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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 doIlars 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.O.) 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 evaI.)
University of Tasmania Honours students (basin studies)
Shell (seismic reprocessing)
B.H.P. (oil geochemistry)
State Mines Department (gravity and seismic)
C.S.l.RO (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 ELIO/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
• 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
Brony Island is on a basement high, with a good potential regional trap for
oil and gas.

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

• 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 Brony 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 I,
Gilgal 1 and Jericho 1.

All three holes recorded petroleum hydrocarbons in a gaseous state.
• Shittim 1 recorded tar with the zeolites in the fractured dolerite and gas from

810 metres depth. The hole was drilled on to 1021metres without reaching
the unconformity due to overpressured gas.

• Gilgal 1 recorded gas at its total depth of 51metres
• 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 5 - 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 Levorson. 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 Id/ga!. were required due to
overpressuring"

Samples of gas collected by Mr Ted McNally were fowarded to AMDEL and the
CSL lab 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 ofgas, possibly in a
stratigraphic trap " and (p7) " ...must certaiuly 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 casefor 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).

J.,£",..........;:lnlnl

Managin Director
Great Southland Minerals P/L
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APPENDIX 1

POrEllln Al Of Oi l AND GAS IN THE TASMAN IAN
ONSHO~E BAS IN.

BY ROBERT YOUNG: HOUSTON TEXAS BASED WORLD
AUTHORITY ON OIL EXPLORATION. MARCH 1996



o

The geochelnical analysis from several samples certainly indicate that the source for these mllny
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
additlollal source beds, could exist deeper in the basin.

The methane gas recorded in the Trllro Tillite nf the No. 1 Shittin well could be interpreted as
being in place swamp or lake deposits of the tillite Rnd 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.

Mar. 13 1996 05:52PM P2
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Office: (7]3) 37CJ..3623
Fax: (713) 37CJ..3623
Home: (713) 376-3900

713 370 3623PHONE NO.ROBERT S. YOUNG/CONSULTANT

Rubert S. Young
Consulting Petrulellm Geologist

March 13, 1996

8014 Twining Oaks Lane
Spring, Texas 77379

Dr. Gordon Wise.Chairman
GREAT SOUTHLAND MINERALS PTY. LTD.
24 Jackson Street, Olenorchrs
P. O. Box ]01, Olenorch, 7010
Tasmania, Australia

At the request of GreAt Southland Minerals Pty. Ltd., I have reviewed the geological,
geochemical, and geophysical reports made availahle Oller several years on the "Potential of Oil
& Gas of Tasmania". I have also reviewed the recently completed No.1 Shittin well drilled to
II 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 Soutil1and
Minerals; Jason Slot, Director of Great Southland Minerllls; and David Leaman, Geophyscist
with the Geology Department of University of Tasmania. We had extensive discussions (m 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
SlIrvey Organization (AGSO).
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Great Sonthlalld Mlncl'Bls :Ply. Ltd.
March 13, 1'96
Page 2.

o

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

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
unmigrated T·4 line had good results of energy being recorded on all of the line. J did not get
to see the migrated processed line, but I understand it was very successful. This cOllld "pen up
a large area for reflection seismic exploration to define structures or potential traps.

All of this builds a good case for finding commerciaJ oil lind gas in the basin, but an elltensive
seismic program would take 8 great deal of time and money.

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

xc: Dr. Clive Burrett
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JNmODUCTJON

POTENTIAL OF 01L AND GAS IN TIm TASMANIAN ONsnORE BASIN

33101~

Mar. 13 1995 05:53PM P4713 370 3523PHONE NO.ROBERT S. YOUNG/CONSULTANT

Robert S. Young
Consulting Petroleum. Geologist
Houston, Texas

o

There has been an early interest in oil in the Tasmania Basin, since the first sighting of oil seepa

in 1880. Shallow wells were drilled in the early 19OO's and the mAXimum depth of any well was

about 400 meters. Gas shows were discovered in one well at Port Sorell and oil discovered in

small quantities from Bruny Island, but since 1939, there has been little or no activity of serious

elCploring for oil and gas until recently. Recent drilling at Variety Bay, Bruny Island, had ahows

of methane gas of over a 200 meter eolumn. The few wells to have penetrated Permiall Pre-
a-

Parm\ller basement have proven dolomitic Precambrian, turhidites or Cambrian volcanics. No
A

hole is deeper than 100 meters.

The areal extent of Tasmania and all its smaller outer islands covers] 6.8 million acres. The

Tasmanian Basin covers over 5 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 Dllsin rests unconformably upon the Ordovician, Cambrian, and Pre·

Cambrian rocks. Much of Tasmania consists of exposed Cambrian and Pre-Cambrian in the

west and the Ordovician-Devonian turbidites in the northeast, all intruded by Devonian

granitoids. The granitoids are inferred to occur at shallow depths beneath the uneonf()rmity.

There are over 270 seeps discovered, which transect all rock types, strongly suggesting that deep

cnlstlll lineaments are stilI active" (Burrett). MallY 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 grollp and very little with the Tasmanite oil shale or
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1. Source

HYDROCARBON POTENTIAL

33101 ')
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Prolific oil producing buins, when geochemlcally evaluated lire shown to contain

at least one adeq\IHtely mature, deeply buried 50urce rock system. It is often

stratigraphically widespread and was deposited in an oxygen·depleted

environment. With over 200 hydrcx:arbon seeps and shows which have been

studied geochcmlcally and have Identified at Ieost fOllr moture oils, it is very

probable there are several possible hydrocarbon sources in the Tasmanian Basin.

Geochemical comparisons of seeps shows that the most likely source would be the

Ordovician of the Gordon Group Limestones. Ratios of C27: C2ll: C29 Steranes

are Identical between seeps of the Bruny Island Johnson well lind the Ordovician

Oordon Umestone Rnd the predOnlinance of C27 Steranes and the abundant

diasteranes in Tasmanian bitumens suggests a widespread algae and clay rich

o

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

reservoira, seals, and traps.

Quamhy mudstones of Permian. It is also presumed thllt deeper and older formations in tlle

basin could have source potential. The Permian sands make up the greatest potential for

reservoirs and are intermixed with coal beds and an oil shale zone. A primary seal to these beda

is the overlying Jurassic dolerite that covers nearly 3/4 of the basin. The Ordovician limestones

of the Gordon Group are alao considered possible reservoirs M paleokarsts. reefal or fractural.

Structural features are difficult to define. To date there has been very little refection seismic

coverage due ttl the poor quality of data beneath the blanket of dolerite. The present coverage

of gravity lind 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.
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source rock.

o

Other sources inclUde the Pennian 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 oil window oyer large areas of the ba5in.

Conodonts color indicates that much of the Gordon Limestone, particularly in

central and southern Tasmania. i5 in the oil and gas windllWs. Thi5 Iimedone is

expected to underlay Permian and Triassic sediments in much of Tasmanian

Basin.

Evaporit.es 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 ~\1ch as shales are also remarkably efficient in the ahsence of open

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

Reservoirs arc very easily envisioned in the shllllow marine Ordovician

Limestones 8S paleo,kAnt, reefal, or fracturaJ. Since the Limestones are

considered source material, migration would be minimal. Additional potential

reservoirs are within the Siluro-Devonian sandstones of the Eldon and Tiger

Range Grollp5 and within sandstones of the Permian BundelJa Formation,

Faulkner Group and Uffey Sandstone of the Lower Parmeener Super Group.

Measured porosities in the Faulkner and Liffery are 13% and ]2% respectively,

while other Permian sandstones in the northern block of EL21195 have por05ities

avcraging 16% and horizontal permeahilities ranging lip to 386 miJIidarr,ies.

2.

3.

ROBERT S. YOUNG/CONSULTANT
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It would he anticipated that the Ordovician Limestone reservoirs would be sealed

by additional limestone within the Gordo~ Group or by the Tum TiJlite above the

unconformity. Good seals of shale and silts are found throughout the Permian­

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

Clip rocle for the Permian·Triassic reservoirs.

3 '. 1 0 • ..'0-,- '-iJ
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capillary rressure between oil and water in rock pelm. (Berg 1975, Schuwalter

1976). Long·term sealing properties of very fine grained water·wet rocks are

demonstrated by the excellant preservation of light oil and gas reservcs in some

very old sedimentary basins. For instance, shallow Paleozoic oil and gas in

lIIinoi., Michigan and Applachian basins, major reserves in the Palezoie Volga.

Ural Basin (USSR) and giant Devonian and Ordovician fields in the southern

Algerian Sahara demonstrate the sealing efficiency ofvery low permcability rocks,

provided geologic history following entrapment has remained quiescent. All the

above basins feature stable tectonic conditions and a lack of advcrse thermal

history.

Defining traps and structural features within the hasin is very difficult to

impossible without good reflection seismic records. 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 over a large part of the basinal sediments. Recent

seismic work on the TASGO project seems to have improved the quality and

depth of recordings through the dn!erite, which will greatly assist in defining tho

structural traps. The present gravity and magnetics, which have been extensively

used to date have been able to define regional structural elements of mostly

Paleozoics. Structures in the Permian, or younger, are probably going to be

faulted, and of Jnw relief. Although I have not reviewed the recent migrated

''TASGO'' seismic lines T-4 or T·5, I did have the opportunity tu Bee tJle lines

ROBERT S. YOUNG/CONSULTANT
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Except in unusllal cases of very long range migration typically encountered on

foreland hasin plates, most untrapped oil in sedimentary hasins originates from

synclinal drainage areas that surround the trap itself. Thus, migration distances

commonly range in tens rather than hundreds of miles, particularly on strongly

structured and/or faulted basins.

unmigrated lind they indicated low relief struchlrlil features. 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

carboniferolls·Mezozoric basin was 2S00± meters Rnd there has been no new

reported thickness based on the "TASGO" seismic program.

Since these three probabilities are indeflCndent of each other, the overall probability of

discovering producible hydrocarbons at a given location is the product (not the slim) of the

EXJ1loration risk, heing defined IlS the probability of spending exploration funds witbout

economic success, has always been at the heart of the oil business. Geologic risk, which is a part

of ovcrallexploration risk, is fueled by uncertainties in subsurface geologic conditions, prior to

drilling. It can also be expressed in terms of the probability of simultaneous occurrence of the

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

Successful exploration for producible hydrocarbons in the subsurface depends 011 satisfying the

following probabilities: i) probability of existence of trap (structure x reservoir x seal); ii)

prohability that the trap has received and physically retained petroleum charge (source x

maturation x migration paths x timing); and iii) probability that the entrapped petroleum has

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

water ingress).
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Ta~mania's primary sourre 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 glls should have a ready market.

o

LAND

Great Southland Minerals Pty. Ltd. holds 100% of exploration leases EL/188 (3500 KM2; BL9/95

(3700 KM2), lind EL21/95 (6000 KM') comprising of II total of 13,200 KM2 (3.2 million acres)

which is located in the Deruent Valley. These leases are granted for six years lind expire the

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

In respect to the Ta~manjan Ba~in. I believe the only probability that may be missing is the

probability of trap. Not the prohability that there wo;n't be a trap. but how do yOll locate it?

At the present, this makes any drilling program II lJillh risk, lind very costly. Hopefully, new and

improved parameters in the reflection seismic data will overcome some of this risk.

probabilities of the~e individual factors, that is, if anyone of these three nJain factors is 0, the

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

Work to date has certainly established a vlllid exploTlltion play for oil and gas. Although the

occurrence of seeps does not guarantee the potential for commercial hydrocarbons, it is

encouraging to know that oil is generating in the hasin.The retent analysis of the Ordovician

and the methane shows in the No. 1 Shittin well lead you to believe that hydrocarbo/ls in

commercial quantities could be found in the basin. I believe that the criteria needed to establish

hydrocarbons have been met in that source rock, within the oil or gas window, has been
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established. Reservoir rocks arc present, seals are in place to trap migration, .and if the recent

"TASGO" seismic program is successful in penetrating the dolerite to receive good data, then

the search for II 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 believe a core hole program to

evaluate tbe basin and explore for hydrocarhons call be designed. The economic factors for the

area are very attractive and wOIJld sustain the COsts of such a program.
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Abstract

The Lopatin method is used to model the thennal maturity of potential hydrocarbon source rocks of

the Lower Palaeozoic of south-eastern Tasmania. Results indicate that Early Pennian sediments are

likely to lie close to. or within the 'oil window'. Any petroleum generation from organic-rich rocks

would not have commenced until afler the deposition of potential reservoir and seal fonnations in the

Lower Parmeener Supergroup. Increased burial and heating by the emplacement of dolerite in the mid­

Jurassic may have enhanced the thennal maturity of polential source rocks.

The thennal 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 Pennian 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 nuvial setting were found to

have the better reservoir characteristics. Proximal to igneous bodies. contact metamorphism has

severely reduced porosity and penneability. 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 resulted in the fonnation of authigenic clay which has helped preserve primary

porosity.

Potential source rocks are likely to be at various stages of maturity throughout 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

penne:lbility. Reservoir characteristics are similar to 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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1.2 Study methods and locations

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

Jl

The location of diamond drill hole (DDH) sites and outcrop sections is given in figure 1.1

The Woodbridge, Granton and Glenorchy DDHs are house/in the Tasmania Department of

Mines core library. Jericho I and Shittim I 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.

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.

1.1 Aims
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1.3 Previous studies and exploration

A full account of the history of petroleum 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 petroleum

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, Burrell, 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 Oil Investments and

now Great Southland Minerals.

3
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Regional Geology and Stratigraphy 2

2.1 Pre-Carboniferous

General stratigraphic relationships in southern Tasmania are illustrated in figure 2. I.

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).

4
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2.2 Carboniferous-Triassic

The Tasmania Basin (figure 1.1 a), in which the Panneener 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 Panneener Supergroup in south-

east Tasmania.

'"
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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

Figure 2.2 Nomenclalure and stratigraphic relalionships within the Lower Parmeener Supergroup (JFler

Farmer. 1985). The relative locJtion of some DDHs is also shown. Unit thicknesses in metres.
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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 common 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 constitute 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 fossiliferous 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 Srenopora 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.

7
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This is followed by interbedded fissile and non-fissile siltstone with subordinate

sandstone (Ferntree and Abel's Bay Fonnations). 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 Penno-Triassic sediments

(McDougall, 196\). 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.

8



I

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

Potential Source Rocks

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 I, 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 TOe 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

9
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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 III,

gas prone kerogen (Denwer, 1986). Organic carbon content in the siltstone varies

considerably, from being very lean to TOC values of over 3% (Revill et 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 DOH, 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
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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 TOe than most organic rich clastic rocks (Hunt, \979). 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 bitumen

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 (CAl) 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.\ is a summary of some of the potential source rocks. indicating

measured amounts and types of organic content.
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UnillFormation Kerogen TOC range Reference

Precambrian Dolomite '?D .02%t O'Leary, 1987

Ordovician Gordon Limestone II .07-.23%· O'Leary, 1987,Summons. 1981

Carboniferous-Pennian Truro Tillite ?I,m ?

Pennian WocxIy Island! ill 0-3% Campbell, 1992, Denwer, 1986

Quamby Fm

Permian Tasmanite Oil I 15-35% Denwer,1986, Revill et aI.. 1994

Shale

Pennian Faulkner Group ?II. m ?

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

4.1 Introduction

Shows of a wet gas were recorded in the Shittim 1 hole on Bruny Island. To

detennine a likely source for the gas, thennal modelling of potential source rocks is

carried out. Burial curves and geothennal histories are reconstructed using data from

the Shittim 1 core and the literature. The Lopatin method is then used to calculate

thennal 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 fonn 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 'bum off (Selley.

1985). Figure 4.1 (Selley, 1985, Rejebian et ai., 1987) illustrates the relationship

between temperature, hydrocarbon generation and various maturity indicators. It is

important to know whether potential source rocks are thennally mature or immature in

order to warrant further exploration.

There are a number of methods used to assess the thennal maturity of sediments.

Thennal 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 thennal indicators (Selley. 1985. Rejebian. 1987)

Indicators of thennal maturity however. can only give an indication 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. Thennal modelling is often used to estimate the timing

of hydrocarbon generation. One of the simplest thennal modelling methods available

is Lopatin analysis.

4.2 Lopatin method

Thennal maturity is a factor of burial history and geothennal gradients. From known

or estimated ages and depth of burial of sediments a hypothetical burial curve can be

constructed. Using present measured geothennal gradients and interpreted palaeo­

geothennal gradients. the thennal history of a sedimentary unit can be modelled. The

14



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

•

Lopatin method assumes that the rate of reaction for petroleum generation will double

for every W'C increase in temperature (Katz et 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 IO'C interval, time-temperature indices (TIl) can be calculated.

The indices can then be con-elated with vitrinite reflectance and a relationship with the

oil and gas windows established (table 4.1).

Ro m

0.40 <1

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)

15



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
•

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 I 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 (1989).

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 I 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 5-7rn1my,

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'Clkm to 60'C!km (Green, 1989). An average

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

16
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Figure 4.3 Thermal maturity versus time for me base of I.he Woody Island Formation using various
heating and burial scenarios. Illustrating the timing of oil generation from sulphur-rich kerogen
(Waples, 1985) and the conventional 'oil window',
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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 et 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·Clkm and surface

temperature of IO·C is used. A geothermal gradient of 30·Clkm and surface

temperature of O·C is assumed for the early Permian. This thennal 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 fonnation 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

oil 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

circumstances 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 W'C and constant geothermal gradient of 40'Clkm 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'CIkrn is assumed. Increased geothermal gradients are assumed during

the Tabberabberan Orogeny in the Devonian. 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 4.6c, 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-eastern 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 expected 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 CRo = 3.57), palynology and mineralogy indicates that the igneous intrusions

have caused metamorphism of most sediments 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 I example, temperature profiles away from a 580m sill are

calculated and ploned. An initial temperature of intrusion, To= IOOO·C is assumed. A

thermal diffusivity of, k = 0.0 I is used (as per Esposito and Whitney, 1995). Profiles

are plotted for several time intervals.
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Tffo = liZ (erf (E+I)/(Z"It) - erf (E-I)/(z"It))

where:

T =time dependant temperature at a given point,

To = initial temperature of magma,

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,

v =time since intrusion.

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

temperature 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 overrnature due to contact

metamorphism (figure 4.8). Heating to over 300·C will occur within this region and

well over SOOT closer to the intrusion. Maximum heating in host sediments close to

the sill, occurs at approximately 1000 years. This accounts for the high vitrinite

renectance 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 IZOm from the sill. Up to 100m from the dolerite, a spotted hornfels 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

IOky 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 looky 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 iii 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 I DDH is located on the southern side of Variety Bay, North Bruny

Island (EN339161, figure l.l a). 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 dasts 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 Ib). 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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Key to Stratigraph ;c Columns

Lithology Fossils
.:o.o~.,,,:IJ·• .J Conglomerate <:::J Brachiopods

Sandstone (pebbly) ~
Gastropods

..

. . .
Sandstone Bivalve

.. .,....-."- Siltstone (granular) 1/ Stenoporids
..:..... .
_.

Siltstone/Mudstone \iii Fenestellids
.-.-- .

Granular horizon.-
Plant/Wood••••

.~
_.
~ Coal seam

--
Abbreviarjons

_.
La

Breccia gry grey':..=
\', Igneous intrusion gm green" ,'Ir\ ., (dolerite/syenite) crm creamy/white~ ..~

blue
~ .

blu. ~_.
Calcareous siltstone bm brown~

~. ··::1 Calcareous sandstone black~-:--:.' blk

~ limestone I. light

i
Unconformity d . dark..-

_4 Tillite f. fine<>-

........- Schist medium-- m.----
c. coarse

Sedimentary Srrucrures v.c. very coarse
- Lamellar bedding r highly

:::;::::::". Wavy bedding ,£. low/rare
T Cross bedding mod. moderately
~ Graded bedding calc. calcareousJ; Bioturbated Imst limestone

'-'"""- Symrnetrical ripples sst sandstone
.............. Asymmetric ripples sItst siltstone
~ Sole marks frac!. fracture
J"t- Rarne structures F Fault
.~ Dropstones b.... perpendicular
0 Glendonites py pyrite/pyritic

'"'=' Raser Bedding pyh pyrrhotite

TS### Thin section

*### Sample

* ##'Yo 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 Ia), 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 ai., (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 hornfels in

the top 30m of the cored section of the hole. These rocks correlate with the

'Eurydesma' Limestone of Woody Island (Banks et 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 I is located approximately 2km west of Shittim I at EN322167 (figure 1.1 a).

Core stratigraphy is summarised in figure 5.1 and detailed in appendix 1.

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 1 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 I, a high degree of vuggy porosity is evident on

several horizons.

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.

32



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
•

At 83.3m, the Risdon Sandstone, a 4m thick, nonnally graded, poorly fossiliferous,

coarse-grained sandstone unit is observed. This unit interfingers with the poorly

fossiliferous siltstone of the Abels Bay Fonnation above.

The uppennost 78m of the Jericho I 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 unit in which oil 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 (EN5l5266), just outside the

township of Granton. The hole was drilled by the Tasmania Department of Mines in

order to fill gaps in the Pennian type section of Rayner Creek. A detailed graphic

log of the Granton I core can be found in appendix I. a stratigraphic summary with

correlation to other cores studied is illustrated in figure 5.1.

The lowennost 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

fonnation is much less baked. The lowennost one metre of Woody Island Fonnation

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 uppennost 80m of the formation. Several dolerite sills occur

throughout the lower half of the core. Contacts with host sediments are generally
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confonnable 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 Fonnation is overlain by 118m of the Bundella Fonnation, 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

fonnation. Bryozoa, brachiopods, bivalves and crinoid debris are common fossils.

Conglomeratic horizons of pebbles and shell fragments appear throughout the

fonnation. Moderately fossiliferous, sandy siltstone towards the top of the fonnation

is moderately bioturbated. Burrows are usually sub-vertical.

Above 162m, fenestellid- rich siltstone is replaced by flaser bedded, fine sandstone

and carbonaceous siltstone. Plate Ic shows a typical flaser bedded sequence passing

into highly bioturbated conglomeratic siltstone. A thin «lcm) coal seam occurs at

157m. 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 bioturbated, 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 (lOcm) graded

beds with sole structures occurs at 135m, overlain by a 30cm, highly bioturbated

conglomeratic siltstone. A nonnally graded, coarse grained conglomerate 3m in

thickness sharply overlies the siltstone (Rayner Sandstone). It is a very poorly sorted

unit, bioturbation resulting in the inclusion 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 Fonnation (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 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 (ENI45672). The outcrop along the

highway is well exposed although the base of the Bundella Formation can not be

seen. Exposure along Geiss Creek (EN 143667 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. Outcrop 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

vuggy 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 siltstone 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 I. 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 (EN (93226). 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 I 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 (> I cm) metamorphic clasts are

sub-round to sub-angular. Boulder size clasts are increasingly common between

123m and 138m. 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 dolerite bodies.

5.7 Cygnet

Excellent cliff exposure along the coast at Cygnet enables easy access from Deep

Bay Formation (EN083532) to Abels Bay (ENOn033). 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 (EN0802 I l-EN095222).
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92m of granular. clast rich. basal tillite outcrops along Toby's Hill Road. Tillitic

mudstone grades into massi ve, 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 poorly 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

21 m 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 (EN078 152). 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 4Ocm.

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. •

Subordinate siltstone and conglomerate units also occur. Total thickness of the unit

at this location is 46m.
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The coarse-grained, poorly sorted Risdon Sandstone has an estimated thickness

around 7m. The basal 30 em 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 I 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 ofNorth 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, usually 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 I and

Jericho I, 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 I 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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Figun.: 5.2 llltc:rpreled geologic cross section across North Bruny Island. See figure 1.1 b for cross-section location.
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Surface outcrop between Shittim I and Jericho I 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 Abels 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 varying 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 DOH, while in the Woodbridge DOH 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 clasts 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. It is generally agreed that the tillite is the result of at least several

glaciaUinterglacial cycles, with tillitic siltstone interfingering with deeper, distal

mudstone and siltstone (Domack et aI., 1993, Hand, 1993).

The phyllite at the base of the Woodbridge DOH 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 O.5mm thick are at angle of approximately 35· to core

length. XRD analysis (appendix II) indicates the phyllite (WIOI1.8) has very similar

mineralogy to the black shale of the Woody Island Formation (48A). Samples from

the base of Woody Island Formation in Shiltim I show the same wavy cleavage as

that in the Woodbridge phyllite, 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 tiIlitic 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 DOH,

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 modem 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 I core, a graded

conglomeratic horizon in the uppermost part of the tillite, indicates a proximal

environment (Plate Ib). 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 I DOH.

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, CaC03.6H20 (Suess et aI., 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 YC, the mineral

becomes unstable and reverts to calcite and water, resulting in porous calcite

pseudomorphs (Jansen et al., (987). 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 HC03" and P043. from organic matter. Organic rich environments
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therefore provide the optimum conditions for ikaite precipitation (Bischoff et ai.,

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 widespread 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 deposited largely from algal blooms

as sea ice melted (Banks and Clarke, 1987, Domack et al., 1993).There has been

recent debate over the depositional environment of the lower Woody Island Formation

and correlates, in particular, the tasmanite oil shale (Revill et al., 1994, 1995, Domack

et ai., 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 ai. (1994) propose a shallow, sub­

freezing, dysaerobic environment of deposition.

Revill et al. (1994) argue that the abundance of terrestrial spores and a 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.

Oil 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

model. There is however, no evidence to put depth constraints on the Woody Island

Formation. The relative lack of structures suggest 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. They 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

horizons. 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 setting. The limestone units found

within the Bundella Formation on Bruny Island are correlates of the Eurydesma

Limestone on Woody Island (Banks et aI., 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 deposited 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 I 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.
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Bundella Fonnation. Regression results in the Bundella Fonnation being overlain by

carbonaceous siltstones and a thin coal seam, having been deposited in a coastal swale

or marsh environment (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). Haser

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.

Haser 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 glaciaVinterglacial 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 (Will ink, 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
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cause rapid progradation of the shoreline. This unit proves to be the beginning of a

large scale regression.

6.8 Risdon Sandstone

The near-shore shelf sediments of the Malbina and Minnie Point Fonnations 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 dunes. 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 highlr bioturbated lagoonal

siIcstones over the Risdon Sandstone (Abels Bay and Ferntree Formations). A

proximal environment can be established for these fonnations 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 Fonnation 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 Triassic fluvial and

aeolian sandstones.
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Potential Reservoirs

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 ill. 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 et al., 199\). 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. I).

Formation Porosity (%) Environment of Deposition

Risdon Sandstone 13.7- 14.7 barrier comple<

Malbina Formation 2.1 shallow, marine shelf

Minnie Point Formation 14.1- 16.6 shallow marine shelf

Rayner Sandstone 3.97 ?basal conglomerate

Faulkner Group 12.8 coastal channel

Bundella Formation 7.4- 22.3 shallow, marine shelf

Table 7.1 Porosity of sandstone units within the Lower Parmeener Supergroup (ACS Laboratories,

1995a, 1995b, 1995c).

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

7.4 The effect of depositional environment on reserVOlr
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Formation (G33.9) had a porosity which could be considered very good.

thin section. The results are shown in figure 7.1.

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

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
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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 PointIMalbina 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 medium-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 I 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 (YB004, K008 and D005)

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 syntaxiai 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 (VBOO4), 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 dilution 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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Figure 7.2 The relative timing of diagenetic events affecting porosity and permeability in the Risdon

Sandstone.

LateEarly

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.

Feldspar dissolution •• _

Decalcification

Smectite precipitation

Silica overgrowths (pressure-welding)

liming:

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.

Silica overgrowths (pressure-solution) ,. _
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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 resulted 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).

late
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Early

AuthiS!;enic kaolinite

Veining

Authigenic smectile

Decalcification

Silica (syntaxial overgrowths)

Timing:

Figure 7.3 Summary or the major diagenelic events arrecling the Minnie Point Formation.
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Rayner Sandstone

The very poor porosity detennined 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 penneability has inhibited the flow of diagenetic fluids and the

fonnation 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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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.

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 7A)

Late

I.
,.- -- .,

Early

Authigenic clay

Feldspar dissolution

Silica (syntaxial overgrowths)

Timing:

Silica (pressure-solution)

Bundella Formation

Figure 7.f Paragenesis of the Faulkner Group channel sand facies.

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.
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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 el 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 (033.9), and not observed
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7.6 The effect of metamorphism on potential reservoir

characteristics

This is not what would be expected. taking into account only depositional

environment and diagenesis. Within the Shittim I and Jericho I DDHs, primary

textural features are largely obscured by contact metamorphism. Primary and

diagenetic minerals are altered to skarn and pyroxene hornfels mineral assemblages. It

Late

,. --

-
Early

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 I show an inverse relationship

(Figure 7.6)

Decalcification

Kaolinite

Decarboxylation

Pyrite

Figure 7.S-Paragenesis of sandstone in the Bundella Formation.

Compaction/cementation

Glauconicc

Timing:

at deeper intervals. In thin section. partial dissolution of mica grains can be observed.

Kaolinite is therefore a 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 75.
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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 Fonnation.

Shitum I. 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. allowing more

pronounced crystal growth.
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Horizontal permeability (md)

Figure 7.7 Cross-plot of horizontal permeability in sandstone units of the Bundella Formation against

distance from a thick dolerite sill. Data from Shitlim I, Bruny Island.
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While contact metamorphism has a detrimental effect on porosity, the reduction in

permeability is even more severe. A cross-plot of horizontal permeability against

distance from the igneous intrusion in Shittim I 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 aI., 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 I 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 I

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 I 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 I drill hole.
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and Tasmania basin share many characteristics, so the similarities in reservoir
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parameters is not surprising.

Porosity and permeability data from the Bundella Formation of Tasmania compares

favourably to other onshore Australian oil and gas fields (figure 8.1). 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

Figure 7.8 Comparison of reservoir characteristics of producing Ausrralian oil and gas fields with

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

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

provinces. a brief comparison is required.

7.8 Comparison to Australian reservoirs
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Figure 7.9 Stratigraphic relationships in the Cooper Basin (Apak er aI., 1993)

The lowennost units exhibit the most similarities in facies. As in the Tasmania Basin,
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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 fonnations is silica cementing, first by compaction

and then further overgrowth due to solution (Wild, 1986). In both formations

Fine to medium-grained sandstone is interbedded with channel conglomerates, minor

Tasmania, particularly further north from the study area where the intertidal sequences

of the Faulkner Group grade into wholly freshwater sediments (Martini and Banks.

shales and coal. It is the primary Pennian oil reservoir in the basin. The facies of the

glacial sediments are overlain by a fluvial sequence. The Tirrawarra Sandstone of the

Tirrawarra Sandstone is similar to that of the "Lower Freshwater Sequence" of

Cooper Basin was deposited in a braided stream environment (Apak et ai., 1993).
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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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Discussion and Conclusions

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 burial 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 Shitlim 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 Shitlim 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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interlockina 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 Safely and Mines Division

Client: T. Woods
Sample Location: BrunV Island
An.lyall: Approximate Mineralogy

Melhod: X-Ray Ditfradion

R••ulla (approx wt %)

Sample >'0% 40·60% 2S-40% 'S-25" 10-15% S-,O% <'",. Quartz pyro.o:ene laumontite, Plagioclase. Calcite ApophyUile

'G. Quartz Laumontite, Smectite. Chlorite. K·Feldspar f'lilgiocJase, CaicUe. MiCii. Stilbit.

". Quartz Plagiodase, laumontite Smectite. K·Fek1spar. Pyrite. Chlorile, Mica, Cilleda

26. Woll..,Ionllll Pylo;len. Plagioclase Prehnlill. Quartz, ?

". Quartz Calcile Pr,hoit. Smectite Epidote

". Quartz Smedile P,ehnile. Caldle K.Fek1sparlPyroltlilne, ?Epklo18

". Quartz. Chlorite PlagioclaSll K-Feldspar. Smectite "Ica". Qual1.l. Mica, Plagioclase. Chlorile Smectite K·Feldspar. Slllbile, '?Pyrile. ?Prehnlte

4•• Qual1Z Mica, Chlorile Plagioclase Calcite

G339 Quanz. PlagIoclase. K-Feldspar Kaolinite Mica. Pyrite. '?Gypsum

VBOO4 Quar1l: Smectite K-Feldspar

VBD116 Quar1l: Plagioclase K-Feldspar Srnedile. Kaolinite

WIO'I8 Chlolile - 0"'''' P""~NI

Minerals present in trace amounts may nol be detecled.
Peak overlap may inlerfere wilh idenlirlcalions (eg. in low concentralions. Pyroxene and K·Feldspar are hard 10 dislinguish).

Analysl: R.N Woolley

Dale: 29 No...ember 1995



1. SAMPLE EXTRACTION AND DRYING

2. AIR PERMEABILITY

SAMPLING

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 kpal. This pressure is used to prevent bypassing of air
around the sample when the measurement is made.

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

C. All core and plugs were trimmed and offcuts retained. The offcuts are
held in the Brisbane laboratory for viewing and possible selection of
petrology/palaeontology samples.

A Whol.. core sections were trimmed and run in the whole core
apparatus (0 determine helium injection porosity and vertical
permeability.

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 tesl, the viscosity of air and the
plug dimensions.

All plugs were dried in a controlled humidity environment at 60'C and 40%
relative humidity. The plugs were stored in an airtight plastic container and
allowed to cool to room temperature before analysis.

Under UV light there was no visible fluorescence and therefore no extraction.

APPENDIX III: Method of porosity and permeability determination

002·218 Bn.nr l.-w:a

The core was sampled and analysed as follows:

Due to the size (47 mm diameter) of the core, it was sampled as follows:
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3. HELIUM INJECTION POROSITY

4. APPARENT GRAIN DENSITY

61 ,.,~ , "" -
t~ ~j .L 1 ;. ~j

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

ACS Labonotories Ply. Ltd.

ACN: 006 m 005

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 Le. the grain volume was calculated
using Boyles law, where PN, = PN2

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.

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

END OF REPORT

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

002-216 Bruny Island
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A Progress Report

Hydrocarbon Prospectivity

Great Southland Minerals Pty Ltd
ACN 068650386

Oil and Gas Prospectivity of the
Tasmanian Basin

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.

NORTH WEST SHELF.
BASIN
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Direclor
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Jason Siol
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Letter from the Chairman

I am pleased 10 advise you of developments and plOyress or Ihe Company during 1995 and in
parlicular the resulls lrolll recenl drilling in our tenelllont EL 1/88 on North Bruny Island. The
rollowing rerorl is hllther, an introduclionlo lhe struclure and objeclives or Great Soulhlar'~
Minerals Ply lid which is aclively explodn\j for cOllllllercial oil and gas in soulh eastern Tasmania.

The inaugural meeting or Ihe Company was held at Faulkner House, Wentworth Sireet South
Hobarl on 1st July 1995. A board slrong in cOlllmercial, administrative and technical experience
was appointed at the lIleermy.

The table below lisls Ihe issued share capilal or lhe Company at the time or writing this report.

As il is our objective to "ecome a successful oil and gas exploralion and development Company we
are, accordingly, COllllllilled 10 lunding aod prollloling hydrocarbon exploration in the Stale.

Currenlly Greal Soull,land Millerals Ply lid is lI,e operator or EL1/88, EL9/95 and EL21/95,
manages a drilling program in lI,ese lenements and has an exploration team to support a wider
basin study program inlhe Slate.

YOIIIS faithfully.
Great Southland Minerals Ply Ltd

GUldtHl Wi~p.

CIHlirrl1~11 Dilcr:lor

Page 2
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I Great SoulhlalHl Minemls Pty lI,' ~ .4 ".", I_·~j

0d-i_l~

Schedule of Tenements

Mit!' of T:l<;III.1l1i., c:!JnwiIlQ E"pIOl:tliClII UCI"IIr:~<; itmlln:ljnr IJIlpllritlinll
centre" ami hitlhw;,y ...

Location of the Tenements

provided
for Ihe

LitHOLOGY LOG

COl0 11:l~ UP-PIl Illoveu olr
Illl::lliOI1 10 <1 SlOl :lye :ue~ :\1111

IOlflferl hy 1I1p. COlllpallY
lff'olt'lJisl A lillHlloyy loy m,d
illlt~IIHPIr~(1 sll.1Iiqr:lpIIY fur 1I1i~

~p.f:lilJlI j~ jm.:ludell Oil page 6 ur
IIlis progress repOiI.

A sllrlli!--lrnphic hole W:l~ pl:uHled
ill EL 1/88 d'"illy Nuvember of
1994. Tllp. well pl~1I conlaine<l a
f:IJIIlillqP.IH:y 10 hI'!' lJ~ed in Ihl"!
f'VP.llr hydlu(:mholls or :llmUflllnl
plp.s~lIIe wele encountered
downhule.

D.illinlJ 10 dale lies
enCOlII ayin\) resulls
Company.

A 1i1l1ll11l\)Y description anll a
sl,ahgl~plly for lhis area 01 the
basin has been prepared by 0111'
Company geologisl. Hydrocarbon
!lases recorded wllile drilling
have also been sampled and
des~liLJed I'y Iwo laboralories.

Purosily and permeability
FlI1(=1ly~is. rnalur:lliull (=II1(J source
ro~k silldies carried uol on cOle
ublained al Shillim #1 have
enh~nced sllbslanlially I lip.
plOspeclivily uf Ihe lenemenls
huw operaleu hy ur unucl
applicalion \u Gteal Soulhland
Minerals Ply lid .

1995 Drilling Program
Bruny Island

IIQ ~Ol P. Iii illiny LJp.low a precollar
~el al OUm cOllllllencet.l in March
and IlIocp.ede<l 10 181 m. NO
cmilly followell 10 888m and
finally ~ BO curp. shiny run insillp.
Ille NO lOlls Illillp.d III a <leplll or
1l);11.~1II II"rol" IlIillilllJ
IlflP.I;)liflll~wele ~u~"ellde<..JUII 14
Joly 1995.

Thp. COIllP:lIIY h:ls lIow jll~IFlllpcl

Blow 0111 P"'venlioll safely
eqllipmenl to conlrol increa.in\)
Ip.vels uf Ilyliroc~rbon gases Ihal
h:lVp. heel1 f!lIlm ill4 the hule.

r::: xl ('llsinlJ

nppli~d

(or

l;1 anl"d
fill' 6 yf'ms

Granled
for £3 ypnrs

, •• ,·,r,

I\lIl1iv
1).111'

3111/./!1~

".,....

10U~~

11I0~~

E'IlIily

6000

:11110

• "-0·'1

.'

I' l,' t ,

! ....~•.••

9tH.1)

21/95

1\1 P~l

kill"

ELI I nn

Grimlp.d

Recollllllended Iur Approval

Tlip ClH"l'~lIIY holcl~ lUU% o( El linn l:lIIJ1p,i<:;illq 1~l)U kill"
which is hlf:i1ll'd ill Illp. 1JP.I~flllt V~IIf'Y "IIII' COIllP:1IIY hile;
AI'l'lipd 101 nl1 f')(I~IISiol1 10 IIIf' IPIIII of llli .. lil:I'IICP. which is
filii' III f!'xpill' ill ()l'cp.lllhr'l 199!).

Tlw sclwdlllf' h"llIw Iis!.s 1110 slahls and 1110 CIIIIlP.1l'Y'S
illlp.lr:r:;1 ill Ihru ,,> 1f'lIf~III"lIls nl Ihl' d;llr~ of pli11lillq IIlio::. If'poll.

Two hnlhm lpllf"lIIC!lIl nppliC:flliolls. nlslI IIl'hl IlJO% hy 1I1p.
CUlllpany, mf' EI. 9/95 mill EL 21/95. Tlle'l aSlIlani"n
Dppnlllllrmi of Mil1~!=i I1ns 1p.C:lInIlI1Plllh~d Ihf'sf' npplic;1lillllc;
he lJ,anl"d III ..,..",1 SlInllllm,,1 Min",,,ls Ply \.Id. TII"se
explor;llioll lil:(,IIl:(~$ l:ovrn nholll GO'Yo or Illp Tmmlfllli:l1I
B:lsill.

1---------·-- .
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The Allsl, 01 Oil Drillinq Sy",liicole 1936

Tile Bllllli Oil C!lIl1pany 1910

Pruuuceis Oilwell Supplies 1939

0 i i n I-·~

~S "j /. 'j

MANIFESTATIONS OF COMBUSTIBLE

HYDROCARBON GASoEs

Combustible gas vapours were
first detected while drilling in
open hole above the dolerite.
The firsl gas show recorded at
Ihe lucalion occureu shortly alter
a hul wire was installed while
coring below 904m. At 907m Ihe
chart recorder drove to a peak
reaLiiny uf 58 gas units which was
22 II11ils ~lJove a steauy gas
lJackyruliliu in Ihe interval.

The porosities rallyeu from 7.4 lu ,
11.9% wllile horizonlal I
pelllleabili\'les ranged from 6.8 to
9.0 rnillidarcies. These readings
are considereu fair in oil
leservoirs. The Couper Basin
II II vii'll sa",lslune reservoir poru­
silies, for example, range lrom 5

I 10 12% with corresponding
plOLilicliun rates uf 100 to 600
lJlJls uf oil per day.

POROSITY AND PERMEABILITY

CORE ANALVUl

Allhouyh heal has rnela­
murphuseu Ihe si'lnus anu shales
al lhis localion in lhe basin lour
smllples taken belween 787m
alld 811m were forwarued fur
pUlUsily as well i'lS hurizontal
pennealJility analysis.

I
Two lolluwing cores 10 910 and
913m recorueu 20 unils

I
lJackqlOllllu generaled as
cUllillg~ gas "",I it was not unlil

I
944m Ih~1 a fUlII,er show above

I IOU IIllils Wi'lS Iluleu.

,Ir----------_~i
MA1URAtiON STUDIES '~~
Villillile reflectAllce amJ f0511 ;
pollen s!ullies (pi'lIYliology) have I,
SI,UWII core sampled belween... Y
855 10 883m in lhe Woody Islanu
Funnation 10 inuici'lte lhe shale '1

I,,,s lJel'n healeLi above 30UiC.
Tl,is healing event precludes Ihe
possibilily of hydrocarboils
having origin"ted locally from
shales of Ihis formation.

1995

1980

1984

1965

1965

BHP Limleu

Greal SOlllhlo",1 Millerols Ply Llu

Conlinuill\l expluraliull illihe Tasmanian Basin, ~lIer BHP
LId ill 1900. hos lJel'n, 10 0 \lleat exlelli. Ihe ,esllllor ~

pelsisfflllCP. 1111 thr! pml uf Mr Malcolm BP.lulnll WllO h;\s
IJlOlllotCtl anlllcpmled flll upelRliul1s ci1l1icd uut since 1984.

Nudec Ply Llu

Tile Tasman Oil Coml'allY 1921

History of Hydrocarbon
Exploration in Tasmania

The A,'!'laidr Oil Exp\lJl alillil COIllPRIlY 19n

Taslllani~1I Oil Wells CUlllpallY 1915

Tl,e T~snlonioll Oil COlllpony 1929

Tile Mersey V~lIey Oil Cnlllpany 1922

EZ CumpallY Ply lIu

A full C\l1d JeeP-ill RccoulIl of the GeuhJ~Y of TASITICllliCllllrty

lJe fUlilid ill C.F. Burrell & E. Mmlin. Gl'nllUlY ,11/(} Millelal
Resullrces o( r"SII,,"in. GSA (1989) "nti ill Rer:ell(
Develop",p"I.t; in F'<I,10I.1/;ol1 (or Oil ill Tmmmll;n. MR
Benu~II, J K. Volkman. OE. Le~mnll. c.r-. BIIII!'II, ArEA
JOII'""I 199 I

Pori D~vey MillP.l ~I ~",I Oil PmspeGliny 1915
Sy",li(;~le

The Asph~lInrJl GI~rll;r ~IIII Oil Syn"ic~l" 1915

Tile Govcllllllrmi qp.olo4i~1 W.H. Twelvelrp.p.5 IPIJOIlp(1
1II1cunfirllled hydruc:HIJOII 5p.eps RIUlllillllllillOtlS residllPs ill
Ihe Milles D~pmlllleni Ci,r.III~r No.2 01 19171illed Thl'
Search for Pe\roleum in T"s1l\ania.

Conga Oil Ply Lltl

Th~re has h"~11 SI"Jl'"/ic l'xpllllatiOlllur 1Ii1 ~lId yas in 11m
sl~le sillce 19 t 5 SOllie salllpies cullecled dlllilig Ihis lillie
were held ill collp.cliuns al Ihe Huba,t an!1 Ulllllcesion
MJlSellllls. P~sll:Unhihlll(1(s 10 Ih<, hislu,y IIf Ihe search are
listed beluw.

Great Southlalld Minerals Ply Ltd
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GIf~f1t Southl;'ll1d MillPlill~ pry Uti

Thn IIll)sllf'CPIIIIPPllll fll1l1l1~ hasinls ("'PUII;,III rel/IIIL'II/11

Pu/efllinl Un<:;l!rJlU rnsl/1ollli.1. 1ml7.. which Wil~ also I:OlllpiiAd
by M.C!. 8",,,1011

SUIllP 1':10;1 SI'iSlllic 11:,1<111:1<:; If'v!!;II,·'' Slllldlll£'S Ilf'llp:llh llln
fllP.-r"lllli:lIl IIIWlllllllllllily ;lIllllllPlfl i~;l 1I1'1~d 01 ;1 widl'!"

!=:pislIIi(" ~~nv(''1illq \11<1\11:\\1\ in thp hi\~;illlu <;\Ipplll\ 1lllillpi
sir ;11 iqr ;:lphic f II iIIillq

Source for Hydrocarbolls
OVPI ;JIJ() lli';lIl1ical hVdllWilllllHl .r;r"np~; ;11111 ~hllw'; !I;\V(~ 'U~PI\

IP.CflIc!r"1! ill 1111' I :1t..:1II:1I1i:1I1 Mimi"; IJI'pmlrllf'II1 :1Ic:hivrs :11)(1
illchuh~ 1;11, "1Jilllllll·II~··. (ljl alld q:ls. Sl'rp:1(I"t:> Imv!' Ill~r"11

1p.l!olll't1l11 i lil1ly nilpi r:lIll1qll;)kl~s. I ;H~ sllllPd ill 1I1t~

Lnllll(;(lsioll Mil""',, 11 hilv l~ 11f!I'1I sllJd if'd qr-nell r III iC:llI y aloll4
wilh ~;1l\lP'P~ 1:\l\lPt:! I'd 1111111 \lIP li(~ld l1Jp<";p sh I( Ii, 'r; havl'

idp!llilipd ;lllp:l~;1 !rill! Ill:lllllf' llil~ 1111~1l' ;U(~ S{~v"l:l1

(110IJrllJlp. IlydltJc:lIl11 J! I SOUl CP.S ill tI \(1 T "~Il\"ni" B~,si, '­
Geoc!lPlIlic:11 cOInpmisolls of scr.ps siIOW 1I1:lIIlIP IIIIlSI

prolilic ~Ollrc:!1 IIn.s !JPCII tilE' OHlovici:lII GOHlol1 LiIllf:'sllJllp..

RHlio' of C;>7C20:C29 ,lcIHlle, me idclllicol lIelweell seeps
011 B"lIIy 1,lolld olld lI,e Gordoll UlIle,lolle olHI ti,e
predOlllill:llH:f! of C27 sIF:'l:lIlP~ ~"d Ih~ :llllllHI:lI11 dinslrmlles
ill TnSIII:llliilll billll1lP.I1S o::;,ll!HlP.sls:1 wid('spPlp.:ul ;llq;l :11111
daY'Iit:1l <;OlIICp' Ind•.

COllodullts CO\II\II" indi\:"lh'<; \";11 111111'1101 IIH~ GlIHIlll1
LiIllPsIOlIl'. P;lIlll:lIl:llly ill CI~IIIr:11 :11111 Slllllhl!lll TrlSIII:lllin, is
ill 111p. oil :11111 qns windows This IiIllPstul\(' i~ f'xppdp.d hJ
U1ulelly P""lli:l1l ;lIld I"li:lssic sp.dilllf'lJls ill IIIl1ch of 1I1p.
TnslII;lIli;l1l hilsill.

Oillpi SOllW'''; inchlfl!' Ihl' 1~(~lIl1iilll ulI:lllJliV Mlldslllill"

"flpsllwnlf11 SPqlll'IIl:r!~ aud Ihj~ P'r"lllplIn;l CIl:11 M{,;)SIIlC~.

III nllllllN'! Ilick lI11ils 1111'1111:11 oqJ:1llil: emlllill ITIrly II~nch

25~'". Villillilp If'lI,..dilllCf"' 11111:1 C1IHII()~sil polh~1l (;OllllllS show
'''nllllf'sp SfllllCl' rllcks :ll(' wilhillllll' oil window lIvI'Ilrll40
(up.a~ o( Illp (Jac::;ill

Reservoirs

Poll"lIti;l!IPS"'IVllils ;lIP willlilllhp. f,illllfl-I)"VlJlli:lll
~;lIlIrshJl""s !)IIIII! F.ldflll :11111 Tiqrl R:lIl1l1' ('::Illllfls, willi
p~I"f'ok:ltsl ';lIld ,ppl~ of Ihl" Gmdllll \.iIllPslflllP. :11111 wilhin
~:lIIc1sl1111PC:; flf IIII' rf"'lllli:lII RlIlldpll:1 rllllll:1lillli. r:llllkllf'1

GIOlt!' .wd Lilfl'y Salldslflllf-J MPrlSIHPd pf'l(lsilip~ ill tl\f-~

F:wlklll"'l :\I1d LillC'V :lln 1:.1% ~1l(1 1?;~ Ip.~pndivply, whil~1

oilIer PPIIIli:lll C::lllf!<::;lflIlPS ill EL ?1/9r, I1nvp IllllnsiljF'~

<lVr'I:1qr' In;~ :lnd ';1l1qilltl lip III lOr. IlIillirl:llcif's IIllli,OIlI:ll
JlP.II' 11':11111i1 V

01: "it n n" .._~ .. ,~
~."

flIp. IlOle '~ul1lil1l1ed lu produce
Ili~1i swob alld botloms up gHS
:-lltel e::lc/l ri~ shut down while
"rillill" 10 102111I. Al Ihis deplh ~

1UO show W::lS Iccordcll While 1I1p.
II!';IIII;lIll sW::lIJ 4r1.S yenerClted
lel:ovclin4 this cure reflched 25U
lIoils. TrIP. recurded shows C1le
heli(!vcd to el1lfll1i1le (rom hi~h

ollqll" Iroclure porosily 1I0lell ill
II If' CI)I,...

CIJ1I1N(H GIU

CllllillqS qf1~ is 1f!lensed [rUIil
Inck cllltill4~ ;lS Ihey AI P.

displ;lI;E~d h01l1 tllp. bit to llip.
0:;1111:11:1". The distJ1::ll~ell !-Ins
pllIlItIC!!" :l h:H:kqllllllld lecord 01
5 to 30 Y;IS units dllring dltlliny.

GI\S SIIOWS

Ti,e first yos show recorllell al
tlip. loc~lioll occorrell Hfter Ihp.
11OlwiJr. W::lS illsl;lllp.d wtlile corilly
lJclow 9U4111. Al 90711I Ihe CllHll
IP.I;olrlp.r druvp. 10 :l pe~k reHuiny
of 58 <105 IIl1il' whicll was 22
llllil~ nlHJve a ~lecHjy gas
1J;\I:k~lIl1l1lt1lJeiIlY",coldell illlhc
illlcIV:ll.

f:iqll' ~lIlJseqllp.1l1 shuws cUP.
IPclIrdr.cI ill triP. IIHul lo~, The
hi!lIl"" 'how wo, 254 ullits HI
988111.

Thl" I eCOIllell yo, shows are
hp.lipvPd lu e"l~lI~tP. from hi\.llt­
::ll1ql~ hm:hlle porosity noled ill
Illp. f;lI!P..

SWl\n GI\S

Swnh 4:lS i~ produced relrievilly
tile illnel core ho"el aller a
cllIiI141t111. The wilp.line retrieVp.5
tile COle lUlle tu surface inside
IIlc Ihill rod alld ,wous Ihe boltolll I.
Ilfllp. likp. H pUlTlp pisloll. TIlp.
pI lll:P.lhll C (Clfler evelY 3 or 611I uf
I;lJ,illy) swabs-in lorlllal;on go,
I[(JlII Ih~ bollolll 01 Ihe hole
WI "'II Ihe h~IIp.1 i' IJlllnpel! bock
III 11otll)lll th~ Jllllll wi\ll SWClb W:1S
ll'IIIlI\S 10 nlHI di~ch;uyes CIt till'!
C:;11l1:H:f!
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Great Southlalld Minerals Pty Ltd

Seals
Gf.lod 5e~1 !;p.t\\U'ocns mn ftHlJul lIHOUlJhOllt I1H~ PCllllim!­
Triassic sedilllenl:uy sequence. The Jurrtssic dule! ile sills
also make pffm.:tive CRp rocks.

Traps
COllvellIiOIl~1 ::Hlliclin::l1 :1IJd frmllllf1(Js will h~ p'xpcGlcd fnthe
pre-PelllliRII Pfll(1f~()zoit: while yr.lIl1e W::IlpillH or lllp. PP.lll1iFlII

scdilllent5 h"5111Il1h,,;(~,1 ,IOlllal s\lncllllcs. Blllh JlI"'- alld
posi-Pellllimi rflllllill~ wn5 p.xlfm~ivc mit! lI1:ly 1m expected lo
have IJlodllced lIIany slIilable sllUclurallmps.

~,l "'1 f"t [\
_ .-It- "-" ·,-Y

The Irighest sWAb gas recorded
peaked al 360 unils while
recovering core (rom 1021.4tn.

BonOM' Up GAS

Mild ,lawn Ihe hole is lrequelllly
cllargel! with gas from lI,e
lorrnalioll il Ihe hole is lell
Ill1circlllaled for ,lilY leng\h of
lillie. Circulaling aller Ihe hole
has heen len overnight produced
peaks lip 10 390 gas unils al
1021111

GA< ANALYSIS

Salllpies of peak gas collecled ill
glass conlainers or syringes were
IOlWarued to Allldel and the
Celltral Sciellce Laboralory at
1I1f' Unive,sity of Tasmania for
GCMS analysis.

TI,e gas salllpies cOlltain
lIIelhAne alld elhane in an
approximale ratio of 4:1.
Signilicanl concentrations of Ihe
sa\uraled hydrocarbons Propane
(C3) to hexalle (C6) have also
been delected in these samples.

I
I
I
I
I
I
I
I
I

Isopach 111"11 tilllllp.he~) or e:lIly Prllllian !'ill:llit

Page G

Se..l'~ <lnu cU:lstal tals ill '.Ie Taslll311ian Basin
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Shill;m #1, Nurll. Brllny Island, Well Log

I
I
I
I

Well l1o:1llle

Loc~liun

Slale

Operator

Supervisor

Shillilll # I

Nih SrllllY I~

L~I

LOII~I

EJev:lIiOlI

Spnll Onle

Projected Depth

220000N

533000E

25 m ASL

Lonyyear44

November 94

1250 In
-----------

I
I
I
I
I

Hole Data

- -.-"- -_ ..----
Inlr.lval Oeplh nod OD ID WI Hole Rod

'" 111111 II HI 1 ky/m U'" U'"
.. -_._._.. -

Condoctor 6 nil 150 polypipe

-
Conduclor 8U ;'111 100 polypipe

- - ._- ...

Surlace casill\) 181 H(l 89.1) 77.8 11.45 7.248 4754

. .. --.
Inlennediale 888 NO 70.0 60.3 7.58 4.500 2.959

lUOrn -

JU'i;~J,?~:7:::j 1~~~~III~il~II~III~111111
.•~\lII~\1I

I
I
I
I
I
I
I
I
I
I

LJ",.pOtty
Formation

900," __

'-'UfO "/tire

CIII.: .. /I,.. ·..i,f1
"omff1/~

Ilolwl.a Gnill Detector

." 50 100 ~ XIO lDl"aee~

Mud 1\1
(ltlIgaI)

• • 1D

~±±-j,-H-++-I-f--f--- 004 m. 20 June 95

OCC'2 0 932.5 m

1~1.4 m, 12 July 95

Pilue 7
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I Exploration Strategy

I
I

Thick sedlrnentary sequences cunlaininq several suurces and wilh several sealed and stacked
reservoir targets are anticipated ill ;1lllhree licence 3re;lS. The Company is to review all exislihg
geophysicAl dAtA including aerornAgnelics. rnArine AndlanlJ selsmlcs and gravity. A stral\graphlc
drilling proglArn is plAnnedlhat will inchllleuulh ShAlluw (to 1200m) and deep (to 2S00m) holes.
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APPENDIX 4

REPORT ON THE SIGNIFICANCE OF THE SHITTIM NO t
STRATIGRAPHIC CORE HOLE ElL 1/88 NORTH BRUNY TASMANIA AS
AT SEPTEMBER 5TH 1995.

BY JACK MULREADY

SEPTEMBER 1995

(INDEPENDENT CONSULTANT)



Dear Sirs,

Incorporahad In VictoriaA.C.N. 0070"" 909

The Alrlum, levelS, 459 Collins Slree\ Melbourne Vlclorla 3000
PoslRI GPO Box 427 G Melbourne 3001

Pllone (03) 629 1575 Facsimile (03) 629 1624 NH (03) 840 2760 Mabile 018 032678

On the morning of Tuesday September 5th I Inspected the Shlttlmll1 core at Dr.

Burrett's home before leaving to inspect the rig site at Bruny Island In the company of
Malcolm Bendall. I returned to Melbourne on Wednesday September 6th.

At your request I have prepared the following report regarding the significance of r",cent

drilling at Great Soutllern Minerals' Shlttlmlll well, North Bruny island.

Dr, Burrett has klndiy made available the references listed at the end of the

occamponying report. In preparing this repart i hove drawn on my own knowledge of the
history of exploration In ELl/88 and Its predecessor EL29/84, the references cited

herein. and discussions with GSM staff and cantractors.

The Dlrector's

Great Soulhem 1-1Inerals Pty Limited
24 .Jacksoll Street

Glenorchy

Tasmania 7010

On Monday September 4th I met with Dr Clive Burrett, Chief Geologist for Great

Sauthern Minerals in Hobart. Extensive discussions regarding the results of the well and

recent developments with respect to the ongoing exploration of ELl/58 followed.

September 14, 1995

Yours truly

======= '.:;c./r.. /c_'-'~'/

Jack N. Mulready

B.Se.. Fell. Dip. Management RMIT

MGSAMPESA

AAPG Certified Petroleum Geoiogist 115321

Pelroleum Explol8l1ol1 Planning & Marmgelllsl1l, Pellnll Valuations, Basin Studlss, Prospect & Permit Evaluallons
Reserve Estimales, Econolllic Evaluation, Petloleum Explol8l1on & Development Geology, Wellslle Supervision
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REPORT ON THE SIGNIfICANCE OF THE SHITTIM NO 1
STRATIGRAPHIC COREHOLE, EL1l88
NORTH BRUNY ISLAND, TASMANIA
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SUMMARY OF THE SIGNIFICANCE Of THE RESULTS OF SHITTIM#l

The results of drilling thus far at Shitlimfll are significant in the following respects.

1. It has established the effeclivelw~s 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 gaseuus hydrocarbons in this reservoir, thus
indirectly cunfirming the significance of the Johnson's well seep results of the
1930's.

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

5. Just as importantly it provides further encouragement for continuing the
exploration eHorton the Main Island, and r'aises the possibility of attracting
additiunal risk funds for expenditure on Tasmanian onshore plays.

It is certainly true that GSM have adopted an innovative approach in attempting to
further their exploratiun endeavours in ELl/BS. In the circumstances this has been
almost unavoidable. In this context the surprising results of Shiltim#l thus far
provide encouragement for further e.xploration on Uruny lsI., and hopefully,
(particularly if supporled by quantitative well test data), will provide the tech.iucal
and financial incentive required to fund the IIlure expensive drilling required to
evaluate the main plays located will,;n the depucentre of the Tasman.ia basin.

v
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INlHODUCI'JON

Gre<1t Slllllh{'m Milll'ri'\s I'll' I,illdlf'.! ("( ;SIVI") 1l0W hold three l'eLrolellll1
explur<1tioll IiCf'Ilt:{'s wilhill HIf.' T<lslll<llli" lI"sill, Tit" oldest of these is ELl/8B, which
includes milch of tl'l' r!"l'ositioll<l1 Cl'lIln' of lh,' [,"Sill, (gellerally defined by the
valley of the I l<'nv{'111 RivN), as Wl'1I <IS till' ('sillilry of the Derwent J{iver, parts of
Sturm n"y "Ild !'r"dl'rkk lI<1l', Nllrlh IImll)' 1s1<l11l1 illld parIs of Soulh Bruny Isl"nJ,
(refer l'ignn'J),

Explor<1lion <1c1ivi!y {'arly Ihis n'lll"ry was focllsl'd 011 shallow pi"ys dielated largely
by tlte dislribnlioll of se"ps, A lIol"ble rl'Sllll W<1S Ihe rl'clIVery of uil "nd g"s in a
shalluw salllistulll' rpservoir "L Johllsoll's Wl'IIOIl Norlh BrllllY Isl"lld in the 193U's.
Whilst ill rc\rospecl mllclt of tltis "c1ivity call Ill' seell to h"ve been misguiJed, dill'
ttl t"ck of IlIlderst<1ndillg llf lIll' 1"l''1"irl'IlIl'llls for l'elml"1l1l1 gener"tioll and
entrapmelll, eXl'lor"lioll was, (illlli cOlllilllll'S to h{'), sl'verl'll' hillllpered by the wide
dislriblllillil of sllbstantial do!nitl' sills tllI"llllgholll lhe Tasillani" Basin.

EXPLORATION STR"TEGY

Muderll ,'xl,lor;llioll in T;lSlllillli" has beell CllllCl'lltrat"d largely within the offshore
B<lss B<lsill wilh Illilllll' <ldivily ill Ih" o([shorl' Sorrl'1I Il<lsill. 0nshore expluralion
within TilSIHillliil has ItH~~l'ly l;-H\);lIi~~lH".J for Iwo dlHllillillll l'ellSOllS.

1. 1\ perceived lack nf "'<lIme sllurce mcks, based largely un samples of
Parmeeller Supergrou(, S<lllIl'1l'S, ill ('arlicul"r the Tasmanile oil shale which
alUlllllfl;1I very rid\ itl algal 1"<1terial has l<1cked sufficient maturity for oil or
g<ls gplIer"liun where s"mpll'd. (NuLl', however, the absence of samples from
the Basin d"f.'uceulre due III the absellCl' llf well cUlllrul at Ihe depths required.
"Iso tlole lll<lt a rl'cent pal,,'r on analysis uf samples of the Tilsl11anite oil shale
<It J)uug'<ls I{iv('r illllic<lll's thaI il is tll'"r III" oil winduw <It Ih<ll loc<lliun - see
({('vill el al. in referellcl').

2. The flll"lIIid"hle prnhlem IIf alll'll1ptitll; III il11age hmizntls belnw the uulerite
cliver.

I\fter being gr"uled pelroleuill expll1r"ljoll licences in the T<1sll1ania Basin in
the mid ['iSO's CUlIg" Oil alll'mpled 10 "ddress both these problems as folluws

(,,) I,ack uf 1I1<1ture suurce rocks
Studies of Cllnud"nl coluur 1Il<lluraliun indices (Burrelt) h<ld suggested
Ihill IIIl' widl'ly di,slril.>lIll'd (Jrd(lvician c<1rbollales (Gordotl Limeslotle)
nlldd I'rovide " l·i"I.>II' illtl''''';llive uil suurce rock which ill Ill"ny pMts
of Tasll,ania Wllldd I,,' withill thl' uil .'Y./or gas geller"LilHl window.
( 'ullga ()ile~I'l'"d\'d \'Olnsilkrolb\e effort s<llnplillg lJolh lhe CunJulI
I{iv('r I.illll'slu,,,' ill"III", wid('sl'I"l'ad uil sl'l'l's recurdl'd in Tasma'M

W
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~;omL' success ill rL'I~lillg l;ordull I.imestune suurce tu seeps has bL'ell
~chie\'ed, but the sep~r~le iSSII(' of whl'lher Gordun Limestune brsl or
Ir~<'lllrillg could provide ~dl'IIIl~ll' resNvoir rem~ins tu be resulved.
Simil~rly Ihe questioll of 1111' Ull.illl~t(' putellti,l! uf the T~sm~nite oil
sh~ll' secliun "Wilits "1'l'r~is~1 by ,trillillg to depll.s uf >2500 JII. in the
vicillil)' uf the T~Slll<llli~ "~Sill d'.'l'0ceilire.

Seismic im~gillg of slruclur,' belll'~lh the dolerite
I{ewgllisillg the lle,'d to be ~ble 10 I1I~P sub-dulerite structure Cung"
firstly ~llelllpll'd to "Xll'lld llll' gravity ~nu llI~gne;ics d~t~ b~ses in Ihe
T~sm~n B"sill. Whiisl this h~s helped in defining region,,[ trenus "lid
Iille~liolls, the I~ck of Slibsurf~Cl' cOIlI1'll1 illld the Ii1l1it~liuns uf the
1I11'Ihod ilself h~vl.' lilll;I,'d [I", IIsdlllllL'sS of these leclll1iques fur lhe
1'111'1 '''S' , of id"lIliryillg 1'"I"lIli~1 hydl'lJ,~~rLJoll tr~l's.

1)t'spilp l'i1r1it'l' di~nlllr'q~illg n'S1I11s Pllsltore TilSLllilllia, COllgll elected
10 illll'llIpl ~c'lliisitiOIl or "ddiliOll,,1 d~l~ LJulh on the Milin Islilnu ~nu

North IInllly Is1<1IId ill 11", vicillily "I' Johllsoll's s('ep. i\ddilioml d~t~

w~s ""'l',irl'd ofrsh"I'!' ill ~;l"rlll "'1)' ulilisillg i\L;S(Ys I{ig Seismic
vesse\. In gener"l it 111'1)' be s~id thilt the results h~ve proved deeply
disilpplJilltillg. Cert"illly lhe 1'''')1' 'iu"lity of these records meilns Ih'lt
nOlll' of Ihe sl'ctiolls w(lllid Ill' rl').\"rlil'LI "s "Llequ"tl' for the purpose of
identifying ilnd nl"pping ~ I'droll'ulll tr~p.

TI,,' problelll f~Cl'd by Ih" current permit holdl""s (GSM) is how to
ildv~nl'l' their explorillion pl"lll;r~lllnll' in the absence uf useful SciSllIk,
this being the llIosl cOlnlllonly ~Cl'epled criterion fur prospect
definition.

/\s fOI'l'sh~dowed in Iny rel"".t of "I 'if,? ilnd QlIl'St~'s report uf 1991 [lll're
is "n illlel'niltive, high risk option ~v~j[~ble, n~mely striltigrilphic
drilling designed 10 "lIswer questions reI"ted to stratigrilphy, reservuir
ql1~lity ilnd structure. This is eSSl'nLi~lly the logic behind the drilling uf
lhl' Shillillllli wl'li.
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Shittilll#1 Well

The importnnt results 10 dalc are i1S lollows·.

I have revil'wed Ih., resulls or the well 10 dalc wilh \)r Clive Hurrell, and also briefly
examined 11ll' core from this well. Th., drilling resulls are summarised in figure 2.

Till' Woody Islalld equivalelll sili1les exhibit high vilrillile reflectance (uf
tll"der :\.7) sllowing Ihey aI''' O\'I'r IIlillure for sourcillg of butll uil & gas.

~ands uf 1111' l\ullLlelli1 \:1l1 1''1llivalellt alld the Truro Tillite have buth yielded
sigllifiL'i11l1 g~s sllolVs. A g~s d,'1<'elor IVn." illstalled ~t ~ depth uf ca. R8lJ ".1. The
cOlllillllilig 1I11\\'s (If g;lS illl!l 1III".,tll"l'!J(llp lJilV(' Ill'L"l'ssilC1{ed w1.1 iglllil1g up ()[
II", drillillg flllid alld fillo1l1\' "'ss;lli,,,, of d"illiLlg (0 ell able flOP's tu be
illslo1l1ed.1 ,1111 nls" illfO"'II',>, I 1,,;,1 gas sl1l'ws IVen' encountered near the base
of t"" d"II'ril", ('n'Sllll1al>!\" a':':''''i<ll,'d wit" fr;,<"lurps. Nu ,\u;ll1liti1live d<lla is
i1v(lil.,hlp ftll" 1!J(lsP shows.

FrOlll Ill)' illspectiull of the curl' I suspect that this purosity lIli1y be seconuary,
but this maller shuuld shortly be resolved as I understand GSM are
subilliuing saLlll'les for pelrological nllnlysis.

7137 III, porosity 7.4'70., hori".,,"I~1 1.)"1"1I,eability (J.(J7 I1ldarcy.
Slll.:> Ill, I'on'sity H.m~" IIori"olllal permeability lJ.Y(' I1ldnrcy.
HO:> 111, porosity 11.')%, II"rizolllal perllleability (,.8 nujarcy.
Sll Ill, purosity 11.4%, huri7.ll1lial penneabilily 9.lJ mdarcy.

TI1I' IIlIndelin I'Ln "'1llivalt'nl si1mlsl""l'S I'osses:; porosity alld permeability of
rcservoir '1l1alil)' for pl"lldlldion ..f g<lS and possibly also for oil (marginal).
Resllits of wrp a'lIal)'sis fnllll ~~hillillllll Corl'S were ns folluws:

The dol.'ril" thicknl'ss is gn';,ll'r [hi1l! eXI'eLiI'd (58lJm.), suggesting the
possibility lhat the locali.'n is dos" [on fel'der.

4.

3.

2.

1.

The well spudded in NoveLllber IY':H, alld al the limc of my vi.·it (5/9/95) was shut
in wailing 011 .-emcnt, hnving rea.-IIed a depth of 1021.4 m. The operator, Grent
Southland Minerals, wprl' ill III" 1'1"<"'''ss of cr,,'.-kitlg oute<]lIipmellt prior to
iustallillg a Ill'" stack, f"lIowinl' fh"vs ur l~ilS l'llc<Hlnlered in tlle well.

Shillimfll wl'li is localed on North IIl'un)' Island, several hnndred IIlelres lu the enst
of jolmson's well. The well wns desiglled 10 resolve the '1"cstion of the nature uf
1.Jnsement 011 Bl'lIny Islnlld, ill pnrticllinr wht'lh.'r Ihe Gordull Limeslone section is
present at dl'1'1h, as wl,1I as providing strilligrnl'hk/pelrol'"ysicnl informalion on
possible 1I1igrnlioil ('nths, n'servoirs and sen Is, (refer Lealllnu, D. "Prognosis for 01
well, North Bruny lsI. ")
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The ,,~S dell'dor I'quil'llll'lll Oil silt' dOl'S 1101 i1\dIlJl~ ~ c1'rumatograph at this
sl,,)\,', [1I1l allalysis or S,lIlll'k's h"s bl'l'lI IIl1derlakell al AMDEL. COllsidcrable
air cUllli\l\lini\liull is lIoled, I'rl'~lIlJ1illdy diU' to the il1adcqui1~Y of un site
sallll'lillg filCilili,'s, l.1IIl Ihl.' illlillysis do,'s illdi<:~tc the gas has fractious up to C4
illltl hig!",r.

5. I'ressurl' datil is '1u~liI~li\'e al Illis sl;'W', hill I illll iuformeJ th<ll drilling fluid
weights ill excess of 9.5 Il> I g~ I. II~ v,' I'l'ell re'illi rcd to coutai u gas prod udiou

fr1\1II thl' wl'll. This is suggl'slivl' of oVl'r-l'ressuriug

CONCLUSIUNS:

Several c(lllcillSillllS call 1.>1' tIr<lwll frolll lhl' drillillg results thus far.
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1.

2.

3.

4.

Reservllir qualily sallds l'xisl wilhill til(' 11(llIdelia eqllivalenl sandstones al
BrulI)' Islalltl N(lrlh. Silllll'lill~~ oloul<:r,,1' of tillle e<juiv<llpllls or these salllls
e/sewlll'r,' iu T;lslll~lli~ has yil.'ltkd I'orosily values of 12.11% (Mt Nassau
Faulklll'r GI") and LIp to IL)()';~, I'0rtlsily allll 386 luJ<lrcy (l'o~tille & vicinily,
Nth laslllallia). If litis \lorosity I'HlVI'S lo ue secouclary it "peus up the
possibility of a witll's/'read I>lIl Illll'l'<'did"l>ll' dislribulioll of reservoir ill
:-ipdilllt'llls wlddl III;ly 11;1\,(' bt'!..'ll i'l,oun'd as pll'enliill tiugpls to dille.

Se<ll.
11 lI"s hl'l'll dl'lllllllslr,lll'd 111,,( 1111' ""I",-;It' is CilpalJle uf acling as all cffeclive
Sl'al. Varialiuns in lis thickness wUllld al'l'ear III be difficult to predict with
<lI\Y Lkgrel' lIr accur.1l'y.

(;elleralillll & I\ligr<llillll IIf II.vdruc<lrhlllls.
The Woody I'm correlate al Iln,"y is l1ver- mature for sourciug. It can
therefl,re be clIl\cluded thai II\(' hyd"ocarbol\~ ellcolll\lered in the Uundella
equival"l\t samls are hostillg hrdw"arbolls which h<lve lIIigr<llell into the
fonllali'"l, I'reslIlI.ably f!'lllll d"wl\-tIil' 10 Ihe \Vest. The source of these
hyul'llcal'hol\s is yel to be l'stal>lisllPtI. Th., 1l10st likely migraliol\ \l<lth at this
slage is 1Ilf' I'r,,-I'Nlllial\ IIl1collfonl\ily.

"r(l~Slll'(· d"lil, illlhtlugh qll.,IiI.,IiVl'. sllggpsl~ Il1ill the ~i15 I'l'serv\)ir/g (lre over
I'n'sslln'd. 'Iltis is sigllilic~1I1 ill 1It,ll ill'aises lit .. possilJility of a sizeable
coil 1111 11 {I( gi1~/ 1'(I~~iLdy l\l\:i1ll'd ill tl s\rilli~rjlphiC' (,.;lp.
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COMMENTS:

Shittimlll has raised as many questiuns as it has a'nswered, but must certainly be
viewed as a most encuuraging result su far. Unfortunately GSM are now faced with
the problem of attempting to drill and evitluate it 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 al! possible to firstly run
electric logs and then drill-stem test at least the Ilunuella equivalent sands at around
810 m. The avitilablity of logging tuols fur such slllall 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 1I1ily restrict the size of lhe flow bul the pressure and fluid recovery
which nlily be ,mtidptlleu would be of illlllll'nse value in itttempting to assess the
importance of the results of Shittilllfl L
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COllodolll gcolhcrmolllclry ill Palaeozoic carbonale rocks of
Tasmania and its economic implications

C. F. LIURRETr

(icologl' J)('!JclrllHellf. Ullir('fS;IY l!rrl1smtlllili. /loharl, 7i.J5mania 70UI, Auslralia.

( "111111(10111 t"lllllllr alll'ral ill.. imh,.'.'( I( "1\1) \,dm',; 1"11'111 r;nly {(I Middl\' 1':\lal'\l,"i~ m:ninc l,.'arhunalC' rlJt:k!' of the West
l'aSlII:lllla -Il"nalll' _all!!!" fl"tllll I.~ III R. Ilil'.II\:<:'1 (",\1 \,,,hlt'O; all" 1011 lid ill hnrlllcl" adjaccnllo a Jur.::lSsic dolerilc
illtlU!\i\\II. (' :\1 HI ~ il1\lir;lh' ll'mpCI:lIUlCO; IIf .100-4HtJ"( . alltl :In' filuml cilhcr ruJjaC'('1I1 to Jurassic dolerite intrusions or
ill all ;l1"l"Ualc Ill'll arnulUltht' \\'C~t :lI1d 1l00IhwL"'i1 uf the io;land ,-il\\l\1ing the l'rcc:lmb,i:1n rocks of the Tycnnan and
I(ol-k:o" Capl' fl"j!iclII<;. ("1\1 \-alm", nr I.,t, arc found ililhe !'llIIlllI\('!'llIl"lhc !'lnll' :wl! vnlucs of2 arc eummon in central
o;llUlhclI1 !':I<;Il\;\n;a.

I.tlw VIII inik rdlnlann' \";IIIll"s II 11111 Ihl' lI'H·""I"llll;~h"- (\\CI h in~ 1;'IIl' { ·arh'lllifnllll!'-L:Ue Tri:l~sic I'armccner
SUpl'll!rllull. c;1I~g~·~1 Ihal lin' major 111':11 il1Plll illltl Ihl' l"IlIlOdtllllc; \\.:lo; in Ihe tall' IJC"'Oliiall-~r1y Clrb<n\ifcrou~

iI!i"t\\:i'ltl.::\1 wi\h H'~innallllclaIllClrph·";:1lI:llld rht' widt'!illll'rlli 1111 I llC;inll<: or gri'illirnid!'.
I ri~h (.,\1 \·;,1111;01; are n"j .lilt' lnlhick ,H"I"hUllkrl ;1 .. lh"·~t:: ;11\' \·\::1;.' \\Illiltcly in IYl:Uly p:lrh ofTn"l1I:lIlin II is proh.:lhlc

lhal hi~h hl':!1 tll'l\ .ltTlllll',1 i., liI:lI1y nrl'a<: 1ll'llI'jl!lwc!'1 'Ia<:mania ii, lht' 1.:lIl'IJc\'lllliOill and Ihal thesc lueOlS a.n::
prll"~lCl·t~\I· hI\' 1I\'lllIltlll'llHal m~' Ikptl<:;l<:

I.tm (·:\III.~ ..\) ii' o;l'llll"n:<:1 ;1I1l11't"lIlr:rI·l':I"IIl:llli" c;1l~~t'q (11:11, ir(i\w\h~ll (;rm1p c~rhuna!c rucks OIrC present:u
depth. lht')' ;ltt' ii' llll' lIil aile! ~a" windtl\\" :lnd 11I;1~· 1i;I'-c. III rll:'~' ht". {!l"ll"ralil'~ tlil nlHl ga~,

f\l'~ "111.1<:: ('IIlIfIIllIlIl", Ih'\'IlIIinll. ~ll", lIu'rallllllllhiliilll. (lulll\id:U1, utc:". f!{'lruh·IUII. hlbh{'tllhbctRII Orogen)".
'l·lI"UUlnili.
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INTRUllll( ·TION

During the 1970s Ilanis ilnd othels round th:1l the
colour vnriation i.. t't)llod(luls l'oulJ be related pri­
marily (0 metamorphic temperature (Epstein ('1111.

1977: 1·lal'rls 197t.)). (·olluuolIls frolll UIlIlll'tilllltlr­

phosed cal'!JPII:lte rOl.:Ks an.' amher in Lolour \,,'itll
white mattcr in the delll idcs, whereas Cllllmh,Hlts

from metamorphosct.l l'arbonale sequelH:cs :lrc
darker and uflen hlaek. The eulour change is pro­
gressi \,c an\t irrcvl'1"~ihlc-. Fpslri II (" al. ( I47 7) 1,."!"lah­
lished a 'Colullr Alleralion Inde, (CA\) scalc I"rolll
1105, which was laler e.,ended 108 (liarris 1979:
Rejebian cl a/. 1987). They e.perilllenla"y repro­
duced the colours found in neld sal11pks rllld sug­
gesled lhe l"'lowing vnllles I"or each CAl: 1- 50­
SOT: 1.5=50-9U"(": Z=(,0-14U"l'; 3= IIO-ZOO"t':
4= 190-)OOT: 5~ JOO-4XIJ"C 6~ 3(,(1-550"(';
6,5=440-6 IO"l": 7~4')O-72UT and H>{,()O-C.
This i~ a u~crtll ~l'(Ithl'nllllllldcr thal ovcrlaps willi
the well cstabtisIH.·d palyno!1lorph thcl'IlI;!) allL'r­
ation illlJc:'<. ~l lo\\" tl.::l11pCti\lurcs, anti thL' \\'('11
known minel;]1 illdil'CS l,r I1Icl:lIl1orphislll at 1\11;.11
Icmpcr:HUfl'S (h"nal:lIlO\il S PC(roSY:ll1ls IOX-J).

Thc telllpcI":lttln: as"I~IIIIJl'lIIS have been vl'Iilil'd ill
sc\'cfJI swdil'S (:\ll\IS\IUIl~ ('\0. SlrL'llS I'1'H7; Ktl\jltS

& Arkai P;:,PI and till' 1l1Cllllld a~,pl\cd to basinal
studies Ull Sl'\Tl;l1 l'Ol1tinclIls (IJcrgstnllll ILJXIl:
Lega" ('( "' I~X I: ,\/<1, i<lg\' 14X4. 14Hr,: flao &

Wang IYX4: N ieull & Gorier 1984: Nowlan &
nal"lles 1987; Orndurff Cl ul, 1988).

1\1 ETIIODS

l·OIhU..JolIls have bcclI obl3.incJ from almost all
majur ootcrops of Ordovician (Gordon Group) tu
Early Oevonian (Eldon Group) marine carbonate
seqllences in the West Tasmania Terrane. Speci­
mens wcre l'ol1lparcJ with staltlJaru samples prc4

",ned. nsing Ihe tedll1i4ue of Epstein et al. (1977)
from CA I I conu,lunts obtained from u "meta­
morphosed Australian and American Palaeozoic
l'41 rhonal crocks.

RESI.'I.TS

Silll'~ 11(1 apprcriahlc iJirrerclices in CAl values
(Tal1le I. f'ig. I) were fuund between the tops and
the bases oflhe Ihiek (up to 18UO m) limestone piles
(\I\ly \)Hl' (",\1 vnluc hns been uscu for each loc::Hion.
OJlly Ihrl'l,.' ~~lIl1pll's fnll\\ Devonian carbonate units
yicldc-d conodonts anJ thcse have been plotlt:t.J.
Their il1l"."llIsion l11::Jkcs no diffclcn~c lo the contoul'~

ing. The CA \ vallie uf ~ is found ill a wollas­
(llnile-diopside-epidote hornfels adjacent to a Jur­
a"ic lip"'rile al Lake Sydney (Correy 198)) in
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Tobie 1 I.II,·,lIi,;", ,e":fred '" ill 'lie Ie" w;'1i ",,,,,,,III'" u>h"" "I'er"'i,,,. indice, (CAll o~e, ""d grid references.

INTER!'ll ETATIUN

CAl values :lrc IhL' IcslIlI ofthc lutal he;tl illpllt illlo
(he COIlOdOlll dl"IIICnl. A hrier pulse (If hil!1l I1t'::1 1
input IHay h:l\'C thl' Salllr cllCl'l as lowcl' he:11 input

sOllth\\'e~t Tasmania. ('1\1 5 values arc 1.:0111111011 in
westcrn alld northweslern Tasmania il1l(..1 form all
arellole bell following Ihe outcrop 01' Ihc Early
Palaeozoic rocks around thc Precambrian IIlcla­
nwrphic lIlIils in the Tycunall region. CAl values
del'fcasc to thc casl wilh values or 2 tu 3 in n.'1I1ral
southern Tasn,"nia and the lowest vailles (1.5-2)
are lillnlll in the south at Vanishing falls. lIigh
valucs (5) arc founu al Pn.'l'ipitous lJIull".
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,lvcr mnch longer periods orlime, As Tasmania has
been subjected to many heating events that varied
in intensity, longevity and geographic distribution
(Williams 1989). caution is clearly necessary in the
inlerpretation 01' the CAl isograds,

In the Appalachians, Epstein e( at. (1977) sug­
gested that 'deplh of burial and the attendant
increase in temperature is the t10minant factor' in
contwlling CAL II' lhis is (rue in Tasmania, then
post-Middle Devonian overburdens of 10 km
would have to be postulated in area, such as western
Tasmania where CAlor 5 arc common in Late
()nlovil-ian-Early Devonian limestone deposits.
n.is al'peo" highly unlikely, as the uncunfurmably
u\'crlying Late Carbunireruus to Late Triassic Par­
llIecner Supergruup mrely e,cccds I km in thick-

( ; rid ll.'t" ('.'\1 Agl: :wd unit
._------------"------

CP 1.14t1111 5 M.Urd .. Gordon Up
(I' tlR~.l(,1 ~ M.-L.OnJ.. (iordoll Gp
Ilf) .!l)l(1(,H ~ f\.1.0rd .. (ionlon lip

('p .~H 17,P' S M.-L.Ord.. Uon..lo!1 Up
I)(} 'In.l,l l ) 5 M.Un.J.. (jordon Gp
UP 20111,\,1 4 M.-L.OnJ.• (illruon Up
I IN 'ih1lX111 .l M.-L.Onl.. (iIlI"JOII Gp
I)(} K,IX II.' 5 I\LOrd" Gurdon Gp
('N l.l'JIIIIIO 5 M.Oru .• Gordon Up
Ill) 141>2" 7 5 M.-LOrd., Gordon Gp
('1' (,5K 7·11 5 M.-LOrd" Gordon Gp
IJM (, 1'7." '. 1\I.-LOrd" (iurdun Gp
UN "(,2 tl11 4 tvtOrd.• Gordun GI'l
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('N 11110/·111 ~ M.-L,Onl., (ionJoJl Up
Ilf\l X'II!).'I .1 f\.1.-L.Old .• (;\ll"dOIl Up
I JI) ,10 lIP' 5 M.On!., UordoJl Up
I)~ i n.tnh 7 :) M.Unl.. liurdlUl Up
IJI' .'iCl,'i(PIII .'\ f\.1.-1..0rJ .. Ciortloll Gp
('N 11011 }Ill ,5 r..1.-1..0nl .. (j(lnloll Gp
I)N }lql·llI J M.-L..lhd .. (j\lr(lol1 Gp
1Jf\1 (17.l7.lX J f\1.-L.Ord .. liordull Gp
CN 575\1.114 1-5 M.Ord.-M.D('vonian
Dr-.I (, -; 71-l~fl 5 tvl.-L.Onl.. (jordon Gp
('1' XOO·lllll ) f\.'l.~LOrd .. (iorJoll Gp
I Jl) "I (,l? 'i ) t\1.0H.\.. (;urdon Up
Pf\1 j,l{(I')(,'! :) M.-L.Onl.. (jon..luH Gp
(.1' !llIon·1 :) M.-L.On.l., (Jordun Gp
PM 71"'1(, .1 M.-LOrd" Gordon Up ,
I)() 111(,0 II) 5 M.-L.Ord.. Gurdon Up
P~I 711,1'),,1 1.5-2 M.-LOrd" Gurdun Gp "
('I' ""', )1, I 5 1\I.-LOrd., Gordon Gp
('I' (,17h I ,I ~ M.-L.Ortl .. Gordon Up
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Thcrcforc, if dcpth of burial is insulflcient 10 ac­
c",,"l for the high CAl values, thcn high heat now
has 10 be postulatcd for Tasmania in post-Early
I )cvolli:1II timcs. The conodonts may have been
hcalcd in tirc Devonian-Early Carboniferous by
1l'~il\l1nl md:illlOrphislIl and granitoid intrusions
(~lcl'kll"ghan 1989); in the Jurassic by the
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ness anl.! is lIsually lIlueh thinller « "Iarkc...\:. Ftll"syth
1989) auu the younger rocks. 'well :IS the .IULlssil·
dolerite anu Tell iii ry seu i 1111.:11 (a ry tlt.:pnsi I" ;1 l"C lilt l..;t

unlikely tu have e,ccc-ueu :lIIutlH.:r J kill (LLl"1 ilrtlll/

Turner & C:lh"t'r !9H7)_ This l'IIIH:IlI"1l11l j" "11]1­

portell hy Ihl' low RII \":) Ilh.:S II 11111 I Ill" I'lor 11 H 1- r I L 1"­

sil.: sequencl'.

FiR:. 1 CUlllou,.. drawlI on CAl \;lllll'c;, tlhl;lillL'd 111'111 l"l'llllthllll" rnlll1 rhe Gordun Group (OnJovici:m; 0) and from
EluulI (jnJlIl' :11I11 \:ulTdal i \'l" Sillllll-I )e\"llni:1I1 l";\ll '1lIl:II .." 1111 it .. (:-:). TM Ii is the C<l~tcrn limit oCt he Tamar Mobile nell of
Le3man and Ri'.:h~\Id~ol\ {llj'JO) whil.:h ddilll''S I'll~ ULI1l-:;n Ilf llic \Vcsl Ta~l11ania Terrane alld includes the Tanmr
Fracture System ol" Willi:ulI!' (14XlJ), Thc !llllth\\ l""lI..'ltl arl':! III" Prcl'i:Ul1briiln rocks is the Rocky Cape Region and the
central areil is thl' TYClIlIOIn Ih-gitlli. C\llllllltlill lPL,;tlllh.''' arc IIsteu in Table I. "
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intrusion PI" larf::l' \'olllllll:S or dnll'lilic IIIOlg.Ill:1

(Carey 197(,): i II I he ( 'rdal'L'ollS hy COllI i IIL'IIJ;II I iIt ­
ing and 1(11..':11 SyClIl1 il' illl rllsitlliS (Sharpks /\{
Kloolwijk 1()H.I)and ill I hI..' Tl'rliary hy witll'<;prl'atl
rirting and hasaltic voll"allislIl (Sutherland IlJHl).

Although tllne WilS SlllrH:;\~1l1 hcalllo\\" during Illl'
('rl'taLl'IlIlS III l"eSl'( the 'sol,' l1\a~lll'lislll ill Pal­
uC\l1.\lic SCq\ICIlI.':CS {Sharpk... & Klm)\wijk 1l..)~1).

this could h:n"c been til" rcl~llivcly low intellsity if"
dislrihllh.:d tlVlT I() Ma. E:<.CC\lt ...cry .... IU!'L· 10 dokr­
i1e. vilriuill' n:lIt'clallcL' \'ahll':s frolll Ihe P;IIIIlI'L'!lt'r

Supcrgroll p (Ba II kg ('/ (I!. IlJR4) arc (011l1l1011ly i II I he
range O.~-O.(, (i.e. 0\1 I) all(J sugge" thai po"­
Middk Carhonill'rllus he:llillg was or Ill\\' inlen­
sity,

II i~ thl'l"cilln' prohahle Ihal thL' Illajor hcal input
into the cOllodollls wa'\ ill the Devonian <lull associ·
atcd with Ihl' \,..idcsprl'ad Iqdollal IIlcti:1I110rphislil
tlHU iutn,,,i\\I\ \,1' jl.1;\1\iloid rrlllll thc Fikli:1I1 10

the Fady (';UhOllikrollS, Thert' is good c(lITt'i:llitJlI
uf low (':\1 vailles with thl",' ..kqK'st k',\'\.:b
of gl:lllilc as dL'tellilillnl from v.ravily lIal:l leI',
Ril-hards\'11 I IHN), (Hiler L'slilll:iles orlhe illll.'ll"ily

of 1,k'\'tllli;lIl legiollal 1I1l.'tallHHpilislll ill \\L:'stnll
TasllIallia ale ill good :Ign,=clIlL'1l1 wilh Ille ('/\1

v<llucs ill I II is SltHl y, Fill' i IIsta lice. II all ( I t}t}(J I. lIsi Ill!
lhe si;\ l.'OmpOllClll chltlli(l' gcolhernlol1ll.:lel"­
gcoharolllch,.'r or \Valshl.' Ill)Xh), csl imaled ICIll pcr­
alures or J I11- ',t(n ' \\' i I11 all :l\nagc of :lnee. and
C"in.'el\ «((nO} c<;;,til\\ah.'d tCl1\pnat\ln::s fnm\ ))\)­
4UUT. These data a~lee well wilh the nearhy hlaek
(CAI,.--5) l'Olh'l!onls thal slIj:!.g.esl h.:mperallln.::.s
hetwcclI J(llf-,IXO"(', ('1\1 vahu:s of.1 frolll Surprise

13ay on the so1l1 II coasl all.' 1101 su PPlJrtcd hy v iIri u ite
reneetanee e4 uiva len Is of I. I5 (CA I~ 2) ealcula ted
from the OIg:lnic gC{1ChL'lI1islry or Glrbllll~te salll­
pks (Vlllkmall I~XX) bllt arc suppllrled by rcllce­
lallcc valut.:s 011 grapltllilCS (1\, (',("00,", per", l.'OIlIIlI.

I~'JU) from till' ,ame hll"ality overage 2.17 ur a CAl
of 3 (llertrand 1'J9U).

Channel samples f1"\\1ll \hc Early Devunian Poinl
Hibbs LiI1lL'SlollL' {ollllu..' remote west l.'onst lIrTas­
mania. l.'olkdcd hy J, (\H\(.;.in 1n the early t 4611s)
yicluctl ~ llIi;\IIIIC or Inw ('AI 1JL'\'olli<ln l,'OlloJonls
3110 high ('AI (hdtwici:"l11 C0l10UOl\ts, Burrcll
( 1984) pnllTssl'd C( Il1k i II'S S~llllpies :"Ind inlL'l'prctcl I
this l1Ii'(inj!:ls illclil';llill).! lIU'lillIlllrphislII,lIl'lin and
rl·t1L'pn"ilioll III Ilie \'Plll1dClll!s ;1" l'I:Jc;;ls within Illl'

Point Ilihb" 11111CSltllll' ill llilO I'I:lgi;ll1, I III \\'l.'\'L'I,
follOW-lip Will\.; hy (';In'Y :\lltllklT~' (IIIXX) c;;ilo\\'cd
III:"It 111(' lohallnt'! ";11 II plt's had hl'l'lIl.°l1llt,Tll'd :ll·ltl'S a
~ril.'s 1'1" low ;\\Ij!.h..· 1\1111 ....1 1:1111\<; IIla1 hlOIll,!.lH '11­

gcthn ()rdll\il'I:l11 (( illll,ltlll (ill1llpl :Jlld I }n'olliilll

(Poi III II ibh, Il';lI'hnllat l' 1111 i ls. Hilt It lo;uh llt:tl .... lll\ll s
cont;1 i 11 ;1 \' :1I" il.' 1~' Ill" 11I!J,h (51 ;IIHI IIIW ( 2) ( ':\ I \:1 II 1l:".

('Olltldlllll,\ rrl1l1l lilt, t11l11l11111l' 111;11 lill" lite 1I1I1ISI

planes ha\'c the charact~l'i~licpittelltcxture inuica­
tive of hydrulhermal alteralion (Rejebian 1'1 al.
I~H7).

The uata J'rolll wCSI(~rn Tasmania suggest that
1IIl'1:1I110rphic temperalures of over JOO"C wcre
COlli 111011 i II Ihe Un.luv ician Ii mcslonc mtu thai latcr
Devonian thruSling bruught slices of varied meta­
morphic grade intu eonlael. This later Devonian
IhruSling is important through all of Tasmania
(Ilcmlall 1'1 ul. 19'.11). Subsequently, hydrolhermal
alte,alion oeeurrcd along thrust planes.

An important con :lusion is that very high heat
flow was developed during the Tabberabbcran Oro­
~eny. The palaengeothermal gradient al the limc of
lhe I)c\'oninn granituid intrusion is dillicult to
assess heeause the amount of overburden is hard to
I'St inlale and Ihe duralion of high heat now assoei­
alrd with the intrusions I1wy havc been between
10-11l1l Ma. CA 1 of 5 (ihe most common value in
wt:slcrll TaslIlunia) IIl<ly be achievcd at 370·C in
10110 yeMs or al 3UO'(' in 50 Ma (Rejebian 1'1 al.
I'1X7). This laller temperature. ifprescnt at a deplh
"" ,I km. suggests a geuttlenllal gradienl of 7.5·C
pn 100 m during the Tahberabberan Orogeny, or
tit lublc that ufnormal muucrn contincnlal gradients
« J'e pcr IUU m according to van Orslrand
1451 ).

ECUNOMIC IMPLICATIONS

The 7.m\\: of \naXimUl'll generation of oil in a sel1i~

menl lies between CAl 1.5 and CAl 2. Thus, oul­
cropping Ordovieialllimeslollc in soulh and cenlral
Tasmania has reached the oil window and in the
subsurface, may be e.peelcd to be generating oil,
<lssuming sulliciclil total organic carbon contenl.
Areas with CAl 2-3 arc in the gas window. Work by
M. Bendall of Congo Oil LId and J. Volkman of
CSIRO has shown thai some of the numerous
hydrocarbon seeps and shows (> 260) Ihat have
been recorded in the last 100 years in Tasmania
have geochemical signatures remarkably similar lO
those of the Ordovician Gordon Group earbonale
(Volkman 19R8). Il is possible lhal. if suilable res­
ervoirs. such as palaeokarsl. e.ist at deplh either in
or adjacenl 10 (,orUOI1 Group limestonc with low
(",\) valllL·s.lh .... n oil and gas lIlay be presclIl in COI1l~

III I.'n"i:!I qualliities,
·1 hI' extension of orcas with high CAl values be­

yond the kllm"-li c;\tellt or granile intrusiuns may
c;;.ll~l!L'''l ;Ilcas or l1yululhcflnal activity am) inuicatc
reg.iollal prospcctivity fur mineral deposits. which
I\\~'Y he \Is<:fuL I\ot unly c\:ollomical1y, hUl in re~

giplI:l1 land use assessments (13<lillic & Burrell
1'/'1111. i\ sealL·h Il,r hydnllitermally allered eono-
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donts should he II....L·rul in dc.l~~tillg orc (kposits ill
are:lS or h\\tll high ;111(1 Ill\\' ('AI V:lhll·~. Their di~~

trihul;nll rnighl even he lIsed In n:l.'ollslrU<.:1 palacu­
con ...·cctiutl \.'c\(s in lllillCI'<lJilcu lcn<tins.

CONCLUSIONS

Cunodollt ("AI i~ograds frolll Early 10 Middle Pal­
nC\l7.pi( l'arboll:lIl: uni!." pnwidl.' a ~l}l1t1 illdiC:llinll
of variallul\s in palaenhcat lIow in TaslII:tnia. The
major hl":l1 inpul is intcqlrctcu as being Dl'Voniall.
associated with the intrusion of granite and with
rcgiOlwllllclalllorllhism \IUfing the Tabhcr:lhh~ral1

Orogeny. Regional lI1c1amorphisllI in western ami
northwestern Tasm~llia W::IS jusl ahovc .lUO"C atld
was dlle In high heal Ih,w rather lhan \n deplh nf'
burinl. Thlllsting during thc Tahhcrahh~r<.ln Oro­
gen)' hns hrollghl lo(;c!hcr thru~t ~Iil.:l's wilh very
dinerelll C"I.

Ilydrollll'l"lIIally ;I1ter~d \.:onol!onts shllllh! Ill'
scan.:hed for ami may pl(1viJc cvidcl1l.:t: or palaL'o­
hyurolhcrlllill ~y~ICll\s,

"rca, wilh Inw l'''' (1.5-2,5) ill renl,al alld
soulhcm Tasmania al\: 11lthe oil illld g;ls windows,
arc assnt.:i;lll."d wilh hydrol::Irbul\ gCCP~ and ale pro·
spc(,."livc IiII' oil and gas..
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APPENDIX 6

HYDROCARBON BIOMARKERS, THERMAL MATURITY, AND
DEPOSITIONAL SETTING OF TASMANITE OIL SHALES FROM
TASMANIA, AUSTRALIA

BY AT.REVILL ET AL
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Hydrocarbon biomarkers, thermal lIIulUrity, awl depositionul selling of tusmunite oil shales

[wm Tasmania, Australia

A. T. REVilL.' 1. K. VOl.K,"'lAN. 1 T. O'LEARY,' R. E. SUMMONS.~ C. J. BmH::IIAM.l M. R. BANKS.' anu K. DENWI:R'·

'CSIRO l)i .... i~itJn nfO(,e::J.ntl~r:.lrh~. (iPO nOlt ISJR. Iltlh:ul. Tao;m::mii.l 70Cl!. AU'SU:J.lia
l"lI~lralian licoillgil"al Survey Org:mic;;llinn. GPO lJux J7K. Clnnerr3. A(I 2bOI. i\ustrnliu

'(ieolnK}' Depanllu:nl. UlIj..'cnity 11(·Lmmll1i;J. GPO 11m .!S.!C. Iloban. T:l!!.m:Jhia 70UI. Australia

l\h'ilr:ICI-·I·lli~ "ludy rcprco;clllo; the Iiro;l ~t'I,lll~ic:J1 :Jlltl t)[~allil' gct1chclIlit:al invcstigi..ltilJn t)f liamplcs of
la~I11:ll1iICnil !lOhal~ rcpr~!lOcntillgdillcrcllt 11u.:rnl:ll l11alliritic~ I"rc)ln lllree c;eparalc Im:ations in Tasmania.
Au"lralia. The must ahulld:.lnt aliphatit.: h~·drtll·:uhol1 in lhe imm:llure nil :'Ohalc {film latroll~ is a c. ..
tricyclic alkane, whereas in Ihe more l11allllC 'i:.lmples from {)onah amJ Duuglas River low molecular
wciKht II-illk3ncs dominate the c:'I.lral:lahk h~drol::1fhlJn dilitrihutilJll. The arom:Hic h~drocarbons arc
plt'dominalltly tlcr ivalivl''i of ukydic t:nmllllllntl'i. with 1.2.K-lrimclhyll'hcnilllthrCIII: inl:rca!iing in rcl:ltivc
i1oulldilllU' wilh ill("rc:~.l.o;ill~ 1lI;lfun!\'. (ic.·IIJo~il":Jl :IIUJ Ccodll'mir~1 evicJt.·"cc'iuu,c.U'l; Ihal the scrJimCIJ15
Wl're th."poc;ilctl ill a marine envillll~Tl\cl\l of hi~h lalitmJc wilh :lS"flCi:llcti cold w:ller'i and scu!ional !.CU-

i!.:c. II is rrnpllc;etl Illal Ihe Ilq~allio;lll (unll ihlllin~ the bulk or Ihe- kcl"(l~ell. raHIII/IllIn. oCt.:upie..J all
cn .... IHlllllll·nl:J.I niche liimibr Itllhal 'll"lllt'tll'IIi <:l·a-il.:c t1ialt)lll .. ami that hltltllll conditions ({JUvlcd wilh
phy,~jcll l.ml:J1iOIl l"ulI JlnHlC;pllt'rie ( '1), It:d ttl Ihe di'itil1l'li IIC "isotopically ht::wy" OI 'C value:c; (-13.5~"O
to -11.7~~) for Ihe kerogcn.•\1'(· <I:JI:I fmm modern se:.t·icc Jialllln'i (-7%0) supports this hypothesic;,
1c.(lInp;t' :IIwh'ii'i "f II-alkam':c; in the hillllllCII I 1.\5 In -.ll';"",,~ suggec;t a multiplc 'iource fmm hactcri:J
;\11(1 alJ!:ll~. {)I\ the tlll,.~r 11;11111. Illc Ir·alkalll'C; 1o!I'llt'raied rfllm ch,o:cd·c;yc;tclll pyroly~is of Ihe kew~en (-15~ooI
art'lIl;lilllv dl'riv('d hlllll the prco:cT\'cd [',/'/111/1//,,'1 hiCl!1C1lynwr al~;ICl\all. TIIl~ lricydic l:tlIllPOUIlt.ls (me-an /;;
-M':(,.,I 1111;11 ill till' llilUlllC'lI ;1I1l1 pyrllly.-.al'·. h;l\C :I COil IIIIIl II plccUrStlr. 'l'l11~y art.: ClllIC;islclllly enrid\cd in
lie COlllparnl with the kcrt1gcIl and prohahly h:\\"c:l dilrcr('lIt ~IHHl"~ from Illc Ir-alkancs. The idenlilicatioll
of;J IOC:llllm WhCI e tllC malurily Ilf lllC l:l:C:Ill:ltlllc Ilil c;llalc apPHlachcs th~ "oil window" raises lhe pos.sibilit~

lhat il lIlay hc a vi:.Ihl~ petroleulll 'illlnrC lock,

terllatiqllal!y aCl:epted biostraligraphic t.li .... isions 10 thc Cold

water en.. i'onment ufTaslT1ulli:l Jt this time. Uee:luse of this
dilliculty. :he morc appropri~ue R~kunian Serics has been

pl(ll'(I:'iCti (C/.,\RK r ::Jlld OANK.'i. I Y'7 5: CLARKE .:mcJ r;\Rh-U;R.

197(.1 will· i..I suhdivisiun, llrc Talllalii..ln stagC'. wilhin which

ic; thc (Juamh~ Mu..JSIUI1C (Fig. 2). That purt of the Quamby

Ml1dc;hll1C c(ml:..lining, lhe oil sh:de has cunsiste'nlly yit:lde..J

"l;:r~c ! lllicroHura:'i (rllllS\I,'[U.. f978) :lntl a Faullal Zone I
l1l:lnolillllla (fig.. 2: ClARKE and B;\NKS. 1975), The :.Igc h:l5

hecn ,giW;1 as eithcr E:lfly· Permi:m (FOSTER alltl \VJ\ TER­

1I011SL Iq~Rl ur L.:.Itc Carbonift:rou~ (ClAH.KL 19~2: i.e.. a
lilll~ \):dC'~ ur a linlc youngt:r Ihan 290 my Hr. taken as the
:Il!.L: III tht' hl"v.inning uf Ihl: Permian hy lIAIU_r\NU et al.. IIIIJU).

rllc only lithological dislin('liun between the (Iii shale OInd
"lil mUIH.hllg mudstunc is that the runncr conlains ahundant
;II~:.II "l'mains. lheo:;c 3n: dominated by Ihe uniedlular OIlga

"II.IfI/(//lIfl''\ fJ/l1Il"iclIlI.\" lNEW I f)N t IH75)J whose hiolugi,:al :lr·

Iillllic.·s ha'>e ,",CCIl suggest~d 10 lic with Ihe e~tant green alga
"I/C"I"\I":/I("1'1I JlC'lllf.!inl lOs I (NHI.I) ( I HIJY>I IWALl. 1962),
h,ilially, Ihc l;lsll1:lIlile was thoul?lH ll) have; bl.'1:11 deposilct!

ill all c:\l':n'ii .... c l:.Ikc tMII.L1ti,\N, IK52.t hUlthe discuvery or
mal ine fllssils I(jOIILO, I R61) preclud~t.I this. Rl'Ccnt work

ha.'i 'iu~cs(e..J a I1c:.lrshore marine origin (BA.NKS. 1962: CA.l­

VIR ~'1 :.II. 19~..jl with the oil shah: representlng:J pl"riod of

al~~al hilltlm~ 1C,\LVI'.R ct ;.11.. It,lX~; CLAH.KE. Il.JX"/I. This hy­
1\0111C.·C;1 .. io:; I"urlhcr suPt,wlcd hy ('ump:.If;son ur the known

nn·Uffl"O,:C uf la'ilnani\c wilh the inlcrred palaeougcogruphy
III' I ;I'iIlI:lllla JUflllJ? Ihl" ..:arly 'LHTI;Jrian ([];\NKS J.lld CL.\RKE•

I 'lie': Fi~. Jl

TilE 011. rKosrH-llvI ry llf OI1'ihore Ta.. m<lllia Imc; lllll~ hl.'clI

pmblc!/IIiIlH·,,1 1"lelco;' ill 11ll" pn.....ihiliry "f Jilldill~ nil Ii:!.'i

been 'itillllllatl'll h\' Icpl'all'lI n'pOII .. III' hilUIllClI ~1I;1I111;1i~"

on western alltl 'i\llllhcril hcadll"'i 'iince thc lall" 1')111 \.·C'lIll1IY

(TwF.l.vFI RITS. \t,lI1). I"his inlcrC''i1 ha'i ClIllliullt:\1. dco:pih'
Che f:Jl·' Ih:l( rllc'i(" r(l:lsI.i/ hilll{[l('II.'l :tre 1101\' Ih(ll/~'l{ lit :1r;C;C

rrom Mcsll/nil' or ('ainolnit:" olr'ihlllC sl"dinll'lIlC; I"al :11 c.'

poorly rcprc-Sl"IIICtl i'n~hnll' (VClI K~Ii\N l'l al.. I'll'~) Iht'fC
h:lve been. hOwl'\l'r, II U 1111:1 tillS fl"ports l,vcr thc.·l:l'il cl"lI1ury
of oil-seeps olldulll" IIII'NI).\I.I ci :al .. IlI!}r,. c;ug~l''ilin~ IlIl'
pos~ihilily Ihat tlldcr lll\o:huI~ Illt'kc; may :11"11 h<:;1 <;t'lllt'\" Ill"

pelroleum. CClllral tn Illllch 111" lhi .. illlC'rec;t h;l~ "l'l'lI theo or­
g.::r.nic-rich t::'iIll,lIl1ll' lIil :c:halc.·Ic;llh~c.·qll~lIlly rd\:rrnlltl "illllll\"
as "laSm:lnilc" m "oil c;h:llc") whidl l'('cms p:lrlinrlarly ill

the north·\\,l-..t of Ihc "l;lIe- I ri\.:. II..Lv,II:'\ cl al. {1l1't2Iu'I'lllll'd

Ihal the nil lih:,Ic.· \\;lS relortcd In libt:'r:lte h~lIrOl":lI h.,n~ as

e:1IIy:ls III III. :.IlllllllI'i t::Irried 011 IIl1tilthe It,l"llo;. IlIn(llIl.:ill~

ahulll 1.1.' 1I1l'~;dillt.:'''' of c;hak lIil.

The tU.. IIl:tIIiIC tlC.TIII .. l'i ;1 IIr'ilin('ti\'c.· h:lIld III\\" ill tile­

QU:lmby Mudc;hHle. Thc o;lr;lIigl:lphy l)fLale P;Jlat·tll.llil' o;l'lI·

imcnts ill 'b.. lI1:lI1i:1 ha'i hc.'ell Ihe l'Clllle or 111111'1, reo;earch
intcrc~l I'iCl' ("I\lt"I' ;\1111 F\It~Il'lt. 1476: Cl \I~"I'. 14101'1)

due It) IIIl' ditrl\'1I11~' III ;Ippl\lll~ 111\'\\\arl11 \\':11<':1 I';l'it·tl\ 111·

• ""'''''1/ ,,'/'/"." lH;( l"I,I""'lI''I1. I'lJ nil, 11',', \1111"".
Q\I~·..:n~latl,1 1111..\. \llql:dl;1
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There h~~ bccn much disCliSsitl1l :lhOUI thr ('(med 1l0~

menc:lalure for the :'Ihuntl:lIIl microfo",sils fOHIIlJ In the la~·

manilc(sec WAIL 1<:1621. The !C'rm spore Ime:: hCC'IIUCiCd (!'il.

MONEIT and BURIINC;AML 19131. while Siudics of some

T,4SMANLAN MiCRO· iNVEitf DOUGlM

STAGE
FLORAl E8RATE RIVER LATROBE:."TA,.. ZONE

10 611l1\tln. "o<eo, T...
Bed_

• •LY'-'INGTONIAN - • GlMHxYlltlo:::

S~

7
-1 •

5 U'1"Iel1on.•
8ERNACCHIAN

-- • Ullmllllll~lll1,. ,,..~ MI,.eyeM, ....
,. 2

S'"l)'ton

SIlII1C1ne BIll's
TAMARIAN

t
2 ----~~.

t-tEUyERIAN
1

FIG. 2. COrR'I:"ion charl rl~r tlie len'"" tC:UI'IClllifr-rnm :lIId Pcnni:lfl)
sections of 111l" rannrt'hcr ,t)Ul'('fl!:TOUP fiu L111ollC' :J1lt1 r)ou~I:1.~ Ri\'er
(adapted reom n. .... J'oIl'..S lind U ..JIRXE. 19R7). SCiI ..,. SandSlon~. eMs
- Coal Measure Formalinn.

llultlc:rJI pr;Isinophycc::In gCllcra (l'm"".I:\phcJi·ru. //aloSl1h(H·ra.
and /"l'''OJ{U'fnld) have shown thai the ::Iscxu31 reproductive
cycle cnt,,,i.c;.tc;. of a phycoma. (c)'st) ami il mOlilc Sl.ilgc (PAR "E­
and f{I\RITXi·AIMMS. 1965: PARKr. 1966: PARKE et ill..

197R). GIJ'I-OIll...50N (I Q88) identified various dcvclopmenl.11
~Ia~c:o; or 7"flJmunitcJ in the Jurassic orS.....eden and concluded
1h.u Ihe ros~il cysts were phycomata. Recent studies (BOALCH

.n~ G," -OHLSON, 1992; GUY-OHLSON and BOALeH, 1992)
h:tvc indieated Ihal the morphology of fossil Ta.smaniler are
:o;uml-icntly close to some rarely found Ii ... ing specimens of
/'(Jd'.I'\(Ihat'ra th.at the genus Ta.m1UllilC'.~ suffices for bolh.
T Arrl\N (19801 indicates that the term phyeoma describes
the non-motile stage specific to prasinophytes and therefore.

o 50

, km

rIC;. J SUYJ!~I('d p"IC"O~co~raphy or Tasmania durinl the Early
1 :tlllari:\lI ~ltl~e. Pao;h~d lines ." iSOPBChs. numbcn - Ihickne-ssc-s In

m('ll(,~. T - occurrence of lasmanile oil shale. l:J - land areas, 0
""' an:=a.o; of unknown geography. (Adapled from BANKS and CLARK..E.
19R7)
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fl'; ,I I'll rpo;o;i! F,IWI'I'II/j't flI1Cl! wilh r~Tile (rom OOIl:Jh (di­
.urwln - Cl II. <; mTl1) (hi r )r(lr<;l('"ll1~ in \;'Io;mJnile "hale (rnm Ollnah"
Nlll~' hll" tilt" <;lllrlC hrl'ah lhe ht,tlt.lillg o( the shale, (magnifICation
- .~. 1(\)

Ihe 11Ij!.h 1'~Lllll!-!l'll Illlie\ (III) (If th(' L:l\robc, Ullnah.
Ul1pl:r Sl':11l1 :111l! I)()llgbc; 1{1\I,:r S;lllll'lcs (T;;hk ~l CI;lC;."ir~ (he­

1.;l'I'{I!-!l·l1 :1" e(llltnjllill~ l1yLlrl'~l:n-ril"ll Type I or~J.nic lll:Hlcr
('ll~s( \, :111(1 \\'1'1 I L, 14i'\~) \\hL'rl,in o\'cr 70r-" of lhc org;lllie

.. 1"('llllIllill:lIlII~' c1:ay alltl o;ilt
11111 - II'" t1c:lcCIC'c1

,1r:rrCIII:'l!!eo; are rlOlII ruill1 COU/lI( u ..ill~ :Il'llI(l~illl:llel)' ~OO URI:! !'oint ..

._~-----_._-_. - -----_ . .-_ .. -_._--'---- ._-----
I (lw(" hell· 1.0\\'('1 !lell· Middle: )'1:'.1- \ Iprcr he'd·

IU\\C1 ~l:::1111 Upper !'ci!."~ _I--'fl'.:~.a~ __~t~"_e! .~r_,,_... - ..._. __ .------ ---------_. __ .
I hid,m:~ .. "I IIil ..h:lh- (III) II ]M.lI .1] 11.'_0.7 II ~ R. (l "OJ (12,1_0 2K

I hill '\nlkd ,hid, "Alk,lli.o;o:il.. 1"'1 II ~. I I II ~ I ~ 6 I

.... I\blli, ,IR'I 714 IR' 74.

.... In ..o;ilo; Jtt. ~ 101 '22 5 ·1

" .. Spherical ro""il .. '~O_2 0·1 O? 00
"" 1~"1itc rll\m\'oid~

,, 20 4) ) 7

". NlIlI-rlllllhllitbll'~lite I.J "·02 -0 , "11,1

". Vill;lIile n~ 0' 1).1 II l d
... ElnllJ!3lc IIl1rrlm.... I.l 0.• [,I 00
~~"hCI.. 7.0 1\.\ 12_~ 1s 1

Bulk par:tmelcr"i arlO gi\C'1I ill Tahle 2, Thc <;;\llIpl('o; frolll

Oonah rcrrC"icn! :1 c;pan rwm the upper \~<;m;m;\l' "'cam ,,,
belo..... the lowl'r "l'am"

Total ur~l1ic c~rhnI1ITOrll"(llllTlltr;lliomarl'l'on<;i<;ll'n11r

grcoller in Ihe inllll:lluII: "..alllpk 1"10111 I.alll\he :lIltlthc 1l11IH'

malutt' 1h.)Ul!'~l~ lli\l'r <;;'1 III ph' Ih:11l ill Ih:11 of illll'lllletli;l!l'
Iherm;'ll malurity IHII1I OOI\:lh II ahk 21: Thcrc appC':H" 10

be nn dircct ctlrrc!;lliOll hclWl"l'!1 1I1~:lIlil' l":Hholl C(IUlelll ;;lId

sulphur l'llllecntralioll in the !.loll:th SCtlilllClllo;," C:\CCpl 1'(10;­

sibl}' in th(' uJ'lI1cr ~(":J11I lri~ ~I. The majorilY ofc,ulpllUr is

fr3mhuidal (lahle I) with till" ~rC;lIC"i1 cllllcenlrntillll l"(lin­

ciding ""ilh 111(' fo<;sil"lid. sedillll·IlI<;. Inlhc s;lIllpll' 1111111 1:1­

trohc, P)fIlC i<; prt"o;CIlI ill ICI\\'l'r l'lllll'l"1lIralion<;th:1l1 al ()III1:111

and allrc;;~ II' he IHllPCIr1ilillal In 111\' ., UC l'Oll!1'111 (FiJ.,: ..)).

De-spilc h~\'illllihe 1(1\\{"<;! 1II:1luril\'" '11(' r{"!;lll\'l' :llll(lllII( (Ir

eXlrJ.et:Jhle C'1{!::lnie mailer ill lhl' I :llrol1(' lIl:JICflJ.1 i" ("a Ihll'C'

limes lhal or IIll' "I her "-:1l11pk-o;. 'rillS rroh:lhly ('Ikel" ,1 r.t"n­

ernll~"lll~her r(1Sl;il C!lllecnlr~lioll In Ihc"iC "",mple", willi "(lllll"

being alIllO<;{ 74'~, l"asII/amlct

Total c:\1fJCI:::IhlC' or,!!:Jnic rn:H!('r Cl1/11;lined rrnll1 ~(,'~. hy·

droc.ilrhom in Ihe L.:ltrohc ~1.mrk lo Q~"':, hYUH\C':\lb\lll<; in
the lower sh;'lle <iiC":tlll ::II ()ol1:1h: Ihe Tl'lll:lillticr hcillg :1111 ihul\'d

10 polilr milterial (fable 21,

I
I
I
I

I
I

In the s;lIl1pk hOIll );llrol'l'. ~iht'a-lillt:d burl(lw~ alt' le"i<;
pre\'alelll ;lIld smalkr III:ln in lht.: St.:dlllll·llls frolll OOI1:1h.

The oi\ ..h:lll';1\ this silt.: l'xhihilS 1:H~l'-<;L";I1c 1cnsil\!! ::1<; I\dl ;1,\

the 5I11::1I1-'>(":llc Il·!1<;il1J.,: 1IIIIeti alll In:. 'I'hie; Sll~l'st<;;l llllrtlJalillJ!.

en\'iwlllllCIlI. and Ihe Ilil ~h;lle lllailllai",,; a rOllSl:llI! 111I1"I.,:n\·<;<;

possihly indit:atll1~ :111 allllllSl II:!! <;("a Ihlllr.
Within the Cllre 1:I\.;l·1I fnllll I h11J!.d:l<; Rivcr. 1\\'41 hl'(l<; (II"

oil sh:llt-ralllx'I\TCIJ.:llio;t'lllx·lwl""1I'211 ami .121,5 III It ,\1 \'I'lt

cl al.. 19X·I) Till.' IO\\'L"I l't'd l·"hi\lII.... ;1 fll<;<;illJlllrph(lI(l~\ wl'y

similar 1(' Ihat fnlln Lllrnhe Tht' upper pcl! h:JS a thin {20
em lhid I ha<;;J1 L"lIlll-.dolll('r:Ill' which flllc" upv,ardo;" ililp 111('

oil sh:dl' SinHlar ,,111:111· "I'ak <;IIII('ll1ll'<; III 11I\I<;l' ill lilt' o;:IIlLJllr

from !"':Itmhl' nlll hl" nb<;nH"t1 and Ihl' (lp or lilt:' shail' i"
charactcrisl'u hy 11:1111(' struclul('<;,. The oil <;hall: io; (1\'t'll;\in

tty a thin rlliill~ upwards o;,Ctllll'II("l" (C;'l. ~n em Ihie\.; l C'1'11I­

mcneill/:! willi nlflJ!.lllIIwr;ll('. I)isl'l'rs('d "la.I/lI'III1I1'1 all' ,III.

ser\'ed in IIll' .<;ilt :11 11\l' Illp 1,11111" Sl·qll~'I\l'C.
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10 use this description WHuld inll;c~lc ;111 :lCn"pl:lIlCC 111.\1
TasmtJn/res prmt'WIIH. f!lllnt! in T:l<;m:lIIi:1I1 t:1I1OIII:J.llilC. j<; the
equiv::Jicnl of a motlcrn pra<;inllphy!c. Tn :lvoiLi ;111;.' l;Hn·

nomic inferclIl;c. the ahulHlanl minufoo;o;ils in lhc~ ~'l11fllco;

will be referred to a~ 7"1I.'inltmi,e.'! or ';lmply fos!iils. Allhough
known 10 r::lnge from lhc Cambrian (540 Mal to prC~1\l.

Tasmanilt!J 3ntl relOllcd forms occur in high concentrations
only in the 13smanitc deposits of Tusm:mia (Permi01111 alll..l
Al41ska (JuriJ.!.slc) with other lc~\ ahUI1Uillll m:currcllcc:o; in the
Sahara and 8razil (A()IJlNO NEro Cl al.. 19Q2).

The russils were sphcrnidal. hut hccOInc dio;c !'ihapC'u wilh
sediment compaction, ranging in ."ill: from <0.1 tn ~f).6 /1111I
Ln d\ame\cr. The W:lon!)!" the fU!'i.!'i.il i'ii formcd of two In thrce

Inyers, wilh the uulcr layer fa(l,:ly \lIC~I"'I:U, -1 h~ mitJd1c layer

forms the hulk of Ihe w;1I1, the inner 1:lyer hcing (hill and

fibrous tK,\N'I:'\u:n. 19~O).

The alg:J1 ori~in rill' Ihe laslII:'U1ilc alld it!'i. orgill1ic richllco;"

hD.s led to :J, wiue ran~c \\f gem:hemil:al Slutlic'ii of thc Kerogen.
0.1101 have hccn prc"l.'lItcd on carom!, ylic ~lcitl!; (Il' IRIIN( ;,\MF

et al.. 19(19: SIf.,\()NI'.II' ;lIld nllltIIN(;,\MF, !Q7J), and lI11Hl'

rC'Ccnlty the hyLll"llcarhll1l L'III1IL'II( (1'1111,1' cl ;11 .. 19lol2; '\7.1'·
YElJo et ;d .• It)Yt); S\f'olllHI'1 r et OIl .. II)Ql): A7.EVrI>l} el :II.,

1992). The."e o;,tuLlies have idcnlifu:d nt""d ;lliuhalic amI ar­

omatic compounoo:;. 1'111 all ha ... c Iwcn h<lsed on slImplc.. frolll

thc one 'iile at I ~ltfl)I'e Iri~. I), where the oil o;hnle i.. rcl:-tlively

immature. 1n lhi'i p:ljl(.·r we rcpnrl a cOll1prchello;i ....c or~nlliL"

geochemk<ll 'i!uLly lit" the ta~II\;U\il~ oil o;lmlc. including. a

cornp3li"on llfillllllalllrc ;lmlllwlllrC' 'ialllrl("~ fwm ditr\',cllt

locations in TaSIII;Jnia.

S:lInl'lle~ were cnllec\Ct\ l'rlll\l H\Ck \)\Ih':Iop<!i"Jt Oon:lh. L:lIwhc. in
the Mersev Villlcy and Ir(\111 a core lakt"11 al Dtlll!!I:lS River (fiR. I:
for '\I1l1i~r:lph~ <;('c" fill.. ~). I'lu:: rod \;lI11PIt" frclll1 !.;llwtle ~hart'd

mllny of Ihe l"haracleli'ilic.. ,II" Ihat f',I111 ()(l1':lh. e'cc.pt Ih:'ll il e:'lllle
from.:J conlinut1u .. 1..11111 ~C':III1 • .! )." nl ;)lloll'·C Ihe ha~IIl"1II1!!hlmCralc

\It\thi.n Ihe Splt)'\!)" ht:tl, tFifit 2).1\ Spl.lfe Cullt:Cl1lr.lle \\1:'1<; lIhl:linnl
from a '-ample Ctlllcclt:d ;11 Oon:lh hy dcn,ily SC'DOlr3tion uf lnc. fo......\ts
rrom Ihe crU'lhed rlll,:k u..in~ ft'nic chloride.

[,'racllon

TOlal :sohenl-c.tllat.:l:lhlc t.:t'"1~lUI\\I~ ..,\;crc nhl-ain~' hv ~ni\":llilill

o(lhe crushro rocl; '1.:HllplC'o,; (\':1. ~1I~) wilh chlol't,fonn/I;Il"lhanl.ll (2:
I. 3 X SO mll. The \,onJpll .. ilitln of a pllrlion I)f Ihe lI)l:l1 l"'(lr;\(,:I\
wtL'I delemlinNl"illlt,'r h'\; 1'!r:I\ill1rll'\' ;lI1cr li:u:tilll\;\~i1.111 tl( lw \;UTn~~:;Ul

Ihin-':J~·C'r chrnlll:lII'IU:llllly-lIallll' illni\,;.llitlll tll'let'lillll, U..illll lw1all'·
tL\ t~ dc\e!\t1"ng "t.hcnl I'VOI KMI'lN ('I ;11,. 14Jlfl] S;llulatl',1 ;Iud
:lromalil' hnlrt)t,:;\,hllm '~Cle i"ul:lll·tl h¥ ;ltI111~'illl~ JIJ m~ tlf ~ ...tl:l\·l
10::11 11::11'1.' culunln nml:linill!! .11/, III" ~ililil' ;ldc.lllllO-~flflllU ...hl '~:IIII...."t,1
wilh I ll11f :It:li':ltcd :\I\IInil\;\ l I\IlII\. Aliphalic hyllrll(':Ifblln.. \\("Il"

elulN ,.. jlh hetallt." ~lIlul 1;1IIt1:l "","'·1II111 fral'Iinn cOlll:llinil11t ;1I11Illalit'
h}'tJruc:uhllns \'\;:., "huill\'d h~' dlllill~ wilh he.t;lnC':llIlul·lIe (1· I: :0
mLI. Rl"~im and J~rh;llll"lh'~ were dUln! ...... ith t.:hlorol"llTlll I~n rni.l
:lnc.l mcthannlllO rllll

II'Uflll·;nh"t' h:\\\Il,llo; "n,· :m;ll, "".,\ b, 1:11';\1;u,' ]i!!a~ lh'IIlI1:11"j'.·

r.ll'lhy 11II;j ~1l111 IlIlnl',,1;11 Ilwlln 1~llitllllt'llI<:O'd ~ilir;l Llpil1;l1~ n,llllllll
IlIP-1. II.'-! rlllll i.d n~~ "rll hlrlll "Ith ,lIh·\,11I1II1I injl'l'li,'U ;IlId
hydrng('n :1" tht' '·:llll\"( Il~\'\;. n,~· \\"1\\1'\'\;\11111: r'tl~';\I" \'\;:1'i .\~~t· Inr
I min. lilllll\\cd 11\ :.J 1;11I11' III I ~I)~{. :It '0'"( . min I till'" J r;lllll' to

.llwe :11 ""C min-I. The oven WD.S lhen maintained isolhcrm-ally
for 15 Inin.

Rilllllarker informalion wa1 obtained by gao; chrom:1I0ItTaphy­
II\latlrurllle ilia.., ~peclrumelry (Ilewlen P::Ickard 5790 MSO with
IIr 5SQO UC O1nl.l 59970A computer workstation) in selected ion
m'milorlng (SIM) mode. Typic::1J conditions we~: elec1ron multiplier
nUll v, tr;msrer line J IO-C. eleclron imp,:lct energy 70 eV. GC con­
ditiol'l' were a.s :loo"e e;,.cept (hat helium WllS used 1.1 c:r.mer 12­
Samples .....ere alw :.nOJlysed usinl rnt=la.!\:lble re:lC'lion monitoring
(ie· MS u~in.~ a VG 70E i1\'strume1\1 titted wilh :In HP ,790 GC 3nd
conlrolleJ hy 3 VG 11-250 d.:JLa system. The GC was equipped with
:I i1r Uhr:l'\ c3pillary column (SO m x 0.2 mm i,d.) C'onnccled 10

:T OCI-J cuuled on-column injector (SGE) wilh a rtl~liQn g:rp of
uncnated fused ..ilic::II (O.S m x 0.33 mm i.d.l. The oven was pro­
r.1:"'\\med flom 50 \0 150·C 31 IO·C min-I and then 10 )OO·C :n
.1-C min· t willi :I tina!' hold lime of ]0 min. The: r;;:q,mer ia\ '#liD!

hylllll@:COII \filh a line~r flow of 30 cm 5-1. The mas! speetromeler
was l1flCt;lleLi ..... i\h '3 source temper-nure of 2-40·C, ioniSiition energy
of 70 eV antJ interf-ace and re·enlrnnl 31 31G-C. In full !iC:ln mooe
lh~ MS l,\a\ llJ)('raled !"ram m/z 6sn 10 fIll: ~O al 1.8 s per decade
::rllli :111 inler·«:an dela.y tlfn.2~. In MRM mode, Ihe malnel curren I
::lIld F.5" vnllaE!C were switched to sequentially sample 26 sc:IeCled
JY.'IICII1-tl;tughlcr rAil~. The o:ampling time was 40 ms per re'3ction
wilh:l 10 nlS delay Ri\ril1ll. a lutal qde ~i.me of 1.3 'I.

(;a .. Chrlllllalll~r:Jphy-j"n1u~ rOllio ma.ss 'ipeclromelry IGC-IRMS)
<Joo:l"clllini \Hlt ;r!i dC"~lTibctl hy llAYES et 31. (19911) usinS a Finnig:.n­
M/\ I 251 i'inlope r:lliu 1Il:l'i~ spt=Ctronicter linketllO 3. Vanan HOU
(Ie \ri;'l :l cupric m.ille COl11hu"lian furnace opcrnlet.! "I 90l' 'Co ISOIOPic
ca.lil'1'all,lll W:'l" ma\le u!'ing:'ln u.1trn:l1 primary CO J standard inlro­
dun:t1 \"i;) a'~:lmllle bellow!'i. :lnd change·over va.lve and ched.et.I us.i.nS
dt"!Iu',iu1l1 l:thellcd tI-:'ltbllc~ .n inlernal U:l.ndards. The 1:l.lIer. in
hC:\:1llc. \.\"('IC cn-jnjectell wilh lhe sample onto a J&W 08.5 c:lpi\lary
cnllllllil un In x IUS mrn i.d.) USilll a Vari.:JII SPI injeclor. The
u.... en \":l.~ prngr:lmmetl rrum 50-JUlJ"C:l.1 6"C min' I.

C1l1,.;("d-~}'lI ...m l'lrnl)~i1

KCTlIllell wa .. i~lJlaled frmll the l.:Jsrn::miu: shole by stand;ud acid
lIi~t""tillll h"hniqll" ;lIItJ Plrnly<.cd in e":!cualro qu.,rtz lUbes for 72 h
al .1II1I.l..l0. <lud JSU-c:. in the pre.-.cnce uf w:ner. Only liquid prrxlu(.'U
.....erC io;nlalcd and lhesc were IrC':lled in Ihe sa.me way as oth'er extracts.
'loc'K,F.~al deri ..ed kinetic pOlramelen on whole rock s::amples of La­
lrnhe laslIl:lnite ("GSa ~199.s) were determined by Dan;e\ Jilrvie,
Ilulllhleo Instruments, Irumble, Texa,.

i

RESUL1S M.Ll DISCUSSION

GCI)IU2il':11 Setting or the Tasmll.Rite Oil Shale

The \asmani\c at OOIlOlh consists of two seams, separ:lled

by up to 6.7 m ofsihstonc. The lower 3.nd upper 5e:1ms I:on­

lain Iwo allu Ihrec Ta.fI1llJ1Iilt'S·rich beds. respecdvely. The$e
bcd.~ COIl!'i.i.s1 of il multiplicity of Icnscs, each up to :lbllut 3.
millimctre 'hilk ilnLi a fcw centimetrcs!onll. scpar.llcd by silt

1;IYCI~. The hed.. generally show a 8t:lduaUy increasing con­

t'cnlralltlll nf ;Jlg;)1 remaillS ('pwartls. The fossil content lb:­

crC':I"C~ rapidly :It Ihe Iup or e:lch bed. The oil shale cunlains

rn~"ils in 'iphcricul or !I;J(lcned forms. 1he l.:J.uer being mueh

IlHlr~ common. SphCfic-a! TUlnw1f;tes arc observed in fossil­

poor 'ict..lillll"nl. but are :lbsenl or rare in fossil-rich sediment

CI";Jhlt- 11. and Icntl to be Ii lied wilh ri.lmboidal pyrite wilh

Ill' wilhout collophallc. The O:mened disks arc prob;Jbly pro­

t..IuC\'U hy t.:nmp;u:lmll of lhc sphcroilJal fonn. The fos.~jls exist

:I" thill- :Illd Ihic.:!t.-w;.I1It..d !;pt:..;im~M. the limer ha\ling \wo

t1i~lil1c.:l \'\;:III.'i (Fill. 41. Thc <;;Jmples from Oonah cont;J11l rei­

;lIi'f.."I, hit-:.II Icvels or day Jm.l silt (lfuar1z) grut..le scJiml'IHS,

The !"Iw'ii\'lich "l"dimenls Jlso contjin J grc:J.Ic:r :lbunJanl,:e

Ilfl"lllll~:IlC. hllril.\ltlt;J1, 5\tic~-I\l\ctl. burrow!. lTable I).
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Fit;..~. Rd;llillll~hjp 1....·[I\n:n TOe ;lnd sulphur cuntent in IOJ,,"
111;ll1ill' ';,,::II11pr~, The u\w,:r ~r;J,ph ...ho""'~ ~hc n:t'3.tionshi.p wi,\h hC1at'l\
ahtl\C' the Wynartl lillile ill ;) s::Imple from Oonah. T i.,dic.ues the
nil dlal\, <;C;)lfl!'i.. Tilt' lo.... er graph show'S the geneT:lI relalionship in
~1I111'1C!'i. laken hurn I.alrobo:.
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rouu (aDemIUl!!
Silesian. below ~.'"

11)'drocorhulI Dj'\lrilmliull'li Rud S4Iurn' Chm:ll·!eri ..1k..

The GC·flO Ir;ll"I:~ (fig,. (,) of the C;~\lur:J.lcd hytlrl)(.':lrl'OII!'>

rrom Ihe tasm:mitc C;<tIr:lcIS show 1I-;t1bnC' Jis(rihlllilln~

domiml1cd h:w lowcr lnoleeul;u weigllll'ompOllCllts wilh dic;­

tributiunc; ma~illli~illJt Iletwccn n·l· ll :11I\1 II-C 1" wilh lillie
odd or e\ten prcJomill~l1l'e (Tahlc J). Samplcs nl~l CUIlI:lillrl!
signinc:lnt :lmounl.5 or the acydic jc;uprcnoidc; pri.c;(:lI1C' and

phytane, thoug.h in dilfcrcnt relativc prl'porlitlllC; CIahlc .\).

The siltstone ~mplc h:l<; aPr/Ph (:J.tin hi~hcr II\;1n Ihe nil

shales (LJble )), consistent with dcpmitilln lIllller llIorc o~ic

conditions_

For the purposes of this stuLly, delailed :.ma}yc;cs werc onlv
conducted 011 three of lhl' :'l3I1IPiC''\: :I Illcrlllally illllll;llllrC

'rock samplc frum L:lIronc. the "fll,flllll/li/l''i lil<;c;ill·OIKl:lllraIC
rrom Donah, and the core sample frolll lJougl:::ls Ri\'er All
the samples contain Slcr::tncs :lI1U di~c;teralil's :IS c;hmvn hy

Ihe m/: 217 ma..'i.'li chrulII:llogranis (fi~. 7). whidl i'li in C(HHr~l<;t

to their presence as twly "tr'Kc COlllpOlll'IlIS" ill :1 ~1I111'1~

from LJ.lm;lC Wig. I) ;JII:.lly~e'u hy SIt..!ONFlI et ;d. (144(1l.

The tc!:lti,,(! I'mpor~\\\n~ "f C!~, C l~, :md C :'1 ...ll'raIlCC; c;how
some \ari:JtiollllClwccn the c;,:'.lIllple:'i {T:.lhle.\1 wilh C=" dum­
in::1nl in the Latrot'!(' "'""1m pie. ("lJ in Onnah o.nUl1tI rrefcTcl1l'(!
::1t DuUg!;IS River. Allhtlll~h this may reneet 'iuhllL' uilli.'rcllI.:es
in sourcC' iIlIJIIIC;. l1l;lllllil\, will al~n !l;t\'C:l11 inlhwlll"l:. ("n

24-IJ.prtlpyl(,:htlkc;l:tnl:~whiell arc ~~llcr;llIy :h"Cl'l'led III l>c
indicati .. e uf:::l m:lrinc C;Ullln: 1f\.11 111)lIW.\N l'l al . ItjlJjI) l"ll\lld

not Ix- c:J.~ily ~il"Ir:Cll'd in the' 1111= 217 lIla"c; l"!lI11lT1al"l:!r:llll.
hUI We-fl' re:ltlil\" itll"llIiticd lI'HlIlj!h 1co;c; -<'0 in th...· 1lI'\I}!.L,c;.
Rivt:r ~;lIl1rkl uc;IIII.: .\1 H ,\1 tl1l:l'lhl"r 1.. [111 ~,r-rlll·tll\ I :llld ld­
ml:lh~'1 C;llT.llll' iSOIllCIC; I ril!.c; ~-1IJ). I ilL' <;';1 1Ilpl,''\ ;do.;,} L'1I11Llill

n:latl\"cly \\I'l!.1\ pWl',mi'lll" of lh;l~ll'r:llll'C; 1Fig.. 7: 1;lll!t" .'l
IAIhil.."h \"CTC nllt rl."r'lrll'd in c;:II11pkc; prl'\";IlIlC;I\ ~lnal\c;cd lSI.
MONf.tl tot :II.. IINO) .

mallcr i~ t"lln\;("rlihlc III hydroc:Hbtll\~. Thl~ ~li\l.l\lly fC\\lIn:(\

HI value' ffOI1l the ()lIl1ah lowcr C;(":\l1l IHay hC;1 a"·i.1I11 Olnlllll"

oxidalion/rew11r kil\~ t:tlmi"ll'lIt wilh lhe dcv;lI('t! (h YI!.('!I In·
de~ ~OH v;"lul.:.

•
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The plOI or T_, vs. III (fig. 1.1) 5holA's \'CTy silllil:u 1"...",
(44)...446°0 values for the ulrore. Oon3h fus,r;iJ cOllccnU4IIc

and L>oult'a!li River !Wmfllc~. Il(.l\\,e:vcr. lhe ~ilt~lnnc hom
above' and beluw Ihe uil sh.lIc ha!li .3 similar lII:nuril~- hilt
shows a much lower T..... (4)(I"C). equivi11enl 10 a vitrinite
renectance ofO.5~~ for Type III kerogen (Fig, 13). Thi!; em·

phasises the limited uS(' of Ihe' T...i. p:lriJmeler in a5~e~~in~

the lherm31 miuurity of Type I kero(!cl1!; (lls."u I ct al., IlJH 7).

The Produclion Inde't (PI) fur the mO."1 thermally m:tlllrc
sample <Douglas River) i.s only U.U4 (4%: "T"hl«: 2), which

indicates 3n immiuurc kcmp.cn (OoRllrNAvF cl al.. IlJ4.l),
This suggests Ihill the hiUl11,ukcr 1.1:1111 (!;IC'r:lIIC~) :uc O"'CIl'~'

tim3ting the thermal maturity of lhe s..1l11ples. which is con·
sistent with recent resuhs. MARZI and RULlKOTIER (1~92)

calculated an activation energy fin ~tcr.me isomeri1..3lirm i1\

CJOof 169 kJ/mol. while kinclic d,na dCTivcd fur Ill" l;l ...mmlilc

indicate" a l~ilical Type 1 distribulion (TtSSOT ela1-. 1981).
Thcrc i!'i. :I very narruw di~lributionof activation eneraies for
kcn'l)!C'H tr:msformatilll1 (Fig. 14) which. in combinaLion with
Ihe frequency faclOr (If 8.9 X 101) 5. 1

• indicales a relatively
hlhile kcrog~n once generation commences. When Ihesedata
arc u!;ed lo model malurity it becomes clear thai Ihe 20 5/
111 It i~omC'risation is complete before the onset ofsignificanl
hydrocarhon @:encr:Jlion (Fi&- IS}. In contrast, \he kinetic data
ror SIC'ranc isom~ris.1tion calculatcd by MACKENZIE and
Mn:.r:NZIE (lll83) prt:dic\S over 5U% kerogen convemon for
tllC' l)t)ul!las Ri ...cr S:lmple (Fig. IS). clearly inconsistent wilh
il!; IIIJ~h III \'aluc.

CalL'ulalioll of the Transfonnation Ratio (TRl, according

IU hydmgen inde:t (HI) values

TR = HI. - HI,
HI.



CII
388 - 211
38

ell
coo - 111
n.

-2DFt
aaB

191

IO'

"'\ JkA
l..lJwl~ e_,,__

312 - III
100

·"'I__t"__~==~;r£:=.-::::::::oJP::::IM:=.I=c",~.414 - 231 2ajllh'
9.2

~ .....
51 llD I ll4-QQ ,,\100 1-~D'ot

Timl {hall'} II.J/.ot

". lL..__~"",,1',,'~-"':::...--=-::U_+_I"_::B:....~:::o:=o"=="'e~I. _
1\ "~" i~c,,' J98 - 191..~~c:'~ "

,.. LJ_\JJ_.:.I~.:.'M~== \_~0_-_'9_1_

1..1 ~===~~~::::.::::a2::::~:..:-::..::!:.~~=t=,:=-=I~"=

rt(; IJ f)i~lrihulillll Ill' UCf;Jnc ;)nlJ IcrpJne biomarkers in (he sal·
uJ::.lctlIH\lmc:lrholl Ir;1<;'lIon i\ll101lcd Irom lhe Oon.:lh s.:Jmph:, rrom
(i( '-l\IS ;,"al~!ijs with MR M tscc F;~. R Ic~cnd lot' 3.n expl::u\3.\ion or
~~II'''llhJ.

Oonah fumanil,

l ..l__C_', ~==~~::::~rr-__"_'_...:.._:.....-.....::..:~::~==+::R=C28 - 191
".1 _~ rpa

"'1'--~_l_·8__1_9_1...""'L
"'] C"412

15

(where HII) 3Rd Hl r are Ihe initial HI value and the HI at a
deplh z. r~pcctively, and iii" i5 taken a5lhe value for Latrobe:
T~~hlc. 2). show'S the Doug\as River sample to have il TR
value of 0, J. considered 1O define the onset of petroleum
generation, Thus. from the kine~ic data curve (Fig.. 14l il is
clear thatlhis sample has only just started hydrocarbon pro­
duc\;Qn. but signirlc::mt\y. an incre::ue of only IO-I's°C to
cll.cecd lhe activation energy WQuid see ill rapid increilSC in
Ihc amount of ~troleum production. The production curve
(Fig. 15) ~hows lh::Il some hydrocilrbons have been produced
\luitc C".uly in the maturation sCQuence. OInd this is probably
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FI(i. 1\. t>i'\lril-tuliull tIl" 'It"t;:JIIC and Il'rp:1I1l' hiulIl:lIlcn ill 111l' \;11­
un:un.l h~Jru":uhll" rl:\l,:tim\ i~,ul;\\\·\t lrum Ih~ L11wn.- ""lI1llh-.lhc
d:a1a were :u:t1l1irrtl h~' 1i!:1,\ l"hFlIIIIOllilltr:ll,hY-ln;J,\,\ !'illl'\.'lfl1nlclry u,ill"
mtL::l.stnnlr re:Il:liuIl nlimililrinl! I~IR 7\11 E:n:h 1r;II:l' i.. idt'llIilieli "'ilh
the c:uhnn nunlN:or. the" rro-.IC'lilln ;]'lI!clernlim,.'t1 ~~ th(' m;l~,," nf Ihe
parcnl3nd d:luf!.hlct illll". ;llId ;llI.lrlllali"-C'J rt"l:l.li\(' :I"'U1ul:lnu.".llu:
Ia.\l ('Ie;'ik \0 clu\e in r:u:h \\l"r:IIU' Ira,'1:' li.t" .. 111I'~' Ile-mlll"11 '''''I·~lll{ I
h:lvc ' ... I.J... I7,,111 ,. ~IIR ~ll'f('I",:hC'l1Ii~II'" \~il h 111(' llIh~r ~i~n;\l .. ;ui~
ina from ··geulogic:II" i~nmL·~. The dl....l1Il:lh~1 ~lcrancs :ue .!4-II·rrc),.
pylchLlI~t:1ne 1(" Wi). 24·.:~h~khnh: ..,;\ne H.~~). :!.~·ml'lh~khllle~I;\IIC:

(Cu), Jnu l:holen:Jne Ie ~1). The (' lOt rnl·,h~ 1..ICr:lnl.... :He ~J-clh~-khl1­

'C1.\~nn \"ilh :1n :u.hJilillMal nlL",h~1 It'Ptll'l in ring ..\. ie .!...,"elh~1
:In..! Jd·mClh~1 ...... hich ~ut' dCllotL'd :!,,( .\kl.l,lc ~":l. r\:""ITX"\:liw-lv i "1.
)):IRes ;ue denUled II. lril'~dil:'" r. :I."d llnli nnwn l'nll1rlllllll!~ I J, Iri­
~<:lic \C~nuilh .lrl"'l":.u In l';]l"h 1IIIP;1I1I." rl';:n,tinll ;,.. Jlld;hU "t" til\'
MRM .lll::l[~ ~i~ u~i'lg llll' lin"'l'lJ "'l';lll t..'dlllillllt'. Fur ":":l.Il1l'k. l' '" i..
~"t"ilk;jll~- Ikll'1:1C',1 i" IIU' .11(, .... I'll r..':ll·,illll. II ;11",,1 ;l1l1".":lf<; ~1~;l1I

:lrtclal:(, J.1~lns \\:1111 II. in Ihl: .. \ ~ - 1')\ u·al'liull.
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II"''', Il%~l. !'AN' IU.R 119~O). and CALVER cl a1.119X4)
-';lI~C'!'IC(llhal Ttt.\lIlll"if('S renrcscnls the "cysts" or a plank­
!lIllie nr~alli"l11 In'iug in a rcslricled envirunment generally
liltmal and ~l...<;,\\~ia'ell WI\h reduced salinil)' due to il hi~h

l"n'sh\\":lIl'r illpul. II has hccl1 SU~e"ilctllh.a1 much orprc",cnl.
llay T:I\IIl:lIlia \\01" l'{1\'l'rcu during the Laic: Carhoniferuu5
by all in' ...heel lItlWill\!. from thl,' west (B1\NKS and Cl,\RKE.

19~71 Allhat til1l"lilSJ1lalll~W;J"!'XJsilioned in high suulhem
1;1I11111k ... Ira. 7)-~Il"'S: S.... IIIII cl al., 198 I). As lhe gl.acic:rs
n'IH';lll'd, hlacl.: llIuds \\'l'rc depo"ited on the sea Ooor in fronl.

III" Ihe in'. and il W:..IS ill these muds thill hocds of tasmanitc
Wt'le I(llml'd, The (l\:c'J,'!>;lmal presence of fossil nr:lchiopods
anti 1;l;lIli,,1l in Ihc t;I'imitllitc shalc indicatcs a marine sClling,
lkJlIl ... ili(l!l in quiescent 511:1110"'" 10 very shallow water is in·
dil'atl'L! b~' lil1c-"call' crO!'i!'i lamin.uinn_ scourlog, and lensing­
OUI o\'cr very short distanccs of hOlh the siltstonc and r"s­
IHlIlliln-rich layer~ in oil ~hale from Oonah and by the close

:J<;'~'lCiali(m wilh lenticular ....'nd and well-sorted granule bOOies
ill lhc- f)ougla" River core. It is suggesled thai deposilion
nc.:l"tif!rd ,1\ \\;alcr dep\h.. of 100 m or less (Fig, J): il near!:hore

t1cllfl'iilioll i"i: funher suggl'stcd oy the pre"i:Cnce of desmocol­
Iinilc :11 OOl1ah and collinite at Latrohc, The overall flne­
1!,1iIin "i,.C' llf Ihe oil sh~IIc-Ix:J.ringsequcncr: shows thai very

luw l-t111enl s1rl:n~ths C"i~lC'd ill the sitc or deposilion, Lone­
~t(llles. <;'(1111C of whidl ;.Ire dcmonslrahly dropstones (Fig, 4hJ.
m<Jy havl' hecn tr.a.n~nortcd 10 the site hy shore tce as Ih~ir

slmpl~ ;lrc- char.a.C'tcristic of lIuvial and beach environmenls
'kith "Hie c"fldcnce for tr~nspon h)' gl:Jcial ice (DoMACK (t
OIl .• IlJ4.1).

F<;tim:IlC~ of sc.::J <;url:ll'C' Icmpcrature for early Permian
T:I<;IIl:llli:1 tll" -1.flDC W,l\(l anJ (iI-lFEH. 1982) are close to
the pH·...l·llt :Iveral!.e ncar the Antarctic ice shclrof -1.II D e.
l" )1\1 "1.1 t\ ('1 ;11. Il1llJ .1) III flrllSC Ihatthe t.a.smanite beds recurd
:1 Ill'l il)(IIII 'l'lIh~Hl(eti prilll:lry productivity coupled with polar
In 'illhl'(II:lr l!lal'i:lJ m:lrinl' l'lmdilions characterised by very
l:(lld Wa\(.'f~. ~':l..'<;t11\;\' ~a icc. and shore-icc rani"[/.. Cold water
tk'po'ioilillll i.. COl1!'jqcnt wilh Ihe low di'9'ersity or \1..:: inver·
1dn;1l(" fauna and strull~ly indicaled hy the presence OritlCn­
donilc.... p<;.eu(h1murph!'i after ika~tc (calcium carbonate hexa·
hydrate: ("aCO,· 6H:OI. This mineral is suggesled to be an
illilhif.!l"nlc prcclrilate. rorming at 10..... temperalures from in­
lcr~tlli:ll .... aters of org.,mic-nch sediments. underF,ning mi­
cltlblal (h'~radalitln aml.a.ccumulilled rapidly in cold'b<JlIom­
W;\\C{ ... tS\\\SS r1 ill., IlJK~: SIIEI\RI\IAN nnd SMITH, IlJ85:
JAN!\rN ct.a.1.. IlIX7).

II it; Ill1lahlC' lh~l Ihc sediments where TamranilC's is .a.hun·
dan!. ill th(' 1....:.\\ .... Ordovician-Early Silurian of the Sahar.a.,
Ihe I>t'\'lllli:J11 of Br:J.Zil. (he ule Carboniferous-Early Pennian

Inferred EII\lrnmnCnl "r U\:pnsiliun

Thl' hl~h JOC <llId 111 v;Jluc~ conlirm that the tasmanitc
h;I" thf,,' pOI ...·llli:llto ~...·IH... rate l:Jr~l.' :.II1WUlllS uChyurocarl'IUns
btll illlptln;Jluly. in the e:.I!it ul" Tasmania, as shuwn h\ the
d:n;l fillm 1)l\u~\a~ Ri\'cr, il5lhc-rm.al maturil~' is ncar the oil
wiudll\\". I hi'i rC'iull cOlllr.adiclS prcvillu!'; assumpliuns lhal
IlIl' !til sh:l1 l'-;n-:r;asmania is IIKI immature to represent a

J'tlSsihk 1'Il·troh:um suurce, 3ltlu.lugh the present day are--J.I
C'Xlelll or mature strata is unk.nown.

C"
371 - 117
66

C"
400 ...... 211
73

due 10 the pr~ncC'(\f \I,-{'all"r hmli.. within the kC'ro~L'I1."rhc'l;(.'
are represcnlcd hy the Ipwlor aCliv:uilHI ('ncr~iC' .. (10:' :llld 20tJ

IU/mol; Fig. 14) amI rrohahl~' rellcel lhe 5ul[1huT conlcnl tlf
Ihe keroi!-C'n. Clc:Jrly. Illc depth of the (,it shale i\t 1)\\\I1!';)~

River (320 ml is in~unicil."111 to produce Ihis level of thcrll1<l1
m:l\urily. c'Yl:'n givclI :llligh ~eolhcrnl;)1 ~rouJicnl for tili .. :1rC'<l
of around ,lODC/klll (jnru". IQRlJl. This ,.:ould fe-Ilcct siS!-­
nificanl cfm;ioll or Tcrtiilr\ m:llcfi:l:1 or he dur 10 fl:l'it :H1u
localised healing or'hc (n~;);njr mailer. T no lillie is currcnlly
known ahoul Ihe ~(,"lIl(l~Y nf Ihi~ r"~illll ofT..sm:lIIiJ. lu ....st·....

which is the mure likely of IhL'~c Iwo ;lllcrnatives.

'''~ ~C"I~ 414-231

_ ,It,:,:,'W.'il.."
"~ 10400 1:11:1:10 111100

Time (hour, ,~. )f.'"

fiG. 10. l>i~lrihulil"l l,r \lrl;Jllt' mill h"IIl,IIlt" hillll1ark~·r .. ill 1111,:
I:Ituraled h~'drt"'":IrhClII !i;J{"ljnll i"tl!;ltcll 11\\1\\ 1i'1t" n1JlI~I:\ .. Iliwr
I:lImple. rlllm (iC"·MS an:II\"..i.. willi f\IUl\t l~"t" l:iJ!. H lq~(,llli hlr ;'Ill
c:~planalinll of ~YlllhClI"1
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rl(i. 12. (i:l!lo ('11T1I1II:ullj.!r:lm~ or 111(" :IT(IIlI:lliC' fmclillll~ i'O(.[:u('d (film 'C.,mr1c:o; cOIlt>Cled at L:lIrobc. Ocn.h. and
IJtld~.I;l!lo !tin·f. 1'C':Il :1~!l;i~IUI\CIl\'" :\Ic imlil":ur" \I, o;IIUl"IUlC'!Io !'t";ll/\ ill; di~u!loo;('d in the le~l.

imporunt (Tr:N H"Vl:N et at.. IQP.7). 10 conl~"'1. the sillstone:
above and helow the l;lsln"ni\C' sh:'lle which rcpre~cnls dc~

posilion in a,1 u~ic cnvironme:nt ~1.hihilS a rcla,ively h)J!:h
prislane/phyl<lIIc ratio or J.I. Our dat:l is consistent with t'ar~

Iier models of tasmanile deposition. suggesting that the sum
of the' physic:a) properties indic:lIes deposition in a dysa~robic_

environment with a dissolved oxygen content lesSthan 0.5
-illl L-, at the scdimcnl..water interface (ARTIlUR et al.• 1984).

I
I
I
I

•

'0 15 25
"" :l6

Time (mins) ""



I

." lIyJn.IoI.:;.uhlm tJitlll1:lIken in oil ..hal~s t\(Ta~m::mia
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Flu. rJ. IlIrrlll:u pill! ~hllw;l1g Ihe rdali\c poo;itiono; {Irthe .<";1I11plco;
Note the I.Jilr~rcnce ill m::llurily o;/mwn ,",y the algal kCfll~cn ;lntl the
associ;uN siltstone The "ilandarJ 0..5':".. Vitrinite rcncrlancc (onlilUr
is shown. I ,., I.atnl~. 2 .... Ouna!l upper _~am whole nick. ,\
• Oon:lh 7i,.\",,,IIIII·f cnnCl'nlr.II(".·1 - Olln,dl lower <.c;Il11 li/llllwrill'.f
conccntr:ue.5 .,... (Jonah Inwer t;(:\111 WIUllc rtlck. (I - 1J111l~bc; Rl\'(:'r
whole ,hOlle, " R. Q - Sillo;lollc ~.amplco; rnlln ahn\'"c ;llld lx-low the
oil shale 3l UOII:lII.

SIMONEI r ct :.II. 11442. 144.') H:-llllrlt:t..I hi~h 1'(' L"lIrichlllcrlt

for lhe Hil"ydic COIllPl1tlI1l1 .. ( ..,\1(' \'illlll'S 01"-1.).1,) III -12.~',~",)

cxtr:Jctcd from an il11ll1:Jhll~ s.:lIlll'lc frolll I.:nroht· (ri~ I)

which W::IS :JllribUlt:d 10 hloom comlil\OnS prc.... ailing at the
time of deposition. Phytuplankton from ..:ull..1. hi~h l'llillUlc
water:';. :ue typic:Jlly depleted in Ill' uue In the c!l"VOlll'd "fIl

l

caused by increased CU2 soluhility :Jllhcsc IClllpl'rahlll'<; (rt.'­
viewed by SAt ·Kr I-r, I qt) I). Luw atlll(ISpllCrk /'('f)Z :lS-<;;tll·j.llcd

with g.lob:a.l glaciatiun IRl\u et ::II.. 1'o}<) \::1.) in Ihe E:JrI:-- Perm­
ian. possihly combined willi 3dditit)nall'll)J drawd(lwn during
algal blooms rHII'.. idc.. a po..~ihlc c'l'bnatioll ror the 1,(' en-

richlllcnls of tasmanite k.erog,en reported here anu by Sl.
MUNEIT ct aL (1993). Howe'Ver RAu et al. (199Ib) showed
that particulate organic matter associated with sea ice could
also be significantly enriched in DC (lSlJe -16 to -28"")
relative 10 the sc:J.waler. Within Ihe se:J,-ice the physical iso­
laliotl from reequHibrl3.tion w;th Ihe alrnosphere may reduce:
C()J availahility and therefore signific:J.nlly reduce isotopic:
I"r:u:lionatinn. SIMONF.lT el al. (1993) reponed :J. t:J....manitc
kerogcn with a oDe v:J.lue of -16.6rlM and our Silrnples have
611

(. valllc~ uf -13 to -II%. (Fig. 16). Thus. in view of the

Il\:l"l'iititl11:l' sclting implied by geologic::JI e'Vidence we propOse
lhat To.mramtc.'i in this inslance may have occupied :J.n en­
viroulllellt vcry similar to that of prc.sent-4ay s",3.-\ce algae.

nlU.';, hy analogy with present-day sc:a-ice dialom commu­
nilieli. the To,mlllllit£''i bloomed within the ice IlS the light
inlensity incrca~cdduring the spring. As the ice melted. :J.lg:J.e

rftlll1 Ihe hloom were released into the water column and
Su"~~tluentl':'l sedlmenu:d. The flne scale lamin::ltions and
rarity of hiolurbation are consislent with ::I quiescent water

column, which rna .... be ass is led by persistent ice cuver. To
Ic<;;tlhi~ hypothesis we mcasured Ihe olle ror sea-icc diatoms
collcclet..l rrom ice cores laken in Antarctic.:J.. during Novcmber
l'Nl. 'rhe~e gave a ,)1~C value or-7~.. (Fig. 16) which sup­
ports lhi~ interpretalion. Funher studies ofsca-ice :Jlg:J.e Jrom
scveral Ant::w:llC Iuc;:llions ha.v~ confumeu their ..,c enrich­

111l'111 l:llmparet..l to algae isolated from lhe associated W:J.ter
column (R. E. Summons iJnd P. D. Nichols. unpubl. data).
The la.,ul1urnic assignme p \ or Tu.mltmill'.'i wilh the: Prasi­
nnphy<..·c:J.c (Chlorophyt.:J.) (WAI.L. 1962: PARKE. 19(6) and

ih..: 1,\1)<;,..:r ... ~\jl)ns nf T"rrAN (19RO). who suggested thal the
Ii I ....iI pr:l~illllphyies me a "di~stcr sf'(:cies," Sflmcho\V sur4

vivill~·lhc widespread extinctions or Lhe middl~ Palacotoic
alit!. pcrhapo;; 1\I0~1 impon:J.ntly. thriving in the abs~nce or
uther phytoplanklun, arc all consistent with our model.

Orit.!ill~ of Biumarkers in the Tasmanite: Oil Shale

Recelltl~' COLLIS IER et :11. (1992) reponed isotopic values
Ii-If lric}"dic compuunus in \hc Green River oil shale whi..:h
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n(i. I" Sinlul;Jlctllll:lIUr:llion Ilf the 1..llrlll'l(" 1.1'l;ljl;,T1ilt" kCrllJ!C'II. (ll"lllOJrcd with ..Icrall(" i~lllcri:".Jli()n :n C111. Slcr3ne
OIt"li\":uinu ('1I("j!i(''l; U"l"t! arC' Ihll'l;l' uf Mill KP.;711 ;Iml ~h KrN]II!ltJIPI- e- and MJ\K7.1 <Jnl! RUI LK011"ER (ll.I921
- t_. nl )Inc 11'''' lIlillillll yc:n ... ·1;]~l1I:lI\ill· 1II:;II1l;ltioll i....hllWlI al R"C (-0-1 anrJ 2"C (-. -I pcr million
lIe:u'i.

I
I
I Ke,ogenfTOC

10 I.

Temperature {OCI

Carbon Number
20 26 30 3.

1;1(;. Ill. l'lnl ..ht1\\ill,- lhc vari:llioll in ~t1C \:dllt'" fw kcwJ!C'1I :11I11 fllr ';·3n:~nC'S. IricycliC' compuunds and aromatic
tJr,j":'Ili,'M, \.... (:'Ill\I(ln 11lImhcr. I):ml frum thi~ ~tud\' :u(" t('fI(~m('d 3S. -a- l....altohe-. -0- Oonah~ -0­
l)tlll~I.." Rivl:I: 3ml - '( - S(':l·it"e di;lt(llll~. I)al:t p'("\li'lU<;I~' It"pnrlclll1y SIM()Nnr el 31. (199)) are repre5C'nled as
- • ......;. C;rnul"" (lr CIlIIII"1Ullll< :tn' indil";,lrll :1'1 ".;,Ibll('< and cyclic C"ompound" (tricyclic alkanes 3nd .rom:itic
t!eri\t;'lliveocl NUllle,;,I.. rrkr III OCllucllllM. ill o:chl"lII(' I. uit"ydic :r.11r::1l1e.. .lire IIU or I)'(ll: I. NOle Ih311he ,HC walues of
I!..cwjten limn 1..3lwhe nnd Outl;,h ::all: :lllm\<t i,knlicll.

I
I
I
I
I
I
I

•• ..

iii
c..
E

·10 ..
~ Q

•
~ "• ·1.

"• •>
•CL
0 ·200
.~

M

i: ·2.0-e•u
·30

·3.

VII
~.n

•
"'- 0 J

o

•

Tricyclic: compound_

I
•



1":.lIle 4. COnlitlUi4nn nf whllleo rD~~ nlratt IInti kernl.~n. I'yralyutc
or l.lImunile rrom 1~lrlJht',T.,m.ni.
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strongly poliJr r11iJlerial which bound irreversibly to the silica
gd. The proportions or !'o:llUr.ltes, iJromatiC'S, and weakly polar
1"1":u:lillll'" in (he malerial recovered from column chrom:Jtog­
r::IIJI1Y Ilid nUl change signiflc:mlly as the pyrolysis Icmpc:rJlure
incl'::lsc"tl.

A cnmpiJrison uf GC traces for the C 10'" s.alUriJteu h)-lIro­
l":Irhnn<; (Fig, 17) shows a low abundance of II-alkane!> com­
parctllO tricydanc~ in Ihe exlract iJnd Ihe 300"(" pyrolys'HC.
1\1 lhc hi~lu:r tt:mper.lLures. ,,-alkanes dominale the GC·fID
l'"hllllll:llllgr:llll, l'IJn"iMcnt with 1I00sh pyrolysi~-GC re~'iUlts

which 1l',\;(":llL'"d the alilJlmtic nalure uf Ihe ta~manite kcrogen
( '. J. nmch:\l11, unpuhl. d.nal. There is OJlso a progression in
II-alk:Jnc g("neratiun 1L'":,IlJing to reduced WiJ:\Y II-albnt:' con­
lcnls alld lower molecular weight predominance as the tern­
pl'r:llurc illl"rC':lscs to .'50°(". In lhe )OO"C pyrnlys.alc, the ,,­
:111.;;1111.' el1VdllpC' lIl;uimises at C .. r.=ompa(ed with C4 in the
.\SU"{· pyroly<:ale. Evillcl1ce for this evolulion is ::1lso :oihown

tw .i ll(' ;lllaly"i:oi ol'lhc alk.ancs {fig. I ~l and comiJ~monwith
tho....' in Ih~ c:\tract. Thc II-alk;J.l\<,;:s pr\)du~cd at 3QIJ°C \::'\l1\Oil
:\11 i<;olollic ctllllpoc::itioll c10scst to thu.c::C' of the e"lr:.H';1 with
iI pllll!re~...itlll (0 "hcavier" clJmpounu~ with an im:rease in
pyrllly<:i", Il·l11pC'raturc. Nole thai ;11 JSO°C the' ,jPC v:JluC's of
( .10-(': I ,,·alk .. ne~ arc in thc rangL'" - 12 10 -15~~" compared
.... i\h 'he kl.:'n)g~n a1 - i .!~"". Till: ell anu C 14 J/-illbnes :Ire
IItl\,\' PIOIlIill.:nt (Fig. 16) anll arc sliglllly "hellvier"' th::1n (he
"\1:lrlillJ!, kerogcn J( -Ill In -ll,S~"". illthough this could be
dllc. in pan. to i~otupil" rr::1ctiunalion on evapor~Hive Ill ...... of
sonIc or Ill",· vlJl:.llile lI-alk:Jlles.

1hc oh..l·r\":lIions from lhe pyroly'iis experiments Jrc ,"on­
<;islelll willi (he concepi or gcnerillion of an Jsphaltcnc- ;:and
!,l1lm-rich material uuring \h~ initial stClgCS of \u:mgen con­
\ll,'r"illll (Ev,\NS and Fn IlFTK. IlJSJl. and ~ubscqucntcr::1lking
til' lhi,-It) !Inver 11Itllccular weight components. indulIinG, gas­
("Oll'i. pnw.hlt.·t.c::. Tht..: main infonnalion conveyed by Ihe iSOIOpe
t1;lla i,,\. howe"'C'r, th •.11 the .sl.lC vaJut..:s of the n-Jlkant..:s pro­
1,Im.:C'\\ hY' kcrn~cll pyroly..is arc signirlcantly different from
Illmi' in the e.... 11:1I.:t or iJ11millUr~ t.:Jsmanitc. Pyrolytil":J.lly
1!\"·IlCr:lll·t1II":tlkalll."~ Jill! Jl.alkylcyclohc:\:mcs. (U3l1 nut s.huwn)
:Irl' is(,ltlpically similar tn Ihe kcrngcn consistent with \"'::Irli.:r
nh.....'n:llitll1.c:: (nlrRW()()I) et ::11 .. 1988) ora dose corrcl:uion
}'Il.·IWt'CIl "c l:nnIClIl~ Or'i.Olprop~lIi':kerogens and lh.:ir pyrol­
)''',:11",'<; B;I"O(.'u on expL'"rit..:lll.'C' wilh lither .a1g.aI~cri\·ctJ kcmgcn...
(\"',~ .. (;ull1 cl at.. tYKK: Tl'.(iEL.. ,\K et al.. \q~~: OrRI:NNE

1.'1 ;11.. l\llI2: BCHtFlI·\f,.! ct al.. 1994), these compounds ar.:
probahly lkri~'cd frol11;)11 ,,-alkyll:lasc.:d biopolymer, alpcnan.

72 hr I....wl}<lio; FUM C l2 .. ,\rnn'l:)ti.cs rol:\,,>
.

Asph:llh~ne5t

1"00n'll IlllgJ8 1Ot:)/I ~:IIlUlileS
. ,.,., (0.. ) (0;')

~~_J"CI l'~'.'
unhc-:lIlt,1 ~ 1_-\ IQU )O.~ )R 8 11.7

lUll !UIIK 70 I) ) )1.3 .UU
)10 IOIQ! lU 1).0 ]Q, ] )8]

J~U Hi'll I·I.Q .121 )Q; lJ

If 111(·II. ... llllo!l·ul . to7 I 0;,

• 11:1'\·,1 ,In rh'·duillll.llllli!r.ll'll\ \H'il!h'
: 1.11.\'11 .1~ IhJI li311illll rllli c!utill,llli'llrllht: l:hlOllI;Jlll,!I:fJphic ~·illullln

r.lngerJ from - JJ. 7 hi - 27 .J':""",. This r;luge corn:o;pull..JS 10

the v:Jlucs generally :l'iC;OciillclJ wilh phtH<KHI(1I1rnpils. hUI
there W:.l!'i nu L"orrclalioll willi 111l: "'alue." lilT jl-c:mu:mc Of
51crancs in the ~'''Il:- ~;lIl1l'lc'i, indicaling lIillcrclll "iOUIl.:C or·
pnisms. The diJlcrcm:c hClwcct\ thl.:: i...\)~nllic v~\uc ... nf< 'u\..
LISTER C'l ill. (1~(2) JIUJ t!lo'iC rcpllricli here and hy SIf\.\( INl':1 r

cl at (199.\) m;Jy he due In the ':lIIm:c llrg~lni~lII fH.Tllpyill~

il dilfcrcTII niche ill lhl' vt,,'ry tlilli:rclIl clI ... imlll11clIl", Ill'de­
positiun.

The h\"h pmllHniun I)r prL~rvl'11 m~allil" Il'III;lill"i ill The

1a.~f11;jl1ilC Ilil ..hall'. alld (hC' dllll1il1.II1l"C' III !Iln'die 1"11111­

ptJUllclc; in lhe III,drlll.::ar/lIl11 1"';KliClIlS. ha:o; IIlh:1I kd III 1;1.\·
mw';/I''f lu he propoo;(,,'d as the likdy '.;nun.:l: It If thc~ Will­

pouncJr; (e.g.. VC)I.K!\I,\N ~I al.. IQlo(IJ: Slo'IlONElI L'"t ;11 .• 1992.

I~J). ihlwcvcr. lricydil.· l"oml'oulltl" ha\'c 1'H.'cll ilknlilied
in .. wide r:lI1~e Ill' <;\,.'dilIlellI" anti pelrllll'lIm Ii'olll a r:lIl~e of
&Culo~il"al Jw.'~, ami do nut appear 10 l~ limilt:\1 10 an:-:I." Ilf
high Ta.\I'W",/('\" l"tllll\"'nl I <;CC' AI)I'I .....I I NF 1f) \"'1 al,. 11,1( ,11, "n
other C;UUIl"l'" 11I11~1 he C"l;;:lIllilled ,\ l"nll~llk'l:lIitlll lit' ;,1 '(.
vOJlue" of Iriq:dic L"tllll PllU lid" ill Ihc ~·:\(r;lt.:ls ;1 llt I p~ (lIly<;all's

ofthc l:lSIl1:lnilC' nil <;h:lIe providc'i L'"\'idL'"IICL'" 1i.,r;J <;lIl1IC\, di<;·
'inc1 from 1hc al,:l"nllll':llIyill~ all!;IC'II:Il1.

GC,I!{r.,.'IS :lnaly"l<; of lril'ydic.c; ill prl· .... inus <;Illtlil·" lSI.
MONH r el :11.. I"N .11 :IIHI IhC' preSl'1I1 <;tully yielded ,i l

'( . \ ;,(\1\....

or -Ijl.~ In -I.:! ..:!~.... ;lIul -(I ..llo -I [\~i",. re~p\"'l"li\l'h.which

sho""" Ih:lt 111l'",e compound", ar\,.· C'llridlt..:u ill 11(. l'olllp:lrl·t!
with Ihe l"tlrresplllHlillg kefllgcll (Fi~. lfll. The lig.ht :\1111 qri.
ahle i~nltlpil" l"tullpll<;ilillll lilr lhe Ihllk;lIW<; I'~' '(. v:IIIII'<; I~
10 - .10%0 I o;U~g.l.:'~I~ IIIUh1p11! ..mIHTS. -, ht:H: i" ;1 ,Il.Clll·1 :11 Ilt'llll

for DC dCllll'lioll ill hiJ.!.Ill.."r II-;lIk:lIIl.:' htlIlHl!llgUC:oi. 'ill~l'qin~

:1 pos~ihlc ctlnlnhullllll l"n 1111 :Ilhlclllhol1l1u.c:: hm:terial I If plalll
w:n.e.c::. For Ihl'lowl"[ //·;111..:1111' hlll\lllltl~III'<;. :l1~:l1 :lIltll"Y:lIltI­

bacterial :oilltlrn'~ llIay 1lt..'CllIllC illlTl':Isingly illlpllrl:lnl.
C'o:r.Cd-l',Y~lelll Ilytoly<:i", 1I11:1~1II:lllile kl."rot,'.",·n liH 7~ h :It

inl"reasingly hi~hl"r tClIlpl'r:lIU1'C<; <:hllwcd a numbt.·r Ilf illll.'l­
l.'Slin~ trc:nd:r. ("1".. 1111.' .J I. Hct.·Il\·cry of hU\llllcn !H;~:o.i.l1\i"cd :\t

68% :H .1.10"(' :lIId 1!l-l"rl':l<;L'"11 Itl ~'l'~, :1l1~O"t·. pro!1ahh- :I"
iJ re"ull tlrlhe ~t.'l1t"1:11illll ol':tI:Ir,gL'"r prol,mlilllllirga.. rl"<;11111ll~

rrorn cr;)l."kin~ llf liqUId hydrol,::lrhIHI"'. Th\,.· \,.·l\IIII)(I<;itioll of
Ihe hitum.:n al:oio ch:IIl/!-t.'d lIlarh'dl~ ...\1 .\50"(" :I11ll1l~t IIll"";.

Orlhe hitumcn l'\I\lI" 1"1\' n'\:o'\'\'TI:lI I"rnllllhc chrnm:utll-:I:lphi\."
.:nlumn. a~ ".;)Iural\,.',. :l1I111I:11;c.c::. :lnd \\I.·:lkly pul:lr 1II;lh:rial~.

AI )UU"t- and .\.10"" Ihl." r\,.'CII,\·\,.'ri\,.,,, I"nHlI cnhllllll chrollla·

I08r;Jph~ wcrt..: llnh' ~~ ;Illd ~7·~,. Il·<;pC'cti\'t.'l~-. intlil':l1illl! Illal
Ihe p~·ruIY5<.lt.:COlllllli<:l."d a major prol'lIrtlon 1)1' a_"phalli\"· Ill"
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sislenl wilh Ihe: reponed aliphalic: nalure of the preserved
orl!-anic moltter (KJElLSTROM. 1968).

S:Jlurated tricyclic alkaJ1es did not appear to be generated
during .he JJO and JSO'C pyrolyses where the n-&lkanes were
J1l(l~tly produced. Their abundance relative 10 Ihe n-alkanes

252.
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TIZII. (11I&I)

nc;. 17. Cia" chrtlm:ullp.r"m~ shnwillli! lilt" :lliph:Uic hydrnc::uMno;. frum fal the' orip:in:d extract and from closed·
~Y"ICIII 1'~-fIIh ..i.. nf la"m:lllilC' kro'"li!C'n. iotol;llrd IIIIIIl :l ,",aml"Jh.' ("(Il1cClt"t1 :11 1..11rohe. :U (111 JUO·C. (c) 3JO·C, and (d)
HlI"l', N,llr Ih(" 1'1I~1~.. i\·(' ilk'lrn~ in I,," 1I11!1t1.'ul:u IA'cil!hl /I-:IIl;,.::InC'," :'loll the rcl:llivc lIecrosc: in lricyclic compOunds.

which forms p:HI of the slnu;lure of the 1:I~m:'UIile hl",~ils.

Indeed. the &I1C valu("S an: constant for lhe C p -C111l·i1lblll.':li

from Ihe JJOCIC pyrnIY~lc. Ilcn~. yields arc hi~h. IlOc('u!Hlary

cliilcking is minima' and the isotopic value is considered 10

represent thai of the Ta.fI1J(III;Il'J algacn.:ln. This is also CIIII-
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dccreoased 3S the tClIljll:ralIHC illl'rc;I:O;l'd. Cautioll ..hnult! h~

I
exercised however. Tricydic hyeJrot,:;lrhIl1l5 molY have heel!
convened to aroln3tics :u higher pyrolY!'i.is lemper:lIure~.

Funhcrmore. the "composition oCthe ;Jrnm:llic Ibc:tion~ ~t"n·

er.Jted in the p)'roIY!'iis t::tpcrinll:llt~ hCl':..Im~ muc:h ~illlpicr

I Wilh increasing lempCr;l\ure ant..! at J~O"C 1A"::J~ domil1alccJ
hy 1,7-dimcthyfphen:;mthrcllc and 1,~,:-l.-lrilllcthylphcn;:JII­

Ihrenc with ,1jI'C "'alul:s \,r -1.4 anll -5.i~, rc~pct.:tivcly,

which are wilhin Ihe fanr.e rur tric~di~ ,nmpllunu'l; ill lhc

I tasmanitc eJltr;;lcl~ IIf dilli... n.:'nt m.lluri\ic~ tFig. 16). Th~ i~ll·

tupic similarity in Ih~ lric:ydi\.' hyll(lJ\:~HI'l\lI\'l; Iruill PYfl)lysi~

an«.l usmanite ex.tracts (S\.·hl'n1C I ;Jilt..! Fig., on suu.c~t that
Ih~y are almost cenainly t.krin'd fHJI1I Ihe \aI11C prccur'So~,

I A propOsed genetic rcl;lIillllc:hip ht.'twccn Ihl' lril'~"dii.:' jlyt.lrn­
carbons is shown in S.:h..'l1Il' I. II l~ t1l1ll'nain al prc~ct\1

whc!ther Ihis prlX:C'li.O:; is n1clli:llcti hy tladnia nr h~' ht.':JlIlIg in

I
thl: n;J1ur.a1 c:n\·ironlllclIl (1,1111,"1 \,"':-.1, Il)lot~: FIU:I·:.~I/\'''l, I':o!lj I:
FREEMAN et al.. PN4), ('err;:linl\", Ihe lallt:r rrot.'c:o:;o; i~ indio
Clh..-,j by the bias luwarJ:li Ihl: fully :Jftllll;ltl~lI Irll::",c1il..'~ III

bolh tht p~rol~54)IC'~ ;:1I1l1 lhl' hil'.ha 1II:lIurity Ollll:lh ;lnd

I Doug"as Rive,. ~~l.J'h,:". I'l':lk ..\ illll~. 12 h:I' Ilrl'\it1uo;ly hl"t'll

as.o;ignct.llo J.letra~ydi\,'" I1mllll.ulllll:lli.., t.It.'o:;-'\.~allll1l;I~Cralll:

(SIMIJ:"l[1T c:l J.l .. IQ~~\. Iln,,~\·cr, rm:lIl1Jlnary Nr..IR. d;lla
On Ihis l'ompound su~g("~C: th:H i1 ic;, lH'1 J \1t.''S--\-'llcan;llll' Ill'"

I t.!l'S-A-g;J.mm.Jl'CT.lI1C (BIIRl'II.\M ;1\\\1 \\lIloi.l ....". ll)\)~l ;IIHltl1c

i:liillopic c;i nl i Iari (y !x'l \\ n'n i(( So. ~ '''"", a 111\ IIll' 11 it." ~ cl it." com·
POllIH.J!'; sugg(,o;l!'i a l"!1I1l/l11111 ':1'IIIl.l'.

I
Thc is(lIopi,,' lIic;,.:o:;illliblil~ I,f 1111.' llicydi...: h~df'lt.";ll"nll"

111\.':m -8~...,llo Ihl' kl'rCl~nl ;11111 IH'I"~cn-d",rt\\'d ",~\I\..;llH''S

U~C~I!i a suurc.:c Jio;lillcl frlllll 1IIl' lil\llll/llll"\ IhcIIIS-\:!\l''i,

IlIlcn:'\tin~ty. the c.1ifferellcc in kerogen al.1c dala in this
stut..!y .... ith lhm of SIMoNHr el JI. (I993) is malched by dif­
It:rc'1l't;~ or a similar magniluue in the lricyclic compounds.
aromatic dcri\'31ive~, a.nl.! n-alk.:mes in the extr.ll:\S. This. in
cunjunc.:lilln wilh the prClo'tuusty noted. dilTerences in sicrane
:mel hllp;lIn~ uhSl..'rvalions.. suggests th:lot there were nuctuations
in Ihl' ~IUfl'~ :Jnu deposilional environment of organic maller
wilhin Ihe nillihale scam which affecled bolh biom:uker dis­
Il'"ihulillllO:; and Ihcir 1.le i50lOpk \I:llucs.

CONCLUSIONS

This study represents the rU'Sl org4lnic geochemical com­
J'lari~111 Ilfllll'nl1;Jlly mature and imma.ture t:l.Sm:anile oil sh.J)e
~1I111l1t.' ... ill l'l1njullctio" wilh 3. detiJ.\lcd ge1Jt1Jgic:.\l evaluation
of (hr: SC~illlCl1lilry ~t1ing,

l) Thi~ study Im\ !'ihUWIl, for lhe first lime. thalatlc:lS1 some:
dC\1tlsits urthc \:lIsmanilc Shillc in Tasmania arc ncar Ihe
"ml \\·jnt..!uw,··

~) l;'-'Il'l)~il·;d, isuhl{'i,,·. anu hiomarker an;J!ysis int.Jk':uts thai

1;1.\"'"11I1,'\ thri\cd in an cn\lironmenl or i"e cover and
t'tloolllr:r.J ill ,,'onditions analugou~ \0 those e:tpcrienced by
prl'sr:nl-day \Ca· ice t..!i~lIums_ The alg31 cells were subse­
qlll'nily dl'posilcl! in .'\Cdirncnt5 o\'cdJin with ol'ygen-de­
I'kl~'d \\':IIt.'r~. il1dul'Cl! hy rC!ilnclct.I water mo\·cmenl.

_\1 {'ltl<;etl'''~C:ll'lIl pyn1lyo;i'i o;Ul4:!l'~I'i th:.Jt Ihcn: i~ liule ~or­

rl'!;\lil',1 !l\.'I\H"l'n lhc IClTll'l'r:Jlurc prnliks lor produl..:'tion
"I' Ihll~alll''l; ;lIId Ihl' lri..'ydic cumpounds rrom the kerogen
plnuP'lllo; nIl' /t-alk:lIlt,''i :.JIC ,":lin!y derivcd from Ih~rm:.J1

n;ld'.Iru~,,1 ;IJJ!.al aliph;lllt.: hlllr'fl,llymcr whcrc:JS Ihe tricyclic

I
I
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1'r0I'Osal (teneul ~heme for tricyclic: comllnllntl Iromlliltllion. R"'" II or alkyl eblin•
..",,::"1. n '". C1l1\'lon number, ll: .. rin8~ -I Ilouhlc bond!il. Compound IV could be idcatified but DO
L<;otopic dall could be obtlined. CompoulId! I, tIlaad V·VU h.d mass spedt. campa-able 10
pub1islo<d dill. Fo"ype II (C 19:4) M' 260 (27 %), 24~ (100), 189 (8), I" (29), 163 (1l~
140 (67), 1\9 (21), Iype IV IC 1.:7) M' 2H (31), 23. (41~ IS) (42), 16' (100).
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APPENDIX 7

CONGA OIL CURRENT EXPLORATION STATUS PROJECT
DENTRECASTEAUX SOUTH EAST TASMANIA.
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~;IJI'lnI\IW STI\ rEMENT

Cong~ Ul1 rot"y It.d fil·~l. C:I.='llIlW'd pa.rt of the D~Entrec:asteaLl::

Reqion (If SlluIIIC'r"r, 1."l~·:I11,"1llj;1 ill ,JllII'" 19BIJ. in or-der to ver"i'Fy old
hydrocar-bUll 1~-P.f.:_IUI-l5. Sill'';!? tlll:!ll. ,":\111.1 J:=Ispecially sinl.:e November
1986~ it hC\'3 i\cquirf:.'d r.'?'::l'lor-ri,lirJn r-ights to a large par-t of
Southp.rn Tc1'c:,fII~l1ll:l .;,rll.l ha~· e!:;t:,~:t1J I. i ~::-.hr.nl:

SQ~\t-C~ r()c~~ sll_lc11~s rlF vitrillit~ reflectance and conodont
t11ter·~"1l:jr:"r1 illrJ~:: confir·m thr"1t (JI-dovic::ian carbonates e::posed
araufu1 t.l,~ I-~qion "UP \,o-li t-.\,ln tl,E' oi l window (mature).

Oi 1 h"" ele r i ni I:el y bee" g",n',,-ate<l. Reported seepages
been 11~Ci~tl~d. Matpr"ial ~rl~lY5P(1 delnanstr~tes that
SOLlI-CE.'! i~) no1: FE'rmi,;HI oil sl,~,l[? r'1.O:; all earlier wo .... kers
presLlfIlPd _ An O,"c:!ov i ci ,:\1" carbDnate sOLlr'ce has
sLtygestf~d. Thi~; has become COl'lya·s pre5umption~

I
I
I
I

1.

2. AJ tllCJ1.1l111

t. h ~"'1l vr-'r 'I

~'r· e ,"".

"iPl"p.":.:lI.jF' ~ Lull i ,,,,,.., ,"'1" F'

101.:1 vol Urn0. !~r?~-~I',=IYP i 5

ha.ve
th"

have
been

11lcnmplete there is evidencp.
sl:ill occL!rring over a large

SilLII-iarl sh.":\l~s or. mOI~e likely. L.ower Permian mudstones and
doleri ~.F? Cll the l\llcnnfor·mity offer seal c0r1dition5~

E::r1ur,;l.tiClI1 hc"1s not Yf?t. rp.solv!?d -"flY specific targets but a.n
a.rr·Ay nr :.Lr-"tiqr·~,ptlir: Mnd structura.l traps can be
CCHlr::pi ' ..·prJ.

Basin dp ...T"LoPfIlPflt I H",q ,:'If! ill tlH~ L":tte Precambrian, was most
active·? dur"i'\4 thr,:- t:'':\lnI.H·l.r''HI~ but continued up to Niddle
DpVOlllill'l LilTlC::'~:;. By t.11I~1 E;::'II'-Iy Or·,II)v:lcian·a relatively stable
p.nvir"f)II/Ilf.~llt ~-li\".; p~;L~,hl i ~IIPd O1.I\d do spquenc:e of Ordovician
c':\I-bun.T1l:Rs ,:UI.11 Si llll~ i ,"111 :;,UIf:!"il".OflP<:; ,:lnd shal e5 ~Jas deposi ted.
[h:-pusi ~.if]ll ...,.,~; 1:r:>t-(111Ih,lpd hy .1 t'liridlE? Devunia.n folding event
;'Inri ul'lifL lint ",":\C:CU/IIP,71flif:>L! hi' gr·,:,ulitr? intrusion.

r'el-mi ;Ul i\llrl yrJunqr:?r r·ocl(C; hl,:'lIILp.t most o,f the rp-gion Bnd

Ob'::;CIII p dl r:;~,r it)ll~,i (-.HI. c;h·-lJr.:t.ltr'l~ C'\fld stratigraphic:
rel.=\tioll,:::;lllpr..;. F'er-lIIir"111 r·CJcl:;o;:; llilconfarmably overlie a. range
0·( r-,~1,:\I-'["17pi'-: PclnJ Pr·FJC.7IIIlI,,-i;'ll un.its. The young roc:ks:"
irJcludi.rlq 1Il,":I,!:;si.vp ..IIH i\~;:;i.r: d{ll~r-il~ intrusion5~ c:reute an
arr,:ly nf p::I,lnr-.~t· if-"I pr·nlll'~Ill~ hut qr~avi ty-rnagnetic analysis
1Ir.lt:; rJpr i 11~r1 ;:I Illr"1jf.U- r'r.,l.:lr'II::C1ir,: b.,e_;ifl ben~ath them.
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4.

b.

7.

F'os~ i III r?

Silur.1r':\II
r-p!.':"F.?r-voir-c;

scllH:ls tone.
i IIC IlHlp Urdovician limestone or

I'kloc;;oc;;j,.·,., di-";.·lq.t-iclIl l'I,:I':: i1c;r:;ucir,t:prl with intrt.lsian a, the
,Illrd,--,r:it .1,.1('1 ilr-'~':" illl!1 I·IIP IlI1r:l".·-urlC[HI(or"lIIity ~eqLlenc:e but
UIP I"r"'l,liflll VJ':l'~ 111.11 r;jrjllifiLr'l'ltl'l a·ffectecl by Tertiary
d i .~ r "l tl i I 'I I ..

I
I
I
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8.

9. 1:->';(::>_1' i 11'1 11".1111(. '-~I' 1l(lll r
; 1/1'1

Cr Ill,.:"lf r:"'il r ; lllr'r 1lI-(! r".-r'lll_
r' lit" I,II,:J.hl" C1PIJpr·aled fol1o~jinq a

11t-','11 rll'l.·Jr:-: r·f?t1h,ill ,:"tJrlurlflC.\l.
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SeepC\ge~:; in t'l[~ 8rully r'f?'=.Jinrl lnny r-epr-p.sent migri\tion up dip,
along thc' l.lfu.:an-For-mity to .Jur.':tssic faults disturbed during
the rel-tiary~ fr-om thr~ p."'~5ter-n mi\l""gin o-f the basin some 10
tel 20 k i l0ll1etre5 to tl,e WE~'; t.

E::plor-aLion to eLate h2ls emphil~;i::ed gr-avity and magnetic
methods. This partly reflects stage of exploration,
budgetary issues and the cr"ucial impact of Jurassic dolerite
within U1P lIl(j(:Ip.I""'ate to hil.:::j'h relief terrain. E::tended use of
sl.\ch melllud:::; a.llo~J5 cost effective evaluation of basin
orientaticJrl. CI:lrlter,t alld P05't uncanforlnity structuring.
Definiti.cHl o·f the thin, folded, ..edge remnants' of the
Ordovic:i ..:s.I\-Silul"\,"f1 rnck·:;. W";l~. poor in fir-st pass
intel-pr-el:,JI:.ion. Tlu~5P. mt\l:erials occur patchily and are not
universal beneattl the urlGclr,-Fol-mity.

Gravity ariel nl~gnetic data have de-Fined how to effectively
orient spl~~i-Fic sei~'lllc ~t_lrv(?ys ~rld will also be re(~uired to
int€-?rlock ~:;ei5mi.c SLlr·VI~Y~'i. (''.L1vt\l\ced but pi-oven technology
is requi red Bne! thr::? gp.uphysi (:.,<\1 method ,"i :-: for t.3rget
de·Fini tion c,=).n ne'.. ec be CLII'-r"ent industr-y balance.
Although the 5pi5fl1.ll: metllocl ",Jill nevel- have predominance in
this rf:-:?CJion its ilpplicatinn and rElquirements have no~~ been
E!sta.blisIH~d. US,::'tCJ8 will ill\101v£? high acquisition c:ost$ and
SOlne delicate lUI·ld usa Ilegotiations. Variable but usable
seismic data can be obtained in diffi~ult conditions.

I Conga Oil has elevated a regLon previously consi~ered qUite
unprospective into a province with established source rocks,

I
escaping fluids, good seal conditions and a geological history
t.o slIpport generation and preservation. Some confirmatory work
is still requirecJ but the e::ploratiorl problems related to
prospect der i ni -t i on have been assessed and a methodelogyI ·established for dealing with them.
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tll2l1: old l'E"cords might be vC'tlid and
I-L:tvinq dOI1E' 50~ and reviewed the

est.-=\bl i shr~d that: the regi on may h,ave
11[)1l(~ I.-J~r,; pr-eviously credited.

Cong.:\ 011 h"l;,i ar::cepb~d

scug~,t to co"firlll tlle.ll.
impl icaticlIl'?". it h.:\S". nDl"J

considerc1.blp pc]te11t:i..:-\1 ~·,hrc:'r·e

Although ttH? D~Erltrec:a~;tec:\u:: Channel Region south of Hoba.rt in
Tat;.manin ha~l sOllie history o-f hydrocarbon ocr:u.... renc:e and failed
e>:plor"aliorl it is nul J~nO"'Jn as CI. province with hydrocarbon
pot~ntial. lnd~ed, no basin with an appropriate structural
histDI~)/ is obvinus Dr" ,,~:q]()!:;ed. III this respect the region is
5illlil,;\1- Lel .lIi·HII' CJLhl~l~ CCil/Iplf:":O>:: pr"O\/Lncp-s be·fore the crucial
insigtlts W81·e made.

I
I
I
I

I
I
I
I
I

This dOCUIl\p.\\L rl::',::i€:~\.I'JI"'j pl"'E'v'i.nu':, e::plr.:wation hi5tory. crucit:\l
discovel-if.:?~; t!J dc"te.. and the object.ives of pr-esent a.nd future
pragFafllme';. Th8 natl_tl-e of tl,e geological and geop~ly~ical

problem:; f03Cir\q t.hp. e~:pl(Ji'r-?r' ~::U'-€-o' eli ~;cu~';~;;Fnl in length.

Because T.35mani ,", I ac:l~s an on!:;I,ore F'etFol eum Act (no pC?rc:ei ved
oi 1 potlc:nt:i al) \:p.nelllf?llts hi\Vr~ been acquired lInder the terms of
the Miniflg Act. Tf,ese ir\volve 5u'aller ~rea5 and. higher acreage
costs. Attempts are being made to consolidate the licences
under more realistic terms. The distribution of the 4535 sq km
held i~ S~lC:IW"1 in Figllre 1.

Th~ region is of moderate to high relief generally and a large
part is crown forest. Much o·f t~}e remainder is privately owned
farmland tJividl?d into n • .1.otively small lots. The climate is
t.emperate? "",itt. a fIlrJc!(;,r-ate c"\f1nl.lal ri\in-fall (11)00 mm).
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Many of the geog.-.:\phic. n;:"J1I~~:' reFlel:t the French discovery and
mapping of this regior. ir. tile late 18th C@ntury by Admiral
Dl" En trec.~ste,';\u:: • Hi S 51'. i ps anel cr~"" members are honoured by
names such as Recherche, Huon, Cyy"",t, Esp@r"ance, Bruny Island
etc.

Between 1EIUO and the pr"eSell r. ther-e have been many reports of
hydrocarbon or:r.:L1r-Tenc.~?S ill Lhe Channel region and along the
Storm B,~y Anrl sCH.lthp.r-n C::rli:\5 t 1 i 11F:~5. Few have beer' seen by
acceptable ob~er\'er-s (·r~lelv(~tree~ ill 1909. Wade (1915)~ McIntosh
Reid (19::-~'il» huL rll:::>rlr.' 11.:111 been confir-lIIed to L.lniversal
satisFaction. ~·l()c1[?r-n chemic;:"J.l t~~'CIH'liques of-fer the means to
resolve tl"E~ i'.5~;ul-~s. RE'pf"Wt.S tl.-n'.'C' c.l"ft.en been encouraging and
c:ompaniee; "lc?l'·r? flo~1.ted to dr",j 11 011 P.."UllY Island an two occasions
(tqt5~ 19~Z9--3u) ~ V't:~ry li.ll\-it.~-~d (\f;.~pt'lS were drilled lrna:-: 130m)
dLle to I imi tr~d bLlC.lgr:ol:S and un:::-.c1.l:i~;factor-y equipme~lt.

Fai lure of tlle'3l? prcljE:lct~; led tel a lO~55 in interest.

A sear"c:h of r"eC()I~·c15 has sh(J~'nl ttlc3t the clrea hc..s never been held
fcr~ .3.ny rpgional CII"" specific F-!::plaraticJn although a general
rec:onnais~ianc:e o'f surfacE:? gc~alagy r.,J;\S LU1dertal(en some years ago.

It ha!; always tl~el-l presunlRcl ttlat any oil seepage reported, or
oil gf-:'II£?r ill:"d.. ,,",auld bp Ilr·",·-i.vprJ fr"olll thE? F'er-mian oil shales.
Apprai'3.:\l nf T,;I.'.5111.311id:"~ hydr ncar"ban potential on this basis has
al~lays boen poor"; the r"(Jc:I~s aroe e:-:posed~ not sec1.led ~nd

reservoir CIJrlditiclns ar~ virtlJally non e~:is·tent. The basic
C\s~ulnpti(J1l htl.;~ nf~Vl:~r" rH-eviclIl.sly' b~en challenged i\nd in abs.ence

,o·f allY ~:;.:Ili'!'.f."'l:l:Ln-y l'=:\.ltr?I··II.~Livr-;'5 the pr-(]vince <known as the
Tasmania Basin overall) has been downrat@d. Coupl@d ~ith this
assumption and the g{~ner-al di fficul ty of e:-:plor-ation (see
-"Source roc'~ 5tudies" and "Geology'l) no deep geological
assessmerlt has ever beerl atte'Tlpted.

General geological mappinq h?.'S continued, including Leaman
(1972) and Farllll?'- (1<~"1). ",s has development of t@chnology to
eval'uate doler-i tf~ ~truc:ture~ (LE-~C"unan (1972b, 1975) ..,hich
compound prob 1em's o-f sb"Llc tural aSSf~S5ment and r~searc.h into pre
Per-mian rocl,:s fr-inginCj the Li'Elltreca~;leL\u:: region (e.g. Bur-r-ett
@t al 1981. 1984)
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Until late LC]I~6 tt\e prev~ilir\g view concerning any possible
hydr-ocarbon qr:?rleT,:'ttiol"l (=-:;~H~pr!\ges) in Tasmania was that it must
b~ related tCJ F't':.'I-III'l.3n eli 1 Sll.':\lpr:;. Since this unit is patchily
developed c"1l1d of ten E'::p()~;f~d i t~; p[)b?nti al as a ~aL\rc.e roc.h is
limited. Reser-voir conditions ~I-I-~ mCJst unlikely and this has
often b(·?en !it'.r·f':'ssE,~d. fhese rf~i.\litip~ And this assumption has led
to neglect:. (If Lhn pr-fJ'/:illCI~.

N.. i the'" Cnng.. Oi l r1l:"- tho",,·, .,hl) I",·.. ". Clh5I?r"",d bitullll?n$ and tars
in ()j'daviciall 11.fIl(?~itOllF:'· p:~pu':~r~tJ in ~·JE.'st(H'''n Tasmani.a~ including
Drs Ba.nks .?lr\\:! BtH"'r"et.t C1-f Un:? University of TasmC\nia and the
Autl1or, IfH'?r-p cunvinced t.h",l: I.: IH..:' oil ~hales represented the only
p05siblf:' r::',rlllrl:l~ '~inC:FI I,.IIP ~i,~lrlll' lLH1I:'"""',I:CHII~ is oc:c.~siCJnally e;.:posed
bene~"l.th r-'r:>l-mi'--'H1 1~(1\"(!I'- l"'E~c,;t of I.l\r.' Iluull niVE"r- (Figur"e ::;.B) ~

Dr~ Burrel.L r'epCJrtF~'d to CCIIH.Jc:\ lJi 1 that the conodont colollr"
al"terat:ion ineJr:;>:: for Or-dCJvir:i.i\n CiH·bonat(~s in the region of the
Pic:tcHl Ri vr~r· I.l.lnp F\.iver-' ~'11111 SClUUl r:oi:t,;:;L ~Ias wi trlin the matllre
oil window (t~5 I:u 2.rl~ see Fiqur-e 3B). Subsequent vitrinite
reflectanl:e deternlir·latiorl'5 of IJpper Calobrian and Ordovician
c:arbonate~; i·rDlil thF;l per" i pIH-:>I··y of tilt? 1~8'g i on h,;\ve yi el ded val ues
of (J.7 In .t.l:·~ l'li!:11 tCIl".,:,l urqdllic CAI-bcln levels consistent with
~,eathl:;;'l~ed SLwfact:'? ~;c\lIIple~; ..

RelacatilJfl or ,'ef·)Qrted seepag~ 5ites in the Bruny region has
produc:ed SDme? confir-mal:or-y an".tlyses (by Dr' .. J. VolJ,mc:\n~ CSIRO~

Hobart) • Al though no' cClnf i r·meo seep si te yet· sampl ed i 5
as~oci~ted witl-l r-e~;idLtal taros - t~lese h8ve been reported in the
pa.st or Db'J'iousflowc;~ the c:hernic.31 signature of the released

. hydrocarbons is eli ~tincti'~'r-? (Figul~e~; 2A to 2E) ~ It is considered
indicative of ~rl Ordovici~rl ~Ol"lrce reck which may be proven ~hen

resich..lal t~rs fruln ttH~ li11lH<;;I.nnp-s iHoe analysed .. The hydrocarbons
are not derived fr·nm T:'\S/l1"1I1it-.P.~5 oil shale of Permian C\ge~

Samples frofn as fAr a~~r·t a!; l·ir'lclerbc)~:. Denrtes Point~ John$ons
Well ~ Hi I e?5 Cref-J+ ilnd Ulf~ L<,:;thml\'.:\ present the same si gnature.
Pollution or ctlntamini1tivn III,~Y be e::c:luded and the results give
same crp.dibilit-...,. to ottH'?r· '-Ppllf l~d siyht,ings (see Fiyure 3C) and
other si tP.~i ar-e n()~.... b£:l'i 119 sOI.Il:Jllt.
A IRLld sampl if\f,J rJl~oYI-amllll'~ i Co und,·:'r"wr"l. ..... around both parts of B,..-uny
I5lilncJ ~"l.lld !:II,,? HliClIl P~;t·ll ..·\l"·y_ ·(hp rir-sl. pllt\SP. of saIRpling~ nor-th
o-F I<ettl'?r illl.l. Slip pur tr:; !-.Ill" 1,"IIlJ··LI"~"H~cJ r·.?sLllt5. All analysis and
mar'ine sampling bi'ts becrl contl-ac:tvd to the CSIRO Division of

Dceanogr .•phy.

F:Elcr.JVt~ry or Ul III ,'tIl l:'!tlllC;->lUl~,· ..,l ~;;L1-r."al\l (~1i 185 Creek) 5hol.oJS tha.t
low VrJIUlIlf;> l"plPc1;iE-" lS st.ill oc:cu("rinCj.. Hydroc8rLJon
concentratioll':; III lin? c:CJnfir"f111~d s;~",ple5 have been very law.
Voll.lmp~; or oi r·p.ll?,~,~;(""d ;\rr~ r.:lp.'''r·l',I much len'H~r than reported in
1929 l"lll~ll ui L t'J,'I'---, <:"",f.?C'rl f'.oil:'-l/'Irl~l fr-olll rock fls5ur·es 8t Johnsons
!.-Jell U"!c[n{·,o:;ll r;:pjd~ 19~":::':]j .:\Ild e::nc:uuntered at 27 nI dLlring
rJrill ing. Ey'·,J\·Ji lrll:";~; r·'F.'p'1('~-.':; r1F~~;r-:r-l[H~ 5t()I-,~qe of the fluid light
oil in (/r"I.lftL~i_ ri:r'lF'';''I~.':P H',I'/ lit·' C()III;rollr::'d by pel"iods of seismic
.act.i'/it'r', [i,',lcll'r-'j,'ll ;:It t !':it,", cnupll:?rJ \Olith lo~ol ieleatie vCJll.lmes
probCthl~_· E-~:~1,1,:\111-~. I.!'l'? .-,he'r"llr,.. f)1 ,-r?,;ir:luaJ pl~·CJduc:ts although
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these lJa'.... (~ lIF~eH' de'!:;cr"ibed 111 UIC' pr:\t,,,l at Varif?ty Bay and Little
Fanr:y Bi:l.Y <Figur-e 3C). () puc;siblE! clct.:urrence from Barnes Bay is
now being ~nalysed.

The .=\rh"\l't·rciE~'; rertor'ted in T~,ble 1 (Figure 2A) from North Bruny
I s1 and (OE~nnes r'o i nt tothf_~ Isthmus). and appC\ren t 1 Y suppo,.-ted
by the ct-lanrlt;:~l mud samples (VL,ll~m.:\n~ pers cern), indicate a
mature crurJt==' ~Iittl distinctive chemistry .. A full signature has
not yet been obtair_ed dLle to the very law concentrations in the
recovered samples ..

It must:. IH:Jt·IQ'/I?I-. I~(~ st".r"f!';;'3Pc! that until the recc".!Jred
hydroc~rbon sj.gn~'1.tllr"e is l1IaLcllf·Hf to a p8r<ticular sour·ce unit the
Ordoviciarl source origir\ ill\plied by che,nical indicators and
current kno~>Jled~,':? o·f the:' I. ill\f~~"'itf.Jne can only be a pr-esLlmpticn.
WhilB the 1".:l5fJ1,=\n-j t;{?S nil !"'ill,·_ll~:~ Il;\~ bC?C?ll e::clLldE~d as a source
pos5ibilit:y oLber" 1._o~·Jf-;?r· FF..?r",njr"1"11 fIIUd·.:;tulles. o,~ Siluro-Devonian
shales could be sour-c.:e r"Dck':.;.
Current e::plol~ation by COllga Oi 1 presumes a pre Devonian,
probabl y Or-dovi c i an ~ source ror..:I~.
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GEOLOGY

Beiore sl:enario5 for gerler·~tjorl~ storage. s~aling and migration
can be preser,ted it is rlPcessary to consider the geological
peculiaritte"' o·f the D·Entrpc;.~,·.t",,,,":: n",gion. Figure 3A presents
a 5implifi~d versioll of t~le e~:posed geology. Jurassic dolerite
dominate5 the map, the upper parts of the section and the
topography. Various Permiarl arId Triassic formations complete the
map. F'ermian oil shales are nnt known in the regien even though
formation car·r·elate~ are well e}:posecf. In any event current
studies sLlggest that Ordcvil:iarl rocks may be significant
SOUrces. The krlDwn distribLltion ()f Ordovician rocks is shown in
FigL,re 38.

Figure 3C present~ knowledge of the pre Permian geology prior to
commencement of Conga~s e:~ploration programme. Coreholes at
Glenorctly and WOIJdbriljg~ clelllorl5trat~ th~t Lower Palaeo=oic units
of west Ta5111iHli c:..\ affinity e::tend as far east as the Derwent
River at leclst_

The base cl"f thE' Ff.?I~lIHJ-T..·i,:,s':;ic covl-:?r. ~Jittl its stockwork of
mas$ive dolerite intr"lIsiOfls. is pl-IJlJi:l.bly never less than 500m
deep and~ depending on tCJrH)r~Jl-aphy and str.3.tigra.phic position~

ma.y B~:ceec1 15(1011I.

The basa of the PerIni an SLtccessian is marked by a major
unconformity ~ltlich may be locally irregular and PCS$8SS relief
of mere th.:\rl 30(lm. Depresr:-.:irHls are o"ften filled iWith tillite
marking late Carboniferous glaciation.

,Figure 3D presents the current understanding of the distribut~on

of Lower P~laeo=oic and Prec8fnbrian rocks as projected onto,.the
unconformity and was derived from a primary graVity-magnetics
'interpretation. Formation pr·operties and the first order
technique~ u5ed to date have not permitted resolution of P05t
Cambrian roc~~5. ~lt~lough some irlfererlce5 ar"e possible.

The int.erpret2ltitJll coupled with analogies bC\sed on e~":posur'es

west of the tenemer"lts irleJicales ttl~t siliceous Precambrian
(Tyenn.,;\n) b t::1';emen tis dp-ep 1 'i hur i ed by younger Pr ecambr'" i an
dolomitf::' r"1lld t\r-Cjillite seqlH?nr.:es and an ec"1r1'l Pal~eo::oic: trough.
The most ~(:tj"VI~ tr-OIJgtl d~velopmerlts were Canlbrian in age. The
daminc':lnt Ci~rnbriC\1I components incluc.le marie a.nd felsic volcanic:s
~nd saIne 1_lltr-arll~fic5. All aSf,ects are conlp~rable to the Dundas
Trough o-f- \.>Je~;tern Ti'\5IOania.

Several pf?r-illt',,::, Df def-Clr'f'kd:ion art? likp-ly; in the Early
Cambri?n~ Mldejle-··Late Cambr"iarl arlcl Early Ordovician. The last
was foll'~H"lr~d by gt?ntle siaq depclsi tiorl within, or near the
margin~; C]r tile ln~irl t~Ol.lqtl. 1·~11~ lime5torles prOViding the
prob.nbll? Sf.ll.lr·ce I-'ockr:; l"lE't-e c.l.~pclsilp.d at this time. Deposition
may riot l"JitVe LJeefl Llnivel'-~;CilJ. bLlt Ur"dovic..;ian- Si.lu.-ian units may
have beerl LIp to 4 ~~rn tt'lic~' locallY. A relatively gentle
orogf:?ny ill thE:" ,..lic..Jrlle Devorlian folded i-\nd Llplifted the basin
lo,ithout .':l.l.:l:ump.:-Irl,"ill<;l qri:l.n:L Lic irlll~usit:ln.
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The scale of t11F~ r-e~~.icllJ,,1 b,':l,ciill is sugg,~stF?d in Figures 3G and
3H but tlH~ '.IulUfTlr-? c"'\nd ll..:d:ur-L~ of 1:'J\e mr1terial betv~een the Upper
Cambl~·ian and till? F'{:'rl1l:i,~ll Ullr:rJllfclrllli t',' ha';, not yet been r-esolved.

Figur-e 30 sllqgp.~;L~:i a pu;:.~;.i.1Jle c1istr"ibution fo,.- the trunc.ated
folded '.IrJILlnlC?5 of ()r.·dcJ'/ic:i'=:Hl-D~\IC111i,:Hl rOI:ks. E::ploration is not
yet '5l.1"Ffic::ip.ntly i\cJViHICE',;'I.1 1:0 hf" i.\ltlp. trJ i\SSe55 the relia.bility
of thc? in f erf!'nCt~5 shuwll in r F.'5pF-'C t c:Jf these mater- i al s. The
distributiorl SW of Dov~r·~ is reasollnble but the map otherwise
can be accepted only 'lear Glenorchy, Clifton, Leslie Rd.,
Woodbridge and North Bruny Inland. The definition of the style
~nd type [Ir pre-P~lapo~dic rOI::r~~ ~Ild inl:licatians of the content
and form of the Cambr··ian hi.\~jirl is much lII()r·E:~ ~at.i~:;factory at this
stag/?.

The stly'll::' of Lhr:~ 1~r-:'l,cd.lCll'l'·;lllll'=; LikF~l'r' is, SU'=lgf?~"'it,?d in Fi.gure 3E.
Figure :.F. r'ppr-ocluces Mil .',r::I:I.I.',1 ~~f~cl:itln -(r"om N~IJ Ta~i.n\.a.nia while
Figure :-::.F· r)l-~:,~:.l::"'nt.s (=:. FI"'·.~HJlIlF~111 uf COlllJ."\~5 interpretation within
its tenerT1E?r1ts. TllI'? UPPE-)I~ P€Ir""~: uF Figure 3E illustrates the
structural CDI1'~)licaliorls irlLrod\(I:~(:1 by th~ dolerite.

Figur-e5 3rJ anc! 311 suqql?rit 1.llr,' pl'·iflll'.\r·y sLruc.:tur·aL ol"'"ien·t8tions
and signi'Fici;\flt blul::L bCllHld,~,rir~~;; ~ ... hj.c.h '::ihould be viewed in
association l.'Jith FiYl.tr"E' 3J.. rlH? pl'-E'!;ent. under"standing indicates
considerable rejuvenatiDn (If sl".lr·uctuI'-al f!lenlc?nts and implies
that thf? mod£-?I~r1 co,:\~;tlinr-~ t-r=~-rlec:L,~ Jur"assic and Tertia.ry
incarnations of L.:l.te F'r·(::!calllhr·i~.,n 5tl~uctul~es. There is~ hClJ',ever~

no evidenc~ of corltinueri Ltplirt over" basement highs and
isostatil: stability w~s prclb~bly a~~ieved before deposition of
t.he F'er"mi.iU\ fDrllh1.tiolls. r-iqUI""F? 3D ':'>L1nllnc:\rises th2 presE:?nt
ltndel~stand:inlJ ill tlll~ ab~;p.llce (]f '.51'?ismic dc.\l:.~ (s~e below) of fold
systems. No closllres have beerl egtabli5~led yet.

After ttl£' F'rE' C.:u"·boni FP.I·'r:lIl~; gl.':\ciatian the .area \"Jas sltbject to
gentle Sub5i.dencE? until t-liddl.e Jur-a~sic intl-usian of massive
"dolerite sheets. The p'Jst C"rboniferoLts section was completely
disrupted but tile older· roel's were probably not greatly
affected. Tllis l.-JCJS a signi fic..:\nt. t1ler-·mal event_ The area was
uplifted and er'·odri>d ttll~aughCJut I:hf~ Crf~tac:eo1l5. In the late
Cretaceol.\'-; thp. r-Dck5 near t.llP ullc:ollft:lr-mi ty were intrLlded by a
syenite laccolith l':l~ntr·ecJ r)1I C'r'qI1r::I:. r11l'3 hCl.s domed the PermiCln
rOI:ks r.lnd irlsr-?rt.h~d a 'fr-<~c:l:ul""c' fill 1.J·.. ~e S\.o'I.:trm~ and same sheets
in the r-CJof.

Gra'.'itY·-II\-h\I\("'l.:.l'-. .:\l'ril·j"-;i"; :,UllllF}";L"i till;? syelli te mass has a
cfiarlll?ter of "bnu.L 2(' L,lfl ~'Jr 1.11 .1. pry,;o;;ible e::tension towa.rd
.<etterinq (",i','C' dutterJ ..::"re.''-I. Flt;lllr-e ~:'f))" Ttl/? discovery of this
bady ~1cr.~rHllll':~ fnr· ~.lll? "'-'11:/.j1ll/1~ dl'.:cU!':isr?d by LE-?c"'\man and Naqvi
(196;) •..,..1111 rf"~:illl':I"?';; 11I.'111'.7 Ilf 1".I,l"' "lllp,-\r.~llt l:onFI Lcts Cllltlined by

Far"mQI'- (1.~;n~~) _ Thi "; \>J~"; ;11'''I'! .""'\ ~il t]Jli r i.c:~"1nt tllel'-mul event since
many SF.,di/J\,--"ll..·U-·y p,:·lt.::\E-~UIl1.:\Clll'·" l'- irILlic:a,tlJl-S l'J(?r-f? r-eset (Sha.rples
andl·.looh';.jl 178ll.

Within t.tlP f?::ptJSPc./ l-ocL"" ,fur ';'I-::i';;r..: faulting is predonlinant but
nCJt alway~; obvi.ous and ttll'=" r-Q~liorl lar'yely e!icaped Ter-tiary
e:-:tensiol1.OlI [ .."ut tiny. f'lClc;L rp,,-ti,:1r,/ di!:w-L1pt:ion accllr"red east of
HobrJ,r-t. [;~.·flllr~~3 Foitll: c.,rHI ("fl 1/('11 tur"(·? [l,!I)' although some offsets
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The qr:'CJlnql';,':1l 03nd q(~l:lphY':"'lir.:;ll prrJltlPlIIs pres~nted are peculiar
to Er.Hiter"f1 T.aslni\t1ia nnLl tlll?i.r· solul:i.on requires much EH:perience
and loc~1 knowledge. An ahilil:y to as~ess dolerite forms, strip
the pas t-C.:"lrbnn i f E~I"-OUO:; covp.r- ~nd ther~eby increase resol ut i on of
.JLlrass,ic: ·f;::tul ting and the prp.--unccJnfarlllity roef::&;. is critical to
the pres.,,,!: ',,:plm-?'tion.
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F allner-. 1985).

I'h)r-th L'k?5t [~ay. Tertiary deposition,.
r~s\:r-ict~d to ~~11eyfill accumulations
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F;r;~lr:r'I\ IlllH (\I'IO PfiESEF,VAT rON

Given -the' 1~lf':,nlr:l(}ic:,cd hi.stl'll" i nf 1I1P reglon~ i~nd the Ordovician
limestcJnp~ i.f! piu"tic:ulr;\r" ~prE'?~;l.lflli.nq th(~se to be the sOl.ll'""ce

racks) ~ it is UI)l ikel'! t.h.;it. ,:111,/ h','dl'-nc:ar-borls generdted prier to
the Devonic::\rl (J1"-oqE?lly \o'lCJuld lIP pre~if:?r'··-/E:'d. The depth of burial m03.V
have bf~en in.:.\dE'q\J<,\l.I.:~ 1.11 i:\r"1 r.:,,-\~.P in l-\';Jht of the alter-ation
indices. II: is,. l"lfJIr·JE'V+?I'- .. IJOs'5i.ble ':.0 conceive situation~ in
whi ch hydr(:Jcctl'-boIl5 genel~13.ted af IF.!r" the. Permi C'n coul d mi grate!
into anticlin~5 sealed by Silul"idl1 shales or Permian mudstones
above tile Ur"IC[Jrlforlnity.

The Jllras'::;ic ~-:;\nd CretacF.:~[)u:'i thF.'r-ln.:d .p.vents are 1 ikely to have
been Cl'""i tical. l·Jhi 1.E-? thr-:- elll:it"'[-? pnr,;t unconfor-mity succession was
di srltpted clLn- i f1q ttn:? .Jur-.:\';,;'c;l r: r"..','Prl tall bre,:\ks were seal ed by
the conl\llq iTltr·u~iL"ln~ (1..F?i\m,:lII. llr·7~). Tl'le disrt.lptive inflLlence
o·f t_llf? Cr ("t-.;'JCI::,nu~:; F.:!'.'f?l'1t ~"'<,lr:; spalic1J 1'( rl?stricted geographically
to till":! Cygnet area a.nd st-xc:d-.iqraphic'::!'lly to the r-ocks
immediat~ly al)ov~ ar·lf'J t)~l(:'~"1 ('~) ll,~ unconforillity. T~lus either or
both ~vr.::'nt.s cOllld h2tve )pd tn qel\p-r-,?.'tion without signific.ant
10':,5 o·f 11yr:lrl"lc.""lr-11oI1Cj ~rc;pp' ':,11':;0 l:1~,"P condition!:.).

It has bE?r~n SULJ~.J~!~·;I:f:'d that: Sr-H:?pc1yes miqllt be related to dolerite
feeder systeflls. TI·lese nlay t·lave generated small volumes of
hydrocarborls franl suitable Inalerials. The widespread r~lease or
distribution of tlydrlOc,"-b"",. ,;,ugge",terJ by the old reports and
Conga·s Own fi.ndings tends against this pOSisibility unless the
source rocJ~5 are basal Per-nliarl IOlldstones. The Lower P~laeozoic

potential source rocks are unlikely to be sufficiently
widespreal:1 wherl Illalched to tt,e SRverlty fe~ders, large and small,
i denti f i ed in pro i mary i ntf?r4 pr-etc.1.ti on. And ~ Lower Pal aeo=oi c
rocks do not appear to be present in the North Bruny region
where the hydrocarbon traces t1ave been established to date. This
-issue must refllalrl cl~)en willil more is ~~nown of the SQllrce and the
sub-unconformity section. Tlle volumes released or observed may
be crucial; while currently very small, significant flows were

observeeJ ill 1929.

A mor-e plau"5ible. e::planatiC"Jn o·r thE' seepages east of the syenite
intrusiorl ane! tl·l~ e~5tern n\~r·girl o·f the ba5in is that oil
generated by ttl!'? Cr'""ete'C:pous event, from Lower Palaeozoic
sources. 11i\~ mi. qrc1.t:ed up dip i\long the unconformity and is
escaping il.lon(j thp prjillt\ril'j ...lLlras5ic f.:lLllts of the region ..
The~;C' slrLlctllr·l?r.. ~·llJil.h I ir~ clev-ip. to the limits of Tertiary
act.i.vil:y~ 11."n·"? prClllilhl'y" Ilr":'!1 di~:-,LLlrl..Jed. Even so, leakage volumes
i\t'e ver'y f;111r:l11. n r:lr-?~I"(?l' \'ir-'~'I m;"ly p-mF.?rge lo'lilen the distribt.ltion
o·f Seep.='lqi~'·:' i~, IIIt:WP f.Jr'/?r::i ";;r'l 1" I I ll]loJj 1,

ThE~re i~ II{\ p .....·irlf·lll·l~ •.1\ ~'I'I·' Ilr'F";(~ll~- r_lnJp. for r"HIY Oc:c.:LI,-,"'ence of
tl·le ~Jr'oIJr'lll '.:> SIJI.lI-·Ci:> r (]cl"::; I.JlI LII'? <::ihf.JI f (If L.~te F'rE>CilfTlbl-i,;tn rocks
whic:h un(ff?t""llP. till;? u[\(:on·fol·-m;.ti ",t· NDr"t.h Bruny l:;lal1d.

I

•
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P I?t"- i mr-" t er" CJ f
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RESERVOIR n~ID TRAP CONDITIONS

A numb~r of pa~5ible res~r-voir rOI=J~s carl be conceived. The
Silur-ian f()r'maticJns~ if pl'-espnt:,. offer pair-ed reservoir and seal
units; ttlick sandstones and 5tlales. The Ordovician linlestones,
whether pr-esnnt as reefal accLlml.tl~~tions or nct~ offer many
stor"agl:? pO'5:iGibilitir~5. Reef and 5helf limestones are known to
e):ist in tile srJutheron p.;:l.r-t of thl?:?' r~~lion. Thick sections of the
lime51:(1Il(~ ~"1.t- Lune F:i"/HI'" ha'.. p het~!n rec,~y~;talli::ed and hC've high
pcr()~;i ty. ~J1Ir?r-p. tlH'? 1 imp-:.;I'(lIH' ~·,nt; o::pnsed p .... ior to the onset of
Permii\n ,;;,r1dimPI"_i1liull \::.:]'1'";:;1-.::-. ,'1.IH.I d(-'~~~.') loJeaLhc:r"ing porosity have
also been lJr:"'J'r?!upP.rf.

The LCH'U":'I- Fr~ .. Illi ,.,,1\ fncm,:,1 i {II'····, t. i III tp. ,:u.d \,oJC.1CIc.Jy lsI and
Siltst.OIIP ~.=:tr.r' c:ol'·r-f?l.c,.lp~l) ill" l~ LIllI iLf~ly to of-fer reservoir
condit.ion';. flH?";e r-oel··=:,. t-Ji til tl. tr.lt".-,1 thickness never less than
about 2')1) lJ1Pt.·-es. ("'\r-e ei tIH'?r- VP.~'Y f i.nF' gr-ained or- possess a very
finl:'" gr,3inr-nJ m:J.l:ri:·:. Tiley cuuld hp r::,::pp.ct!?cJ to farm an e:-:cellent
seAl. on UIP. t.JtlC(1llfor"mil'i. rlH~if" t:='ffici.ency as sei\ls~ given
Jurassic di51(JI:~tiorl ~rlj:1 bl-e~I'age, may aCCOLlnt for the trace
seepages.

Other F'f::!l-mi a'i f cwrn ..:tt i 01"15 ar-f~ p:J.s!:;i'lb 1 e aqui fer-s wi th strong
b~ddiny h~tflr-Otp:?IH-Jit'f. Thr-:?~H-? m,C\,;-, offer local reser-voir
poterltial~ 8Sr)I~(:ially if gl~al~IJ t,y (IcIer-ita intrusions or traps
formed by faLlltirlg or" dl:)ler":il8 dyl~e~.

Optiml.lm resel-voir- tl-ap condi tiUC1S probably 1 ie belaw~ or l:3t,
the unconformity arid involve tl-,e li,n~stone itself.
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GECWIIYS rcs i',NIj r'l"([)SF'ECT EVALlJAT ION

The yE'olorJi C.,r Ulf'~ D·E:~r1l:'-I?c";\':5lr~.:\l.I:: region~ its historical
development Bnd the n ..:\t.ur-F.\ and rJr·()pF~rtiel:J, of some of the rock
uni t'5 pl"(~sent lu,':\kt-~ an \..\I\US'J,,," 1 bi ,.'t"::-, t.o the e:·:pl arCloti on programme
essenti.al ~IIH~ll c[]fTlpar'p.cJ ""i til nor--mHl inclu5try practice. This is
unlih?ly to c:hange~ a~::; cJi5t:U~;SI~c1 helolol, due tD the combination
of geological con~iiderati[)ns, costs.. aCCp.s5~ data quality ~nd

political fac::tcJFs.

The approach employed is capable of yielding equivalent results
but at a much lower final co~t and has already provided the
regional setting arid geollJgic~1 ~listl3ry noted abov~.

~~ '"2' ('
(-J _'

The l"ater~"'d\"5 offer all oPPul·-tuni ty for some regional c:over"age
and mal..-i.np SUI-V£-:'Y \-"ould pr-n"~·1.cJp ~"Il indication of strt.lc:t: ... ral
relc!ltionr:;hip:; .='lId.! IHlit old'""ll 1"11 h?1 Illillr'\tiull c"hd.relc:tel~i5ticsa

Ellit why lS tlds nece'::;';~H"Y (essent.ial)? There are several
reasons. The seismic nJr.?thod can not be r-elied Lipan to yield
high qualily data in T~,::.I1lC\ni.~ but. adequate results can be often
achieved. Dlle to ter· .... .ain. access~ envir-onmental and pol itical
issues a VF.:~ry 11igh cH:quisilicJll cost is inevitable and the me~hod

can only be employed selectively. There is no possibility of
acquiring a first order regional grid and the gravity-magnetic
couplil1g ha(~ alrpady attaill~d nl()5t n-r th~ objectives of such a
cov(;'rage.

The twin pi 1 18t"""s UpDl"' \-Jhic:h all e::ploration in the
0' Entrec""~:ite.;lu:: Ef?lji on mt.I~.l rest rlr-e the g .... avi ty and magnetics
datCl. bases (FigLWP.~ 4?l~ 'lB). CfJmpr'~hen~iive surveys have been
completed r.\Ilr.! pl-irnBry .=:\Il,':\l'i-=:'i.s cClll1p.leh~rJ (previolls section and
Figur-es 3F La _31). fhe c:.Hlidy~;i~.; i.s not yet e:d,austive and, c:\s
seismic. tr-a'/p-r';es nr- sur-vp'/ ~:Ieqments become avai lable, the
evalllr"tion C~1.n ;'\llCf must IJ!::' r:-:piH\(Jf.~rJ. 80th mf3'thods ar-e able to
assess tIlE' impi-,H:t uf JLllr-'-="':;':ilL strucl:urinq ';Ind intrusions in the
post unconfar-mll:y 5E'queI1Cf?S and pro'/icJE? ~"\ bi.\sis for linkirlg
sei':irnic ~5Lw'Iey~; i\ft. ..~r· str-ippifH.J tl1(~ CIJvering mater-ials.. This
implies e::terlded 8Pil1icatiorl of tl",pse In(?thod~i and state-of-art
3D whole geology techniques.

I
I
I
I
I
I
I
I
I

The e::tall!.
ShOll 1 Ll lJ I?

eff ec ti ve.
e;{plClr"iJ.ti I Jll

jlltr?..-pr"_£~t:.::l.1:iClll c"1lr-eady 5uqqests where seismic surveys
COllt:l?nlrah:=d .;111£1 l..,ll,~t I irH;.J or-ientation will be most

This appl-oi:H:h j.; F_JrFicient: iHld ..."ill reduce fl.ttllre
C{J~"~ '_=i.
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Thre:'F.' ~illr VI-.,.. rl·-";I:.lIl1 P flts fr UIIl llH:' r eyi l:.ln dr-e. pre5entecJ in Figures
4C~ ilU. All c":lr"e pr-e-pl-oc(-~'?I~;inq HllcJ IIlf=re reCOI-dfJd with no input
fllt,,"r';. Pi<;pl,'\')'--:-; in ril:-Jl.lrr? -11.: pr"e',jl?nl var-ioLiS playback filter
optinns. rllC'~;{-' Sl'~ctinl\··> 111~lllnn .... \.r·,'1tp tht1\: i.n parts of the ar-ea
hit;!!, qu,.. t j L," di'-l. l ,",1 ~"l'Id 11I,'11'" r F'::!I"?l:hJI~S a.--I? present to at least 4
5ecCJt1ds. In uLIIp.r-5~ thl'~ d,'lL.:=t is poor·e..- and sLich re"flec:tor"s a.re
,!'bsent <r i ql.lr e 41)). Tlll~'~;f" f"-.=I.qflleni:~; suggest that importc:lnt
pre--r-'('!I"mi.'lll ::;(',-I:inll~, trl,~--,: Itf" pl-P';ir::'111: C1.t eli-flol' Cl.nd Le:?51ip. Rd.
bl.tl nul ",l" l'klr"UI lhLlll'l. ITli'Si':.; c:,ollsistent ...,ith the
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The re·flel.:tl~l- J)att~r·ns at~ r:li fto~-\ ~nd Leslie Road indicate
str"ongly hcl:l?r-ogE'flE'OU5 5£?c!:iCJllS as ~·I(.l.Ltld be e:-:pected within the
Ordovician--Dl?'/onii;\fl succe5sicHI~ The bland MLlrrayfield (North
Bruny) effect has ofterl beerl c)bser"ved in tests around Hobart and
suggests ttlat s·trLtclLti.3.1 hLllllogf?nei ty h.as been impressed on
PrecL\mbri.an basement.: <t,,·pe 2) as suqgested by the Woodbridge
core.

The siqnificant- pr"oblpfIl':. for" 1")11~~I1f)r,~ 5ei~"'lIic surveys relate to
'1er-y hi411 c,lu·r;\cr? vp.lor:jti.p~. f?~p[~c:i~,lly on t!oler"ite, coupled
with ii-regular" thre~l~ dilllensiIJn.:ll ter"rain and comple:: intrusion
forms including a mix of subvertical and subhorizontal limbs.
The test sites of Figur~ ~C avoid suet, problems while that at
Murr~E1.yfif~ld (Fi~Ju,-e 41» c,:-,-ries only modera.te 2D terrain
effects .. Few· IJrif=li.nal di-:=;cllo;:is:iCln cCJnc:er"ning sites presented in
Figllre 4C r-efAr" to l_nalnan l197E).

Thf~5E~ E'!:;l:illl,~\l:r:,r;i havt::1 bE'f:lrl tJ'::\sl~d Dill illli t~d v~locity information,
u~e[i corlsprvativnly f[Jr" near" v~rtical incidence~ and
st,··at:il]l·-.::~phil ClJlltl"O.l f1E· ...J.r ~;ul,"f,"ct=:). Appro::illli3tely 0.5 sees o-F
the Cliftnl\ f~~: .... mplp. i.s t.lur~ \:0 T"'~l'-tiar-y ~;edill1ents on the Pe.... miBn
roc!::s wilich illl.:ll1dt-~ at l~',~<'""1'".,l~. I:Jne dolerile sheet. The North
Bruny tr"aVf?r-SE-~ W~"15 fired ill F'£~I'·fIIi;t.n rocl::~ above a dolerite sheet
while tht=,' !..r;.'slif? nOi~d tpr:it. Io-J,15 rir·E~[] I.-litl1in the upper part of a
doleritH ~'lf-.?f'\:. ~'Jith r-~!~;pf-?r.:l tu tile var-iOLlS sections~ althoLlgh
widely sf:=!p<3ra-f:ed~ the t:.lC)l~~r"i teo sheet=; are stratigraphically
equivalent but not th~ Sc"1rnF.l ~ihr~{~t Sy",;tf:~I1l.

<c:ompar-e

111 ri gLtI'"e'.5 .::0 i\nd 3F ~ The
tl~ lie at ~bout 1.3 sees

l~th,cJ at Souther'n Outlet

~]~ ':JI"·{7~,!~.f::'·ntE-"'d

i '" r::CH'r~;.i dp.r"l;od

(UPPF"'I" L.pr:;l iF.'
F.!r-Ully)

1.1I1Crll,r(Jr"lIIi ti r"(:.··flIO:.'ctilJn i5 multiple
effect; 17(1(1 to :.5(1) + m/s).

Ci:l.!:;E."; 1:llc'

tD Per III i i\l"l

In all
Ter ti a,·y

9.a\/i I:Y-fII~:I.~JlH~I.I.C':: \'j.~~""

base o·f tl·l~· P8r"lj~l·l

(Cli.ft()n)~ 1.1.(. ~~f"r::~

i nt.I~I- S~(: t i LIn 2Clld 1'1 U I ~
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CURRENT AND FUTURE PROGRAMMES

Although Conga Oil Pty. L.td. began work in 1984 most of the
results presented tlere wpre obtained in 1987 after a reported
seepage WClS reloci=,tf?d a.nd al'l.!ll'yo;;pc!.. This is consider-able
progre~s in a dif'ficul't, virgil") pr-avince. It also accounts for
the bias toward t~l~ mere" univer5al and less costly gravity and
magnetic met~lods anci the lilniteeJ anlour1t of sei~mic data
available to c.J.:ttl~. The ~JI~·OI.Hll.lworl·: -for seismic application ha.
been laid since r"eSearctl p~cg~amnles have established that the
method c: ..n yield usable rf?";ul t". alb.,it variable in quality and
at higl, c:o"t.

Consequently~ marine seisrllic traver5es followed by limited
land-based 5LWVE-?YS of thEJ E'.=\sl:p.r"r1 m.:\r-gin of the Palaeo::;:oic basin
have been prclposed since 1I1,,,t_E-~I-i,:l.1s in tllis region are p\-esumably
sourcing seepn alorlg ttle ct-lal"lrlel Blld Bruny Island. Such
traverse5 ln~y al50 provide prospect irldicatians.

No seepages al-e I~nown fl-om tl1e western side of the basin but
this may reflel:t lac~~ o-f obser-vation. Identification of seepage
patterns may be importarlt far· ultima-te targ~ttingand further
sampling prDg~am"les are in train. Ma~netic identification of
Jurassic structures~ which may be intersecting migration paths,
is also proposed. P055ible SOLlrce roc~c$ are being sampled in
order to mater, the oil signature.

c::; ,:'~

Uv

I

I
I

The firs-t stage irlterpretation was unable to resolve in detail
the remna(,t~ of tll~ Ordo~ician and Silurian section !be~eath the
unconformity. Wilile the propo5f~d seismic cover-ag~ will aid this

I
proc:ess loc"lly the gr"vi I:Y-/Ili\gnetic:s di\ta base can be used 'to

.provide areal descriptil~rl of farms. In the case of part 'of
North Bruny Isli\nd this has already been ac:hieved. T~ese

techniques will be supported by a programme studying

I 'pyroc:lastic:s. The region c:onti\ins a number of extinc:t
Tertiary volc:anoes and the .. jecta offer a means of inspecting
the ac:tual roc:l:s beneath the volcano. Two volc:anoes already
e~amined tlave collected nlu~h younger Precambrian material (type
2). Both lie east of line A-A in Figure 31 and the method
appears a workable way of supporting unc:ontrolled
interpretation. This appro~cll. coupled with qravity-magnetic-
-seismic analysis~ may allow soene specific identifications well
in advanc:e of any drilling.

I
I
I
I

•

The present
information
wedges, and
drilling at
petrol eLlm rig

and fLltLtre programme has been designed to p .... cvide
about fol(jirlq~ closur"e styles and stratigraphic

a prospect list at minimum cost in order to a.llow
thE~ earliest fe<O\~ibIE~ d ...~te (Conga Oil owns a.
o-f 30(ll)ln Ct=\(l.;l.t:.t tV) .
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CDNCLUSIDNS

The D'EntrecasteauH Region possesses all the hallmarks of a
potentially productive petroleum province. There are possible
source rocks, hydrocarbons have been generat.ed, ei t.her
generation is continuing (improbable) or reservoirs are leaking
since seeps remain active, and likely relat.ionships bet.ween
structures. basins, source rocks, reservoirs and traps a~e well
understood and known to occur'. An Ordovician SOUrce for ,the oil,
though probable, has yet to be proven.

Target definition in ttle prevailing conditions will not be a
simple process and will require a judged balance between
gravity, magnetic ~rld sei5111ic metll()d~. No single method will
prove adequate 01- cost e·ffective.

I
I
I
I

The
the
the
well

region would appear to have potential at least equivalent to
AmadelJS arId Canning Basins. Tt1e saaling un~cnformity, and
rocks above it~ provi(Jes an inSlJranCe of this potential as
as plJsillg di·fficult e"\.Ilm'atiun conditions.

I
I
I
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I
I
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TABLE 1

SELECTED BIOMARKER PARAMETERS FROM GC-MS ANALYSIS

1---------
1
I
1
I

SAMPLES: Sedimen t and
by Mr. K. C. Morrison.

water samples from Bruny Island supplied

..

87 88

0.38 0.79

3.1 6.0

21's 28\

55's 60's

0.72 0.73

0.90 0.82

37's

7.4

85 86

nd 58's

nd

nd

nd 0.70

0.95 0.94

0.79 0.71

SP2

,
0.93 0.71 0.78 0.98 0.73

1.7 1.5 nd 1.0 0.77

0.20 1.3 1.3 , 1.1 1.3
I
I

1.02

0.81

0.63

20R steranes: ""pDl"''''''''

C27/C':I.' steranes

c.,/c•• diasteranes

C..

C,. 22S hopane/(C,. 22R + 22S hopanes) X 100 56's'

C.. 0<0<0< -steranes: 20S/20R

SOURCE PARAMETERS

Parameters 1-4 calculated from m/z 191 mass fragmentogram.
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 to~I weak.

I
I

II 9. Pristane/phytane

I
I

I MATURITY PARAMETERS

1. Cn hopanes: TalT..

II 2. C~. hopane/C,. moretane 4.8

3. C., 22S hopanel (Cn 22R + 22S hopanes) X 100 6\

14.
15

.
6.

I
I 7.

8.

I
I
.1 FIGURE 2A

I
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BRUNY ISLAND "B8"
STRAIGHT-CHAIN AND
ISOPRENOID ALKANES
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FIGURE: ;z.d..",\ STRAIGHT-CHAIN AND ISOPRENOID ALKANES FROM TOTAL
HYDROCARBONS IN BRUNY ISLAND SAMPLE "B8".

FIGURE :tc.(Ii) ISOPREtlOID ALKANES FROM BRANCHEDlCYCLIC ALKANE
FllAf:'T'TON FROM BRUNY ISLAND SAI1PLE "B8,".
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FIGURE:.:J.E" MASS FRAGHENTOGRMIS FOR H/Z 217 AND 21B (C•• - c.o
STERANES) IN BRUNY ISLAND SAHPLE "BB",
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KNOWLEDGE IJF FHE C(4RBON.l FEr;:ULJ~i GEOLOGY F'R I OR TQ CONGA 0 I L
(based orl Geological SUrVfJY '!Iap, 1975)
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LEAMAN GEOPHYSICS Rellllcnd omte:

<161 aCEA"'A DRIVE.. JlOWRA,II. TA3. 70lll:

Sur-...,. Rule .... Sl"fl:trlc~llt'ln. Reduction, InlerprcullCl" A,ll Correlpctrt<!enl:ll 10:
WIll' 'E~rH\enU Melli MClhDOh a.r.O. BOX no 0, HODART. TA.5. 1001.

I Sl"cl;l.hl,u:, Crull)'. M••netlcl, Scll~lc: MClhOth TELEPIIONI!~ (002) '" IIH

---------;r----,----.-.-----.-;------r---y------

I
I

I~

I~,.~
I .. I ••••

I

\
( ... .

\ \

. . • •

I

I
~......

I
I"

I
I ~ f. .
I ~r} .

I
J
:r . , \

I
J

\ o-"O?

I ,,/ I,

-E:~ -
.U.ok!.-~
l- .0'.1..
q,,,,'ok.,,

,

,.
, '
",

'.

I
I L

. .
I
I
I
•

CURRENT UI~VERSTr,Nl)I Nt] Or- F'rd:: CI'\RflON I r-EF,OUS GEOLOGY (NOV 1987>
(based on ini tial geopl\Y'5ic;.\1 intt-:!r"pretr1tions. F'rovi sienal)
Note that distributicrl (Jf {)r-dcJviciarl-[)evanian roc~:~ is not yet
well deFinE'd .:;'Ind will tlr:-:' the subject o-F 5E?cond order re-f'ined
analy0:3is. The indicated ·fot(1 'System~; ~re like~,Jisp. s}:etchy ilt
this 5tage .
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Clive,

g••TH&Y ST
Ke-pe-10
qV~NJ(........J)

"f.1,

2

Great Southland Minerals

Total Pagos:

Company:

cc:

PO Box 396, Cherms/de
BRISBANE QLD 4032, AUSTRALIA

Telephone: 61 73501222
Fax: 61 7359 0666

Bruny Island Core Samples

P: 2-218.fx2 Your Ref.

30 June, 1995

Dr Clive B~rrett

(002) 232 547

Date:

To:

Fax:

SubJoct;

Our Ref:

Sender:

ACS Laboratories Ply Ltd
ACN: 008 273 005

WARREN W FARLEY ­
Group GRneml Manager

Best regp.:ds,

We will hold ttle s<lmples in olJr Brisb<lna laboratory pending any further analysis
you may request.

Please find attrlched' the porosity and permeability (horizontal and vertical)
determinations on the four core samples referenced above. Should you have any
queries regarding this analysiS, please do not hesitate to contact me.

Thl1 (l\('.s\mUI:' is inl"nrt...rt ,,"1\' ~r 1111" U~~ of tJlr 1"""'.")1\ I')r mn1p2ny Mmtd. 1l00v" :IInr:l l'I'UIIy conuin jnformation r.h~t it
cnnfidrnCl'\l. If ~'l')11 l\fT" I'''' rJlf" intendr.-d redpienr. }"('Pu n''! ""rifi.l'd It.llot u"y dit'liemirulion. dinribution or copyinJt of fhl~

Cllcsim:te ior .trldJ:.- prnhibir,=J. If you h• ....-.: ",crtved tJ,i, &;CM'Uf;' in t'1'r()f I plu~ "oilly lU Imn~diAtdy by t£lephonc and.
~v \he 011rlll\l r.c:imile.
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I
GS I~ABORAT\>RIES PTY.

. "'t~~ I~~U~:! Rp.servo;.r Engj Il"er j Ilg D... I..~
LTD .

3 .) ~ 'Jl 1 ,;;
" ".} ..t;:,.; I"

I
1"pany

U
'l-::ld
'~n I'e- In I..

I :"" Int.• Il\t.

GRF.AT SOIJTHLI\ND HI NERALS
13r'my Island S"mples J'....- Sk.lt ••~ #1
llnknown

D"te
File
Loclltion
ACS L"b.
An",lyst

24106/95
2-218
TASMANIA
002
WJD

_.. __._-----_ .._--- --~----_..-._----._...,..--

I 'PI" Depth :PoroRity: P"nsity : Knlf: KIlII
,ber : From To: Heln,i : GlJ NU: HAl: 4S

Knlf
90

KaV : Fluid
V"rt: Oil%

Sa-tura-tions
H20';

---_ ... _- ~~------_.-_.
787.00 ... 7. " 2.72 2.52 0.01 0.03
IlO3.50 fI.6 2.76 2.52 0.96 1.01 (
81)r,.001.. ,~11.9, 2.16 2.40\ 6.8 6.5 \ (It ;,"
flll.on 11.4 2.18 2.46 9.0 4.87 .

Verti.cal Fract.llr,,: Ill''' lInri~o,,\.,d. Fr'lc\.ul"e; MP = MOllnt.ed PIIII.!: SP= Short. Plug
Top o[ Core; Tl~ , !Jottom of enr"'; 'JWC; -= PnJb"Lle OJ lIW"ter Con\.act
Probable Tr""~it.i"n Zon,,; Ill' = Prob"ble Ga.~ C"p: NS " ~"f; suitable for SGAL

-- -----"'--=----=-=-=-
I 787.00~

2 l\03.50 ..
:l 805.00 ~

4 1111 • 00 ~
I
-r-

,~
r.· ::.

I
I
I
I

II.
Lt \"', 'J

.Ii

(;'·dU.,.,.ror,J
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~""'I"'v, - I
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I

ACS [,ABOnA'TURJ£S PTY.
I~I, DDg m 001
P,:tr'ul,ellm IlI~St~r·\'l.·ir· r.1I~itl":":rL.n~ 111\\"

LTD - "-r ~'; -1 0 ~,~ ,,')
..) (') l.. ,.:~ -l v

VF = 'i 1=' C" l i I: 'l I 1-'1",1.,-1111":-; ill' = !k'I' i 7.I)IlLn t FI"1\(~1.urci :-II' = ~1(>ulI tell PI.;;; 51'= SIlo l' t PIli'.
r= = '1'1)1' or {'fJ '"'.7 ; K# - flu l t.':I!l of C':ll,"r-; owe = l'rol",bl,. (\~ l,"W",ter- Cor, tact.,
Tr '. jlro!>,dJ I" T":lII~i r. irill ZPll":"'; (;(' c pf·ob11.b l~ (;,,-s Cap; NS = Not suitabl~ fr)r SeAL

22/08/%
2-22J
T~SMo\N1II
002
BJS

"

Date
File
LI)(;at i(,u
ACS Lat..
Analyst

.. -._-- -- --_ _----_ .._~.__ ._._.._ - -~- .-- - .
1l"!I~it!' : !ler;nel\!JHity (mdl:Summat.i<!\ of fluids: I.-

tlll 1;[1: Ka no II lin: iI oil: H:::O:t
-1:'.. , - ---- ..._-._-----_._.._..._.~_. -" -...~---_.

7.. r,:1 J.1. i j"L
2.63 81,6 J.~
2.62 ~Hr, ....,~•• )
::.(,~ In ""J~"'"
~.f~:3 ;.7 f"i(
2,1;.\ 5,9 ~.;r

;~.f;·1 32.i'. 'H....
~.I;r, 4,:1,1 f....r
2.fj;' 2.22 f..:r

--rrn..l w{ I"""" Lc. v 0 r-') "­

Z.'" c.l. I~' /05,

GfcE,H SOUTHLAND 'II NFR.\LS
UrJl'th,:.rn 'la.~:m,," i 1. Slimp I,,~!J,

U"klllll.ill

-r

Sallplra: Porr t5 it Y -..,
}I\lMh~r : h.... llth U i r: II~ I .. _i : Ito I I 11:
---_._ ... --

lOUD 11 1:., :1 j ....(

lUOU V l:~, H , ... .1

IUUI It I Ii , :; J ... ..c.

Illl\ I I 19.9 v") J"~

1002 R 1";' . ~) :;, ....
lUll 2 \ L,r] , •• J

1l)O] , I "I. 'j ~ ....
401;.1 II 1:1 . >; ( .. ;r

,\00·\ I- L" .. r~;rc, ,

Company
fie 11
n~ld

Cor~ Int..
Cor~ Int.
Cor~ III t.

I
I
I
I
I
I
I
I
I

-' I) •.{.~~. r 1•., I { ( .\ ~,"I'.' (11'9;.'"" , in •• , _.. ,

A!"'f'- 'fi
-

( ,. /' ( (c.. }l"·''''t..~ .......... ·~·
1 • 'L -).~.
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I

I

I

I
I
I
I
·1
---I



Generalised I.t)g ur Seclillil in the Q.uamby Area

Quamby Mudstone

_________ Garcia Sandstone
_________ M1000,M100l

.........~

-~----~---_.-

:: j'-i-eft:::::::::::::==

-~--- ._-- ----_.-- .- ". - -- -- -- -- -- -:.--
-~ -:....- ---. -- -:.. -- ---. -- -:.--
:-=-:-:-:-:-&5555f·: .------------..

...,.~.~~ - ~ -.......... - _ ......- , - - -.- .. . . . . . - -........... - , ..........................

.......
-.------­.---------

~.=:::::.::.:::..=.,::<.::.. :::.==:~ __----- LUfey Gp
L1002

~..,..,~~~"=,...,__,_,,_,'" __------- D 'bool Sandstone

10 J:l<-J L'J lSe. .... HA.'j....-...r .J.. I '\ '\ !>'""

. _.. -..•.. --

Samplc Uepth Ui, UCllsity . Porosity. Per'!'eabiliJy

P40Ul V <.Id 17.7 32.2

1'4UU'\ I( ) .Ioli 13.3 4.34

V l.G:' 12.7 ?.22

lIUU2 I( 2.G3 17.5 7.7

V 2.G'1 17 5.9

~IIUUU I( 7.G3 15.3 34.7

V ).G3 15.B 81.6

~llOUI Il 7.li2 18.5 386

V /.G3 19.9 143

Liffey Gp
35m

Poatina Gp
80m

Bogan Gap tip
100m

Stockers Tillite
SOm

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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I
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.----... ---------­ACS LABORATORIES PTY. LTD.
u.:~:I08!~~ ~.!~

Pet('ol~ur.l RC!:-ser-v'Jir £n&:iner!'rin~ Oat.:s

- - --.- -- - - - -
CCIR E AN AL YS T S PRo ELI "vII N ,-3,.R ",' fU,; P.QE:£

-----.-,------------
;. ?Qrosity % Densitj' : Pe["~ea.bili~:~ {lIId} :~uJ1me.r.ion of F!\li~,s:

!Je;Jth D, r: Hd n.J : flc 11 Ii!: NO GO: Ka 1'0 II KJ.: ~ 0 d::: H::O~

:;,')~pi\n?

~ .. d
F,eld
Co~~ In:.
Co~e rnt.
Co~~ lnt.

SalUpl~~

.'iuob~~ I'

GREA r SOliTHLA:ID .\(! :IERALS
~o~t~&~n Tas~ania Samples
L"nk:I.J..... n

Oa t:C!

File

ACS Lat.
.~nal:n; :;

12/08/95
:!-~Z5

80RT~ERN rAe~1.~.:-: r .~

002
!J)I

&t"ddla n.-, .c.--1e.>'IDn:h't 81f1 1 33.90 P. 22.3 2.57
I'\albina n...~. 1!H1 2 n.50 !! 'J I 2.01., .
!JJ,.'f'W -< ,v"-""'" l~', 1 ~~~.2U :l 3.9 2.66
ltiadD.~l-.v"';otht &.'-( 4 Po 12.3 2.62
~do"o<S~. Q 01""'1 ':.1-. 5 ~~ 13.7 ? .-_.00

1'-'\\ "", .. p-l- f.., .lItor'd,? f<ut 6 ~ H.l 2.63
1'.; nni... ~. f", •C"f'!,"'" 7 It L6. Ii 2.66
~\<odol\""\-.. ~'~5 8 R l ~. 7 2.66

u~.u.:c.

,~ C" :-..
c= :

11' :

V..r~:.:al ,r:,cture; HF = Horizontal Fracture; MP: Mounted Plu\(; SP= ShL'rt Pl'J~

Top 01' Cor... B~ : B.,t!.om of COl'''; OWC = Probable Oil/water Coneact
?rohllbie Tr:.tnsition Zvne; GC = Prl);,able Gas Cap; NS : Not suitabl'? for SeAL

~~~ ~).:ct\!~lnS ?tl. LrD. !U:: 30t,r ji1~1e .1l !~,po".n~h r~! U1 lonr ~OJtr j~JI::S I)f ~19ense5 ;jJc:lr:i!~ Jf ~h d:t][ :J! ~y 1~~:! =t~i'~:l I~

r.~1~11l1, r~'iJ~:~l f~,)1 l~~ ~.'lfJ~Il:~C4 Jt iJ~e:,ntJt!o~ lile.l1 l: this ~~PO(t, jJ ~o ~u~ J,'!.rL\C~ '.4eDt.uC!ll3 :!,~. ~i~. ,t r=;~~~LjI; f1:
::GUt~·J.'::~ltlhul:' ~~t:.~i:;i, ')C~ ]0:: ;il!t~d to, loH ,rorits. dutJ=, l:u ful.;!'~ ~ lett ·1t~~:i,,:s ~.:d iost }rG:::c~i~11 It:H~f (r'iI lA~:I ~Or.i~.

_.-------
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UN IVERS 1 T Y OF TASMAN I'

Clnlrdl Sclrncl'

tllbll,.UDry

C;PO R,,. 2~2C

rt"b"r1

r"Ulhrnld 10lH

Auu'oJlI"

Prelim;II'''")' nep"r! - Gas Samples from BrllllY /slanu

A sallll'le "fhcadSl'ace ah"ve al'l""xilllalely I lilre "fwater sealeu in a plastie Coca­
e"la h"Itlc lahelled 'Shillilll tI il' gas. 'l,lJ III' Was allalysed by GC-MS fur the presence
of (: I-C6 hydmcII hons

()lIal ila I i\." ,n lal ys..s I c'/,'o led I It.. I" cs""'.:e "r lIIel ha lie. el hylelle, ethalle, propylene,

I" "!"III.... ;s,,[,lIlalll', I-hlltem'. cis - olld Iralls - 2-hlltcne. n-butane and Irae. amuunts of

penlanes alld hexallc.s.

"" "[:llldanis fill- cdilH:l.lill1l weIr.- IIpl illlll1cdi:ltcly ;\V:lilalJle at th.c lime these analyses
\Vt'll~ dillH'. :11111 till" '>lIlllple wa,", iii I!. ill :1I1 ide:,1 cOlllainer. hue quantitative data are

n"t as yet availahle'. Sellli,\"anlil.1livc estinlatiuns of prupurtiuns of gases, based on

percelll hy vohllllt' lelalive III lIIelhalle, were as follows;

I
I
I
I
I

Illelhane

ethvlene

elhane

propylene

propane
isobutalle
I·blllene

l1-hlJl:lIle

2·hlllenes
iSljfJCII(:lI1C

lI·pClIl:H1C

isnht',(;llle

I\-hcx:uw

~ major hydlUcadJcHI

trace - (lIIllch less Ihall elhalle)

-10% relalive tll methane

-'.l~" I clative 10 1I1"lhalie
~·()f\,o rdativl.: III I1lt:thalil':

< 1l)"Q relative to IlIclhane

-2~;" rclalivc to IIIl~thalle

--I. 5~ ~ I dati"'t~ tl' l\\l'thallC

lr;lee

(f;lCe

tJ :lee

'r ;l L' t~

'r;\I~~

I
I
I
I

•

\\"l'lk PIlCllllf'lI1 C:;\lllples Llkrll ic: Il.,i11111-5[pl'pCleu g:lS sampling containers is
pi n.:r·~·dil1~. :llld ,1:1IIt!;1I tis or !;11 ~~~·t v.:\q·~ :11 e now a.vailahle enabling mure accurate
abC;\lhur> ;]lId Irl;lli'.t~ qll;lIl1iIJti(l[\

Nil h\"dl(}~I'1I <-:lIllid,' W:1<:; ddt'rll'd ill Ihis l"dilTlill:lly analysis. although this gas was
1ll1l ~I'('l ilic..-.ll1v (,Il::l'tted tD clIald,' 111\" PI sub pailS per milliull uetection.

", ", I - h-- .. _~~
(I )r) ~I"d I la\ "" - ' -~- -"- - ---..,.".
U 11 irer -ill- ( "11;11 ge I U, ~al1ic l\ b~~s Sej!':1 rl HIIt:t I Y

rll,\[)ITION.~ or EXCELlF",



II
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
•

o __ .) q ~,J !d,;

otl ~--' --L I""" -.l Ii

APPENDIX 9

AMDEL , GEOCHEMICAL EVALUAnON OF AN OIL SEEP SAMPLE
FROM LONNAVALE , TASMANIA

BY SCOTT WHYTHE AND BRIAN WATSON

JANUARY 1996



GREAT SOUTHLAND MINERALS PTY LTD

GEOCHEMICAL EVALVAnON OF AN OIL SEEP SAMPLE FROM

II
ealrndel

I
I
I

••
I
I

••
I
I
I

•
I
I
I
I
I
I
I
I

LONNAVALE, TASMANIA

REPORT LQ4496 FOR

BY

SCOTIWYTHE

BRIAN WATSON



I,
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

•

CONTENTS

1. INTRODUCTION 1

2. ANALYTICAL PROCEDURES 1

3. RESULTS 1

4. INTERPRETATION

4.1 Maturity................................................................................................ 1

4.2 SOlll"ce Affinity 2

4.3 Post Pooling Alteration and Migration 3

5. CONCLUSiONS 3

Amdel Limited
Report LQ4496 Petroleum Services



••
•••••
I
I
I
I
I
I
I
I
I
I
I
I
I
I

•

LIST OF TABLES

1. C12+ Bulk Compositions and Alkane Ratios

2. Oil Maturity Based on Aromatic Hydrocarbon Distributions

3. Saturated Biomarker Ratios

Report LQ4496
Arndel Limited

Petrolewn Semees



I,

1
I
1
1
1
1
1
I
1
1
1
1
1
1
I
I
I
1
1
•

LIST OF FIGURES

1. Gas Chromatogram of Whole Oil

2. Gas Chromatogram ofSaturates Fraction

3. Bulk Composition ofSeep Oil sample

4. Genetic Affinity based on Isoprenoid/Alkane Ratios

s. GC-MS of Aromatic Fraction

6. Araucariacean Resin Biomarker Plot

7. Oil Source Affinity Based on Saturated Biomarker GC-MS Data

8. Sterane Maturity - Migration Plot

9. Sterane Distributions

Amdel Limited
Report LQ4496 Petroleum Services



••
I
I
I
I
I
I
I
I
I
I

•
I
I

•
I
I
I
I
I

•

LIST OF APPENDICES

1. Analytical Procedures

2. GC-MS ofBranched/Cyclic Alkanes

Report LQ4496
Amdel Limited

Petroleum Services



1. INTRODUCTION

4. GEOCHEMICAL INTERPRETATION OF SEEP SAMPLE

2. ANALYllCALPROCEDURES

oj _,1 4) q .~

tY~) L /;.. f-"" J

Amdel Limited
Petroleum Services

Analysis Table Figure

Bulk Composition and GC ofWhole 1 1-4
Oils and Saturates

GC-MS ofaromatic hydrocarbons 2 5-6

GC-MS of branched/cyclic 3 7-9
hydrocarbons Appendix 2

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

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.<O.I%).

Maturities indicated for this sample by saturated biomarker maturity parameters are
less precise than the aromatic derived biomarker ratios. These parameters (ie, C29

steranes and isosteranes - Biomarker Parameters 4 & 6, C27 diasteranes - Biomarker

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 YR,quj,·=0.85%.

Analytical data is presented in this report as follows:

The analytical procedures used in this study are provided in Appendix I.
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4.1 Maturity
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No significant amount ofbotryococcane was detected (m/z 183, Appendix 2).

The Lonnavale seep sample is aromatic-naphthenic in composition (Figure 2).
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4.2 Source Affinity
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Tricyclic terpane distributions (m/z 191, Appendix 2) show that CI9 - C31 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.

The ratios of l-methylphenanthrene/9-methylphenanthrene and 1,2,5­
trimethylnaphthalene/I,3,6-trimethylnaphthalene (Figure 7) has been used to
indicate source input from Araucariacean derived plant resins (trees from the Kauri
pine group) which were most prominent in Early to Middle Jurassic times. The low
relative abundance of I-methylphenanthrene and 1,2,5-trimethylnaphthalene

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 Tasmaniles alga deposited in an anoxic, probably nearshore, marine
environment.

Hopane signatures (m/z 191, Appendix 2) are unreliable due to the dominance of
tricyclic compounds. However the C29 norhopane is likely to be more abundant
than the C30 hopane suggesting a likely carbonate source. The presence of
significant amounts of diasteranes usually associated with clay-rich environments
though suggests otherwise.

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 C29 homologues of higher plant origin (Biomarker parameters I,
2 & 3, Table 3) suggesting some terrestrial input into the precursor organic matter.

The pristane/phytane ratio (Table I, Figures I & 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.

The isoprenoid/n-alkane ratios (Figure 4) is unreliable for assessment of matwity
due to pristane, phytane, n-C 17 and n-C 18 being affected by biodegradation and light
end loss.

Parameter 5, C27, C30 & Cn hopanes - Biomarker Parameter II, Table 2) all indicate
that the sample has a moderate matwity.
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5. CONCLUSIONS

4.3 Post Pooling Alteration and Migration

5.3 The sample appears to have been subjected to light biodegradation.
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implies that these resins were not significant components of the precW"sor organic
matter. However, this does not preclude the possibility that this oil was generated
from a soW"ce of lW"assic/Cretaceous age.

Figure 8 suggests that the sample is likely to have Wldergone a degree of migration
since generation from its soW"ce interval.

The abWldance 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 compoWlds.

5.2 Various aspects of the molecular composition of the sample indicates that the
precW"sor organic matter of the oil seep is likely to have been derived from a mixed
algal/terrestrial soW"ce containing abWldant Tasmanites alga deposited in an anoxic,
possibly nearshore, marine environment.

5.1 Aromatic maturity indicators for the Lonnavale oil seep indicate that it was
generated and expulsed from a moderately matW"e soW"ce interval (VR..,.,;rO.80%).
SatW"ated biomarker maturity indicators ratios support this level of maturity.

5.4 The extract is likely to have Wldergone some migration since generation from its
source interval.
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---------------------
TABLEt

Cll• BULK COMPOSmON AND ALKANE RATIOS, LONNAVALE SEEP

Composition (Of.) Alkane Ratios

EOM(%) n+iso Naph Arom NSO NplPr PrlPh Pr/n-C.7 Ph/n-CI8

20.32 4.1 36.5 26.2 9.7 - 0.44 0.36 0.64

EOM = extractable organic matter Np = norpristane
n+iso = nonnal + iso-alkanes Pr = pristane
Naph = naphthenes (branched and cyclic alkanes) Ph = phytane
Arom = aromatic hydrocarbons n-Cn = n-heptadecane
NSO = compounds containing nitrogen, n-C ls n-octadecane

sulphur and oxygen



KEY TO AROMATIC MATIJRITY INDICATORS

TABLE 2

AROMATICMATIfRITY DATA, LONNAVALESEEP

The methylphenanthrene distribution ratio (MPDF) and calculaled vitrinite reflectance VR.J, (I) is derived from
the following equation (after KvaIbeim er ai, 1987):

12-MP + 3-MPl
(2-MP + 3-MP + I-MP + 9-MP)

-0.166 + 2.242 MPDF

phenanthrene
I-methylphenanthrene
2-methylphenanthrene
3-methylphenanthrene
9-methylphenanthrene
1,5-dimethylnaphthalene
2,6-dimethylnaphthalene
2,7-dimethylnaphthalene

=

0.99 10gIO MPR + 0.94(VR; 0.5-1.7%)

2,6-DMN + 2,7-DMN
~ 1,5-DMN

0.46 DNR + 0.89 (for VR ~ 0.9-1.5%)

~

~

~ 0.7 MPI + 0.22 (for VR < 1.7%)

~

=

1.512-MP + 3-MPl
P + I-MP + 9-MP

~ 0.6 MPI + 0.4 (for VR < 1.35%)

-0.6 MPI + 2.3 (for VR > 1.35%)

2-MP
= I-MP

=
~

=

VR.J, (I)

VR.J, (e)

MPDF

MPI

VR.J,(a)

VR.J, (b)

MPR

VR.J, (c)

DNR

VR.J, (d)

Where P
I-MP
2-MP
3-MP
9-MP
1,5-DMN
2,6-DMN
2,7-DMN

VR CALC (%)

MPI MPR DNR Ml'DF A B C D E F

0.756 1.306 14.58 0.454 0.85 1.85 1.05 7.60 0.75 0.85

Peak areas measured from m1z 156 (dimethylnaphthalene), m1z 178 (phenanthrene) and m1z 192
(methylphenanthrene) mass fragmentograms of diaromatic and triaromatic hydrocarbon fraction isolated by thin
layer chromatography.

Recalibration of the methylphenanthrene inde.x using data from a suite of Australian coals has given rise to
another equation for calcnlated vitrinite reflectance (after Boreham ef ai, 1988):

Methylphenanthrene index (MPI), methylphenanthrene ratio (MPR), dimethylnaphthalene ratio (DNR) and
calcnlated vitrinite reflectance (VR.,u,) are derived from the following equations (after Radke and Welte, 1983;
Radke er ai, (1984):
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---------------------
TABLE 3

BIOMARKER PARAMETERS OF SOURCE, MATURITY, MIGRATION AND BIODEGRADATION, LONNAVALE SEEP

Steranes Terpanes Acyclic Alkanes

Parameter

I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

29:30:41 1.38 1.14 1.4\ 1.25 1.72 0.9\ - - - 6:37 - - 0.44 0:36 0.64

- = not determmed

KEY TO BIOMARKER PARAMETERS OF SOURCE MIGRATION AND BIODEGRADATION
Parameter Derivation* Specificity

I C,,:C,,:C,. Sa(H) 14a(H) 17a(H) 205 sleranes -S-ource
2 C,. Sa(H)14a(H)17a(H) 205 sleranelC" Sa(H)14a(H)17a(H) 205 sterane Source
3 C,. 13~(H)17a(H)20R diasteranelC" 13p(H)17a(H) 20R diasterane Source
4 C,. S'I(H) 14a(H) 17a(H) 205 sterane/C,. Sa(H) 14a(H) 17a(H) 20R slerane Maturity, Biodegradation
S C" 1.1/\(H)17a(H) 205 diasleranelC" 13~(H)17a(H) 20R diasterane Maturity
(, C,. S'I(H) 14[\(H) 17P(H) 20R sterane/C,. Sa(H) 14a(H)l7a(H) 20R sterane Maturity, Migration
7 C" I.1p(ll)l7a(H) 20R+20S diasleraneslC,. Sa(H) steranes Migration, Source

S lSa(H)-30-norneohopane (C,.Ts)/C,. 17a(H) hopane + C,.Ts Matunty, Source
9 17a(H) diahopanelISa(H)-30-nomeohopane (C,o·IC,.TS) Source, Malurity

III C" 18a(ll)-22,29,30-trisnorhopane (Ts)/C" 17a(H)-22,29,30-trisnorhopane (Tm)+ Ts Maturity, Source
II T,1C'0 17a(H)21 P(H) hopane Malurily
12 C" 17a(H)21 P(H) 225 homohopane/C" 17a(H)21 P(H) 22R homohopane Maturity
13 C'0 171\(H)2Ia(H) morelane/C,o 17a(H)21 Il(H) hopane Maturity

14 pristane/phYlane -S-ource
IS pristane/n-heptadecane Source, Biodegradation, Maturity
16 phytanc/n-OCladecane Source, Biodegradation, Malurity

• Ratios calculated from peak areas as follows:

Parameters
Parameters
Parameters

1-7
8 - 13
14 - 16

mlz = 217,218,259 mass fragmentograms
mil = 191 mass fragmenlogram
capillary gas chromatogram of alkanes or whole oiUexlract

t-,~,

to)
C. :
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Figure I
Lonnavale Seep Sample

GC of Whole Oil
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Figure 2
Lonnavale Seep Sample
GC of Saturate Fraction



~ 0..... 'f--------,---f-----,-------Y

BULK COMPOSITION
LONNAVALE SEEP

100

NAPHTHENES
75

Ncphthenic

50

Aromotic­
Intermediate

FlGURE 3

AROM+NSO+ASPH

25

Paraffinic

o
PARAFFINS

.'
•••••••••••••••••••
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I·
I
I
I
I
I
I
I

2.8

2.4
w
z«u
~ 2.0
«
~

0....
W
I 1.6
I
c

"'"'-w
~ 1.2
~
Ul

0:::
0.... 0.8

0.4

0.0
0.0

FIGURE 4

LONNAVALE SEEP
GENETIC AFFINITY AND MATURITY

HIGHER PLANT SOURCE

ALGAL/BACTERIAL SOURCE

•

0.2 0.4 0.6 0.8 1.0
PHYTANE/n-OCTADECANE

1.2



- - - - - - - - - -FlliufmP - - - - - - - - -
C:\HPCHEM\1\DATA\UOFA\4496AROM.D
WYTHE
12 Jan 96 11:16 am using AcqMethod 60MAROM

AMDEL-597
LONAVALE SEEP

File
Operator
Acquired
Instrument
Sample Name:
Misc Info
Vial Number: 1

un ance

40000 P-Phenanthrene

3-,2-,9-,I-methylphenanthrene

43.00

43.00

42.00

42.0040.00 41.00
to 192.90): 449

39.00 40.00 41.00
(205 . 90 to 201>."90): 44 96ARO...-.....----:...,--------------1

I, T

1,7-dimethylphenanlhrene

3

38.00
Ion 206.20

37.00

37.00

36.00

36.00

20000

10000

20000

ime-->
-undance

ime-->
-undance

50000

ime--> 36.00 37.00 38.00 39.00 40.00 41. 00 42.00 43.00



--------- ------­FIGURE 5b - - - - -
C:\HPCHEM\1\DATA\UOFA\4496AROM.D
WYTHE
12 Jan 96 11:16 am using AcqMethod 60MAROM

AMDEL-597
LONAVALE SEEP

File
Operator
Acquired
Instrument
Sample Name:
Misc Info :
Vial Number: 1

40000 Dimethylnaphthalenes

20000

ime- -:>24.00
un ance

6000 _

4000

25:00

,,r
\A II

Trimethylnaphthalenes

29.1
00'

',I,£'

I,i,'
of- Ijl~ l

l.l, l.

30.
1
00 31.

1
00

I

2000

ime- -:>24.00 25.00 26.00 27.00 28.00 29.00 30.00 31. 00



3 c, 1 ,) 3 ~.
~y, 1-'41" 0

FIGURE 6

AROMATIC BIOMARKERS
LONNAVALE SEEP

-0.8 -0.4 0.0 0.4 0.8

Log (1,2,5-TMN/ 1,3,6-TMN)
-1.2

-

-

- JURASSIC/CRETACEOUS

-
•

PER"'AN/TR'ASS'C

-

-

I I '. I

0.8

0.6

,..... 0.'
D-
:::::;
I 0.2Ol

"-0-
:::::;

0.0I
~

0' -0.2
0
-'

-0.4

-0.6

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

•



-
;,'
x
0

-

ALGAL LAND PLANT

u
X
0z
<
•

I I I I I I I

I
1
1
1
1
1
1

8

1
I. 6

<IJ
C
0
~

1
>.

.r:.
0...
'-.... 4

<IJ

1
c
0
~

(Jl

·C
0... 2

1
1 0

1
1
1
1
1
1
1
I

o 2 4

FIGURE 7

LONNAVALE SEEP
OIL SOURCE AFFINITY

6 8 10

C29/C27 Diasterane
12 14 16



••••
••
••••••
I

••••••
I

•
I

3 "1° 0 "')'I) . Iv V J

FlGURE 8

C29 STERANE MATURITY - MIGRATION PLOT
LONNAVALE SEEP

1.4 - •
-

".12-

0:::
W
t:i 10 -
:::;: - ".« 0

0 Migration
0:::

~ot::-« 0.8 -
0... ,0

"
0:::

..0

;:
W ,0

~ 0.6 - ,
o·0::: J« •::::; "0"o 0.4 _ ...

III

02 -

0.0 , I I
0.0 0.5 1.0 15 2.0 2.5

BIOMARKER PARAMETER 6



FIGURE 9

28

100 2975

,,,,,,,

50

~ ,._------------ ~,,
,,,

25

STERANE DISTRIBUTIONS
LONNAVALE SEEP

, ,, ,
is> " 0'~J ~~______________ L)

" ,, , " ." , , ,
" ''I. ,

\ I \ ,

" " ,\ I \ I

\ I " ,
" I \ ,
'I.' 'I.'
'I., \ I

\/ .\,' ~. ~~ ~~ Lr
\ ''I. ''I. ,

" I \ I \ ,
'\ , \ , \ I

" I \ , \ I
\ I I \ I

\ I \ I \ ,
" , \ I \ I

\ , \ , '\ ,
\ I \ , \ I

\ I " \,
'\ I '" \ I

\ , \ , " ,
\,' \.' \,' 0

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

~

I
I &.....

I 27 0

I
I
I
I
I



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

APPENDIX 1

ANALYTICAL PROCEDURES



Isolation of Residual Oil

Gas Chromatography

Relative concentrations of individual
hydrocarbons were obtained by
measurement ofpeak areas with a Perkin­
Elmer LCI 100 integrator. The areas of
peaks responding to aromatic
hydrocarbons were multiplied by
appropriate response factors

25 m x 0.3 mm fused silica, SGE
QC3IBPI

Perkin Elmer 8500 operated in the split
injection mode

40°C for I minute, then 8° per minute to
300°C and held isothermal at 300°C until
all peaks eluted

Detector Temperature:

Gas Chromatograph:

Column Temperatw'e:

Column:

Quantification:

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).

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 C12+ fraction).

Liquid Chromatography

\Vhole oils and saturated hydrocarbons (alkanes) were examined by gas
chromatography using the following instrumental parameters:

1.

2.

3.
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Thin Layer Chromatography (fLC)

Gas Chromatography-Mass Spectrometry (GC-MS)

GC-MS analysis of the aromatic and naphthenic hydrocarbons was tmdertaken in the
selected ion detection (SID) mode. The instrument and its operating parameters were
as follows:

HP 5890 Series II Plus GC coupled to HP
5972 MSD

Helium at a linear velocity of
30cm/minute

70 eVEl; 9-ion selected ion monitoring,
70 rnillisec dwell time for each ion

50°C for 2 minutes then 50-290°C @
7°/minute

60m x 0.25 mm i.d., DB-l cross-linked
methylsilicone phase fused silica,
interfaced directly to source of mass
spectrometer

Splitless 2!JLInjector:

Carrier Gas:

Column:

Mass Spectrometer
Conditions:

Column Temperature:

System:

Aromatic hydrocarbons were isolated from the extracted oil by preparative TLC
using Merck GF2S4 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, visualised tmder UV
light, were scraped from the plate and the aromatic hydrocarbons redissolved in
dichloromethane.

5.

4.
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The following mass fragmentograms were recorded:

The following mass fragmentograms were recorded:

GC-MS analysis of the naphthenes was undertaken in the multiple ion detection
(MID) mode. Instrumental conditions are given below.

Compound Type

dimethylnaphthalenes
trimethylnaphthalenes
phenanthrene
methylphenanthrene
dimethylphenanthrenes

Compound Type

alkylcyelohexanes
drimanes, diterpanes
demethylated triterpanes
acyclic alkanes (inel isoprenoids.
botryococcanes)
triterpanes (inel hopanes, moretanes)
methyltriterpanes
steranes
steranes
4-methylsteranes
diasteranes

rnlz

156
170
178
192
206

83
123
177
183

rnlz

191
205
217
218
231
259

The di- and triaromatic hydrocarbons isolated from the extracted oil by thin layer
chromatography were analysed by GC-MS.

Naphthenes (branched/cyclic alkanes) were isolated from the oil by molecular sieve
separation of the saturates fraction.

The area of the phenanthrene peak was multiplied by a response factor of 0.667 when
calculating the methylphenanthrene index (MPI).
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GC-MS OF BRANCHED/CYCLIC ALKANES



---------------------
6:57 pm using AcqMethod 60MAMDEL

C:\HPCHEM\1\DATA\UOFA\4496NB.D
WYTHE
11 Jan 96

AMDEL-597
Lonavale Seep

File
Operator
Acquired
Instrument
Sample Name:
Misc Info
Vial Number: 1

lihdanee ------ ----- lo~T~oT216.90t()2T'7-:-~ln: 4496NJD:j-----------------,

260000

240000

220000
o

Z?~

D • DIASTERANES
IS - ISOSTERANES
S - STERANES

200000

180000

160000

o
z:1fl. ,

'2'(
n

140000

120000

S
2~1

80000

60000

100000

ime- -,5).00 54.00 55.00 56.00 57.00 58.00 59.00 60.00 61.00 62.00_________________ _ ___=_::.. -=-=..:....::...:~____=:..::...:...~ ___l



---------------------
6:57 pm using AcqMethod 60MAMDEL

C:\HPCHEM\1\DATA\UOFA\4496NB.D
WYTHE
11 Jan 96

AMDEL-597
Lonavale Seep

File
Operator
Acquired
Instrument
Sample Name:
Misc Info
Vial Number: 1

200000

100000

62.0061. 0056.00 57.00 58.00 59.00 60.00
Ion 218. 20 (217. 90 to 218. 90): 449600-.'1"\----------------1

55.0054.00ime--,o3.00
·unClaln:e

ISOSTERANES

100000

50000 _

ime- -,03.00
·undance

54.00 55.00 56.00 57.00 59.00 60.00 61.00 62.00

400000
DIASTERANES

62.0061.0060.005'9.100I f I I I I

58.00
I I i I I I

55.00

200000

,
ime- -,03.00



- - - - - - - - - - - - - - - - - -. - _. -
6:57 pm using AcqMethod 60MAMDEL

C:\HPCHEM\1\DATA\UOFA\4496NB.D
WYTHE
11 Jan 96

AMDEL-597
Lonavale Seep

File
operator
Acquired
Instrument
Sample Name:
Misc Info
Vial Number: 1

200000

100000 _

ime--> 54.00 56.00 58.00 60.00 62,00 64.00 66.00
undan;rc'Ce.-------------=--=-=--=-:.----I...o;n~2~3:,::1;.-.,.2"-0"-"'(2"-3"-:D.90 to 231. 91iT7----.-ns""'''''',.,:....:..:....:..:....-----:...-=-..:.--=....::---------.j

METHYLSTERANES

400000

200000

l_~_'m_e_-_-_> 5_4_,_0_0 5_6_.0_0~ -=-5-=-8-=-._0-=-0 --=6-=0-=.-=0-=0 ---=6:.:2:..:.~0:..:0=_ 6~4::..:..:.0::0:'- ~6~6-.:..~0~0 --+~"



---------------------
6:57 pm using AcqMethod 60MAMDEL

C:\HPCHEM\1\DATA\UOFA\4496NB.D
WYTHE
11 Jan 96

AMDEL-597
Lonavale Seep

File
Operator
Acquired
Instrument
Sample Name:
Misc Info
Vial Number: 1

4000000 1"
21

---·T-,----~I..-:oO::n:---;1"9'"1'.~2."O..----(,.191"'. ,..,..---.=-;:;--',..-".,-,""'r:----.-:"".......,----,.,-----------------,

U

r
ZIt

3500000
T - TRICYCLIC TERPANES

3000000

2500000
1
2( r2«

2000000
f
20

r
z'f

1500000

1000000

f
10 -r

11

o __---,,~~ ---=-T.~:::r---.-----~c:I::-::r--.---.---~--c---r--.-----.-----,-.----.~-.---.---;-=:~~::::;::::;::;:::::;=;::=;==:::;=T==r==r==r= 1,,"-
45.'00' 50.'00' 55.'00' • 60.1

00' 65.'00' 70.'00' 75 .'00' ~).__________ ....:.... ---.J >':_"ime-->

500000 _



---------------------
6:57 pm using AcqMethod 60MAMDEL

C:\HPCHEM\1\DATA\UOFA\4496NB.D
WYTHE
11 Jan 96

AMDEL-597
Lonavale Seep

File
Operator
Acquired
Instrument
Sample Name:
Misc Info
Vial Number: 1

Ion 191.20 (190.9

T - TRICYCLIC TERPANES

H - HOPANES

o _ , ,
ime--068.00

I I I Ii' i I Iii I Iii , i I I • I I I I I

60.00 62.00 64.00 66.00 68.00
, , I ' ,
70.00

I I Iii i I I i I I I I I I I I I i I

72.00 74.00 76.00 78.00
I I I i I

80.00
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6:57 pm using AcqMethod 60MAMDEL

C:\HPCHEM\1\DATA\UOFA\4496NB.D
WYTHE
11 Jan 96

AMDEL-597
Lonavale Seep

File
Operator
Acquired
Instrument
Sample Name:
Misc Info
Vial Number: 1

1000000

74.0072.0062.00 64.00 66.00 68.00 70.00
Ion 163.20 (162~0 to 16:r:-911l: 4496NB'.,.,------------------1

60.00

200000

ime--::68.00 60.00 62.00 64.00 66.00 68.00 70.00
undance.,--------------..,I.-:oO":n;-,-l7'1 . 20 (1 7~ 0 to 1 77 . 90): 44 96NB .

72 .00 74.00

200000

74.0072.0062.00 64.00 66.00 68.00 70.00
Ion 205. 20 (204. 90 to 20S-:-91ll: 4496NB---:l):---------------i

60.00ime- -::68.00

'f~~8e

b~~~~;:::;=r::;=::;::=;=;:=:::r=;==r==;==;=r=r==r=~.,............._r__r_r__r_r____r_,....___r______.. .!.9073 f -~~J
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6:57 pm using AcqMethod 60MAMDEL

C:\HPCHEM\1\DATA\UOFA\4496NB.D
WYTHE
11 Jan 96

AMDEL-597
Lonavale Seep

File
Operator
Acquired
Instrument
Sample Name:
Misc Info :
Vial Number: 1

3000000

2000000

1000000

ime-->
-tlnaance

55.00 60.00 65.00 70.00
Ion 163.20 (162.90 to 163.90): 449bNB-.n---------------------------~

1000000

500000

ime-->
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6:57 pm using AcqMethod 60MAMDEL

C:\HPCHEM\1\DATA\UOFA\4496NB.D
WYTHE
11 Jan 96

AMDEL-597
Lonavale Seep

File
operator
Acquired
Instrument
Sample Name:
Misc Info
Vial Number: 1

1000000 D - DRIMANES

500000

ime- -:22.00
unaance

24.00 26.00 28.00 30.00 32.00 34.00 36.00
Ion 193.20 (192.90 to 193.90): 4496NS-.~--------------------------~

REARRANGED DRIMANES

50000

ime--:22.00
"unaan"e-e

24.00 26.00 28.00 30.00 32.00 34.00 36.00
Ion 165. 20 (164. 90 to 16"5. 90): 4496NtiI.-,.,---------------------.:~------1

100000

ime--:22.00 24.00 26.00 28.00 30.00 32.100' 34.100' 36.100'------- --.:.:..::....:...:~_~~_=_____~:...:..:::.::~_ ___==___:.:...:..:.__~~_____.__J
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6:57 pm using AcqMethod 60MAMDEL

C:\HPCHEM\1.\DATA\UOFA\4496NB.D
WYTHE
1.1. Jan 96

AMDEL-597
Lonavale Seep

File
Operator
Acquired
Instrument
Sample Name:
Misc Info
Vial Number: 1.

3000000 IS • NORLABDANES

2000000

1000000

19 • NORLABDANES

1500000

1000000

500000

ime--> 37.00 38.00 39.00 40.00 41. 00 42.00 43.00 44.00 45.00 46.00 47.00
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6:57 pm using AcqMethod 60MAMDEL

C:\HPCHEM\1\DATA\UOFA\4496NB.D
WYTHE
11 Jan 96

AMDEL-597
Lonavale Seep

File
Operator
Acquired
Instrument
Sample Name:
Misc Info
Vial Number: 1

undance Ion 82.10 (81.aO to 82.80): 4496N .

800000 ALKYLCYCLOHEXANES

600000

400000

200000

ime- -:>1.0.00 20.00
·UIilli,-jfce ------

150000

30.00 40.00 50.00 60.00 70.00
Ion 183. 20 (182~ 0 to 1 a3--:-91)): 4496NB--:L5,----------------------I

ISOPRENOIDS

100000

50000

ime - _:>1. 0 .0-0r-- .,~.-----20 .1 00 r,~--t---'-3-0"".....o-o~"';'.-'--' ·~4-0--'.'-O~O ~,- ·'-"··~~5~o .1 00 r ~-'----'6-O:0--0'--'~r-~::;:::.,=O::;.I;::O=O::;:'=;==r===r=
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APPENDIX 10

STRATIGRAPHIC LOGS OF SHITTIM#l AND JERICHO#l

BY TRENT.JWOODS

DECEMBER 1995
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