high "'C enrichinient
for the wicyetic compaunds (31O values of =99 10 12, 2%m)
extracted (rom an immatwie sample from Larobe (Fig 1)
which was attributed o hloom coaditians prevailing at the
time of deposition. Phytoplankion fram cold, high Taitde
waters are typically depleted in "'C due 1o the elevated [,
causcd by increased CUy solubility al these lemperatures (re-
viewed by SACKEIT, 1991). Low atmosphetic £, associated
with global glaciation {Rau et al., 19912} in the Eadly Perm-
ian, possibly combined with additional £, drawdown dusing
algal hlooms provides a possible explanadon for the ''C en-

richments of tasmanite kerogen reported here and by Si.
MONEIT et al. {1993}, However Rau et al. (1991b) showed
that particulate organic matter associated with sea ice could
also be significantly enriched in ’C (§"°C ~16 to —28%)
relative to the seawater. Within the seg-ice the physical iso-
lation from reequilibration with the avmosphere may reduce
€’(); availability and therefore significantly reduce isotopic
fractionation. SIMONEIT et al. (199)) reported a tasmanite
kerogen with a §"°C vaiue of ~16.6% and our samples have
#°C vaiucs of —13 10 ~1 1% (Fig. 16). Thus, in view of the
depesitional setting iimplied by geological evidence we prapose
that Tasmmgrites in this instance may have occupied an en-
vironment very similar to that of present<lay s a-ice algae.
I'hus, by analegy with present-day sea-ice diatom commu-
nities. the Tasnranites bloomed within the ice as the light
intensity increased during the spring. As the ice melted, algae
from the bloom were released into the water column and
subseyuenily sedimented. The hine scale laminations and
rarity of bioturbatiun are cansistent with a quiescent water
column, which may be assisted by persistent ice cover, To
test this hypothesis we measured the §'°C for sea-ice diatoms
collected rom ice cores taken in Antarctica, during November
1991, these gave 2 3'*C value of —7%e (Fig. 16) which sup-
ports this interpretation. Furnther studies of sea-ice algae lrom
several Antarctic locations have confisrmed their ''C enrich-
ment compared to algae isolated from the associated water
column (R. . Summons and P. D. Nichols, unpubl. dara).
The taxunomic assignmert of Tusmanites with the Prasi-
naphyceae (Chlorophyta) (WaLL. 1962; PARKE, 1966) and
the vhsersations of TAPPAN (1980), who suggested (hat the
lossil prasinophytes are a “disaster species,™ soinehow sur-
viving' the widespread extinctions of 1he middle Palacozoic
and. perhaps most impoenantly. thriving in the absence of
other phytoplaskton. arc all consistent with cur model.

Origins of Bivmarkers in the Tasmanite il Shale

Recently COLLISTER et al, (1992) reported isotopic values
fur tricyetic compounds in the Green River oil shale which

Ea (kJ/mol}
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Fici. U5 Simuebared maturation af the Lateobe tasmanite kerogen, compared with sterane isomerization a1 Cy, Sterane
activauon energics used are thuse of Macki=sr and Mo Kirnzn: (1980 — @ — and MarZand Run LKOTTER (1992)

— #—. at R°C per millhon vears, Tasmaniic matuition is shown at R°C {—=0—) and 2°C (— ® =) per million
years.
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F1ci. V6, $"lot showing the variation 1n 80 vaboes Tor keropen and for #-alkanes. tricycelic compounds and aromalic
derivatives va. emtbon number. Data from this study are repeeseated as. — & — lLatrobe; — O — Oonahy — 0O —
Domiglas River: and — % — Sen-ice dintoms. Daia picviously seportet by SIMONEIT et al. (199)) are represented as
— @ —. Groups of compounds are indicaied as m-alkanes and eyvclic compounds (tricyclic alkanes and aromatic
derivatives). Numerals reler o sructures in scheme |, gricyclic alkanes are ail of type 1, Note that the 3'*C values of
keropen ftom Latrobe and Ounal ace alowest identical.
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Iydrocarbon biomcikers in ol shales of Tasmania

ranged from —33.7 w =27.3%. This range correspunds (o
the values gencrally associated with photoautatrophs, but
there was oo corrclation with the values for g-carotane or
steranes in the same samples, indicaning dillerent source or-
ganisms, The ditlerence between the isotopic values of Cot
LISTER ct al. (1992) and those reported here und by SIMONELT
et al. (1993) may be due to the source organism occupving
a dilferem niche in the very dillerent environments ol de-
pusition.

The high propawtion ol preserved organic iwemains in the
tsmanitc oil <hale. and the dominance of ticvelic com.
paunds in the hyvdrocarbon Tractions. has ofien led o Py
manites W be proposcd as the likely source for these come
pounds (e.g.. VOLKMAN et al,, JORY; SIMONEIT et al, Y92,
1993). However, ricvelic compouds have been wdentified
in a wide range of sediments and petroleum from a range of
geological ages. awund do nat appear o be Bimdted Lo aveas of
high Tuspiemites coment (see AQUINO NETO eLal, {9R ), sp
other sourees must be examined. A constderation of 2''C
values of tricyclic compounds in the extracts and parolveales
of the smanite ml shale provides evidence for a souree Jis-
inet from the accompanying algaenan.

GU-IRMS analysis of imievelics o previons shidies (S1.
MONEIT etal., 1993 and the present study viekled 2''C walues
of =991 12 2% and -O.4 10 -1 Ve, respectivels. which
shows that these compounds are enriched in "'C compared
with the corresponding kerogen (Fig. 16). The light and vari-
able isolopic compnsition for the s-alkanes (3'C valnes |R
1o — 307 ) suggests awultple sourees, There is g pencead Liend
for "C depletion in higher m-alkine homologues. suggesting
g pussible contnbution from allochthonous bacterial vr plant
waxes. Ior the lowver aolkane homolopues, algal and cyvanoe-
bacterial sources nky beeome increasingly nmpartant.

Closed-sysicm pyrolvsis ol asnumite Kerogen (or 72 hat
increasingiv higher temperatures showed a number of inter-
esting trends (Table 4, Recovery of muuen maimised at
68%% at 130°C andd decrensed to 54l Y80TC, probably as
a result ol the geocration ol lrger proportion ol gas resulting,
from cracking ol liqund hydrocarbons. The compasition ol
the hitumen also changed markedly, At 3507C aimost 9675
ol whe bitwmen could be recovered from te chromaographic
colunm, as saturates, anomatics. and weakly polar materials,
AL PO and 3MC the recoveries fram column chcoma-
tography were only 52 andd $7°%_ 1espectively, imdicating 1hat
the pyroivsate comprised a nnjor proportion of asphaltic or

L

1817

strongly polar material which bound irreversibly to the silica
gel. The proportions of saturates. aromatics, and weakly polar
fractions in the material recovered fom columan chromatog-
eaphy did not change significantly as the pyrolysis wmperalure
incieasetd,

A comparison ol GC traces for the Cg. salurated hydro-
varbons (Fig. 17) shows a low abundance of r-alkanes com-
pared 1o tricyclanes in the extract and the J0U°C pyroiysate.
Al the hijher temperalures, A-alkanes dominate the GC-FID
chrongogram, consistent with llash pyrolysis-GC results
which revealed the aliphatic nature of the tasmanite kerogen
101 Bovghuun, vopubl. datad. There is also a progressiun in
t-alkane generation leading to reduced waxy n-alkane con-
tents and fower molecular weight predominance as the tcm-
perature increases to 350°C, In the Y°C pyrolysate, the n-
mkane envelope maximises at Cx compared with C, in the
15070 pyrolysate. Evidence for this evolution is also shown
by A" analysis of the alkanes (Fig, [9) and comparison with
those inthe extract, The g-alkanes produced at 3007C cxhibit
an isotopic composition closest o those of the extract with
i progressian to Cheavier” compounds with an increase in
pyralyvsis Wwemperature, Note that at 350°C the 4''C values of
=0y m-alkanes arg in the range =12 w — 1 5%, compared
with the kerogen at —12%a. The Cy and C,, n-alkancs are
now promient (Fig. 16) and are slightly “heavier™ than the
starting kerogen at =10 to —11,5%, although this could be
due. in part, w isotopic fractionalivon on evaperative loss of
some of the volatile n-alkanes,

1 hie ohservations from the pyrolysis experiments are con-
sistent with the coneept of generation of an asphaltene- and
polag-rich material during the initial stages of kerogen con-
version (Evans and FFELBECK, 1983}, and subsequent cracking
ul thivto lower molecular weight compuonents. including gas-
cous products. The main information conveyed by the isotope
tlata is. however, that the §'7C values of the n-atkanes pro-
duced by kerogen pyrolysis are significantly dilferent tom
those in the extract of immature @asmanite, Pyrolviically
peneraed reatkanes and n-alk yleyclohexanes (data not shuwn)
are isotopcilly similae to the kerugen consistent with carlier
ohservations {Brrwoon ot all, 1988) of a close correlation
belween "C contents of sapropellic kerogens and their pyrol-
vales. Based on expericnce with uther algal-derived kerogens
(e, Gorn ey al, 19RE: TGRELAAR et al, 1983 Dirinne
et al. 1992 Borreiianm et al.. 1994), these compounds are
probubly derived rom an s-alkyl based bigpolymer, algaenan,

Fable 4. Comparison of whole rock exiract and kerogen pyralysate
of 1asmanite from Lawrohe, Taamanis

72 it Pyanlysis UM Ciz» Aroaoties”  Polars” Asphaltenes?
Temp (mgg TOCH Saurates” {*e) (%) (%)
o (%
anhieated 51 190 Jo.s RLR ] 1.7
Jon lon g 10 133 11} 484
FAL o192 85 13.0 391 38l
3y 379 | 1-1.9 421 Ja s 3.3

A PO (hermeend - 6T | %
* Hased on pre-chromatography weight

Y Uaken as that (raction not elutiog o ke chromatographie colunm
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Fici. 17, Gas chromatoprams showing (he ahiphatic bydrogarbons from (a) the original extract and from closed-
systemn pyrilytit of taminite ketogen, isolated om a simiple collecied ar Latrohe, at (h) J00*C, (¢} 330°C, and (d)
3S0NU. Nite the progiessive inctense in low molecitiy weight r-alkanes and the relative decrease in tnicyclic compounds.

which forms part af the structure of the 1asmanite fossils.
Indeed, the 8'*C valucs are constant for the C)»—Cyr n-alkanes
from the 130°C pyrolysate. Here, yields are high, secondary
cracking is miniinal and the isolopic value is considered 1o

represent that of the Tasmanites algacnan. This is also con-

sistent with the reporied aliphatic nature of the preserved
organic matter {KJELLSTROM, 1968).

Saturated tricyclic alkares did not appear to be generated
durning the 330 and 350°C pyrolyses where the n-alkanes were
mostly produced. Their abundance relative to the n-alkanes
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decreased as the temperatore increased. Ciaution shouid be
exercised however. Tricyelic hydrocarbuns may have been
converted to aromatics at higher pyrolvsis temperatures.
Furthermore. the compesition of the aromatic fractions gep-
erated in the pyrolysis experiments became nuch simpler
with increasing temperature and at I30°C was dominated
by l.7dimethviphenanthrene and 1.2.8-trimethyviphenan-
threne with 3"'C values of =79 and —5.7%., respectively,
which are within the range for trievelivc conmpounds in the
tasmanite extracts of dilierent nuuwurites (Fig. 163, The iso-
topic similanty in the trieyvelic hydrocarbans from pyrolvsis
and tasmanite extracts (Scheme 1 and Fig, [B) suggest that
they are almost certainly derived from the same precursors.
A propused genetic relatiunship between the tricyelic avero-
carbons is shown in Scheme 10 018 unceriain ot present
whether this process is mediated by bacteria or by heating in
the natural environment (Lot as, 1988 FREEAAN, 1991
'FR’EEMAN et al.. 1994). Cernunly, the latter process is imdi-
cated by the bias lowards the fully aromatised tricvelics in
bath the pyrolysates and e higher maturity Ounah and
Douglas River extracts, Peak A in g 12 has previously been
l:ls&ignud to 2 leteaevelic munoaronatic des-A-gammacerane
(SivoneT £t al. 19920 Vowever, prefinnmary NAMR data
on this compound suggests that it is ot a des-A-oleanane or
des-A-gammacerane (BOREILA aod Wit KNS, 1990 nd the
isutopic sionilarity between ite - &.5% il the vy clic vome
potnds SuRBesLS o cunmimon e,
The isoropie dissinnlarity of the ticvelic hvdrocarbons
lulcun =B%ei 10 the kerogen nul horopen-denved meafhanes
upgests 3 source distinct from the Daveerntnes thwemselves.

Fii. 1R, Charl showing the 30 values of tas n-abeanes libwrared by prolyvsis ag W0 ¢ — °
YHPC — M — ol tasmamine kerogen from 1atrohe (AGSOY canple 8 1995), campared with the original extract —
B — i ticvelic hwdrocarhons (structures B-VIT an seheme 11 Irom Latrobe (extract and pyroivsate. symbols as in
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Luterestingly, the difference in kerogen '°C data in this
study with that of SimONEIT et al. (1993) is matched by dif-
ferences ol a similar magnitude in Lhe tricyclic compounds,
aromatic derivatives, and n-alkanes in the extracts. This, in
cunjunction with the previously noted differences in sterane
and hopane observations, suggests that there were luctuations
10 the source and depositional environment of organic matler
within the oil shale scam which alfected both biomarker dis-
tributions and their "*C isowopic values.

CONCLUSIONS

This study represeats the first organic geochemical com-
parison of thermally mature and immature tasmanite gii shaje
samples in conjunction with a detasled geological evaluation
of the sedimentary sctting.

ty Vhis study has shown, Tor the first time. that at least some
deposits of the 1asmanite shale in Tasinania are near the
il window, ™

Geologieal, isctonic. and bivmarker analysis indicates that
FTaapupmtes theived in an environmeny of ice cover and
hlaomed in conditions analagous o those expenenced by
present-day seg-ice diatgms. The algal cells were subse-
yuently deposited in sediments averdain with vaygen-de-
pleted waters, induced by restricted waler mavement,
Closed-syvstem pyrolvsis suggests that there i little gor-
relation hetween the 1wemperatyre prodiles for production
ol -k anes and the tricvelic commpounds from the kerogen
precursns. he s-alkanes are mainly denived from thermal
crackime of alpal aliphate biopolymer whereas the trigyelic
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alkanes aud suomatic hvthocihons e penerated cinber,
passibiy lrom a dillerent souiee.
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Conga Uil &ty Lbd fir=b aolbaioed
Region of  Soulhero Tasmania in Joane 1984 in
hydrocarbon  reporbts.  Since  bhong
1984, it has acquired edploralion rights
Southern Tasmania and has estab!lished:

1.

SURHMNAIRY STATEMENT

part of the D Entrecasteau:
order to verify old
and especially since November
to a large part of

0il bas definikely been genaerated. Reported seepages have
been located. Material anal ysnid demonsktrates that the
source 15 nnk Fermian il shale as all earlier warkers have

presumead. An Ordavician carbounate spurce has been
suggestad. This has become Conga’ s presumption.

Al though seepags shadirs are incomplete there is evidence
that verr vy Lot volume senpage is =bhill occurring over a large
aren. '

Souwrce rock studies nf vitrinite reflectance and conodont

alteration  inde: confirm that Urdovician carbonates exposed

aroumd the region are within the oil window {mature).

Fermian Aand younger  rocks hlaonkelt  most of the region and
obaciy e dimtribnukion, strucburs and stratigraphic
relationships. Fermian roclks unconfarmably averlie a range
of Falavoroins Awd Peecambrian units. The vyoung rocks,
including massive Jwrassio dolerikte intrusions, create an
array af  exploration problems bhut gravity-magnetic analysis
has deflined a2 major Malarozoic basin beneath them.

Basin development  beganr in the LLate Precambrian, was most
active during  the Casbrisan,  but continued uwup to Middie
Devonian  Limes. Fy Ethe Early rdovician a relatively stable
environment wan eslbabtished and  a  sequence of Ordovician
carbonabtes anel Silw tan sandstones and shales was deposited.

Deposition was berminated hy a Middle Devonian folding event
and uplifl nab accompariad by granite intrusion.

Fossiblne reaservoirs incluwde the Ordovician limestone or
Silwrian sandstone. ) .

Siluwrian shales or, more likely, Lower Permian mudstones and

dolerite at ke uwinconformity offer seal conditions.
Exploration has not yet resolved any specific targets but an
array orf shtrakbigeaphte and  sbtructural  traps can  be

conecet yerl,

FMassive  di=roaption wad associabked  with intrusion ao. the
Jur aaeig tvterilos  intbo Fhe pocb-unconformi bty sequence bul

Ehres ATV R WATH vian ol nigqnificantly affected by Tertiary
eli gl i,

['-fr.-,‘_--.”, it ||:-.1| v, oo g, rrecr jrr nlrahl Y genrrabern] foll Dwinr;] a

sl areguees L leer canl ey theal (e remaa oy abinorinal . *




.ta support generation and preservation,

‘established for dealing with them.

10. Seepages in the Fruny region may represent migration up dip,

along the wunconformibty to Jurassic faults disturbed during
the Tertiary, from the epastern margin of the basin some 10
to 20 kilometres to the west.

11. Exploration Ekn date has emphasized gravity and magnetic
methods. This partly reflects stage of exploration,
budgetary issues and the crucial impact of Jurassic dolerite
within Ethe maderate to high relief terrain. Eixtended use of
such methods allows cost effective evaluation of basin
grientation, content and post whcanformity structuring.
Definition of the thin, folded, wedge remnants @ of the
Ordovician-Gilurian rochks wWas poor in first pass

interpretalion. Thesr makerials occur patchily and are not
universal beneath the unconformity.

12. Bravity and magnetic datka bhave defined how to effectively

arient specific selsmic surveys and will also be required to
interlock seismic Surveys. Advanced bub proven technology
is required and the dgeophysical method mix  far target
definition can never be current industry balance,
Although the seismic method will never have predominance in
this region itbts application and requirements have now been
established. Usage will involve high acquisition costs and
some delicate land use negotiations. Variable but usable
seismic data can be obtained in difficult conditions.

Conga D0Oil has elevated a region
unprospective into a proviace with
escaping fluids, good

previously considered guite
established source rocks,
seal conditions and a geological history
Some confirmatory work

is still required but the exploration problems related to
prospect definition have been assessed and a methodolaogy



Part is crown forest.

SLIFCONET LHG EXPLARNT TOM
[HTRODUCT LT

Although the D 'Entrecasteaur Channel Region sauth of Habart in
Tasmania has some histary of hydrocarbon occurrence and failed
exploration it is pnot known as a province with hydracarbon

potential. Indeed, no basin with an appropriate structural
history is obviaus or euposed. In this respect the region is
similar Lo many alher comple:n provincges before the crucial

insights were made.
Conga Qi1 has  accepbed  thalt old
sought to confirn them. Hawving
implicationg, 1t bas  now
ctonsiderable potenktial

records wmight be valid and
done =so. and reviewed the
esftablished that the region may have
where none was previously credited,

This document reviews previoons

exploration history, crucial
discoveries to date, antdd khe ob jectives of present and future
programmes. The natwe of khe geological and geophywical

prabhlems {facing the euplorer are discussed in length.

Hecause Tasmania laclks an onshore Fetroleum Act (no perceived
oil potential} tenements have been acquired under the terms of
the Mining Nct., These involve smaller areas and higher acreage
costs, Attempts are being made to consolidate the ligences

under more realistic terms. The distribution of the 4535 sq km
held is shawn in Figure 1.

The region is of moderate to high relief generally and a large

Much of the remainder is privately owned
farmland divided into relatively small lots. The climate is
temperate with a moderate annual rainfall (1Q00 mm).
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HILSTORY

Many of +the geographic names reflect the French discovery and
mapping of this region in  the late 18th Century by Admiral
DEntrecaskteau:. His ships and crew members are haonoured by

names such as Recherche, Huon, Cygnet, Esperance, Bruny lIsland
etc.

Between ity and the present there have been many reports of
hydrocarbon ococurrences in the Channel region and along the

Storm Bay and southern cnastlines. Few have been seen by
acceptable ob=servers (Twelvelrees in 1909, Wade (1915), McIntosh
Reid L)Yy Frak neone had been confirmed to uwuniversal
satisfaction. Macorn  chemical technigques offer the means to
resolve the i1ssues. Reports  hawve often been encouraging and
compantes were floated to derill on Bruny Island on two occasions
(1919, 1929 -Z0) . Very  limited depths were drillied (max 130m)

due to limibted buwlgelts and unsatisfactory equipment.
Failure of these projects led to a loss in interest.

A search of records has shown that the area has never been held
for any ragional arr specific esplaration although a general
reconnaissance of surface gealogy was undertaken some years ago.

It has always been presumed that any oil seepage reported, or
oil gener alted, would be derived from the Fermian oil shales.
Appraisal  of Tasmania®™s hydrocarbon potential on this basis has
always been poor; the rocke are exposed, not sealed and
reservoir condiktions are virtuwally non exristent. The basic
assumplion haz  never previously been challenged and in absence

.of  any salisfactory alternalives the province ({(known as the

Tasmania Basin overall) has been downrated. Coupled with this
assumption and the general difficulty of #yploration
MSource rock studies"” and "Geologv") no deep
assessment has ever been atltempted.

(see
geological

General genlaogical wmapping ha= continued, including Leaman
(1272) and Farmer (19%8))., as has development of technology to
evaluate dolerite skructures (Leaman (1972b, 1975)  which

compound problems of structural assessment and research into pre

Permian rocks Ffringing the li'TEntrecasteaw: region (e.g. Burreit
et al 1981, 1?G4a).

Canga 011 was  founded in 1784 te seael; out the reported Bruny

Island siles and assess their origin if located (EL 29/84 - see
Figure 13.



_hydrocarbons is distincltive (Figures 28 ta 2E).

SEEF AMD SOURCE ROCE STUDIES

uUntil late 198s the prevailing wiew caoncerning any possible
hydrocarbon generation (seepages) in Tasmania was that it must
be related too Fermian oil shales. Since this unit is patchily
developed and often exposed 1bts potential as a vource rock is
limited. FReservoir conditions are most unlikely and this has

often been stressed. These realities and this assumption has led
to neglect of bhe provingce.

Neither Conga 0il nor Bhose who havse observed bitunens and tars
in QOrdovician limestone erpozed in western Tasmanmia, including
Drs Banks and Purrztt of the University of Tasmania and the
author, ware convinced thalb Lbhe oil shales represented the only
possible  smuwce since Lhe same Limesbone 1s occasionally exposed
beneatlh Frorwian cover waeoect af the Hoaon River (Figure ZB)Y ..

Dr. Burretl reported to Conga (il that the conodont colour
alteration inde: for Ordoviacian carbonates in the region of the
Pictan River, Lune  River and soubth coast was within the mature
oil window LA N o & T wee Figu-e ZBY. Subsequent vitrinite
reflectance delterminations of Upper Cambrian and Ordovician
carbonates from bhe periphery af the region bhave yielded values

of Q.7 Ly 1.1 wilhh Botal organic carbon levels consisktent with
weathered surface samples.

Relocation of reported seepags siktes in the Bruny region has
produced some confirmatory analyses (by Dre. J. Volkman, CSIRO,
Habart). Al though no confirmed seep site yebt sampled is
associated with residual tars - these have been reported in the
past - or obvious flows, the chemical signature of the released
It is considered
indicative of an Urdovician source rock which may be proven when
residual tars fram the limesbones are analysed. The hydrocarbons
‘are not derived fron lasmanikes o©il shale of Fermian age.
Samples from a= far apart as YVinderbo:, Dennes Point, Johnsons
Well, HMiles Creebk and the Isthouws present the same signature.
Pollution or contamination may be escluded and the results give
same credibilibty to other reporbied sightings (see Figure 3IC) and
other sites are now being sought.
A mud sampling pragramme is underway around beth parts of Bruny
Island and bEhe Huon estuwary . The first phase of sampling, north
of Kettering, supporbs bthe

marine sampling has been conkracted to the CSIR0O Division of
Cceanocgraphy.

FEecavery of oil io a0 epleaoeal stream (Miles CTreek) shows that
low vl e releane 15 still occurring. Hydrocarbon
concentrations in  the confirmsd  samples have been very laow.
Volumas  of il released are clearly much lawer than reported in
19229 when oil mae sen escalaing fron rock flissures at Johnsans
Well (HeInboash Read, 192%: and encauntered at 27 m during
drilling. Eyeuiliess reports describe skorage of the fluid light
ail in  dromnis Beleases may U conitbhrollerd by periods aof seismic
activilby. Frac L i Al actb et ty coupled with low release volumes
prohably eoplarns Lhey  abernie e b rasodual praducts al though

Land-Lra=sed results. All analysis and:
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these have Leen described in
Fancy Hay (Figure 3ZC).
now bering analysecd.

the past at Mariety Bay and Little
A poussible occurrence from Barnes Bay is

The analyoes reported in Table 1 {(Figure 2ZA) from North Bruny
Island {Deennes Foint  to the Isthmas), and apparently supported
by the channel oud sanples {(Yolluran, pers com), indicate a
mature crude wikth distinctive chemistry. A full signature has

not yet been aobtained due to the very law concentrations in the
recaovered samples.

It musth, hawever, be stressed that until the recovared
hydrocarbon sigmakure is mabtched Lo A particular source unit the
Ordovician source arigin implied by chemical indicators and
current knowledge of tlhhe limestone can only be a presumption.
While the Tasmanites otl shale  ha= been etcluded as a source
possibiiliby oabther Lower Feromian mudstooes, or 8iluro-Devonian
shales could be source rocks.
Current esploration by Conga il prasumes a

pre Devonian,
probably Ordovician, source rocl:.
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GEOLOGY

Before sucenarios for generation, storage, sealing and migration
can be presented tt is necessary to consider the geological
peculiarities of the D'Entrercasteauw: Region. Figure 3A presents
a simplified wversion of the erposed geology. Jurassic dolerite
dominates the map., the  upper parts of the section and the
topography. Various Fermian and Triassic formations complete the
map. Fermian gil shales are not known in the regiaon even though
formation correlates are well exposed. In any event current
studies sugyest that Ordovician rocks may be significant

sources. The known distribution of ODrdovician rocks is shown in
Figure 3B.

Figure 3C presents knowledge of the pre Fermian geology prior to
cammencement of Conga’s euploration programme. Coreholes at
Glenorchy and Woondbridge demonstrate that Lower Palaeozoic units

of west Tasmania affinity e:xtend az far east as the Derwent
River at least.

stockwork of
massive dolerite intrusions., is probably never less than S00m
desp and, depending on topography and stratigrapbic position,
may exceed 1500m.

The base of the Fermo-Triassic cover, with its
5

The base of the Fermian succession is marked by a major
uncanfarmity which may be locally irregular and passess relief
of mare than ZTOOm. Depressinns are often +illed;with tillite
marking late Carboniferous glaciation,

.Figure 3D presents the current understanding of the.distributjnn

of Lower Falaeopzoic and Frecambrian rocks as projected onto the

from a primary gravity-magnetics
interpretation. Farmation properties and the first order
techniques used to date have not permitted resolution of post
Cambrian rocks, although some inferences are possible.

The interpratation cowpled with analogies based on
west of the tenements indicates that silicecus
{(Tyennan) basement is deeply buwied by younger Precambrian
dolomite and argillite sequences -and an early Falaeazoic trough.
The most actiwve trough developments were Cambrian in age. The
dominant Cambrian components include mafic and felsic volcanics

and some ultramafics. All aspects are comparable to the Dundas
Trough of Western Tasmania.

exposur'es
Precambrian

Several perinds of deformatian  are likely; in the Early
Cambrian, Middle-Late Cambrian and Early Ordovician. The last
was followrd by gentle sag deposition within, ar near the
margins aof the main  trough. Thiz limestones providing the
probable sowce rocks were depoasited at this time. Deposition
may nol bhave been universal hut Ordovician— Silw‘ian units may
have been up ko 4 km  thick locally. A relatively gentle

orogeny in  the Middle Devonian folded and uplifted the basin
without accompanying granibic intrusion.

GO
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The scale of the residaatl basin is suggested 1n Figures 3G and
ZH bhut the volume and nalure of bhe nmaterial between the Upper

Cambrian and the Fermian vwnconformity has not yvet been resolved.

Figure ID =siggesls a porsibile distribuation for the truncated
folded wvelumes of Ondaovician-Devanian rocks. Expleoration is not
yet sufficiently advanced Lo he ablle bto assess the reliability
of the inferences shown 1in respecht of these materials. The
distributiaon SW of Dover, is reasonable but the map otherwise
can be accepted only near Glenorchy, Clifton, Leslie Rd.,
Woodbridge and North Bruny Island. The definition of the style
and type of pre-Falarosuic roclis and indications of the content

and form of the Cambrian basin is much more satisfactory at this
stage.

The style of the relalioncships likely is sugyested in Figure JE.
Figure 7FE reproduces an aclkual seclion fraom BN Tasmania while
Figure JIF presents & fragmeal of Conga™s interpretation within
its tenemoents. The upper  park of Figure ZE illustrates the
structuwral complications inbtroduced by the dalerite.

Figures IG5  and 3H suggest bhe pricary structural orientations
and significant blpclk  boundaries  which should be viewed in
association with Figure 31. The present vnderstanding indicates
cansiderable rejuvenation of structural elements and implies
that the modern  coasltline reflects Jurassic and Tertiary
incarnations of Late Frecambrian structures. There is, hovever,
na evidaence of continued uplifl over basement highs ‘and
tzostatic stability was probably achieved before deposition of
the Fermian formations. Figure 3D sumnarises the present
understanding in kthe absence of seismic data (see below) of fold
systems. No closures have been established yet.

Carbonifernons glaciation the area was subject to
gentle subsidence until Middle Jurassic intrusion of massive

The post Carboniferous section was completely

disrupted but the older rocks were probakly not greatly
affected. This was a significant Lhermal event. The area was
uplifted and eroded throughout Ehe Cretaceous. In the late

Cretaceous the rocks near the mnconformity were intruded by a
syeni ke lacealith centeead an Cygnetb, is has domed the Fermian

rocks andd tnsarted a fracture fill dyte swarn, and same sheets
in the raoor.

Gravity—wagueliz anatysin ERRTAR R TREES B Liaz syeni ke nass has a
diameter af  ahout 20 Lo owirthh a possible ertension toward
Lettering (sr dotked  ares. Filiogooee D). The discovery of this
brady acoounls Fraee Elvr  enigmas discussed by Leaman and Nagvi

(L7567, Aarnl o esalves many of Fhe apparent canflicts outlined by
Farmar 170300 Thias wann al~n A sagnificant thermal evenk since
many sedimenlary palacomacoelic indicaktors were reset

(Sharples
and Floobtwi jI-, t781).

Within the enposed rocls Jourasesic faulting is predominant but
nat  alwayse obviouws and  the reyion largely escaped Tertiary
extensional faulbting. Maslh Tertiary disruption occurred east of

FHaobair-t, Gennes  Foinl and Sdevenbure Bay although some offsets

[N
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vere translated btheowgh  Morbh Tertiary deposition,
once mare general, is resbricted to valley fill accumulations
(see Farmer, 1783).

Wesk Bav.

The grologiecal  and geophysical problems presented are peculiar

to Eastern Tasmania and their solubion requires much experience
and local knaowledge. An abiliby strip

y to assess dolerite forms,
the paost-Carbaniferous thereby increase resolution of

cover and
Jurassic faulting and the pre-unconformity rocks is critical ta
the present explaratiaon.
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FEMERACLON AL PRESERVATION

Given the geological histoey of bhe region, and the Ordovician
limestones in  particular tiresuming these to be the

source
rochks) ., it

is unlikely thabt any hydrocarbons generated prior to
the Devanian orogeny would be preserved. The depth of burial may
have been inadeguate 1 any case in light of the alteration
indices. It i=s, however, pussible to conceive situations in
which hydracarbans generated after the Fermian could migrate

into anticlines sealed by Siluwrian ghales or Fermian mudstones
above the unconformibty.

The Jurassic and COretaceous thermal  events are
heen critical. While kKhe enlire post unconformity
disrupted cduring the Jurassic ewvent all breaks
the cooling intrusions (Leaman, 1275).
of the

likely to have
succession was
ware sealed by
The disruptive influence
Cr etaceous event was spalially restricted geographically
to the Cygneat area anmil  shtratigraphically tao the rocks
immediately above and below (") the unconformity. Thus either or
both events  contld have ] Pl ta generation wilthout significant
lass of hydr ocarbons {see alsa Lrap condi tions) . ,
It has been suggested thabt seepages might be related to dolerite
feeder syskems. These may have generated small volumes of
hydrocarbons from suitable materials. The widespread release or
distribution of hydrocarbons suggested by the old reparts and
Eonga™s own findings tends against thie possibility unless the
source ruoucks are basal Fermian mudstones. The Lower Palaeozoic
potential source racks are unlikely to be sufficiently
widespread when matched to the saventy feeders, large and small,
Palaeozoic
rocks do not appear to be present in the Narth Bruny region
the hydrocarbon traces have been eskablished to date. This
issue must remain open until more is known of the sogurce and the
sub-unconformity section. The volumes released or observed may

be crucial: while currently very small, significant flows were
observed in 1929.

A mare plausible euplanation of the seepages east of the syenite
intrusion and the eastern margin of the basin is that oil
generated by the Cretaceous event, from Lower Palaeozoic
sSOuUrces, haz migrated uwup dip along the uwncaonformity and is
escaping aluny the primarily Jurassic faults of the region.
These structirens, which lie vlose to the limits of Tertiary
activily, have prabably hesn diskbuarbed. Even so, leakage volumes

are  very small. N clearer view may emerge when the distribution
of sEepayts P S e preciaely bnoawn.

Ther e i= uo pviddenci: o al o they presont bime far

Any pcocwrrence of
the probable goanrae roacls o L

shetl F of Late Frecambrian rocks
which underlie bthe wneconformibty at Moerbth Bruny Island.

Heat  Flows tn khée region remain elevaled and thermal springs

occur on bhie SW perimeter aof the svenite intrusion.

)
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RESERYOIR AN TRAF COMDITIONS

A number of possible reservoir rocks can be conceived. The
Silurian formations, if present, offer paired reservoir and seal
units; thick sandstones and shales. The Ordovician limestones,
whether present as reefal accumulations or not, offer many
storage possibilities. KReef and shelf limestones are known to
exist in the southern part of the region. Thick sections of the
limestone at Lune Eiver hoave beon recrystallized and have high
porosity. Whore the limestone was ocposed prior to the onset of

Fermian sedimentation karsts and desp wealbhering porasity have
also been developed.

The L onaezr Freemian  Formal oy Liltirte and wWoody Island
Siltstone tand! correlales) are wunlilely to offer reservoir
conditionsa., These raochks, wilbbh a tobtal

thickness never less than
Fine grained or possess a very
They could bhe euspected to form an excellent
seal. on Lhe uncanformitbsy, Their efficiency as  seals, given

Jurassic dislocabtion and brealage, may account for the trace
sespages.

about 200 metres. are either very
fine grained mabyix.

Qther Faromian formations  are  passable aquifers with strong
bedding hebtarogenei by, Theae may offer local reservoir

potential, especially if saaled by dolerite intrusions or traps
formed by faulbting or dolerite dykes.

Optimum reservoir -

trap conditions probably lie below,
the unconformity and

or at,
involve the limestone itself.
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GEQFRYS IS ANL PROSFECT EVALUATIONM
The geology of the D Entrecasteaus region, its historical

development and the nabtwe and properties of some of the rock
units present make an unusual bias Lo the enploration programme
essential  when caompared with noemal industry practice. This is
unlikely to change, as discussed below, due to the combination

af geological considerations, costs, access, data quality and
political factors.

The approach emplayed is capable of yielding equivalent results

but at a much lower final cost and has already provided the
regional setting and geolagical history noted above.

The twin pillars upon which all exploration
D'Entrecastesau: Region must rest
data bases (Figures 468, 4R).

in the
are the gravity and magnetics
Comprehensive surveys have been
completed and primary analysis completed (previous section and
Figues 7ZF Lo 3IZI). The analvsis i=s nolk yel exhaustive and, as
seismic traverses or survey segnents become available, the
evaluation can and  must e rupanderdd., BEnkh methods are able to
assess the impact of Jurassic sbruckturing and intrusions in the
post unconfarmitbty seguences and provide a basis for linking
seismic surveys after stripping the covering materials. This
implies entended applicabtion of these methods and state-of-art
3D whole grology techniques.

But why is this necessary (es
reasans. The seismic melihaod
high cqguality

saential)’? There are several
can not be relied wpon to yield
data in Tasmania but adequate results can be often

.achieved. Due to terrain, access, environmental and political

issues a very high acquisition cost is inevitable and the method

can only hbe emploved selectively. There is no possibility of

acguiring a first arder regional grid and the gravity—-magnetic

coupling hae already attained most of the objectives of such a
caverage.

The waterways offer an oppartunt bty for
and marine survey wawld provide an
relationships aal ittt anlap e

some regional coverage
indication of struct:iaral
Ler minartion characteristics.

The extant interpretation already suggests where seismic surveys
should Dbe coocentrated and what line grientation will be most

effective. This approach is efficient and will reduce future
exploration coals.

Three vy feagments feom bhe region are presented in Figures
ac, 4N, All are pre-proceasiong and were recorded with no input
filtewrs, Di=play= in Figur e 40 present various playback filter
aptinns. Theowme  smcbions dowonsbrate Lhalt in parts of the area
high quatily  dJata and many relflectors are present to at least 4
second=s. [ olhers, the dala is poorer and such reflectors are
absenk (Figure 410, Theam Fragmenhﬁ suggest that important
pre-Fermiar sockions may e presenl at Clifton and Leslie Rd.

but noalb at Mol Beoney, This 1w consistent with the




gravilky-magneiice view  as presentbted 1o Figures 0 and 3F. The
base of e Fermian  is  coansidersd tr lie at about 1.3
(Cliftonl, a.fi wreos (uymer
intersealbion and NMLh. Hruoy),

secs
Leslie  Ifoad At Southern Outlet

onshore seismic surveys relate to

espeizially on dolerite, coupled
dimensional terrain and complex intrusion
forms including a mix of subvertical and subhorizontal limbs.
The test site=s of Figuwe 40 avoid such problems while that at
Murrayfield (Figure any carries only moderate 2D terrain

gffectzs. For original discussion concerning sites presented in
Figure 40 refer to Leanan (1978),

The significant problems  for
very high =suwrface velorilieos,
with irregular threes

These eskbimates have been based o limitked velocit information
Y )

used consarvakively for near vertical incidence, and
stratigraphic  contral near surface. Approdimately 0.5 secs of
the Cliftan evample is due tn Tertiary sediments on the Permian
rocks which include at  least one dolerite sheet. The Narth
Bruny

traverse was fired in Formian rocks above a dolerite sheet
while the Leslie Road btest was f(ired within the upper part of a
daolerite sheeb. Hith raspect to the various sections, although
widely separated, the dolerikte sheets are stratigraphically

equivalent but nolt the same sheel system.

In all cases bthe wnconlocmity refltection is multiple

Tertiary to Permian effect: 1700 bt 2500 + m/s).

{(Ccompare

The reflector pabterns ab Clifton and Leslie Road indicate
strongly helberogeneous secltions as would be expected within the
Drdovician-Devonian  succession. The bland Murrayfield (North
Bruny) effect has often heen observed in tests around Hobart and
suggests that structural homogeneity has been impressed on

Precambrian basement (type 23 as suggested by the Woodbridge
core.
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CURRENT AMD FUTLURE FROGRAMMES

Although Conga 0Qil Fty. Ltd. began work in 1984 most of the
results presented here were obltained in 1987 after a reported
geepage was relocated and analysed. This 1is considerable
progress in a difficult, virgin pravince, It also accounts for
the bias toward the more universal and less costly gravity and
magnetic methods and the limited amount of seismic data
available to date. The groundwoarl: for seismic application has
been laid since research programmes have established that the

method camn yield usable results, albeit variable in guality and
at high cost.

Consequently, marine seismic traverses followed by limited
land-based surveys of the eastern margin of the Palaeozoic basin
have been proposed since materials in this regiaon are presumably
sogurcing seeps along the chamnnel and EBruny Island. Such
traverses may also provide prospect indications.

No seepages are known Ffrom the western side of the basin but
this may reflect lack of observation. Identificatian af seepage
patterns may be important for ultimate targetting and further
sampling programmes are in  train. Magnetic identification of
Jurassic structures, which may be intersecting migration paths,

is also proposed. Fossible source rocks are being sampled in
order to matech the oil signature.

The Ffirst stage
the remnants
unconfarmity.
process locally the

interpretation was unable to resolve in detail
of the Ordovician and Silurian section ‘beneath the

gravily-magnetics data base can be ugad 'to
In the case of part of
North Bruny Island this bas already been achieved. These
programme studying
pyroclastics. The region contains a number of extinct
Tertiary volcanoes and the ejecta offer a means of inspecting
the actual rocks beneath the volcano. Two volcanoes already
examined have collected much younger Frecambriam material (type
2. Baoth lie east of 1lipg A=A in Figure 31 and the method
appears a workable vay o supparting uncantrolled
interpretatiaon, This approach, coupled with gravity-magnetic-

—geismic analysis, may allow some specific identifications well
in advance of any drilling.

The present and future progranme has been designed to praovide
information about folding,. closure styles and ' stratigraphic
wedges, and a prospect list at minimum cost in order to allow
drilling at the garliest feasible date (Conga 0Oil

owns &
petroleum rig of Z00Mn capaciby).

While the proposed seismic coverage will aid this .

ey
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CONCLUSIONS
The D Entrecasteaunr Region possesses all the hallmarks of a
potentially productive petroleum province. There are possible
source rocks, hydrocarbans have been generated, either

generation is continuing (improbable} or reservoirs are leaking
since seeps remain active, and likely relationships between
structures, basins, source rocks, reservoirs and traps are well
understood and known to occur. An Ordovician saurce for the oil,
thaugh probable, has yet ta be praoven.

The region would appear to have potential at least equivalent to
the Amadeus and Canning Basins. The sealing unconformity, and
the rocks above it, provides an insurance of this potential as
well as prsing difficult evploration caonditions.

Target definition 1in the prevailing conditions will not be a
simple process and will require a judged balance between
gravity, magnetic and seismic methods. No single method will
prave adequate or cost effeckive,

Go
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TABLE 1

SELECTED BIOHARKER PARAMETERS FROH GC-NS ANALYSIS

SAMPLES: Sediment and water samples from Bruny Island supplied

'by Mr. K. C. Morrison.

. MATURITY PARAMETERS 5P2
1. Ca27 hopanes: Ts/Tm 0.63
'2. Cao hopane/Cae moretane 4.8
3. Cai 225 hopane/(Ca: 22R + 225 hopanes) X 100 6%

l 4. C3z 225 hopane/{Caz 22R + 225 hopanes) X 100 56%'

W -
.

C29 oot -steranes: 205/20R 0.81

(-]
.

Czs 20R steranes: o(f8/ olotor, 1.02

SOURCE PARAMETERS

7. Car/C2y9 steranes 0.9]
8. Cz27/Cz2s diasteranes 1.7
9. Pristane/phytane 0.20

weak.

‘ - - -

BS
nd
nd
nd
nd

0.79

0.95

0.71
1.5

1.3

Parameters 1-4 calculated from m/z 191 mass fragmentograms
Parameters 5~7 calculated from m/z 217 and 218 mass fragmentograms
Patameter 8 calculated from m/z 259 mass fragmentograms
Parameter 9 calculated from m/z 113 mass fragmentograms.
nd: not dteremined due to co-elution with other compounds or tor

Bé
0.70
7.4

37%

58% .

0.1

0.94

0.78
nd
1.3

()
a0
jraria
b
€

-

B8

B7

0.38  0.79

3.1 6.0

21%  28%

55%  60%

0.72 0.73

0.90 0.82 -
0.98  0.73

1.0 0.77
1.1 1.3

FIGURE 2A
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.\' ACS Laboratories Pty Ltd

ACN; 008 273 005

PO Box 396, Chermside gﬁf @"";{fp';. M’ T
BRISBANE QLD 4032, AUSTRALIA Quecnsiad
Telephone: 61 7350 1222 T

Fax: 61 7 359 Q666

Date: 30 Jurne, 1985 .

Te: Dr Cliva B;érrett Company: Great Southland Minerais

Fax: (002) 232 547 cc:

Subfect; Bruny 1sland Core Samples

Our Ref: P: 2-218.fx2 Your Ref.

Sender: @‘rfen Farley ) Total Pages: 2

Thit {acsimile iz intrnded oniy frr the y2e aof the prrtan or eompany named above and may contain jnformation that ie
embidentlsl. If vour are nat the intended recipient. yon are natified that any dinsemination, disuribution or copying of thie

facsimile is stricy prohibited. W vou have recetved this facsimile in ermr, pleaw notify us Immediately by wlephone and
dewroy the original facsimile.

Clive,

Please find attached the porosity and permeability {horizontal and vertical)
determinations an the four core samples referenced above. Should you have any
queries regarding this analysis, please do not hesitate to contact me,

We will hold the samples in our Brisbana laboratory pending any further analysis
you may request.

i
i
1
1
1
i
1
1
i
_ l Best regards,
V  oucdd.
i
i
i
i
i
1
i

Fd

WARREN W FARLEY -
Group General Manager

. T 2qHT SUH RO €T £- A o0
kl . ¥ 301440 GHIH S9H
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CORE ANALYSIYS

LABORATORIES PTY.
008 273 008

troleum Reservoir Engineering Data

LTD.

EINAL REPORIT

Probable Transitinn Zone;

Gue =

Probable Gaas Cap; NS

2
G

2121

g rpany 1 GREAT SOUTHLAND MINERALS Dote 1 24/06/35
11 : Bruny Island Snaples fmn ShiHew f1 File : 2-218
ield : unknown Location ! TASMANIA
“ore Int. ACS Lab. : 002
e Ink. Analyst : WJD
re Int.
aple | Depth IPoroﬁlty, Nensity | Kall | Kali | RKall } KaV ! Fluid Saturations
'nher ! From To |} Heln} | GD NO | MAX | 45 | 90 | Vert, OilX H20%
L 1 787.00m 787.00n 7.4 2.72 2.52 0.07 0.03
l 2 802.50m 803.50 8.6 2.76 2.52 0.96 1.01)
3 205.00~ 805 ' }l! ‘3‘ 2.76  2.44 6.8 B.54 1wt
-+ 4 A11.00m 8]1 f)() 11.4 2.78 2.46 9.0 'I.BT,\
!= Vertical Frachtore: li¥ = Horizoulal Fraclure; MP = Monnted Plug: SP= Short Plug
= Top of Core; B = Bottom of Core; OWC =

Probable 0jl/Water Caontact

= Nnft

sujitahle for SCAL

- /-(_')ﬂ!--{-r L;c}
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ACS LABORATORIES PI'Y ..

L1 - LI B W B
ALN: 0A8 212 Q0% I R
Petrolenm Heserveir Endiosstring Dats
SCORE ANALYS IS FiINAL REPORT
Company GREAT SOUTHLAND MINERALS Date 23/08/95
Hell : Nopthern Tasmania Samplos File 2-223
Field Urtktrown Location ¢ TASMANIA
Cors Jut. ACS Labk. :@ 002
Care [nL. Analyst : BJS
Cor= Int.
Sample U Porusity = | Density ! Bermeability (md}!Susmaticn of Fluids!
Number) Depth piv) lzla)iHoll @) HO HiK Ka Roll Ka | ¢ 0ilx HIOX
x
1000 It 15,7 geadt 2.63 34,7 Joet -
1000 v 1.8 gesd 2.63 8l.6 ].-4
1001 i 16.5 g0ed 2.62 386 oy gred
1601 V19,9 vey g 263 113 vy 5T
1002 ft 17,6 geed 2,63 7.7 fair
1002 v 17,1 qeed 2.64 5.9  Fair
AN01 v IT.7 meest 264 2.7 ged
4004 K 12.3 feir no05 4.0 far
1004 v 12,7 f=ic 2.65 2.22 fair
YF = Yertioca) Fracinre; UF = Horizontal Fracture; M = Mounted Plug; 5= Shori. Pl
C& = Top of Cure; P4 - Botten of Core; ORC = Probable 0Ll /Weter Lontact
Tr =~ Probable Transition Zoo=; GO T Probable Gas Cap; NS5 = Not suitable for 5CaL
T peretitl  ammant B Levonen ooy of Ran”
Lot EA. /:) . /of—
& i s-'s A / fo2
Dl pth o M. anes
-‘ ? ‘! .r /0(-\, {-{‘ !
_ AT e A N ¢ el
Maine s LAATINA S

f\, Hf\

(:-' n‘\_f.;"-”'(

e
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Generalised Lop of Section in the Quamby Area

Bogan Gap Gp
100m

Poatina Gp
80m

Liffey Gp
35m

Golden Valley Gp

200m

Stockers Tillite ﬂf

50m

Sample
P40
r4004
L1ou2

MIULUL

| M1Q0OI

|
|
|
|
|
i_

Depth Dir

g

Density -
2.61
2.66
2.G4h
2.63
2.6
72.63
7.G3
Z2.62
.63

1_ Po

|
|
I
I
|
E
{

\\\\&\\\\\‘~31110p Sandstone

Garcia Sandstone

M1000,M1001

? P4001, P4004

Quamby Mudstone

‘OJat_a( Llj BE.M. H‘L“jhmrr{ lc\‘lr

rosity.
17.7
13.3
12.7
17.5
17
15.3
15.8
18.5
19.9

4.34
2.22
7
5.9
34.7
B81.6
386
143

Permeability
322
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ACS LABORATORIES PTY. LTD.
wi: 08 1t
Petroleun Reservair Entinesriny Data

CORF._ANALYSTIS PRELIMINARY REPORT

soapany : GREAT SQUTHLAIND MINERALS Date ;13,0879
He.| : vorthern Tasmania Sampies Fiie 1 2223
Field ; Lnknown Locatinun @ NORTHERN TASHMaNTA
Cors [n-. ACS Lak. : 002
Core [nt. : Anatyvst : LJM
Core Int.
Sampl=, ;" Porogitv ¥ | Density ; Permeasbili:v {(md)|Sumperion of Fluids, Hesarxs
Numker! Denth Dirl Helnj'Rell 80 ND GD! Ka Roll Ka | g 0ilx  Huow
Bundella B Clemonch, 811 33.90 R 22.1 2.57 Giauve
Malbioa Fn. Cordan &1 1 2 32,50 & 2.1 2.61
‘lawf'bo\- (,zam\-er\?.’f‘* 2 124,20 ‘i J.9 2.66
Riadon st . \Jand\f Bay " 12.3 2.82
Gadanest, @luwey k. 3 ] 13.7 2.85
Minnie p+ Fm.voriehy By 6 8 14.1 2.63
Mianie pt. Fm Cogret 7 i l6.8 2.68
Rlacon st , tetterimg 8 R 4.7 2.66

NE o= Yertlical Fradrture; HF = Horizontal Fracture; MP = Mounted Plug; SP= Short Pluv
C: = Top of Cor=. B = Bottom of Copre; OWC = Probable 0Oil/Water Coantacrt
Tr = Prohablie Trunsition Zone; GC = Probable Gas Cap; NS = Hot suitable For SCAL

ACE LARGIATALNNS M. ERD. :aall aot ge iiadle ar responsthls for way lose, sost, dimages or erotoses :acurced 37 the client ar wav 90%:r cerima ar
ssapany, cevaleiag from any infosmezica or iaterspstation Ziven ip thim tepact. i no caye 3aali ACT TABCRATORIZZ 2TY. LML we respoariiis fu
soaseguzztied deaages aciisizy, wer 200 ciwiied e, lost prolits, damegay Ror Faulurs io weet deadlines 3:d [ost predaciisg artaezy Frow ta:3 resnrs.
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UNIVERSITY OF TASMANI »

Central Sclence
tabarasory
') Bax 252C
Hubare
Tasmuanta 7001

Auvsrralle

Prcliminary Report - Gas Samples from Bruny Island

A sample of headspace above approximately | {itre of water sealed in a plastic Coca-

cola bottle labelled "Shittim tip gas, 930 m" was analysed by GC-MS for the presence
of C1-C6 hydrocatbons

Oualitative analyses revealed the piesence of methane, ethylene, ethane, propylene,

propae, isolmitane, 1-butene, ais- and trans- 2-butene, n-butane and trace amounts of
pentanes and hexanes.

As standards for calibiation were not tnmediately available at the time these analyses
were done, and the smnple was not in anideal container, tue quantitative data are
not as yet available. Sewiquantitative estunations of proportions of gases, based on
percent by volume ielative to methane, were as follows;

methane = major hydrocasbon

cthvlene trace - (much less than ethane)
ethane ~-10% relative to wethane
prapyiene ~-3%% telative to methane
propane ~6™s 1elative to methane .
isobutane <174 relative to methane
I-butene ~2% relative to methane
n-hutane ~1.5%a relative Lo methane
2-butenes trace

1sunentane trace

n-pentane tace

isohexane tiace

n-hexane trae

Waork on enrrent samples taken is tellon-stoppeted gas sampling containers is

procesding, and standards o aepet wases are now available enabling more accurate
absolnts amd celativ e quantitation

Mo hydeogen sulfide was detecredd i this preliminaey analysis, although this gas was
net spevitieally tetted o enable Tow oc suly parts per million detection.

e——

? . < {0 L k .
(Dr) Muoel Davies C e SRR e T

Othicer-in-tharpe, Onganic Mass Sepotrometry

FRADITIeINS OTF EXCELLF™M:
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INTRODUCTION

One oil seep sample was received from Lonnavale, Tasmania for physical testing
and petroleum geochemical analyses. This report is 2 formal presentation of results
forwarded by facsimile on 15 January 1996.

ANALYTICAL PROCEDURES

The analytical procedures used in this study are provided in Appendix 1.

RESULTS

Analytical data is presented in this report as follows:

Analysis Table Figure

Bulk Composition and GC of Whole 1 1-4
Oils and Saturates

GC-MS of aromatic hydrocarbons 2 5-6

GC-MS of branched/cyclic 3 7-9
hydrocarbons Appendix 2

Due to the bituminous nature of the sample and its close association with an
unidentified solid material no physical testing of the sample was possible. However
sulphur analysis was performed on both a portion of the whole sample (including
the solid material) and on the solid material alone following extraction of the oil.
Both were found to contain 0.1% sulphur. This suggests a low sulphur content for
the oil (ie.<0.1%). '

GEOCHEMICAL INTERPRETATION OF SEEP SAMPLE

Maturity

Aromatic maturity indicators for the Lonnavale seep indicate that the sample was
generated and expulsed from an early mature to mature source interval (Parameters
A, C, E and F, Table 2). Parameter A indicates a maturity of VRy,,=0.85%.

Maturities indicated for this sample by saturated biomarker maturity parameters are
less precise than the aromatic derived biomarker ratios. These parameters (ie, Cyg
steranes and isosteranes - Biomarker Parameters 4 & 6, C,; diasteranes - Biomarker

Amdel] Limited

Report LQ4496 Petroleum Services
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Parameter 5, Cy;, C;o & C;; hopanes - Biomarker Parameter 11, Table 2) all indicate
that the sample has a moderate maturity.

The isoprenoid/n-alkane ratios (Figure 4) is unreliable for assessment of maturity
due to pristane, phytane, n-C,7 and n-C,3 being affected by biodegradation and light
end loss.

4.2  Source Affinity
The Lonnavale seep sample is aromatic-naphthenic in composition (Figure 2).

The pristane/phytane ratio (Table 1, Figures 1 & 7) is likely to be affected by
biodegradation and light end loss. However despite these effects the ratio is still
considered to indicate generation from sources deposited in anoxic conditions
typical of a marine environment.

GC-MS of branched/cyclic alkanes for the sample has sterane and diasterane
distributions (m/z 217, 218, 259; Table 3, Figures 7 & 9, Appendix 2) which
contain significant C,9 homologues of higher plant origin (Biomarker parameters 1,
2 & 3, Table 3) suggesting some terrestrial input into the precursor organic matter.

Tricyclic terpane distributions (m/z 191, Appendix 2) show that Cy - C5; tricyclics
are the dominant compounds present in the sample. Such a distribution is
characteristic of precursor organic matter rich in Tasmanites alga. Tasmanite is
thought to have been deposited in a low energy, nearshore marine environment.

Hopane signatures (m/z 191, Appendix 2) are unreliable due to the dominance of
tricyclic compounds. However the Cy norhopane is likely to be more abundant
than the Cj, hopane suggesting a likely carbonate source. The presence of
significant amounts of diasteranes usually associated with clay-rich environments
though suggests otherwise.

No significant amount of botryococcane was detected (m/z 183, Appendix 2).

This data suggests that the precursor organic matter of the Lonnavale oil seep
sample has been derived from a somewhat mixed algal/terrestrial source containing
abundant Tasmanites alga deposited in an anoxic, probably nearshore, marine
environment.

The ratios of I-methylphenanthrene/9-methylphenanthrene and 1,2,5-
trimethylnaphthalene/1,3,6-trimethylnaphthalene (Figure 7) has been used to
indicate source input from Araucariacean derived plant resins (trees from the Kaurt
pine group) which were most prominent in Early to Middle Jurassic imes. The low
relabve abundance of 1-methylphenanthrene and 1,2,5-tnmethylnaphthalene

Amdel Limited
Report LQ4496 Petroleum Services
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4.3

5.1

5.2

53

5.4

implies that these resins were not significant components of the precursor organic
matter. However, this does not preclude the possibility that this oil was generated
from a source of Jurassic/Cretaceous age.

Post Pooling Alteration and Migration

The abundance of cycloalkanes and corresponding lack of n-alkanes in the sample
(Figures 1 & 3) suggests that this condensate may have been subjected to light

biodegradation. No evidence of significant biodegradation was observed in any of
the biomarker compounds.

Figure 8 suggests that the sample is likely to have undergone a degree of migration
since generation from its source interval.

CONCLUSIONS

Aromatic matunity indicators for the Lonnavale oil seep indicate that it was

generated and expulsed from 2 moderately mature source interval (VR equiv=0.80%).
Saturated biomarker maturity indicators ratios support this level of maturity.

Various aspects of the molecular composition of the sample indicates that the
precursor organic matter of the oil seep is likely to have been derived from a mixed
algal/terrestrial source containing abundant 7asmanites alga deposited in an anoxic,
possibly nearshore, marine environment.

The sample appears to have been subjected to light biodegradation.

The extract is likely to have undergone some migration since generation from its
source interval.

Amdel Limited

Report LQ4496 Petroleam Services
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TABLE 1

Ci+ BULK COMPOSITION AND ALKANE RATIOS, LONNAVALE SEEP

Composition (%) Alkane Ratios
EOM (%) n+iso Naph Arom NSO Np/Pr Pr/Ph Pr/n-C;5 Ph/n-Cys
2032 4.1 36.5 26.2 9.7 - 044 0.36 0.64
EOM = extractable organic matter Np = norpristane
n+iso = normal + iso-alkanes Pr = pristane
Naph = naphthenes (branched and cyclic alkanes) Ph = phytane
Arom = aromatic hydrocarbons n-Cyy = n-heptadecane
NSO = compounds containing nitrogen, n-Cg = n-octadecane

sulphur and oxygen

G2

2
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TABLE 2

AROMATIC MATURITY DATA, LONNAVALE SEEP

VR CALC (%)
MPI | MPR | DNR |MPDF | A | B | C | D | E F
0.756 | 1306 | 1458 | 0454 | 085 | 1.85 | 1.05| 7.60 | 0.75 | 0385

KEY TO AROMATIC MATURITY INDICATORS

Methylphenanthrene index (MPI), methylphenanthrene ratio (MPR), dimethylnaphthalepe ratio (DNR) and
calculated vitrinite reflectance (VR...) are derived from the following equations (after Radke and Weite, 1983;
Radke et al, (1984):

1.5(2-MP + 3-MP)

MPI = P+ 1-MP+9-MP

VR {(a) = 0.6 MPI + 0.4 (for VR < 1.35%)

VRa (b) = 0.6 MPI+23 (for VR > 1.35%)
2-MP

MPR = 1-MP

VR (€) = 0.99 log;; MPR + 0.94(VR = 0.5-1.7%)
2.6-DMN + 2 7-DMN

DNR = 1,5-DMN

VR (d) 0.46 DNR. + 0.89 (for VR =0.9-1.5%)

Where P =  phenanthrene

1-MP = 1-methylphenanthrene

2-MP = 2-methylphenanthrene

3-MP = 3-methylphcnanthrene

9-MP = 9-methylphenanthrene

1,5-DMN = 1,5-dimethylnaphthalene

2,6-DMN = Z.6-dimethylnaphthalene

2,7-DMN = 2,7-dimethylnaphthalene

Peak areas measured from m/z 156 (dimethylnaphihalene), m/z 178 (phenanthrene) and m/z 192

{methylphenanthrene) mass fragmentograms of diaromatic and triaromatic hydrocarbon fraction isolated by thin
layer chromatography.

Recalibration of the methylphenanthrene index usizé data from a suite of Australian coals has given rise to
another equation for calculated vitrinite reflectance (after Borcham et a/, 1988):

VRac (€) = 0.7MPI+0.22 (for VR < 1.7%)

The methylphenanthrene distribution ratio (MPDF) and calculated vitrinite reflectance VR (f) is derived from
the following equation (after Kvalheim et af, 1987);

{2-MP + 3-MP)
MPDF =  (2-MP +3MP + I-MF + 9-MP)
VR () = 0.166 + 2232 MPDF



BIOMARKER PARAMETERS OF SOURCE, MATURITY, MIGRATION AND BIODEGRADATION, LONNAVALE SEEP

TABLE 3

Steranes Terpanes Acyclic Alkanes
p Y
Parameter
1 2 3 4 5 6 7 g1 9 10 11 12 13 14 15 16
29:30:41 1.38 1.14 | 141 1.25 | 1.72 | 091 - - - 6.37 - - 044 | 036 | 064
- = not determined
KEY TO BIOMARKER PARAMETERS OF SOURCE, MIGRATION AND BIODEGRADATION _
Parameter Derivation* Specificity

I | C33:C29:Cas Sa{H) 1 dae(H) 17(H) 208 sleranes Source

2 | Cag Sa(H)l4a(H)17a(H) 205 sterane/Cy; Sa(H)14a(H)1 7a(H) 20S sterane Source

3 | Cas 13((H)17a(H) 20R diasterane/Cy; 13p(H)17a(H) 20R diasterane Source .

4| Cao Sax(H)14a(H) 1 7a(H) 208 sterane/Cae Sa(H) 14a(H) 1 Toe(H) 20R sterane Maturity, Biodegradation

5 | Cx 3P(H)17a(H) 20S diasterane/Cy;y 133(H)17a(H) 20R diasterane Maturity

6 | Ca Sa{H)I4B(H)17P(H) 20R sterane/Cag Sa(H)14a(H) 1 Ta(H) 20R sterane Maturity, Migration

7| Ca 13f(H) 1 7o (Fl) 20R+208 diasleranes/Czs Sa(H) sterancs Migration, Source

8 | 18a(H)-30-norneohopane (CaoTs)/Cg 170(H) hopane + CyTs Matunty, Source

9 | 17a(H) diahopane/) 8a(H)-30-nomechopane (C3o*/C15TS) Source, Maturity
10 | Cyr 18c(H)-22,29,30-trisnorhopane (Ts)/Cy; 170(H)-22,29,30-trisnorhopane (Tm)+ Ts Maturity, Source
11 | T/Cy 17(H)213(H) hopane Maturity
12 1 €y, 17a(H)2 1B(H) 228 homohopane/Cs; 17a(H)2 13(H) 22R homohopane Maturity
13 1 C 173(H)2 1a(H) moretane/Cyp 17a(H)21p(H) hopane Maturity
14 | pristane/phytanc Source
15 | pristane/n-heptadecane Source, Biodegradation, Maturity
16 | phytane/n-octadecane Source, Biodegradation, Malurity

* Ralios calculated from peak areas as follows:

Parameters 1-7 mfz =217, 218, 259 mass fragmentograms
Parameters §-13 mfz =191 mass fragmenlogram
Parameters 14 - 16 capillary gas chromatogram of alkancs or whole oil/extract
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Figure 1
Lonnavale Seep Sample
GC of Whole Oil
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Figure 2
Lonnavale Seep Sample
GC of Saturate Fraction




FIGURE 3
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FIGURE 4
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File

Operator WYTHE
Acquired 12 Jan 96
Instrument AMDEL-597

Sample Name:

Misc Info :
Vial Number: 1

C:\HPCHEM\ 1\DATA\UOFA\4496ARCM.D
11:16 am using AcgMethod 60MAROM

LONAVALE SEEP

35

o

4

undance P Ton 178.20 (177.50 to 178.90): 4496AROM.D
40000 — P-Phenanthrene
1
20000 ]
"“‘IL {J T T I T T T L I T T T I 1 T T ' T T T T I T T T 1 I T T ) T I F ) [ T
Frime--> 36.00 37.00 38.00 39.00 40.00 41,00 42 .00 43,00
Kbundance Ton 192.20 Tigi.%p to 192.90): 4496AROM.D
i 3-,2-9-,1-methylphenanthrene 2
20000 ] 3 .
10000 ]
T T‘_&&I I T T T T 1 T T F r' 1 L) T T ' T T T T I T T L T 1 T ) L) T T
Time--»> 36.00 37.00 18.00 39.00 40.00 41.00 42.00 4300
Abiundance Ton 206.20 (205.90 to 206.90): 4496ARCM.D 5P
1 1,7-dimethylphenanthrene
50000 4
ime--> " 36.00  37.00  38.00  39.00  40.00  41.00 4200 43.00




File :
Cperator
Acquired
Instrument :
Sample Name:
Misc Info :
Vial Number:

B
FIGURE 5b

C: \HPCHEM\ 1\DATA\UOFA\4496AROM.D

WYTHE

12 Jan 96 11:16 am using AcqgMethod 60MAROM
AMDEL-597

LONAVALE SEEP

N .

1
pbundance Ton 156.20 (155.90 to 156.90): 4456AROM.D
1 0123
T \
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20000 i
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6000 _ 13,6
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2000 ]
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FIGURE 7

LONNAVALE SEEP
OIL SOURCE AFFINITY
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FIGURE 8

Czs STERANE MATURITY — MIGRATION PLOT
LONNAVALE SEEP
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FIGURE 9

STERANE DISTRIBUTIONS
LONNAVALE SEEP
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APPENDIX 1
ANALYTICAL PROCEDURES



Isolation of Residual Oil

The seep sample was extracted with dichloromethane in a soxhlet apparatus until the
solvent was clear. Removal of the solvent by careful rotary evaporation gave the oil
(nominal C,,. fraction).

Liquid Chromatography

Asphaltenes were not precipitated from the condensate prior to liquid
chromatography. The samples were separated into hydrocarbons (saturates and
aromatics) and polar compounds (resins) by liquid chromatography on activated
alumina and silica (sample:adsorbent ratio = 1:100). Saturated hydrocarbons were
eluted with petroleum ether, aromatic hydrocarbons with petroleum
ether/dichloromethane (50:50) and polar compounds with dichloromethane/methanol

(35:65).
Gas Chromatography

Whole oils and saturated hydrocarbons (alkanes) were examined by gas
chromatography using the following instrumental parameters:

Gas Chromatograph: Perkin Elmer 8500 operated in the split
injection mode

Column: 25 m x 03 mm fused silica, SGE
QC3/BP1

Detector Temperature: 300°C

Column Temperature: 40°C for 1 minute, then 8° per minute to
300°C and held isothermal at 300°C until
all peaks eluted

Quantification: Relative concentrations of individual

hydrocarbons  were  obtained by
measurement of peak areas with a Perkin-
Elmer LCI 100 integrator. The areas of
peaks responding  to aromatic
hydrocarbons were multipied by
appropriate response factors



Thin Layer Chromatography (TLC)

Aromatic hydrocarbons were isolated from the extracted oil by preparative TLC
using Merck GFs, silica plates and distilled AR grade n-pentane as eluent.

Naphthalene and anthracene were employed as reference standards for the diaromatic
and triaromatic hydrocarbons, respectively. These two bands, visvalised under UV
light, were scraped from the plate and the aromatic hydrocarbons redissolved in

dichloromethane.

Gas Chromatography-Mass Spectrometry (GC-MS)

GC-MS analysis of the aromatic and naphthenic hydrocarbons was undertaken in the
selected ion detection (SID) mode. The instrument and its operating parameters were

as follows:

System:

Column;:

Injector:

Carrier Gas;

Column Temperature:

Mass Spectrometer
Conditions:

HP 5890 Series II Plus GC coupled to HP
5972 MSD

60m x 0.25 mm 1.d., DB-1 cross-linked
methylsilicone  phase fused silica,
interfaced directly to source of mass
spectrometer

Splitless 2uL.

Helium at a linear velocity of
30cm/minute

50°C for 2 minutes then 50-290°C @

7°/minute

70 eV EI; 9-ion selected ion monitoring,
70 millisec dwell time for each ion
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The di- and triaromatic hydrocarbons isolated from the extracted oil by thin layer
chromatography were analysed by GC-MS.

The following mass fragmentograms were recorded:

m/z

156
170
178
192
206

Compound Type

dimethylnaphthalenes
trimethylnaphthalenes
phenanthrene
methylphenanthrene
dimethylphenanthrenes

The area of the phenanthrene peak was multiplied by a response factor of 0.667 when
calculating the methylphenanthrene index (MPI).

Naphthenes (branched/cyclic alkanes) were isolated from the oil by molecular sieve

separation of the saturates fraction.

GC-MS analysis of the naphthenes was undertaken in the multiple ion detection
(MID) mode. Instrumental conditions are given below.

The following mass fragmentograms were recorded:

m/z

83

123
177
183

191
205
217
218
231
259

Compound Type

alkylcyclohexanes

drimanes, diterpanes

demethylated triterpanes

acyclic alkanes (incl isoprenoids,
botryococcanes)

triterpanes (incl hopanes, moretanes)
methyltriterpanes

steranes

steranes

4-methylsteranes

diasteranes



APPENDIX 2

GC-MS OF BRANCHED/CYCLIC ALKANES
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Misc Info :
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File : C:\HPCHEM\1\DATA\UOFA\4496NB.D

Operator : WYTHE

Acquired : 11 Jan 96 6:57 pm using AcgMethod 60MAMDEL
Instrument : AMDEL-597

Sample Name: Lonavale Seep
Misc Info
Vial Number: 1
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File : C:\HPCHEM\1\DATA\UCFA\4496NB,D

Operator : WYTHE

Acquired : 11 Jan 96 6:57 pm using AcgMethod 60MAMDEL
Instrument : AMDEL-~-597
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File : C:\HPCHEM\1\DATA\UOFA\4496NB.D

Operator : WYTHE

Aequired : 11 Jan 96 6:57 pm using AcgMethod 60MAMDEL
Instrument : AMDEL-597
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Vial Number: 1
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Operator : WYTHE

Acquired : 11 Jan 96 6:57 pm using AcgMethod 60MAMDEL

Instrument AMDEL-597
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APPENDIX 10

STRATIGRAPHIC LOGS OF SHITTIM#1 AND JERICHO¥#1
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