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RO::,N':' DARK
Ti'tsrrl21~ia 7018

GordO~5 Hill Road
RCSh~Y Pia,J~K

::'1"', roJ2r 30 E333
Fax (002)':;42117

- -- \I "--' '--'
Departl11ent of Resources & Energy
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13 May, 1992

1 4 MAY 1992
The Manager,
Conga Oi 1 Pty Ltd,
84 Wells Parade,
BLACKMANS BAY 7052

Dear Sir,

TCR Report 92-3353 EL 1/88
Missing Information

Reference is made to the above closed file report titled "Annual Report
for EL 1/88".

The following information was missing:

Appendices 3 &4

It would be appreciated if this data could be supplied as soon as
possible. If you have any enquiries or require additional information
please contact me on (002) 30 8362.

Yours faithfully,

'-,.

({;
J.G. Oakes
EXECUTIVE OFFICER

o G- 4'2.;00

I
I

f
I



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

087003

INTRODUC1'ION :

DURING THE PERIOD, MAY 1991 - JUNE, 1992, CONGA OIL PTY LTD

HAS CONTRIVED TO GATHER FURTHER IMPORTANT DATA AND COMPILE

IT TO PROVE THE EXISTANCE OF ONSHORE OIL AND GAS RESERVIORS

IN TASMANIA.

PROBLEMS WITH SEISMIC DEFINITION, WORKED ON BY SHELL

AUSTRALIA DURING THE PERIOD, REMAIN TO BE FULLY RESOLVED,

HOWEVER, PROGRESS HAS BEEN MADE AND IT IS POSSIBLE NOW TO

PREDICT THE SEI&~IC PROBLEM WILL BE SOLVED.

APPENDIX 1 OUTLINES THE SIGNIFICANT BREAKTHROUGH IN THE

PERMIAN ROCKS PREVIOUSLY THOUGHT TO BE UNPROSPECTIVE.

THOSE RESULTS ARE COMPILED BY GERRY CARNE (QUESTA) IN

APPENDIX 2 WHERE HE PULLS TOGETHER ALL RESULTS AND

IMPLICATIONS OF WORK TO DATE. DR. CARNE HAS RECOMMENDED

FURTHER TESTING BEFORE ANY WILDCAT WELLS ARE CONSIDERED AND

THE COST OF THAT TESTING WILL HAVE TO BE RAISED BY A PUBLIC

COIl1PANY FLOAT TO ENSURE THE CONTINUED VIABILITY OF THE

PROJBCT THROUGH THE TOUGH ECONOMIC CONDITIONS NOW FACING

AUSTRALIA.

ALTHOUGH NOT COMPLETING THE TWO HOLES BY JUNE, 1992, CONGA

OIL HAS SPENT OVER DOUBLE THE ORIGINAL $300,000 EXPENDITURE

COMMITMENT IN THE LICENCE PERIOD AND OVER $1.1 MILLION

SINCE, 1988, WHEN 1/88 WAS APPLIED FOR.
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THE RAISING OF PUBLIC FUNDS FOR EXPLORATION WITHIN THE

PROPOSED FIVE YEAR LICENCE, WHICH WILL COVER 70% OF THE

AREA NOW HELD BETWEEN EL 1/88 AND EL 17/90, SHOULD ENSURE

THE FOUNDATION OF A VIABLE OIL AND GAS INDUSTRY FOR

ONSHORE TAS~UlliIA.
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CONGA OIL PTV LTD

PERMIAN PETROLEUM POTENTIAL - ONSHORE TASMANIA

AND 1992 DRILLING PROPOSALS

Six monthly ~eport December 1991 10 Dept of Resou~ces and

Ene~gy.



INDEX

-Preolenna 51 & 62

087006

r'A ~ ,....,.-,.=.1. C:.! ,='.L-Tasmanites

-0uamby mudstone (Tasrnanites)
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-modern geothermal gradients
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-Vitrinite r"eflectance

-Thermal alter"ation index

OIL SOURCE ROCKS

?BSTR,t;CT

6 OIL RESERVOIR ROCKS

4 COMMENTS ON OIL SOURCE ROCK TYPES

3 GEOTHERMAL HISTORY

2 REGIONAL GEOLOGY

1 INTRODUCTION

PERMIAN PETROLEUM POTENTIAL - ONSHORE TASMANIA
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i-Tasmania basin plan
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4-Ctiart of organic matu~ation ~ange

087007



3 - 8.H.P drillirl9 ~esults 1981

087008

Coeper" E".3.sln.- ....... ..,.. -, .... "
::. '-l;;; 111·=-.; !

r·e"=·ij 1 t s

r' e";:, U I -::::
_ .. _ 1
~',!.::, I

f - Wilkinson ,W.M 1953

B - Summons ,T. 1981

5 - Domack ,E.W. T.O.C Douglas river'

6 - E.W.Dom2c~~ 1991

4 - Domack ,E.W. Stratigraphic sections

2 B.M.R results 1985(r'oc~~ eval)

I~,-r'ock

7-Cooper basirl plan

5-r-cck

?,F'FENDI\

Ele,LID(;RAPH'-(

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



porosities as the Cooper Basin Exist and similarities to
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All Gil S G U r- C 2 r· 0 C k S L,! i *hili 1:. he T2. :::. IT! 2.!i i 2, E~;.·; i n

are wit~!in t~le oil window and eve~y roc~( evaluation on

a;I'JcOITiPleted confir"ms gener-atedr"Dck"::- ::-[1 f.?-.,"-;our"ce

possibility of majo~ oil finds in Tasmania within ttl2

previously overlooked Per"ITlian age rocks.

the Spraberry oil field ~est Texas irldicate ttl2

""" !-..-.\.11'=

in place hydrocarbons. Reservoir rocks of the same
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the r·ocks contained within it a~e known as the Par·meener·

The Tasmania basin is of PermQ-T~iassic age and

087010

L •
i..!2.51 nPer-mi2n"'tf\e

location is described by the yellow colouring in diag~am

1. The dist~ibutio~ of the uppe~ and lower units of the

supergr·DUp. It covers almost half of the state,its

sites for oil in the older ~ocks.

Tasmarlian Basin Permian sequence a~e displayed in

will also provide valuable guides fo~ the optimum drill

di2g~amS 2 & 3. Although many seeps had been r·epo~ted In

the basin and display a distributiofl implying they are

related to structuring r!o mature source rocks of Permian

basin confirms 2 Cr-etaceous heating event[ 100 million

concept. The~mal maturation trends in

t~ack data ( Hills pers camm ) therefo~e fur·th2~

SU~'PGrting the validity of the Or'dovician oil play

years agoJ as GGes recent zi~con and apatite fissiofl

pr-eviously ove~loDked YDunger- Permian f'ocks wtlic~1

uGconfof"ITlably overlie the LDwe~ Paleozoic rocks have

generated and reservoi~ed oil 2nd 9as. Ttle f'esults of

wOf·k completed on the Permian rocks withirl the Tasmania

evidence gathered by COflga oil ~lowever, P~OV2S tti2t the

AND 1992 DRILLING PROPOSAL

bor'con limestone [ Ordovician car'bor~ates and shalEs] has

1 INTRODUCTION

PERMIAN PETROLEUM POTENTIAL- ONSHORE TASMANIA
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reservoir's fram the TaSffianites source in the middle to

same flow r"ates f~om the Tasmanian sandstones.

Seven bor·e holes within the Tasmanian Basin

between the Cooper Basin arid the Tasmania Basin ar"e the

087012

. . -10 acnlEve

Ross #2 ,Tunbridge

., .,ana gas lnlO loese

be employed

The major differe~ces

P~ob3bly have to

~~~uny island) , Styx River(Maydena)

pumping will

(Ross) , Johnstones well and Mirf2S Depar"trrtent holes

have recorded matu~e hYdrocar"bons (oil); in Gleaso~s bore

#2 cor"e bled live oil, tar spots were pr"esent in the

may have flow~ assisted by gas drives O~ over pressuring

depth of reservio~5 although the shallower Tasmania basin

and the [!ouslas River ~lo12s. The Douglas River and Ross

Effective por"osities of B to 18% (Sharples 1990) of

porosity of the sandstone reservoirs in the Coo~ler· basin

It is obvious that the shale itself 21ttlough up

Ross #2 , upon cutting (E.W.Domack pers com) and the

~ due to the r"apid denudation In the late Cretaceous,

ranges from 5 to 12% co~~esponding to production rates of

upper oil window would have generally filled them to

100 to 600 barrels per day

comparisons to the Cooper basin flows can be made~The

spill (Mulreadv per's COITi) and ttlerefore direct

reservoir rocks. Migration of oil

the oV2~lying sandstones (the Liffy ~Risdon and Triassic

~:roduced at ove~ 10% gener"ation fr"om the shale.

) are ttierefore important as they repr"esent possible

interstitial oil 25 recover"ed fr"om the oil st~21e at

to ~v~ porosity in places (Leanlan per·; com) and 8.7%

Latrobe (r"ef IJ ~ could ~ot ~~Qld the volUITi2 of oil and gas
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DIAGRAM 2-Permian system distribution lower
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1111 Sdisplaysbur·i·s.l 3.nd cr"ust.::d

per' cubic metre. From distillation results (ref 1) the

087016

gallons per cubic metre oil and 2700 cubic feet of gas

oil (Ref 2) and the upper limit p~DduciDg up to 100

lowe~ oil window pr'OQUClng 10-20 gallons pep cutlic metr·s

heating ra~ge in the Tasmariian basin is indicated! tfie

~2tios of oil to gas at different tempe~atu~es. The

shale p~odu~es 3.8 gallons pe~ cubic metre of oil per %

Total O~ganic Carbon [ T.O.C J. In the [louglas River

total potential generating capacity of 114 gallofls per

it tlas generated les5 than this.

Recent ~esults (Refs 1~2,3,4,5,6,7) have p~DV2a

cubic metre, as it is only in the lower middle oil window

r'ange of petroleum generation outlining the diffe~ent

have r-eceived wtlictl in tur'[i is a function of depth of

dry gas in proportion to tti2 degr'ee of heating that they

the source r'ocks in t~ie basin have ger~er'ated oil 2~d wet!

t~om .7 vit~irlite ~eflect2nce [ lower oil window J at the

oil window J at tti2 centre of the basin. This means that

edgE of the basin to 1.35 vitrinite reflectance [ UF'per

that the TasIT:ania Basin is in ttie oil window5 grading

di:::·till2-.tion (Ref "1) but no ii3.tui"31 geil2r".3.tion of oil

recovering 243~i14 gallons of oil by artificial

TaSffianit25 oil Sh212~ had beerl mined fr'om 1910 to l~~L

arid gas. A world class source rOcK ,ttl2 LQwe~ Perrr:ian

tao shallow and t~1er2for'e too cold to tt2Ve pr"oduced oil
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.70

1 .35

1 .35
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for the f·ocks. This usually

used to givE vitrinite- - - ... -I_-='.i' L; I::

- TlJnbr- i dge

-!~old e n v·:;.. 1 1 Eo.,:

-DolJgl2-.s ;'1 ",,-'eI'

-F:oss#2

-PO.3.t in,;.

Vitrinite reflectance data fr-oITI ar'our~d ttlE

Permian ~ 0~j2mby For'm2tio~ ['oeks have been

inc~easir~g tempepature spores irrevocably alter colour.

Each colour indicates a temperatu~e range from 1 to 5

This lnaex is based UPQ~ the fact that with

3.3 - Thermal 2lte~2tion inde>: (I.A.I)

seem to have been heated more than the lower coals this

anomaly may be due to the Jurassic dolerite intrusions.

af!omaly with this data appears to be that the upper cQals

state indicates a r'ange of results from .7 to 1.35 , an

3~2 -Vitrinite reflectance

but the values must be treated with some cautiorla

analysed and have ~2tur'ned the following r'esults:-

maturation to which the sou~ce reck ~las been SIJbjected,

r'eflectance equivalent

R2d~~e et 21 (1983) and

gives a reasonable iridication of t~ie degr-ee of ttiermal

il
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-Modern geothermal gradients"""7 "?
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Golden valley

T!Jlibr"idS2

Dou=;lES r"lVET

(~r·e.3.t mer-sy bend oi 1 ·=.h.~.l e

087020

St /;.: r-l'·/fr-

Mersy ~iv2r(h2adwaters)

CU2ITib 1' br"ook

~esults indicate all samples are wittiin the oil wiridow.

Lac.at iOil

based upon the T.A.! values for" the 0U2IT:by Mudstone

Br"onte

withiri t~ie Tasmania tl2sin is listed below in table 3. The

will be destroyed. The range of iridicated maXiITiUm tieating

will riot be gener"ated Q~ any WarITier and geri2rated oil

temper"atures for the gener"ation wi~dow any colder and oil
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r-e=.ul ts of

7=~ - 'i 00

T3. "=. IT! '?" ri i 3.\ D. L...'.

B.P.8.Logge~s ) giving a

Summons~19B1)~The down holer· I
'0.-" I

P~esent geother'mal gradients orlshore Tasmania

history it pr'oduces oil and wet/dry gas, In propo~tiGn

abundance. All three types of kerogen occur in Tasmania

Kerogen ~~ organic matte~ which occurs In thr'ee

to the temperature and o~igirlal keroge~ type and

maIn forms, when it 15 subjected to the right geothermal

bor'e hole 30 C ! f(m both were logged by the B.M.R .. Shell

logged the Douglas ~iver hole

087021
Units of W ! M2 are used to measure sur·face ~ie2t

result of 30 C / Km.

the Tunb~idge bo~e hole indicate 41 C j Km arId Coles bay

2.r·e 30-40

(h)~~u-i'rle~IT'~l ,qr'~~~~rl'l~,_ • - - • • 1_- , _ __ ..... ~ _ _

Rosebery ( Camb~ian schist

Central plateau ( Dolerite

Glerio~chy ( Parmeener Super gr-oup - C vole

uliits of

Story; c~2ek ( Mathinna gr'ouP sediments

reported 0 values ,in roW 1M2 ~for Tasmania as fol1ows:-

to 2Ppr"OXlffiately twice the wor·ld aver'age of 60 mW

flow (0) ~hlS is ~elated to ttler"ffial cond!Jctivity (\,in
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Diagrams 5 & 6 show Rock Evaluation f'esults for'

oil shale) and 84cp9 (Hellyer" gorge), displaying

excellent SOIJ~C2 rock ctlaracteristics including 65 - 1(iO%

Exinite. The results reveal the Tasmanites is Type 1 oil

pror:2 kef'ogen with hydrogen indices in the range IOU to

950 and T max values of 442 C arid 449 C. Because of the

tiigh concerltr"ations of carbon and hydr"oQen naturally

Qccur'~ing in the ~ock the productionof hydr'ocarbons can

occur at low vitrinite reflectance values. The

8.M.R.(1991) have deter'mirled that ttl2 ger~er'atiorl of

hydrocarbons can occur at .4 vitrinits reflectance

implyirig the gerler-ation of hydrocarbons starting at depth

burials of Just over 1 Km. T~le Santa Ba~br'a oil field in

California has simila~ diatomaceous kerogen in Miocene

~ocks and has oil pr"oduction at similar low vitrinite

r'eflectance values (Domack.E.W pe~s com).

4~2 -Preolenna coal type 2 & 3 kerogen

Fr'Offi diagrams 5 & 6 it is clear ttlat this

source is types 2 G ~ t~erogen based upon the low hydrogen

indices and T max values confirming it is an oil prone

terrest~ial kerogen. This source 15 similar to other non

IT[arine (fresh water) oils found elsewhere irl Australia

for 2xample,the Cooper basin. Diagram 6 plots the maceral

composition of the coals showing 39% to BB% i~ertinite

confirming their source rock potential.



20\ of the total oil r"eco'·/Ef".3ble tr"om the ~;:er·D'~2n is

measur"ement is the focus of t~iis chapter.

either generated a~d ifI place or ITligrated intD ttlE

present in the Tasmariites band at the Great Me~S2Y bend

UP to 200 C. The S 2 measurement is thus hydrocarbons

gallons pe~ cubic metre) of interstitial hydrDc3~bons

results from Rodger Summons (B.M.R. pe~s com). These show

The poteritial oil gener·at]r~g capacity of the

087025

deter"mined by Powell.T.198S ( 2F'pendix 2 ) and

James.C.E.1932 ar-e listed in table 4 along with ~ecent

ro. r .._!.·
I i..' '_ T",

51 results of 15 Kg per tonri2 or 16 litres per tonne (8

r"ock , IS taken as hydrocar-bons expelled by rapid heating

gener"ated from the sou~ce kerogen then recove~ed from 200

C to 4BO C. 81 and S2 results for Tasmanites oil sha'le

to rep~eserit hydrocarbo~s present inter"sticially In the

recove~ed at under 200 C, implying it to be already

generated intepstitial oil.

The standard rock eval S 1 measurement IS taKen

5GUr"ce r·ock ker"o92fl types is covered Ifi ct~2pter 4 ~the

~ OIL SOURCE ROCKS

actual oil generated by that t::erosen by empi~ical
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21.72

14.00

12.CO

1tr's Dil per-r··-,
.=...::.

....! _ .L _

!j G. t .::;1

..'! '-'".'

0.09

o ~ 5/=.

Ji). 00 ~; . 30

25.65 15.02 236.80

17.00 6.2B 147.53

:-. ~ 1 ,.. !-. _. 1 ...,
'-'.i.' ::.;;~ 1 '=

Douglas ~ive~ )*

Ross bor-e #2

Tunb~idge bo~e #2

JaR~es.C.E,(1932) calculates that after

* calculated from E.O.M on IATRA C.S.I.RaO

per" tonne oi 1. This calcU13.tion vhen 2,ppl ied tD the

production from the ker'ogen per 1 percent is 1.5 gallons

[Oleary .T 1991.J

FCiCh TYFE

deduction of 6% of the dry weight of the shale from the

Kerogen percentage, the shale p~oduces approximately 1.9

the Tasmanites (24 to 33%) a quicJ~ calculation for oil

TaSffianites horizon at the Douglas River hole means, at

gallons per ton per percent kerogen. At normal T.O.Cs for

Pr'eolenna coal measures

( Sf"eat mer'sey bend

TABLE 4 Rock eval

( Relapse cr'eek )
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thetemper"atlJr-e ine12\'.3.ted..! - - -'J U t: ,::.

Porosities of up to 30% (Le2ma~ pers comm) nave

~eco~ded in this horizofl. Domack

both sour'ces a~e within the oil window. Mac Forster who

rocks that have been f~actu~ed on a basin wide scale due

ComparIsons can be made between the Spraberry fo~rrlation

types. He reported them to be identical In hand speciITlum

087028

cOITirni~.·=.ioned the r·epor·t by S!jmmDn~., (198"1) .;.1:::.0 tr·.s.\/el1ed

and fr'2cturing characte~istics.

to Texas to ~eview the similarities of the tWO ~ock

observed in numerous outcrops, including Poatina and t~le

a possibility of fracture erlharlced P2~meability.

(Texas) and ttlE 0uamby formation as they ar·e similar

in the horizon as

the Douglas River hole suppor·is some later'al per"meability

in the rock ar!d because of flattening of the Tasmanites

Styx River and in B.H.Ps bore hole at StyX River suggest

Tasmanites hor'izon in the Tunbr'idge bore hole. Fractures

spores lher-e was lateral pe~meability. Gas flowir~g froRi

!-. r . .-. ,....
....' '= '= ; ;

concluded °ff·om thin section data tt:at there was po~osity

tar- Q::cur'rences at 8r'idg2w2te~ and South 8~UriY Island and
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6.2-Liffey Sandstori2 (Pr'eoler:na)

The Liff2/ Sarldstone 1S the fir'st S2nas~one

shale and most impor·tantly is associated with the

por"osity r"ange of this sandstone~ 25 measured by Andel

1931 was 10.66 - 11.99 pe~cent .At Preolenna a t2~

probably sGur'ced from an O~dovici2n stlale is pr"esent as a

fossil reser'voir ar~d indicates good permeability for the

6.3-Risdon sandstone

Although no po~o5ity data is availiable

students to smell the hydrocarbons pr'eserlt in the rocks

outcropping at Risdon~ a suburb of HOtl2f·t.

7 RESERVOIR POTENTIAL CALCULATIONS

Tei get the oil poteritial of the F'er"mi.a.n

Tasmania D2S1n in perspective it is useful to com~are

some effectivE po~o5ity arid maturity data to known

curr'ently p~Qducing oil fields. Two useful comparisons

are the Cooper basi~ ( S.Aust ) for production fr'orr:

sirriilar 50u~ces (freshwater coals) and sandstone

~eser'vGi~s with similar effective porosities arid the

Spraber'ry field (Texas) 2S it has source rocks with

similar physical characte~istics and has undergone the
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DIAGRAM 7-Cooper basin plan
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t 0 i rTi~' j' C' ..../ 2 C i 1

indicates tt~e ~'ctential of ttr2

f i·3.C t u r· e"::)

formation the 2ve~age per acre

Or·dovician rocks. It is pr'oposed to d~ill small diameter

to determine if the rocks have the potential to sou~ce

stratigr'aphic wells arid assess the sour-ce rock potential

infr2st~ucture and markets even small fields O~ flows may

be economic O'iul r-eady 19E,/). The thr'ee dr-i 11 1oed."!:. iOIiS

below have been suggested out of six possible locations

comme~cial oil fields. Because of the availability of

mature and implied sources related to both Permian a~d

Holes previously drilled have had shows of oil

8 PROPOSAL FOR PROSPECTIVITY ASSESMENT

one per 10 acres.

from the Spraberry formatiori is 5-10 percent of the oil

surrounding the well. Optimum well spacirig appears to be

of pr'oducing large qua~tities of oil and gas. In the

800 bar'rels per acre recovery~ total prlIT:ar'y recovery

po~osity aver'age of 8.4% ) Just 3 years after discover'y

was 2.744 million b3~~els in one month ( Ap~il 1953 )

0uamby formation to be a satisfactory reservoir capat;le

gener"2.11 y used.
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which was also recover-ed

If -thef [; r- 2. if? 1y "::. i s

In the Permian to the pros-Permian by t~le

John Volkman at the C.S.I.R.O using

Forsythe. Tasmanites was not identified in the hole until

[lepartrnent of Mines urlder the supervision of Steve

ttiir! sections cut f~orn the horizon. Some core was cut for

existence at a depth of 410 metres. Domac~~s student

analysis from near the Tasrnanit2s hD~i20D and arlalysed by

t:.3 Pos·::. #2 dr"i 11 hol e

bled oil upon cutting and that there was visible tar irt

IN 1985 the Ross #2 bore hole was drilled 480

[)offiack 1988 did T.O.C and thin section work proving l~S

The cost of the drilling would be 330 metres

It is intended to dr-ill to tti2 TaSITiariites

087036

total of $56~400.

times $80 per met~e plus $30~OOO ir:cidentals givIng a

plus wh2teve~ the value of

[l~lng a gross inCOITle of $730,000 per an~um for" the oil

could r"easonablY be eXPEcted ( see ctipt 7.2 ) and would

2 donkey pump installed. A flow of 100 barr-els F'er" day

ttien be completed and fracted to enhance the r"ECOVer"y and

Justify 2 production assessment hole. That ~iO]2 would

ho~izon at 322 metres to test t~~e SQ1Jrce t!orizon going

sufficiently high abundar!ce of hydr"ocar"bons it would

30% T.O.C witt: a H0 diaIT~etre hole arid r-ecover- i:or"e

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



of the Tasminites hopizon at 500 IT!et~es at a cost of $80

9.1 Onshore

maturity

of high velocity

thermal

Inter-feraGce

, , ,
10 teSthole

poor ~eflections due to

Diagram 10 shows a copy of those results indicating very

Don Hazell; property at Mu~ray Field, North Br·un; islarid.

field specifications of a seismic survey carried Gut on

Richa~dson(1987) O:J~!lnes the location arid

the hole.

It is intended to drill 20 kilometr"es to the

per metre plus $30,000 incidentals totallirl9 $70,000 for-

ir~dicate ~eflectors at depth and further follow up work

attempts to identify reflectors beneath the P2~mi3n cover·

dolerite sills 2nd dykes at or· near t~ie surface. Prevlous

by David Leaman at Leslie vale and at clifton beach did

087037

9 SEISMIC RESULTS

m2l~Jre oil in the 0U2ITiby mudstone at Poatiri2

West of that

used. Small 2IT!QUnts of U.C.M , were also observed In ttlE

compori2nts , even by t~12 hiGh resolution c2~·il12ry co]mns

cyclic alkanes that cannot be resolved ir~to individual

U.C.M consists of a very complex mixtur-e of t!rariched and

12~ge uri~esolved complex mixtu~e ( U=C~M ) identical to

G~C.M.S results showed no distinctive bioITiarkers just a

techniq!J2S. The iatr-ascan results showed ttlE oil to De

81.1% Aliphatics, 3.3% 2~omatics and 15~6~ polar"s. The
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RECENT DEVELOPMENTS IN EXPLORATION FOR OIL
IN TASMANIA
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~1.R. Bend::JI,1 J.K. VolkmJ.Il,2 D.E. Le:a..man:5 and
C.F. Burrt:tt~

lCongJ. Oil P~y Lcd, S-I- \Vdls PJr.~d('. Bi.:lck.mJJ1~ Bay,
T.15mania 7052.
'CSIRO Division of Oceonogroph~,CPO Box 1533,
Hobart, Tasmmia 7001.
3LeamJ.fl Geophysics, CPO Box 320D, Hoban. Tasmania
)OOL
4Geology Department, Uni...... ersity of Tasmania, GPO
Box 252C, Hoban, Tasr!1mia 7001.

ABSTRACT
Recent ...... ork on oil seeps, organic geochemistry, geoph)-·
sia, struC1l...lr.:J...1 geoIog)-' 3..l1d pabc:cntology suggests m:n
there is considerable potential for onshore petroleum in
Tasman i:l.

ArchivJ.1 research has shown that hydrocarbon seeps
were commonly J"t:porced in the firse half of this cenrury
and th:tt wildcats produced gas (at Port Sorell in the:: north)
and oil (ac]ohnson's Welt on Bruny Island., in the south).
Almost all of the .270 historic:J...1 hydrocarbon occurrences
lie on lineaments reve:tled independenc.ly by graviI)- and
rn3.gnecic sun.. eys. The thennal matuney ofconodonts from
Ordo ..... ician and Siluro-Devonian c::;,rbonates suggests that
much of me pre-Upper C:lrboniferous bene:llh the Tabber­
abberan unconfonnit)- is within the oil and gas
windo ......s.

Organic g~ochemistry reveals a very close simihriC)'
between hydrocarbons from Ordovici::m limestones] those
from the drill site at Bruny lsbnd and widl tar samples
from rhe Tasmanian CO:lS~bur little simib...riry with the Per­
mi:ln Tasmanite Oil Sh:J...1e, or ..... iili the Gippsland crudes
and botryococc::me-rich South Australian bitumens_ The
predominance OfC27 s[cranes in Tasmanian bitumens sug·
gests a widespread aJgJ.1 source :lnd the abundant diaster­
anes imply a day or silt-rich source that extends across
much of Tasmani:l.

Recent geophysical and st.n..!cwral work. suggest5 ma[.3.
thin skinned inrerpretation of Tasma.nb.'s s[rUcture IS

re.J..Son'lble. Most sighdngs ofh:-droc:lrbons are associated
with either f:lull'> or fn.crures ......hich have post:Jurassic dis·
placements or ....... ith intersections of ma.jor high angle faults
"",.jUi. rnrusr..s_ The deline::nion of reser~..ojn within the thruSt
sheets is a priDriry.

INTRODUCTION
Onshore Tasma..'1ia has been consid("red unprospecrive for
hydrocJibons for over 50 years. This vie....,.. h<l5 resulted
from misunderstandings or ignorance about the na(Ure
and origin of the many occurrences of hydrocarbons pre­
viously recorded. Oil sh.J.1es ofPermi3...;'"j age have long been
known in TJ.smania and some production (by retorting)
has been derived from them.

7'

The numerous records of seepage or rar sighrings from
the period 1880-1935 were ge>leraliy ascribed to an oil
shale source. The absence of serious exploration in re-:::ent
times has led to general ignorance of the exisLence of th~se
records. Modem maps of Auscralia.. basins refer to the
'Tasmani.1l1 B.1Sin' when considering Tasmania... This is
ta..t:.en to mean the Late Carboniferous-Triassic de?o.siLion
presumed to overlie economic b;;!.Semem (Fig. I).

Consequently, if ic is assumed th:1C any hydrocarbons
presenr were derived from Permian oil shale then no reo
li::t.ble se;::Js or traps of any magnitude are likely to exist, due
to disrupcion of the post.Carboniferous sequences by fau!c­
ina and intrusion and aJl absence of closed scrucwfe5. An
~

unprospe((ive environment is a valid conclusion based on
these assumptions.

Many pre·wJ.f observers did not have this viev.. since
many seepage SLtesare far removed from Permian rocks
md se"'eral occur in Precambrian guartzite (Pon Davey) or
Precambrian granite (King Island) (Figs 2 & 3L Ma..'1Y are
directly associa[ed with or occur near Ordo....ician carbon­
ates. They could noc, chereforc, offer a credible expla·
nation for these occurrences.

The lack of exploration activity since 1939 may be con­
trasted ....·ith chat of the previous 50 yea,s \...·henmany
companies were Roated. All \.....ere bol5ed on effusive oil or
tar seepages. Some accumulations were large; sufficient. to
fill the hold of a co~t::U. cargo vessel (from Port Davey).
Few drilling proposals \',,·ere con·'e:-led inca action buc se ....·
eral atcempts were made to drill at Port Sore·l1 a....1d Bruny
Island. The ma.ximum depch of any such hole was about
400 m but g:l5 was recorded in one well a[ Pan Sorell and
oil was reco....ered in small qUJ...ntities from anmher at Brunr
Islond.

This paper presenrs information assembled during the
last 10 years, and especially the last three years. It suggeSlS
that the faith of the early explorers was jus(ified and thJ(
the perceptions of the las( 50 years ha ....e been ......Tong.
Hydrocarbon occurrences ha .....e been verined, are \...~de·
spread and are associa[ed wi(h seismic activity. The che:n'
is try of the seep hydrocarbons is not consistenc wlch
Permian oil shale denv:llion buc is tndic3.cive of lo\...·er

THE APE), JOURNAL. 1~1

3~



-.:

I
I

I,

087044

"16

"'-

}
fj

.~
,,~,~
7~':/§ .

GEOLOGICAL HISTORY
A full and recent accounc of the geology of Tasmania may
be found in Bunen and Martin (1939). The oldest rocks in
Tasmania (fig. 1) are Proterozoic quartzites, phyllites and
dolomites ..... hich crop Out extensively in the central and
northwestern pans of the island. After the Penguin Oro­
geny at 750 Ma these were unconfor.n::J.bty overlain by
shallow marine quarez sandstones <lfld dolomites and then
by marine turbidites, mudstones 2..nd ba.sahs in the late
Proterow\c or early C:unbrim, A mineral-rich island arc
(Mt Read Volcanics)-back arc basin (Dund.J.S Group) com­
ptex fonned in the middle to late Cambrian and was
unconform.:tbly overlain by turbidiu:'s and ..... okanoc1astics
in the lau:St C3.mbrim. These mainly marine sediments
\·....ere successively overlain in the Ordo....ician by fanglom-

'1

Palaeozoic source rocks. This kno\...·ledge. , ..-hen coupled
with a fc-vised structural view of Tasmania, transforms
prospectivity assessments.

Figure 2. Loc:J.1i,y m,p. I ~Brunr Island, 2~Cape Sorell,
3~Clif,on Be,ch, 4~Deep Creek, 5~Dun:J.1ler, 6~Hoban,

7=Hastings, S='Jcla BJ.,Y. 9=Johnson's \\fell, IO=K.ing
Island, 11=LauncestOn, l'2=Plcton Ri..... er, 13=Pon Sorell,
14=Pon Davey. 15=PrecipL(Qus Bluff, 16=QueenSlO\\T1,
17=Ross, lS=Surprise Bay, 19=TJ.:TIa.f River, 20=Vanish­
ing Falls, 21 =\Voodbridge.
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I Figu.re 1. Highly gene:-alised geological column for Tas­
manIa.
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Figure S. Seep distributlon in Tasmania from Be:1daH
(1990). T = tars. Comour lines are isograds based on con­
odone Colour Alteration Indices (CAll from Burrett (in
press), CAl 5~300°C and CAl I ~ IOO"C.

Method,

Sediment from the site of the 1929 drilling at Johnson's
\Vell on Bruny IslJ.J1d was exrracted using hexane \...·ith
u!tra.sonicat.ion. Solvents of greater pob.rity were not used
due (Q the high concentrations of naturally occurring polar
lipids. The limestone sample from IdJ. BJ.y msouthern TJ.S·

ORGANIC GEOCHEMISTRY

120 Other signs of either tar, oil or gas. The discovery f
s.J..mples o.fsome of the cars in Launceston's museurn, alo~
wlCh archIved photographs, connrms the validity or [he ol~
records_ Ge.ochemical confirmation of hydrocarbons
around t.he 1929 Bruny Island drill hole, currene gas seeps
at that s\(e and wet gas recently found at Dunalley are all
011 lineaments and suggest the validity of other unCOn.
nrmed sighring::i OIl those lineament.s. Many corr.?Jnies
....·ere fOr17led to exploi( the potencial :hat [he seep,; indio
cated (Bendall, 1990). Of these companies only t'.,·o pro­
duced shows of hydrocarbons bach of \..... hich "'·e;-::: con.
n:rmed by government geologis[s. as were many of the
historical repores of taTS and seeps.

76

SEEP DISTRIBUTION AND ORGANIC
GEOCHEMISTRY

The distribution pattern and histori.caJ bJ.ckground of
seeps are summarised by Bendall (1990). The distinctive
'Nyv' /SE, NE/SW seep trends (Fig. .3) transeCt all rock types,
5u"ongly suggesting that decp crusta} line3.lTIents are st.ill
acci .... e_ Seepages have been mainly reported direcdy after
major quJ....~es. The records of oil shO\.."s from archival re­
se:nch include repores from 3.5 d rill holes, I? i oil leases and

SEEPS

crates (O\,,ren Conglomer;:H;: and COrTela~es), by shallow
marine sandstones (Moioa Sandsc'one ClJ1d corrdates), by
subrid:tl siltstones and mudstones (Floremine V3.1ley Mud­
stone and correlates) and by a thick. succession of tropical
carbO!l;"HC'S (Gordon Group). The Gordon Group carbon­
ates are up [Q 1.5 km thick in cemral Tasmania and are
domina.fnty micritic. Do\omitis:u.ion is common. In the
south there is a ~rJ.I1sition southwards from shallow marine
condilions near Vanishing falls, to platform margin buil­
dups at Precipiwus Bluff, to deep (> 200 m) \,"J.[er carbon­
ate turbidite-grapwli(ic shJ..!e environmeors <H Surprise
B.y (Burrell eo .1.,1981,1988,1984). The Gordon Group
carbonates \,"ere conformably overlain by the dominamly
manne silicic1J.srics of the Late OrdoviciJ.J1-Early Devonian
Eldon Group. In lhe e<l5(em third of the statt:, Ordovician­
De·... onia..n sediments consist of grap(Qlitic basi0aJ turbidit.es
(r--ra.thinna. Beds).

The TabberabberJ..'l Orogeny in the Eorly Dc: ....onian
created a fold-thrust beh producing approximately nonh­
south trending folds in most areas but ....-ith east-West
trending folds in the norch-v,;est of the state. I\umerous and
e:([ensi ....e granitoids \~'e,e intruded bcH...·een 395 and .320
Ma. Regional metamorph~5mgave rise to the pattern of
conodont CAl (Colour Alteration Index) isograds sho\\ITI in
Figure 3, , ..."'ith hea::ing of the !o\...·er PaJaeozoics to 300·e in
the West and noreh-\'..·est and much lower temperatures
(ISO"C) in cen(raJ and southern Tasmania (BulLe(t, in
press). In the L:ue Carboniferous-Permian, a sequence of
glacicerrestrial and gbcimarine predominantly siliciclastics
(lo\~·er Panneener Supergroup) ....·ere deposited unconfor­
mJ.bly on the older rocks and were succeeded confonnably
by Triassic terrestrial sandstones of the upper Panneener
Supergroup. Coals are presene in both divisions orehe Par­
meener and the f;:unous Tasma.n!te Oit Shale:: occurs just
above the b;Jsal tillice of the supergroup.

E.xtensive, thick (often 500 m) sills of dolerite fed by
narrow feeder dykes ''';ere intruded in the Middle Jurassic
and presendy ouecrop o .....er about half of the state. Al­
though the dolerite is voluminous, metamorphism appears
to be restricted to the immediate vicinity of the sheets.
~'[inor local syenites were intruded in the Cretaceous bue
regiona,1 heating \...·as sumciem to reset the Palaeozoic paJ·
aeomagnecism. North to northwesterly.trending horsts
and graben \...·c;-e produced in a general extensional en­
vironment in the ute Cretaceous to Early Te;-tiary and the
graben \','ere n!lc::d \,·ith up to 1 krn or mainly telTeStriaJ
sediments. t-.!a....... y Tertiary volcanic centres are present on­
shore.
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p~J.l Stet.:l1les and Diaste.an~s

I C: 1 (20S).I3~(H),17a.(I-i)-di;J.S(~.an~

2 CZ/ {20Rl-1Sp(Hl,I7a(H)-diasterane
.3 C;3 (20S)-13P{H), I ic.(Hl-dias:e:-ane
4 C:! (20Rl-13p(H1,17a(Hl-di3.Sterane
5 C:1 (20S)-5a{H),J.tc.(Hl,17a.(H}-ehokseme
6 C19 (20S)-13P(H),1 iC:.(HJ-dia;S(~rJ.ne

7 C: l (20R).5a(H),l..;,P{H1,17P(HJ-eho!estane
8 en (20S)-5a(H), H.p(H l,l 7P(Hl-eho!estJ.ne
9 C: J ('ZORl-5a(Hl, !4tt(Hl,l 7a{Hl-eho!estlne
10 C!9 (20R)-1313(Hl,1 ia(H)-diJ.5terlne
11 C~3 (20S)-5a(H). l-4a(H l, I 7a(HJ-24-methylcho!estJ..l1e
12 C:s (20Rl-5a{H},14~(H),17P(H)-7-\-methylcholes(.me

13 C.Z3 ('ZOS}·Sa(H),1413(H),17PiH)-2-1-methykhole:st;me:

Figure: 4. ~1ass fragmentoglJ.ffis for m/z 217 showing dis­
tributions of C27 -C30 steranes and dias(eranes in (3,) soil
from Johnson's \Vell on Bruny Island, (bl Ordo .... ician car·
bonate from Ida Bay and (c) tar from the mouth of DC'ep
Creek near Pan Davey on the '\,"es~ cOJ.St of Tasmania.
Compound Idemincalions are from peaks in m/z 217 mass
fra;;memograms.

mania was crushed and then J. ponion \O."as excra((cd using
chloroform-methanol with u!crasonic3cioo. The bitumen
from Port Davey in ""'"estern Tasmania \...·as extracted
din:ccly with chlorofonn, which dissolved the emire sam­
ple. portions of each extract were ~a1yse~ by btros::J..n
thin-layer chromatography-flame IOnlsation detecuon
(Volkman et aJ .• 1936) to determine the total hydrocar­
bons.

Saw rat cd and aromatic hydrocarbons \~'ere isolated by
applying J. pan ion of the extract to a column of silicic acid
(Jpped \~'ith J((ivated alumina. A!iph:nic hydrocarbons
.....·ere eluted with hexane and a second fraction comaining
aromatic hydrocarbons was obtained by eluting with to­
luene:hexanc. Resins and asphalccnes were eluted with
chloroform and methanol.

EJ.ch hydrocJSbon franion was analysed by capillary gas
chromatography on a non-polar me~hyl silicone fused silica
c3piU<l.rf column to detennine the distribution of straight­
chain and isoprenoid alkanes. These fractions were then
.,- .. tysed by gas chromatography-mass speGromeny

-MS) in selected ion monitoring mode (SIM) (Volk­
man et al., 1938). Ion chromatograms for ions m/z 217 and
218 {steranesJ, m/z 259 (diastera_!1es), m/z 231 (met.nyl
,Hermes), mlz 191 (hopmes and othe:- triterpmes), m/z.
-177 (deme:hylated hop""es), m/z 205 (methyl hop""es)

_}Ius some molecular ions were acquired.

Results

Geochemical anJJyses of two soil samples from Johnson's
Well were undertJ....'l.:.en. These revealed small amOunts of
hydrocarbons (about 400 ng/g) which were dominated by
n-aLlmes of plant origin, plus the common petroleum can·
stituems pnstme md phytane (ratio 2.1). GC-MS finger.
printing conclusively demonstrates the presence of trace
amounts of petroleum hydrocarbon biomarkers including
steranes and diasteranes (Fig. 4) and hopmes {Fig. 51.
Trace amounts of petroleum-derived hydrocarbons '\'.--ere
also detected in a fe·", water and sedtmenc samples from
elsewhere on the island, but the amounts \o.·ere generally
too low for d~ta.iled fingerprint.ing swdies. The lo\.., can·

'trations of petroleum-derived hydrocarbons at John­
~ _~I'S \Vell indicated thJ.t petroleum seeps are no longer
.i!.ctive at this site but provided some evidence for their for­
mer presence.
.. A limited org:mic geochemical study of the hydrocar­
'Ons in Ordovician. limestOnes from Ida Bav in southern
lasmania and Queenstown in the \,·est ,\~.a.,; undenaken.
One sample from QueenstQ\.,rn \~'as of interest as it ap­
peared to contain flecks of asphJ.1tic material. These rocks
Contained low amounts of hydroca.bons (2.9 mg/g at. Ida
Bay and 0.8 and 1.2 mg/g at QueenstQ\-m), but. the disui­
but ions ....·ere typical of those found in mature petroleum.
Although sedimems from the Queenswwn area have much
higher conodom CAls (Fig. 3), which suggest a higher ther­
mal mat.unty, the biomarker mawri~y parameters in sam·
pIes from the (....·0 regions are remarkably similar.

The sterane distributions in the limestones show many
similarities to those in the Johnson's \Vell soil sample_ In
particular, the rJ.tios of C27:C?3:C~9stcanes, \-o,-·h.ich is a use­
fulso urce input parameter (~1ackenzie, 198";'), are almos~I

I
I

I

I
I

I
I

I

I

I

I
I

I

I
I

I

I
I

THE APEA JOURNAL. 1991 77

087046

I
• ~L

---...) "'./



J..I c~~ (20R)-5a(H).I~o.(H},t 7o.(H).2{.mc~h)'khoksr.ll1c

15 Unwo,...n
16 C~~ {ZOS)·5a{H),I..J.cdHl,17a:tH)·Z4-<:lhylcho!cslane
17 C.q (ZORi-50(Hl,!4WHl.1713{Hl-'H--elhylcholcstanc
IS CH (70S)-5a(H), 1..J.13{ H ),1 7P( H).2-1--et.hykhole.s(JJ1c
19 c..9 (20R)-5o.( Hl,14a( H), I la( H)-2-1--e,hykholesD.:lc
20 C1C 24·prapykholest::l.~e-;

087047I
I
I
I
I
I
I

,
Jc;lvISC(lS Weq

"",-
fT\I':: lSI

P~.ll.

1 C':l
:2 Cn
.3 C~7

4, C~.l

5 C2,

6 CZg

'l C~o

S C,:')
9 C30

10 CJ1

11 C~I

12 C31

13 C~O

14 C31
15 CJ7
16 CJJ

I 7 C~J

IS C J1

19 C3~

20 C~+

21 C3.;
2'2 C JS
23 C36
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17a(H1,21 DiHl·30-norhop:me
I 7~(H},21 atHJ-30-normor!.::(an!.::
17aIH),2IPIHI-hop,ne
I iP< H1,'2 I~(H l-30·r;,orhop:l1le
I ipt!-O.2IC(Hl·more[2.!1C:
(215J-I i a( H), 21 p( f-i)·homonop.w e
(2~R )-11 a( H l.'11 P( H )·hol.lohopJnc:
(22R+5)·! 7~(H).21a(Hl·homomor~t;J.ne
I 7PIH),21 PIHI-hopJ.t1e
(2'25)·1 ic.(H),Z I~(H)-bi5homohop::trle
(2'1R}·1 io.(Hl.21 ~{H}-bi5homohop;lne

(2?S)·17a(H),21 P(H).trishomonopane
(21Rl-I ia(Hl,21 P(H}-trlsnomohopane
(22R)-17 PI h),2 I PI H j-homohopJ.t1e
(22SJ-I io.(H),? Ip{H)-(e(n....\.;.ishomohop~e
(22R)-1 7a(H l,21 prHl-t!.::trilishomohopUle
(7'15)·1 7atH),Z I~(H}-pentJ..'.j5homohop.1Ile
(2'2R)·1 7a.(H)'~ I~(H)'pe:"l.tak.ishomohopane
{nS)·1 ia(Hl,21 p(HJ-hex3.k..ishomahopane:
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1"'.:: !~l

identical. Similar raLios have be.en found in carbon~ue·

derived oil from the l\1!ddle Eas<, a..'1d from Ordovician
sedimems from mainland Australia (HoffmJ.l1n et aI.,
193 n. Hov..ever. this rJtio is v~ry differem from those
found in oils presen~ly reco.... ered from the Gippsbnd Basin
which sho""· a strong predominance or CZ9 stera.nes. The
presence of similar amouncs and proportions of n=:­
arranged sterIDes (diasteranes) is also of interest since
these compounds are usually of very low abundance in
pure carbonates.

In 1990, 15 samples ofbiwmens col!ected ea.dy this Ct:n­

wry from (oasra.! sices \~·ere obcained from Ta.smaniJ:.fl
museums for geochemical all::dysis. Many of these samples
a.re mentioned in a.n early repon on petroleum explor:Hion
in Tasmania (Tv.rdvecrees. 19 17). AU the sa..rnp\es are blJck,
shiny asphalcic bitumens ",,·hich show a characteristic can·
choidal fr:::l.c[ure and all aromatic odour ......hen broken.
They con{J.ln no inorganic mJ.tter a.'1d dissolve completely
in chlorororm.

Aliph;ltic hydrocarbons n:presente:d 13.'2-1 5.0 per cent
of [he [O~a1 extract of ~he bi~uri\ens, aromaLLC hyd'OC;:lr·
bons 3.9-6.7 p.:::r cen[, , ..:ith [he remainder consis~ing of
polar resins and aspha1tenes. The distributions of aliphalic
hydrocarbons in each bitumen are similar to [hose of ma~­
ure crude oils except thac vob.til~ hydrocarbons «n'(lo)
are abseoL. The n-alkanes extend at leJ5( to n-C)) ......·ith no
odd or even predominance. Higher molecular ' ....eigh[ com·
ponems are nor abund.l.rH indicating (haL the bitumens are
nOt derived from a wa..xy crude like that from the Gipps­
1a.!1d B.l.Sin. The major n-alkme is e~ther n-C[5 or n-C I3 .

PrisLane and phytane are the mOSL conspicuous branched
consricuenrs in all s:lmplcs. Longer-ehain isoprenoids arc

~p e ..... 6jl'-Jr:".;l ...

~opat\as

".'::1';1

"

<IS 5'<1
TIme (min.)

<"

Figure S. Mass fragmenwgrams for mlz 191 shoh-jog dls­
tribut:ons of C27 -C36 hopanes in (a) soil from Johnson's
....vell on Bn.my lslJ..'ld, (b) Ordovician carbonate from lda
Bay a.n.d (c) tar from the mouth orDeer Creek on the ....·est
coast of Tasmania. Tricyclic alkanes are denm.ed by~. The
baseline rise in mass fragmemogram (a) is due to a can·
tribution of the m/z. 191 ion from column bleed_ Idemin·
calions of peaks in hopane Im/> 191) and methyl hapane
(mlz. 2:05) m:::l.ss fragmentograms:
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cornpJr~Hi ...cl.:· minot" components ~llld borry·ococcane.
\~·hich occurs in sornC" biwmens found Oil SouIh Austral­
iJI1 bc:Jchcs (McKird;-" et al., 1986), ..... as nO( detected. The
prisr;uH::o:!phyune rarios of most samples fall in the range
1.30-1.33. All of the chrorn:Hograms show a small 'unre­
solved complex mixt~rc' (UCM or 'hump') throughout the
chain.length range typicJ..l of crude oils. The aliphatic
hydrocarbon distributions give the overd..!! impression of a
nO;1-\\axy, weJrhered heJ.vy crude oil.

GC-~!S flilgerpriming shows that the SIefane distri­
butions in all of the bitumens {trl: rem:lrkably simi!J.r. The
Port D::l\"ey (Deep Creek) s:l.lnple is typicJ.1 (Figs 4 and 5).
Although C:u s[cranes (peals 5, 7,8 and 9) predorninJ.[e,
they are only slighdy more abundant th.:m the C:Z9 steranes
a."d C~s sterJ.nes. This feJ.tul-e is also found in hydrocar­
bons isol::ued from the Ordovici.:ln limestone sJ.mples and
the soil from Joh:lso!l's \Vcll (Fig. 4). The bitumens also
cont.J.in signifJeJ.!1c amOUflc.s of di.1.scera.I1es. I\fass [ragmen­
togr::'nlS for mh 231 sho\" that small arnounrs of methyl
s~eranes arc presem in .all the bitumens, but individu.al
compounds were not idemined.

The distribucions of hopa.:les \\·ere characterised from
mass fragmemogran1s of the major fragmenr ion mlz I9 1
(Fig. -0. Comparable dat.a for the hopanes isolated from
the Johnson's V'/ell and IdJ. BJ.y samples are also sho\"n.
The mJjor hopane pt"ak in the bitumens is C30 , with C~?

nt"xt most J.bund:l.nt. ~[oretJ.ncs ~re present. in 10\\· abun­
d::mcC' (peJ.ks 6, 9 and 12), and the ratios of 22S to 22R
epimeis in the excended hopJnes (i.e. >C3Q : e.g. peJks 10
and 11) are typicJl ofa m.1curt: oil. These isomers isomel;se
to an equilibrium mixture before the onset of the oil
~...·indo~,-. The ratio ofche c\,,·o CZ7 hop,:tncS Ts (pe<J.k I) and
Tm (peak 2) is a sensltive indica WI" of thermal maturity.
Ts \,'as less abundant thall Tm in aU sa.mples implying thac
all biwmens \,'ere generat.ed at. closely similar thermal
macurltics ac an equivalent. vitrinite reRecL1nce of about.
06-0.i.

Although the srerane dist.ributions from Johnson's ,"Veil,
the Ida Bay limestone Jnd V:ll-lOUS bitumen samples are all
very similar, the hop.1ne distributions show signincant dif­
ferences. The hopanes in the lime-s(One contain signili.
cJ..'1dy more (~9 hopane due (0 the presence of a series of
29-norhopaTles h·hich are not present. in detectable
.amounts in the bit.umens. The bitumen hopalle distri­
butions are more typical of those found ill shales. The
cJrbon.1ces also cOIHJ.in J series of C:.!g4C36 2-me(hyJ­
hop2.:1es. \~'hose ll:ass spcCtl"J. have a char.1ccerist.ic base
peak at m/z '205. These compounds are trace consticuents
of Ihe bit.umens, illlplying th.:u the bit.umens Jre unlikely to
be ceri\'ed from a CJ.rbon;:ue source rock. (10 demechybted
hOP3:'1.t:S \,·er-e not deteCled in any of the samples using rn/z
Iii mass fr3grne;HogrJ.~1S. These compounds are com­
monly associJ.ccd \,·ith highly biodegraded residues of
crude oil (VolkmJ.!\ t"[ at., 1983), \"hich suggest.s that. the
bit.umens are not simply tar residues from exposed reser­
Vo\rs.

The hopane dist.ributions in the Johnson's \Vell sample
co nat, a[ nrst sight, appe3.r W be at all related to either the
IdJ. BJ.y c::nbonaces or to the bitumen sa!llples. This is due
co J. predominance ofhopJ.nes from microorganisms in the
soil. Several of these hop.J.nes have 1i~(H),21~(H)·stereo·
chemiscry (pea..!,;.s 8,13 J..l1d IS) \"ihich is typical ofbiolog-i-

THe;: AP::A JOURNAL. 1991

caJl)' produced hopJJloids. This complicnion must ah,·J. ..... s
be considered ....·hen a[tempting to fingerprint petro!eu~­

dcriv~d hydrocJrbons in soi! or in geologiCally young sedi.
mencs (Volk.man e( aI., ]938), Ho\,lever, hopanes of obvi­
ous petroleum origin such as Ts, Tm and extended
hopanes were present. 2-1\.1ethylhopanes were not de­
tected, ..... hich rules out OrdoviciJ.J1 carbonates a:; the
source.

The rernJrkable simitJ.ritv bet~"een all the: s~erJ.ne dis­
tributions implies that the hydrocarbons in the bitumens
are probably deri ..... ed from the same type of orga.nic matter
,,·h!ch comribut.ed to the carbon'Hes. The predominance
of C::'J Steranes is not found in oils generated from higher
pl.:l.nts or from coaly matter, but is more typical of algal
matter. The presence of abundant dias(eranes implies a

depositiol1:::L! environment in \"hich the sediments contain a
high content of silt or clay. The absence of methyl hopanes
argues ag<Jinst <l shJ]lo~,' carbon3te deposicional environ­
me~H.

The very low abundance of tricylic alkanes in the
bitumens indicates thJ.t the TasffiJnite Oil Shale, in which
these compounds are the predominant biomarkers
(OelH...·er, 1986; Simone:c., 19S6), was noe. the source of
these hydrocarbons. Also, the oil shales show a much
higher predominJ..nce of C29 steranes and a very differ~nt

diJ.sterane!sterane r;lt.io (Den~,·e" 1986), Moreover, the
matul;CY of the hydroC;lrbons in the bitumens is signifl.
candy greater than that found in Tasmanite Oil Shale.

Organic geochemicJ.l studies show a very close similarity
bet\,>'een hydrocarbons from Ordovician Gordon lime·
stone, those fromJohnson's \Vell on Bruny Island and \,>'ich
[..J.rs collected from the Tasmmian coase. Little similarit.y is
observed bet\'Jeen the aforementioned hydrocarbons and
lo~..·er Permian Tasmanice Oil Shale, che wa:xy Gippsland
crudes or bocryococcane·rich South Auscra.lian bitumens.
The preponder..J.nce of CZi st.eranes suggests a widespread
algJ.1 source and che abund.l!1C diasceranes imply a clJ.y or
silc-rich source that ext.ends over mOSt of TJ.Smania.

GEOPHYSICS AND STRUCTURE
Any suggestions that the historic and modeln hyd~ocarbOT1

occun·ences might be derived from 10\'·("( PaleOZOIC source
rocks and that resen'oir po~ential might exist in the rocks
beilt:J.th the unconformity al the base of the- Upper Car­
boniferous-TrjJssic Pilr:lleener Supergroup pose problems
for con ..·emionat models of T3smanian geolog;:. The pre­
Parmeener rocks are concealed across more than half of
Tasmania and the proposed source and reservoir rocks are
never the dominant. l'T'.J.~eriJ.ls exposed else'.~'h~re. l\luch of
TasmaniJ consists of exposed Cambrian and Precambrian
in the: ',·est and the Ordovician-Devonian turbidites in the
northeast - all intruded by Devonian e:ranitoids - and
these have been infenec co ;CCU( at shJ.ll~\,· depth beneath
the unconformity. The fe ..,· drill holes to ha .... e penetrat.ed
pre-Parmeener b'asement. have proven Precambrian dolo·
mices, Ordovician-Devonian (Urbidi~es or Cambrian vol·
cJ....'1ics. No hole is deeper thJn about 1000 m and all have
been drilled for stratigraphic evaluation of the lower Par­
meener. Yer the scepJges are \"idespread and apparently
associated with thrusts and tineJ.Iilencs_

Conga. Oil bef;J.J1 ex?loration on Bruny Island in sou·
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tho::rn T~sm;)'i\ia. No pre-Pannet:ner rocks are exposed
for l7Iore tha.n 30 km in any direction, although drilling
h:::ld pro\;en PrecJ.mbrim rocks at 999 m at nearby \Vood­
bridge and Cambrian volcanics. at 600 m beneath the
nonhem suburbs of HobarL Appreciation of the signifi­
cance of the 1929 Johnson's \-VeU drilling find depended
nrSt on imJ.ging beneath cheJurassic dolerite, stripping off
the PJ.I1:1eener cover :::lnd finally assessing of the likely com­
position a.rld distribution of m3teri:t1 bC:1eJ.th the uncon­
formity.

GRAVITY AND MAGNETIC SURVEYS
Gravi[y a~d magnetic methods h3ve :::l long and proven
record for structural aSSessmem (e.g. Leamm ~md Richard·
son, 19& 1) in this complex surface environmem and have
formed the: b3..Sis for all of our deep appra.is~.

BeCJ.Llse- of their COSt e:ffecti .... eness and their ability to
reveJ..1 shaBo,..· strucw,es and constra.in the geometry of
dolerite bodies, gra ....ity and magnetic sun·eys ',';ere ex­
tended from the area of the Bruny Island hydrocarbon
occurrence [Q cemrJ.1 TasmJnia in 1937.

The gra .... ity coverage hJS taken the form of an infilling of
the state gravity data base such that the nominai scation
sp:lci.ng is nov·... <lboU[ 2.5 km. All stations \..·ere fully cor­
rected, induding 2'2 kIn radius terrain corrections and ,..·ere
reduced using a...crust:J.l rer~rence density of2.67 t/m~. The
acrom3g:H~ti(surveys .....·ere flo\...'11 at elevations of 1000 and
1600 m for the southern and northern areas respec!iveiy
with line spacings of2.5 and 5 km. All specifications have
bee:) directed at resolution of primary structure:; and reb.­
tionships'H depths of I 000-5000 m below meter or sensor.
The coupling of these th·O pOlencia! held methods is essen­
tial to the resolutIon of 211Y conceJ.1c-d strucwres wich the
minimum of ambigui(y.

D.:tails of the southern sU("\'eyand its interprecacion
have been discussed by Le<l.ma.;l (1990). In[erpretacion or
the northern survey remains incompkce ahhough ic is now
kno\\'n [h:H s(ruccural styles inferred in the sowhem sur'
vey and \\'hich are comparable: with those exposed in
v·;escem Tasmania, persist across the lstand to ....·ard Bass
Strai;:.

The surveys ha\'e revealed [he presence of de-ep Cam·
bria.n croughs cOIlt.aining thick piles of mafic .and imer'­
medi.:He volcanics. These troughs are commonly limi[cd by
major Si.nJCLiJres concaining uhramafics. Imerfaces wir.hin
presumed Precdmbri~nbasemenc rock a!·e also implied at.
depths \\'hich range: from the sub·Parmeener unconformit.y
to perhaps fouf kilometres. Other Palaeozolc rocks overlap
bach Cambrian and Precambrian rocks and may be up to

t\'lO kilome(res (hick in sour hem Tasmania. The presumed
Ordovician and Sllunm rocks ca..n be trJ.(ed lO outcrops of
the Cordon Group in r.he region "..:est. of-Hastings or the
Picton River. Figure 6 sho,\'s the gc-ology as migh( be seen if
[he Parmee:1er a..'1d dolerite cover were st.ripped away.

STRUCTURE
The g:'avity and magnecic analyses have provided several
geological reve!a{ions. The 'Tamar Linearnem', a funda­
meneal crust.a! slructure extending Ni'J'\y'-SSE across the
isbnd from the TamJ.r River co the south-eJ...St. as proposed
by \Villiams (19i9), is noe supporred by either daD sel.

so

Magnetic trends are acuce ro the suppose.d structure. The
granit.es of cJ...Stem Tasmania are present as giant bodies
elongated N-S and cheir \\'estem margin cues across aH
eypes of basement geology (Leaman and Richardson,
1990).The granites of weseem and central Ta..smania are
reb,(ively isolaced but are sometimes large bodies (~arna.n

and R.ichardson, \989).
r-.,[any S(n.)Ctuf;ll il.nd stratigr:lph1C pattems are repeated.

The important and recognisable units include the L:lerama_
lics of Early-j\-lidd!~ Cambrian age and thick dolomitic
successions oflat.est Precambrian age. At. lea.st three. major
repetitions can be identined beneath che Parmeener. Sim.
ilar rcpcti(ions have no\..· been implied in western Tas­
mania where ehe same rocks are exposed. All pares of the:
lQ\~·er Paleozoic succession are involved_

Although rebtively small-scale thruscing ha..s been rec.
ognised and mapped for many years, large :sc::ue mOve­
ments involving b::l.sement or large portions of the Pal­
aeozoic succession have rarely been accepted or prQl,;en.
Leaman e't a!' (1973) reported the first such demonstration
based on gravity data and this has no .....' been confirmed by
mapping and structural revieh'. Other instances have bee;
recognised since acquisi(ion of much new data in western
Tasmania as part Df the i\'ft Read Volcanics Project (1985- J.
Examples of large-scale basemen~and, occasionally, crustal
involvement in thrust. scacks have been given by leJ..ITlJ...'1
(1986, t98 i, 19SSL Such overthruse s~ructuresac C2.pe Sor­
e!.l have no\'i be.en e:stablished by drilling. Structures are
complex; in \\'es~crn Tasmania the \\'estward crending De­
vonian thrusts have disturbed pre-existing ....... est.facing
eJrly CambriJ..I1 thruscs. Currenc incerpretations suggest
thae lir.lIe or the pre-Devonian geology of Tasmania, as
presemly exposed, is aucochthonous.

SEISMIC SURVEYS
Very lit.de. seismic data is avaibble for oI1shore Tasmania;
ho\veve:r, a survey of Bruny Island ...... as underca..\en by
CongJ. Oil in 1937. Dat.a records have been generally poor.
This was initially ascribed to local terrain and high .... elocity
surface problems. Jurassic dolerite produces irregular high
velocilY imrusion fonns ......hich couple with topographic
eF.ects to impose complex static corrections. The dolente
also reRects much energy from ies upper surfaces and ap·
p~:-en( refkcwl· shado.....·s appe3r beneath. The base of a
dolerice sheet. is not generally revealed even though the
\"doc.ir.y contrasts are large. Processing problems associ·
ated \..·ith such difficult data are presencly being assessed.
Offshore surveys in southern Tasmania by Amoco in 1969
and by the Bureau of ('0. [ine:rat Resources in 1933, exhibi(
seismic character very similar co land-based surveys.

Bach onshore and offshore surveys have: recorded es·
ems, frJ.gmerually, a[ eimes of l-3 seconds. At Bron)"
hl::..nd. an eVent could be craced [he lengt.h of [he 7 L-n
traverse: al abouc t\.;o seconds. The implied depth of3-4
kIn is consistent wieh che pocemial field inference: of a
ITujor density concras( at chis level.

Although mosc records appeOI bb..nd for times in excess
of 300 [0 900 ms - the time depth of che base Parmeeiler
u:lconformit.y in most cases - it has been possible to ob­
tain excellenc records to t"\'o-way cimes of II seconds {to
ma....ule le.....els) at fare locJ.lir.ies. One: ex.ample was reponed
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Figure 6. Pre-Parmeener geological map of southeast Tasmania based on magnetic and gravity imerpre[a~ionssup­

plemented by sparse drill hole dar-a.
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near Clifton Beach south of Hoban (Leaman, 19i8), Re­
sults of this type suggest that seismic methods 4re viable
\,..hen the entire Palaeozoic section is presem bue that the
bulK of the geology beneath the unconformity, for most of
the areas sampled, is not strongly stratified and is, the:-e·
fore. eithe:- Cambrian or Precambrian.

LINEAMENTS
The ~avi[y and ma"TH~tic data sets define some spectJ,cu-
00.

br lin~J.mencs (Fig_ 7l- An initial outline of these and their
relationship to major (ectonic e1emems is provided by Lea­
man &: Richardson (1990).

THE APEA JOUhN).L. 19091

DISCUSSION AND NEW PLAY
CONCEPTS

INTEGRATION
Recem .....·ork has sho~"n chac che hydrocarbon sighIings or
lhe: p2SC century are likely co be reliable and chac the hydro
carbons have been ge:nerJ.ced from lo\\'er Pabeo1.Oic
sources racher chan from PermiJ.n oil shales. The' sighIing~
are reasonably syscematic and che pace ems are botr,
scace\\'ide and corre!J..Ie well wich sr.rucr.ur:U lineamem~

idem~ned in gr:l.VllY a.n.d magnetic data.
Comparison of sighting patterns and seismic acciviIy in

che Tasmanim region suggests thaI hydrocarbons, as oil or

8\
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Figure 8. Schematic cross-sections sho .....·ing possible play
concepts in Ta.smania. (Stratigraphy is denoced by same
symbols as in Figure 6.)

o 0. . . . .

The principal exploration problems at presene re!;:He to
the location and identification of target successions 21ld
possible structure.s within them_ The gravity and magne~ic

dara .....·hich have been exter\si.... ety used to date have been
able to denne regional structural elements, infer the pres·
ence of target successions and suggest fold elements, but
are limited in uhimate resolwion. Informa(ion recovered
from these sources is sufficient to sec viable stratigraphic
targe~s - essential given the paucity of drilling conerol
avajlable - bu~ noc adequJ.(e for \\·ildca[ hydrocarbon pro­
posol,.

Specific pros-pect definition \~'ill not be possible until
more selsmic data is avaibble and (he processing require­
ments assessed and refined. Seismic sunteys can be specifIc
since the potencial neld data have alre<l.dy defmed gellc:rJ..l
target locations. This is constdered the most cost-effective
approach to the dimculc problems presented by explo­
ration in onshore Tasffimia.

PLAY CONCEPTS
Many possibte play concepts may be envisaged_ Simple
dosed s~ructures involving Ordo"'1cim and Silurian source
and reservoir rocks may occur at the Parmeener uncon·
formity where medium to long closures (I to <1, kID) .are
kno\<.71 or beneath the major thrust surfaces. The lowe:­
Palaeozoic m.J.)' occur as a thin residual beneath the. un­
confonnit.y gene-rJlly but may locally exceed 4 km in thick.­
ness .....·here full sequences have been preser.,:ed. The prc­
Parmeener erosional unconformity cut.s Gordon Group
limesr.oncs at se..... eral localities .and palaeokarst reser.:oirs
may be expected beneath P.Hmeener seals. FaCies varia­
tions ......ithin the Gordon Group may .aha pro ..·ide strati­
grapruc trap conditions. Many variations are possible and
the mOst likely t;:uget category cannot be denned at the
presene time. ho\\'evcr Figure 8 summarises some relation­
ships and possibk plays.

tars, are generally observed in the period immediately
foUo\\'ing intense activity or occa..sionallarge earrhquakes.
A relatively quiescent period since 1957 has decreased re­
lease volumes and consequent reports.

r--.'(OSl slghtings are assoclated .......ith either faulLs or frac­
[!,..Ires \..·hich have: post:Jurassic displacements or ......ith inrer­
SCGions of major high .angle filults with thrusts.

The evidence suggests that hydrocarbons have been,
and perhaps still are being generated and that the reservoir
syster71s arc either tighr. or well sealed. The thrust surfaces
or the base PanTIeener unconfonnity may act as sealing
surfaces since the materials direcdy above them are either
homogeneous quarnite and dolomitic siltsLOnes or dense
mudstones respectively. All possible source rocks have ye~

to be 2-"1a.lysed but hydrocarbons in sou~hem Tasmania
have been generated from the Gordon Group. The simi­
larities a..,d dlffere.nces between seep analyses suggest
hydrocarbon generation from at lea.st three other lower
Paheozoic sources.

Reser-.oir conditions exist ......... ithin the Ordo....icLm carbon­
ates \\<·here they were karstificd after folding in the Earty
Devonian, before being overlain unconforma.bly by Upper
Carboniferous tillites. Primary porosities of 15 per ceru
have been measured in Gordon Group carbonates and
larger secondary porosities have been reponed. Porosities
of about 20 per cent are known in some Early Ordovician
siliciclJ.stics.

Figure 7. MJ.jor cruStal lineations based mainty on mag­
netic and gravity surveys.
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Recent appraisals of archived records, preserved tar sam­
ples, and struccuraJ reconstruetions of Tasmania have
shO\~TI that:
• ~{ost hydroc;:Lrbons recove:n::d o .... er many deca.des have

been derived from lower Palaeozoic rocks and not Per­
I71ian oil shales.

• The pmcmiaJ source and reservoir sequence is largely
concealed on all isIJ..nd-.....·ide basis and the exposed rocks,
'\\"hether of the Carboniferous-TrlJ..Ssic 'TasmJJlia Basin'
or the so-called Precambrian basement inliers, arc irre!·
e",J.nL to prospectivity assessments.

• Tasmania must be Seen as a typical fold-throst province
in Cenns aries hydrocarbon potential. Several major and
minor thrusts Me stacked. All Palaeozoic unics are re­
peated and the entire ovenhrust system has been folded
and intruded by gr:lllites. 'PrecJ.mbrian basemen inliers
previously considered basement are blocks invoked in
the thrust sc).ck_ Devoni.l!1 thrusting h.:tS been from C3.5~

to \~'esr .
• Hydroc3.rbons have been produced in some qLlJ.n~i~y but

are probably .....·e!1 seJJed, as observations of seeps ha ..... e
only bee-n m.J.de after ime".. ::tls of intense seismic activ­
Ity.
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ABSTRACT:

A lIn a oil in Tasmania" psychology has developed, these sightings not
'n'ithstanding.

Unfortunately, government or bureaucratic support has never been provided
due to incorrect assumptions and presumptions.

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

I
I
I
I

Little recovery
ignorance of the

Was achieved 2nd
geology at depth.

all wells were shallow and si ted in

I
I

This archival search shows that reports of
correlate with structural lineament trends
geophysical data - a correlation which adds
historical records.

INTRODUCTION:

seeps are not random and
recognised from regional
to the credibility of the

I
I
I

It is now 115 years since the first sign of petroleum was recorded
on-shore in Tasmania. Since then 107 reported indications of petroleum,
127 exploration licences, and the sinking of 35 drill holes constitute the
oil exploration histroy of Tasmania.

It is remarkable that the only paper to look seriously at the possibility
u[ on-shore oil in Tasmania ("TwelvecreesJ 1917") is I:J years old but
remains the most recent Tasmanian Hines Department report on the subject.

At that ti~e ~any geologists called the Ordovician, Upper Silurian as the
new term Ordovician had not really c2ught-on.

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

I
I
I
I

The first prospecting syndicate searching for oil
identified the Ordovician limestone as the source of
tar at New River Lagoon and correctly correlated the
Ordovician Trenton 'series' of the Texas Pan-Handle,
for oil gushes.

on-shore, in 1915,
the sho~s of oil and
rocks with the upper

famous at that time

I
I
I
I
I
•

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

No company succeeded in penetrating Permian or post-Permian cover; most
~igs ~2~C 2ithcr unGuit~blc fer the rock types or too limited in capacity.

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

I
I
I
I
I
I
I
I
I

Uany companies have been involved or floated on the
sightings. Several instigative drilling programmes at
high risk and blind wildcat procedure were completed.
The companies were:-

Port Davey ~~neral and Oil Prospecting Syndicate
The Asphaltum Glance and Oil Syndicate
The Bruni Island Oil Company
The Tasman Oil. Company
The ~Iersey Valley Oil Company
The Adelaide Oil Exploration Company
The Tasmanian Oil Company
The Austral Oil Drilling Syndicate
Producers Oilwell Supplies
Nudec Pty. Ltd.
E.Z. Company Pty. Ltd.
B.H.P. Ltd.
Conga Oil Pty. Ltd.

basis of recorded
seepage sights - a

1915
1915
1916
1921
1922
1922
1929
1936
1939
1965
1965
1980
1984

I
I
I
I
I
I
I
I
I
•

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

1. SOUTH COAST OCCURENCES

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

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

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

4-7
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ILF. Hard, Government Analyst, confirfi1ed that the S.G. of "The Tasfi1enien
Asphaltum ranged from 1.0313 to 1.0459 (the S.G. of salt water is 1.03)".

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

I'

y
1
I
I
I
I

Upstream Gordon
Limestone

On Gordon
Limestone

On Gordon
Limestone

On Gordon
Limestone

Asphaltum from Port Davey

Asphaltum from Rocky Boat Harbour

Asphaltum from Surprise River Beach

Asphaltum from North of Point Hibbs (Albina)

1.0349

1.0429

1. 0426

1.0459

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

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

I
1
I
I
I

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

to the Gordon
there and at

I
I
1
I
I
I
I
I
•

Another occurrence on the Precambrian rocks was at Louis2 Bay, 2nd on
Triassic at South Cape Bay.

2. WEST COAST

Tars et the mouth of the Heinwaring River are in Cambrien rocks but
Ordovician rocks may occur off shore and are exposed near Point Hibbs.
~Iost tars heve been reported on Ocean Beach. In 1923, the Hersey Valley
Oil Company and a Hr H.E. Eveden pegged leases covering the area from the
Strahan township to Ocean Beach and north towards the Henty River.

In 1942, Hr. H. Holmes, Manager of the Union Steamship Company, reported a
stretch of water 4 miles long, suddenly became discoloured. This was just
off Ocean Beach approximately due west of Strahan. After a subsequent
storm a large 2mount of tar was collected by the coast guard. In this same
position about 8 years later, over a period of t-o years, a school
teacher, ~~. H. Fletcher, described oil seepages o~ Ocean Beach
(irridesce~t films) a~d o~ the banks of a creek i~la~d. He also described
a black patch just off shore and tar being burnt in fires after storms.
~Ir. Fletcher also made sightings in dune lakes north of the Henty River.
The Henty River itself has bee~ reported as seeping gas, and tars ca~ be
found in the Gordon Limestone south of Zeehan.



(c) BRUNY ISLAND AREA

(b) CYGNET AREA

Oil and gas was reported in shallow sea water by separate observers
somewhere near Dover in 1933 and 1957.
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u0, .

the Bruni
Suppliers

Six companies have concentrated their efforts in this district,
Island Oil Company, the Tasmanian Oil Company, Producers Oilwell
Pty. Ltd., E.Z. Company, B.H.P., and Conga Oil Pty. Ltd.

3. D'ENTRECASTREAUX CHANNEL - SOUTH EAST TASr~NIA

Numerous leases have been held on Bruny Island, from Adventure Bay to
Great Bay, on various seepages up until the present day. Various samples
of marine sediment in the D'Entrecastreaux Channel ·collected by the
C.S.I.R.O. end terrestrial samples on Bruny Island collected by Conga Oil
Pty. Ltd. and analysed by the C.S.I.R.O. have shown Ordivician hydrocarbon
signatures. (Volkman, 1989).

This a~ea consists mainly of Permo-Triassic Parmeener Supergroup sediments
Hith Jurassic dolerite intrusions. The onshore seeps consist of tars,
oils and gas mainly escaping along feult lines. On the basis of modern
geophysical interpretation the basement is probably mainly Precambrian
~ith some remnant Ordiovician sections, the edge of the main Cambrian
trough being some 10 kilometres to the west of the island itself.
(Le~~an, 1990). The source of the seeps is thought to be from Gordon
Li8estone within this trough. (Analyses, Dr. J. Volkmen, C.S.I.R.O.).

In 1916, with a capital of 50,000 pounds, the Bruni Island Oil Company put/I
do"" 7 shallow holes on the basis of 2 seeps of exuding tars cited in
their prospectus. The deepest of their holes was 450 feet, quite
inadequate for any pre-Permian target. After this failed attempt, the
Tasmanian Oil Company drilled 3 holes in 1929 on a confirmed show of oil
end gas at the bottom of a well. (McIntosh Reid, 1929). Oil ~as

collected in bottles after drilling to a depth of 125 feet.

(a) DOVER AREA

Cygnet's first reported seep was in 1876 followed by two sightings in 1939
on opposite sides of the Cygnet dome structure, prompting a public meetin~

oy FfuduCe[S ullwell Supplies, in both 1939 and 1953. Nebulous reports of
seeps et Crabtree, 20 km North of Cygnet were made around 1960. Two
deaths due to H2S were reported in a shaft at Cygnet, the source of the
gas is open to Question.

Tars "ere located recently in the headwaters in the King River in Gordon
Limestone which had thermal maturity within the oil window. Sediment
samples of the King River delta taken by C.S.I.R.O. revealed hydrocarbons,
but the source has not yet been determined.

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

The historical evidence seems to indicate the tars originate from strata
inland of Ocean Beach, not from off-shore sources far removed. The
possibility of an Ordovician source is highly likely since a thick
Ordovician to Devonian sequence is exposed north and east of Strahan.
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In 1940 a seep of oil was reported in an army well at Fort Direction,
South Arm, and 1 km north, it was reported in 1988 that seeps had been
occurring on Spring Beach over the last 40 years. Some 10 kilometres to
the east in the lagoon behind Clifton Beach, a Mines Department seismic
spread indicated an extensive sequence of reflections below the Permian
cover which may possibly indicate a section of Palaeozoic rocks including
limestone. (Leaman, 1978).

4. HIDLANDS

Seeps of light oil have been reported at Glenlusk, Colebrook, Cambridge,
Tunnack and Jericho. Reports of tars from Brighton and Dysart in recent
times indicate the reason for an exploration licence for oil taken out at
Elderslie by S. Chapman, in 1919. Tar samples recently collected from
Tuno2ck have been sectioned and sho\J total impregnation of the rock by
hydrocarbons. (Dr C. Burrett, D. Leaman, pers. com~.).

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

5. NORTH - NORT~~ST

A line of oozings from Newstead through Relbia to Evandale, was reported
by W.H. Twelvetrees, 1917. Recent geophysical interpretation implies a
lower Palaeozoic section below these seeps. (Dr D. Leaman, R. Henuauto,
pers. comm.). A continuation of this trend north of Launceston extends to
the site of the 1939 Producers· Oilwell Supplies drill rig at Danbury Park.
Oil has been reported seeping from Permian Tocks west of this hole at
Bridgenorth (1962) and at Rosevale (1921) in Tertiary rocks. The mns~

no~therly seep was reported by a mine geologist at Beaconsfield; seepage
directly into the mine water, presumably froQ the Flowery Gully Limestone
(Gordon LiQestone).

The Cressy - Port Sorell structures have been the most drilled for oil in
Tasmania, with 20 holes sunk in 1922-23 alone (by the Hersey Valley Oil
and Adelaide Oil Exploration Companies). Three more bores were sunk by C.
Sulzberger, between 1966 and 1968. The original companies were greatly
encouraged by increased rates of seepage following an earthquake in 1922.
A major earth quake occurs in Tas~ania every 20 years, it is 30 years
since 2 major quake.

6. DERw~NT VALLEY OCCURRENCES

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

An unbroken line of oil leases between Lake St. Clair and Cradle flountain
\<.'25 teken up in the 1921 "oi1 rush". There is much confusion over the
C2use of the 1921 1I 0 il rush'! J mainly because coal in the district contains
thin petroliferous layers. (Hersey Coal Measures and Preolenna Oil Shales
correlates). Tars were also exhumed from the glacial Moraines of the
field but consultants did not believe the hydrocarbons to be derived from
the Preolenna Oil Shales.
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Consider two quotes:

(i) Report from the field, 1921.

I
On the 28th May, Mr. A.C. Black,

Company, wired from Sheffield, Tasmania,
as follol<s:-

Field ~lanager of the Tasman Oil
to his Principals in Melbourne ,

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

I
Since his consulting
region, the Secretary
opinion regarding }ir.

geologist had just returned
of the Melbourne Company wired
Black's statement and replied:

from a visit to this
to him asking for his

I
I

"I have no hesitation in confirming Black's statement that oil exists
at Barn Bluff, gas and oil seepages being plainly manifest during my
recent inspection there. Also the geological features of the field
generally indicate that large quantities of oil have unquestionably
been produced by natural process of distillation and may be
confidently sought for in the Anti-clines".

I
I

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

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

outcrop in the Barn
It is not able to
the composition of

7. NORTH WEST TAS~~NIA

The Preolenna Kerosene Shale equivalent unit does
Bluff area but its products are waxy and immature.
account for gas shows in the area and cannot produce
the "fossil tars" present in the glacial ~loraine.

I
I

I
I
I
I
I
I

One of the first recorded tars was described from Chudleigh in Pettard's,
1896 ltCatclogue of Tasmanian Hinerals lt

• He describes it as, lIoccurin,g
about 4 miles from Chudleigh on the eastern bank of the Mersey River. It
was perfectly black, sec tile and burned .ith a dense smoke and strong
odour. It occurs in drab coloured aluminous shale of (presumed)
Ordovician age."

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

I
A sample of mature oil was obtained by Conga Oil Pty. Lcd. from basal
Permian rock at Poatina, which has neither a Permian Tasmanite nor
Ordovician carbonate signature. (Dr. J. Volkman, C.S.I.R.O., pers. comm.)

I
•

Other occurrences have been reported from the Mount Read Volcanic Belt.

5\
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Oil ""as reported by ~lcIntosh Reid (1923) on the west bank of Ray Creek at
Nook, and at Stood ley in 1930. Two separate sightings of oil and gas
(1920 and 1966) escaping from the bedrock of the Forth River about 2 km
inland from the mouth have been reported - in 1920 and 1966. In 1966, Nr.
C. Flo~ers of Ulverstone, described a tar exuding from a stretched pebble
conglomerate (Precambrian) and provided a sample and photographs to the
Department of Mines who did not investigate the occurence. Nr. J. Bates
of Penguin, reported oil seeping at his property in 1968 and a Mr. L.F.
Egan reported a similar occurrence at Burnie in 1962.

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

In 1921, a licence to search for oil was issued to F.II. Heritage on
Precambrian rocks between the Incerviel< and Lagoon Rivers. As far back as
1876, Nr. 1.B. Noore, reported numerous tars on the beaches both north and
south of Sandy Cape. Only Precambrian rocks, including some carbonates,
occur on the rivers flowing to these beaches. At Green Point, (1962) and
Redpa (1948) oil shows occurred in the Precambrian limestones and at ~lt.

Cameron in 1925, tar was reported seeping from the limestone. Constant
reports of seeps at Nengha from 1930 are also near Precambrian limestone
(dololilite).

In 1915, Ii.H. Twelvetrees reported on beach tars at King Island, presuming
th_~~~ t.0 ~_?.':-~ be'2:-'. ·..::'..c~.:::::c. t;-':::I:"~. lic:,~-ev(;1. ,i...i.l.e Prec.ambrian Granites on the
foreshore presented petroleum seeping from the fractures which yields tars
at the surface. This phenomenon was confirmed by the Department of
National Development when ~~. S.P.J. Adams took samples to Canberra in
1960 after failing to elicit any interest from the Tasmanian Department
of Mines. Two licences were issued to search for oil in 1960, one in his
own name and one in his Wife's name. Earlier in 1955 a Mrs. A.J. Smith
held a licence to search and also offered to show the Mines Department the
OOZing tars. She stated her son would blast the rock to prove they were
oozing and also sited seeps of tar inland along the Pass River. In that
sa~2 period a licence to search for oil was issued to a Nr. II.K. Westley,
in 1960. There are no records of what prompted his application.

8. NORTH EAST TASrlANIA

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

I
I
I
I
I
I
•

Nr. A.H.
Bridport.
to support

Thorpe has reported oil seeping to the surface in Muddy Creek,
He took up a licence to search but no evidence has been found

his claim.
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DISCUSSION AND CONCLUSION

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

Archival records also show that enterpreneurs, companies, visiting
consultants and agents of the Federal Government have been actively
discouraged in their efforts to explore. ~Iany legal actions have
resulted. ~~st problems can be assigned to a widely held not just a
bureaucratic view that 11 t here is no oil in Tasmania ll

, very similar to
~~~: c~cc ~cl~ i~ ~LG~~~. T~i3 .~~~ G~ri¥cs £rc~ ~ ~u~bcr of £~lsc

assumptions, some of .hich have been alluded to in the main text, and
which are only now being resolved by Conga Oil Pty. Ltd. with assistance
from the ~Iines Department.

The original prospectors of New River (in 1915) deduced the importance of
the oil seeps and tars, identified the Gordon Limestone source and
correlated it to similar prolific oil-producing limestones in the United
States. The discovery of oil and gas in limestones of Ordovician age on
mainland Australia, mainly the fu~adeus Basin, points to the increased
validity of the play concept. Current evidence and historical data
suggests that the lack of exploration work for oil and gas does not
reflect upon the prospectivity of the Tasmanian Basin or absence of
indications of petroleum, but on the false preconception of several
generatio~s of Tasmanian geologists.

Hany sightings, or possible sightings. have often been considered due to
oxide scums on water. Many of the above references could also be
considered suspect or due to neighbourhood publicity. Map 1 shQ'.</s,
ho~ever, that there are non random relationships in the observations and
not all can be called into question - if any. The distribution of
unambiguous onshore sightings suggests that several source materials may
be present; Geochemical work by Dr. J. Volkman of C.S.I.R.O., for Conga
Oil Pty. Ltd. has already shown that Ordovician limestones source seepages
in Tasmania. Geophysical-structural work by Leaman (1990) has confirmed
that the necessary structural styles and sequences are present, but
concealed, in this region.

that Late Precambri~" dolomites
therefore, Tasmania does contain

The overall spread of records indicates
may also be source rocks. It is clear,
onshore petroleum sources and reservoirs.
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APPENDIX 1.

CHRONOLOGICAL LIST OF OIL SEEPS, LICENCES AND DRILL HOLES
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Date

1871
1876
1876
1876
1876
1876
1889
1893
1895
1896
1895
1910
1910
1914
1915
1915

1915
1915

1915

1915
1" 1:>
1915
1915
1915
1915
1915
1915
1915
1915
1915
1915
1915
1915
1915
1915

1916

1916
1917
1917
1917
1917
1917
1918
1918
1918
1919
1919
1920
1920
1920

Place

Prime Seal Is.
Sandy Cape
~~inwaring River
Point Hibbs
Farm Cove
Cygnet
Ross
Barn Bluff
Port Davey
Chudleigh
~~cquarie Harbour
Deep Crk, Port Davey
Hamilton (River Bank)
Hamilton
Nth. Bruny Island
Ne" River

Davey River
Ne" River

Ne" River

Nevi River
Ylinders Island
Three Hummock Is.
Narrawalt
Cape Barren Is.
Hynyard Beach
King Island
Albina (20km Nth Pt. Hibbs)
Point Hibbs
Louisa Bay
New River
Rocky Boat Harbour
Surprise River Beach
South C,,-pe Bay
New River
Recherche Bay

North Bruny Is.

Nth. Bruny Is.
Southport
Arthur River
Ne·....·stead
Relbia - Evandale
Longford
Zeehan
Nth. Bruny Is.
Nth Bruny Is.
Barn Bluff
Elderslie
Spring Bay
Hamilton 'Lawrenny'.
Sth. Bruny Is.

Occurrence

Tar
Tar
Tar
Tar
Tar
Oil
Salt
Oil
Tar
Tar
Tar
Tar
Tar*
Oil
Tar
Lease

Tar
Lease

Tar, Oil

Lease
TarT
Tar
Tar*
Tar
Tar
Tar*
Tar*
Tar*
Tar'"
Tar'~

Tar"
Tar"
Tar*
Tar*
Oil

Drill
Holes
1 - 7
Tar
Tar, Oil
Tar
Oil
Oil
Oil
Tar
L.S,
L.S.
Tar
L.S.
Oil
Drill 1
L.S.

Name

~Ir. Chas Gould
T.B. Noore
T.B. Noore
T.B. Hoare
T.B. Hoare
Robert Taylor
Hr. Barwick
A. ~lontgomery

P. Hutchings
H. Pettard
Sydney Explorer
Twelvetrees
T"elvetrees
Halter Black"ell
Bruni Is. Oil Company
The Asphaltum Glance
& Oil Syndicate
W.H. T"elvetrees
The Asphaltum Glance
& Oil Syndicate
The Asphaltum Glance
& Oil Syndicate
" II II

W.H. '1'''elvetrees
W.H. Twelvetrees
\i.H. T"elvetrees
W.H. T"elvetrees
W.H. T"elvetrees
W.H. T"elvetrees
W.H. T"elvetrees
W.H. T"elvetrees
W.H. T"elvetrees
H.H. T"elvetrees
W.H. T"elvetrees
W.H. T"elvetrees
W.H. T"elvetrees
W.H. T"elvetrees
The Asphaltum Glance
& Oil Syndicate
Bruni Is. Oil Company

Bruni Is. Oil Company
T"elvetrees
T"elvetrees
T"elvetrees
T.'el vetrees
T"elvetrees
Fredrick Chapman
W. H. 1. Bro.'n
R.J.P. Davey
A. NcIntosh Reid
S. Chapman
~lr. Fielder
C.A. Brock
V.A. Chipman

ss
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1920
1920

1920

1920
1920
1920
1920

1920
1920
1920
1920
1920
1920
1920
1920
1920
1921
1921
1921
1921
1921
1921
1921
1921
1921

1921
1921
1921
1921
1921
1921
1921
1921
1921
1921
1921
1921
1921
1921
1921
1921
1921
1921
1921
1921
1921
1921
1921
1921
1921
1921
1921
1921
1921
1921
1921
1921
1921

Sth. Bruny Is.
Davey River

Forth River

Barn Bluff
Barn Bluff
Barn Bluff
Cradle flountain

~It. Olympus
Narcissus River
Sth. Bruny Is.
Barn Bluff
Barn Bluff
rIt. Achilles
barn Bluff
Lake St. Clair
Davey River
Sth. Bruny Is.
Sth. Bruny Is.
Sth. Bruny Is.
Sth. Bruny Is.
Nth. Bruny Is.
Nth. Bruny Is.
Sth. Bruny Is.
SOQerset. Cam Rd.
Between Lagoon &
Intervie.....· River
Douglas River
~It. Pelion
Ht. Pelion
Nt. Pel ion
Ht. Pelion
Nt. Pelion
~lt. Pelion
Ht. Pelion
~it. Pelion
~lt. Pelion
Barn Bluff
Ht. Pelion
rIt. Pelion
Ht. Pelion
Ht. Pelion
rIt. Pelion
rIt. Pelion
Ht. Pelion
Nt. Pelion
~jt. Pelion
Barn Bluff
rIt. Pelion
Barn Bluff
He. Pelion
Barn Bluff
Barn Bluff
~It. Pelion
~It. Pelion
Ht. Pelion
Ht. Pelion
Dulverton
Railton
~Iersey

loS.
L.S.

Oil

1. S.
L.S.
L.S.
L.S.

L.S.
L.S.
L.S.
L.S.
L.S.
L.S.
L.S.
loS.
L.S.
Oil
L.S.
L.S.
Oil
Oil
Oil
Oil
Oil

Tar, L.S.
L.S.
L.S.
L.S.
L.S.
L.S.
L.S.
L.S.
L.S.
L.S.
1. S.
1.S.
L.S.
L.S.
L.S.
L.S.
loS.
L.S.
L.S.
loS.
loS.
L.S.
L.S.
loS.
L.S.
loS.
Lease
L.S.
loS.
loS.
L.S.
loS.
L.S.
loS.
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C.C. BrQ\<n
N.J. Donellan,
C. Smith &J. Jones.
E. Eastall,
G. Richardson & A.Stocks
C.C. Hanton & A.C. Black
A.C.D. Bernaceli
P. Evans
The Granville
Prospecting &Hining Co.
L.G. Thofilpson
L. ~1. Stackhouse
S. Perry
H. ~Iudie

A.L. Nichols
C.C. Reilly
E. Ha"son
T. HcDonald
H.T.A. Cleveland
V.f>... Chipman
SPerry
C.C. BrQ\'n
J.L. Frizoni
H. Thomas
E. Thomas
J .1. Frizoni
N.J. Richardson

F.W. Heritage
H.r,.R. ~ic\.J;l1;~",<

L.H. Hudie
J. \.Jest
J.T. Noate
T.B. Harrington
J.N. Duncan
A. \~. Duncan
A.L. Kirkham
R.P. Kirkham
R.H. Nicholson
A.J. Forester
Jean ~lacKenzie

F. \{. James
K. B. C. Kirkham
LL. Potter
A. Baker
Stella Hoate
T.B. Harrington
L.rl. Beckl,'ith
R. Duncan
Lena rlofflin
LJ. Stott
R.A. Nofflin
C.H. Augas
G.B. flcCutcheon
R.J. ~lcCutcheon

C. Adams
S.C. Hocking
R. Sharples
F.W. Reid
L ~Iorse

F.D. Kite
J. Stewart

Sl
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I·· 1921 Sth. Bruny Is. L.S. V.A. Chipman
1921 Sth. Bruny Is. L.S. C.C. Brown

/
1921 Barn Bluff L.S. C. Simson Hope

I 1921 Barn Bluff L.S. A.H. Craig
1921 Bern Bluff L.S. H.B. Denniston
1921 Adventure Bay L.S. J.L. Frizoni

I 1921 Sth. Bruny Is. L.S. J.L. Frizoni
1921 Nth. Bruny Is. L.S. H. Thomas
1921 Nth. Bruny Is. L.S. E. ~Iathias

I
1921 Rosevele Oil Loftus Hills
1921 Barn Bluff Oil & Gas ~Ir Black, Field ~Ianager-

Consulting geologist
confirming seeps.

I 1922 Inglis River L.S. J.A. Hauchope
1922 Inglis River L.S. J.A. \-Iauchope
1922 Inglis River L. S. J.A. Hauchope

I
1922 Hersey L.S. G.D. Hendall
1922 Jericho Oil R. Hhite
1922 Sth. Bruny Is. L.S. \-I.T. Rope
1922 Davey River L.S. H.C. Hart

I 1922 Davey River Tar \-I.T.A. Cleveland
1922 Kermode L.S. The Hersey Valley Oil

Co.

I 1922 Latrobe Drill No. 1 The Hersey Valley Oil
Co.

1922 Railton Drill No. 1 (Adelaide Oil Exploration

I
Company.)

1922 Barn Bluff Drill
1922 Latrobe Drill No. 2 The ~lersey Valley Oil

('.o,

I 1922 Latrobe Drill No. 3 The ~lersey Valley Oil
Co.

1922 Latrobe Drill No. 4 The Hersey Valley Oil

I Co.
1922 Latrobe Drill No. S The Hersey Valley Oil

Co.

I
1922 Latrobe Drill No. 6 The Hersey Valley Oil

Co.
1922 Letrobe Drill No. 7 The Hersey Valley Oil

Co.

I 1922 Latrobe Drill No. 8 The Hersey Valley Oil
Co.

1922 Latrobe Drill No. 9 The Hersey Valley Oil

I Co.
1922 Latrobe Drill No. 2 Adelaide Oil Exploration

Company.

I
1922 Latrobe Drill No. 3 Adelaide Oil Exploration

Company.
1922 Latrobe Drill No. 4 Adelaide Oil Exploration

Company.

I 1922 Letrobe Drill No. S Adelaide Oil Exploration
Company.

1922 Latrobe Drill No. 6 Adelaide Oil Exploration

I Company.
1922 Latrobe Drill No. 7 Adelaide Oil Exploration

Company.

I
1922 Letrobe Drill No. 8 Adelaide Oil Exploration

Company.
1922 Latrobe Drill No. 9 Adelaide Oil Exploration

I
Company.

1922 Latrobe Drill No.lO Adelaide Oil Exploration
Company.

.-- ... -..

• .... I
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1922

1922

1923
1923
1923
1923
1923
1923
1923
1923
1923
1923
1923
1923
1923
1923
1923
1923
1923
1923
1923
1923
1923
1923

1924
1924
1921c
1924
1924
1924
1925
1925
1925
1925
1926
1928
1928
1928
1928
1928
1928
1929
1929
1929
1929
1929
1929

1929
1929
1930
1930
1930
1930
1931
1931

1933
1933

Latrobe

Latrobe

Rockliffes Farm
Roches Farm
Harford
Burgess
Hersey
Port Sorell
Port Sorell
Port Sorrell
Port Sorell
Franklin Rivulet
Burgess
Burgess
Port Sorell
Burgess
Port Sorell
Barn Bluff
Barn Bluff
Barn Bluff
Barn Bluff
Little Henty River
Strahan
Strahan

New River
New River

Henty River
Barn Bluff
Barn Bluff
Ne\i River
New River
Flowerdale
Ht. Camerol1
Barn Bluff
Nth. Bruny Is.
King Island
Nth. Bruny Is.
Nth. Bruny Is.
Nth. Bruny Is.
Sth. Bruny Is.
North Bruny Is.
North Bruny Is.
No rth Bruny Is.
Great Bay, Nth. Bruny
North Bruny Is.
North Bruny Is.

Sth Bruny Is.
Henty River
Nth. Bruny Is.
King Island
Stood ley
~lengah

Cradoc
Leprena

Dover
Golden Valley

Is.

Drill No.ll

Drill No.12

Oil & Gas
Oil & Gas
L.S.
L.S.
L.S.
1.S.
L.S.
L.S.
L.S.
L.S.
L.S.
L.S.
L.S.
L.S.
L.S.
L.S.
1.S.
L.S.
L.S.
Tar
L.S.
L.S.

L.S.
L.S.
L.~.

L.S.
1.S.
L.S.
L.S.
L.S.
L.S.
Tar
L.S. Oil
L.S.
L.S. Tar
L.S. Oil
L.S.
1.S.
L.S.
Drill 1.
L.S.
Drill 2
Oil & Ges
Drill 3
Oil, Tar
& Gas
Oil
Gas
L.S.
L.S.
Oil
Oil
Oil
Oil
(Kerosene)
Oil
Gas

087068

Adelaide Oil Exploration
Company.
Adelaide Oil Exploration
COfilpany.
A. HcIntosh Reid
A. NcIntosh Reid
''-B. Cocker
J.A. "auchope
D.~I.C. Griffin
R.C. Grubb
G.N. Levy & A. Brol<n
J.D. Johnstone
E. Baker
L.J. Douglas
F .H. ~lcDonald

E.J. HcDonald
J.H. Addison
H.D. Gree"
R.W. HacKenzie
G.R. Plante
L. Nudie
E.E. Black
R. Stoneham
S.A. Clark
H.E. Evenden
The Hersey Valley Oil
Co.
F.T. Boddy
E. Hawson
r Heritsge
J.A. Hauchope
B.H. Edl<ards
B.D. Reynolds
E.F. Heritage
H.E. Everden
D. Berechree
F.F. Ford
C.S. Hope
H.H. Boddy
O. Bonney
C.F. Boddy
A.C. Black
H. Hayton
A.H. Jackson
Tasmanian Oil Co.
A.J. Hiller
Tasmanian Oil CO.
A. ~[cIntosh Reid
Tasmanien Oil Co.

Tasmanien Oil Co.
(Sgd) L.W. ~Iarsden

J.H. Robertson
J. HcD. Hay
L. Gatenby
A. Wright
J. Healy
W.J. Armstrong

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

1936
1936
1939
1939

1939

1939
1940
1940
1941
1942
1944
1945
1946
1948
1952
1953
1953
1955
1955
1956
1956
1956
1956
1957
1958
lO-;'R

1960
1960
1960
1960
1960
1960
1960
1960
1962
1962
1962
1962
1962
1963
1965
1965
1965
1966
1966

1966

1908

1968
1969
1980
1984
1986
1986
1987

Flinders Is.
Flinders Is.

Flinders Is.
Flinders Is.
Cygnet
Cradoc

Danbury Park

Ross
South Arm
Port Davey
Tunnack
Ocean Beach, Strahan
Bridport
Flinders Island
Tarraleah
Redpa
CaQbridge
Cygnet
Strahe.n
Prion Beach
King Island
Arthur River
West Takone
King Island
Hole Creek
Dover
Tinderbox

Crabtree
Port Sorell
King Island
Harral.'ah
King Island
King Island
Central Highlands
Det.ention River
Jericho
Bridgenorth
~Iarral.'ah

Burnie .
Distillery Creek, Wynyard
Table Cape
S.E. Tasmania
Fossil Bluff
.Ul verstone
Forth River
Hagley

Cressy

Penguin
Hagley
S.L Tasmania
Ross
Glenlusk
North Bruny Is.
Ida Bay

L.S.
L.S.

L.S.
L.S.
Oil
Oil & Gas

Drill 1

Gas
Oil
L.S. tar
Oil
Tar
Oil
Oil
Gas
Oil
Oil
Oil
Oil, Tar
Tar
L.S.
L.S.
L.S.
Tar
Oil
Oil, Gas
Oil
Oil
Oil
Gas
L.S.
Tar **
L.S.
L.S.
Oil
Oil
Oil
Oil
Oil
Oil
Oil
Oil, Gas
Lease
Oil
Tar
Gas
Drill 1 ~

Lease
Drill 2 +
Lease
Drill 3 +
Lease
Oil
Oil
Oil Lease
Oil
Oil
Oil, Gas
Tar

087069

A.A. Summerhayes
Austral Oil Drilling
Syndicate
C.S. Demcine
A.W. lmay
R. Taylor
Producers Oill.'ell
Supplies Ltd.
Producers Oil~ell

Supplies Ltd.
C. Davis
L Z. Company
H. I. Evendon
A. ~lackie

Hr 1-1. HolQes
A.H. Thorpe
1-1. Carry
G. Harris
C. Burt Senr.
P.I'. Evans
R. Dunning
H. Fletcher
H. Akerley
Hrs. A.J. Smith
R.K. Currt'Tling
B.A. Farquhar
Hrs. A.J. Smith
Eva ~Iarchant

LA. Haigh
Hrs. "'ilkinson
T.E:. Gulli~e

Unkno ....·n
C. Sulzberger
~~. S.P.J. Adams
F. "'. Ford
F.J. Adams
\oJ. K. I-Iestly
K. Slater
C.R. Pyke
R. "''!lite
W. Rattray
C.K. Hine
L.F. Egan
J. Carol
Hr. Jackson
E.Z. Company
S. Veenstra
Hr. C. Flol.'ers
H.I. Flight
C. Sulzberger

C. Sulzberger

C. Sulzberger

J. Bates
C. Sulzberger
B.H.P.
G. & G. Gleeson
Unknol.'n
Conga Oil Pty. Ltd.
R. Bender
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087070
1987 North Bruny Is. Oil, Gas C.S.I.R.O.
1987 Queenstown Tar Conga Oil Pty. Ltd.
1987 South Bruny Is., Cole Pt. Oil A. -Farmer
1988 Spring Beach, South Arm Oi"l Mr. ~jorris Potter
1989 Cape Piller Oil R. Billingh2m

(Mines Dept.)
1959 South Bruny Is. Tar Steve Forsyth

(Hines Dept)
1989 Brighton Tar C. W2llis
1989 Dysart Tar D. Green (Mines Dept.)
1989 Beaconsfield Oil Mine Geologist
1989 Colebrook Tar C. Wallis

Tars ID2rked *, ** represent occurences where samples exist in museum
collections; Queen Victoria and Tasmanian Huseum respectively. G.C.M.S.
2nalysis of these tars have conclusively proved they originated from 2n I.e

Ordovici2n source. (Dr. J. Volkman, C.S.I.R.O., 1990)
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BMRNo Depth Tmax 51 S2 S3 52/53 T<X HI 01 o/uC03

kgltonne kg/lonne kg/lonna (Whole Rock)

5800 Douglas River 321.33-321.05 44G G.28 147.53 0.15 9ll3.53 16.99 86ll 10.69

5801 Ross Borehole #2 409.00-409.30 447 0.15 0.09 0 1.19 8 0 0.86

5802 TunbridgQ Borehole 112 676.4-676.7 458 0.56 0.92 0 2.8 33 0 6.94

---------------------
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ORG~IC PETROLOGY OF TUE PAR}~ENER GROUP

The maceral compositions of the organic matter in the 17 samples

provided fall into two distinct groups (see diagram). The organic matter

in the Quamby Hudstone is very rich in exinite, from 65% (sample 4)

varies from traces (not plotted on diagram), 1% (sample 5) to 65% (sampleI
to 100% in an oil shale (sample 9). The quantity of organic matter

I
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I
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I
I
I
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I
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8) .

The samples from the Lower Freshwater Sequence and below are all

inertinite-rich, with 39% inertinite in sample 15 to 88% in sample 17.

The organic matter in samples 11 and 12 (also 1 and 2) is very finely

divided and opaque. (The particles are so small that they haven't taken

a polish, and appeat black.) It is even possible that these particles

are not org2.nic. It may be inertinite and/or heat-altered vitrinite

and exinite macerals.

Host of the samples of the Quamby Hudstone appear to be in the

early to m2in oil generation zone of maturity based on fluorescence

colours, or mean average vitrinite reflectance where available.

Fluorescence colour of e:<inite

Sample 3 (84 CP3) Golden yellow - spores

Sample 4 (84 CP4) Golden yellow - spores

Sa!ilple 6 (84 CP6) Golden yellow - spores

Sample 7 (84 CP7) Golden yellow - 5 po fes

S2mple 8 (84 CP8) D2rk orange - spores
pale green - Tasmanites

S2mple 9 (84 CP9) Green-yellot.; - Tasmanites

Sample 10 (84 CPIO) Deep orange - yellow, both spores and
Tasmanices

Sample 13 (84 CPl3) Orange - yellow - algae (vitrinite
reflectance ~ 0.62%)

Comple 14 (84 CP14) Bright ye 110"'1 - cutinite
(vitrinite reflectance ~ 0.55%)

Sample 15 (84 CPIS) Vitrinite reflectance 0.48%

Sample 16 (84 CP16) Vitrinite reflectance = 0.49%

Sample l7 (84 CPl7 ) Vilrinite rcflcct.1nce 0.49%

( "),-,



TAUU: 1

LOCATION: NORTH TASHANIA

Organic Matter Content

FORMATION: PAIU-lEENER SUPERGROUP

Results are given as percentages by volume

BHR No. Total Lab.
Oml No.

lo 84CPl \iynyard Tillite 1 Uass flighway 90239

2. 84CP2 Wynyard Tilll te 1 Hellyer Sheet 902"0

3. ll3CP3 Quall1by Hudstone 3 Golden Valley u/u 446 [t. 90241

4. 8"CP4 Quall1by Mudstone 4 Golden Valley niH 559 ft. 90242

5. 84CP5 Quamby Hudstone 1 Anderson 1 s Creek B/H 1,"08 fl. 902"3

6. 84CP6 Qua,"by Hudstone tr Anderson's Cl-eek nlll 425 h. 902 ',4

7. 84CP7 Quamby HudstoL1e 1 Hellyer Gorge 9021,5

8. 84CP8 Quall1by Mudstone 65 ~Iersey CreaL: Uend Oil Sllale 90246

9. 8"CP9 Quall1by MudstoL1e 21 Hellyer Gorge 9021,7

10. 8"CP10 Quall1by Hudstone 6 [(elapse Creek Area, Floa t 90248

n. 8"CPll Harine Mudstone 3 Husselroe Bay Bill 56m 902"9

12. 8"CP12 LQ\.... e r Freshwater Seq. 5 Nusselroe nay niH 42111 90250

13. 8"CP13 Lower Fresh\vater Seq. 7 Golden Valley ]jIll 5" . 5 fl. 90251

1" . 84CP1" LO\.... er Freshwater Seq. 10 Fingal ]jIll 9 211 fl. 90252

Total
C"al

15. 8"CP15 Preolenn<l Coal Heas. 99 Relapse Creeek 90253

16. 8"CP16 Preolenna Coal Meas. "1 Relapse Creel, 90254

17. 8"CP17 Preolenna Coal 67 Relapse Creek 90255- - - - - - - - - - - - - - - •-----,-------------- ---_._-- - ~- -~---
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TAllLE 2 (ii)

LOCATION: NORTH TASHANIA

F01U1l\1'l0N: PARl'lEENER SUPERCROUP

Hacera! analyses of the organic matter

•----cal"lwllate----pyrite
quartz.-Py =..------0.627.----

Type of
L<.lb. organic Vitrin Spol"in- eu l i 1I Resini LiplO- Nicl-in- Hact-iu- lIlCrLQ- SCllIi- OpdL:UC 7- of No. of

No. InCl L l e r itc ile lt~ itt.! ur.!LriniLc
l\lgilliLc

He .iLe Jclrinilc [U$illiLc 111<.1 l tc r siJlllple counts

11. Narinc 902,9 DOH - - - - - -
Hudstonc

- - 4 - 96 3 28

12. Lo.... er
Freshwclter 90250 0011 - - - - -
Sequence

- - - 100 - - 5 16

13. ..
90251 DOH 13" 19 - - - 2 2 , 60 - - 7 46

14 . .. 90252 DOH 28 5 14 - 1 tr - '" 12 26 - 10 77

R (" v) Coals
f1l51n- Clay Py Q.

-"-- ite

14 . .. 90252 0.557. 12 6 14 2 7 - 4 2 27 15 1 6 tr 4

15. Prcolcnna
Coal 90253 0.,67. 55 2 1 1 1 - 4 7 12 1J 3 1 tr -

16. l-le<lSUrC5 9025, 0.49i. 37 ) 4 1 3 - 2 6 )1 10 ) not counted

17 . ~lcilsures 90255 0.491. 6 1 1 - 1+1"t r - 2tr 7 43 7 10 21

•

-



by T. POWELL
(see attached Table)

The Rock Eval Pyrolysis Method is a firmly established
technique for screening samples for source rock potential (see
Tissot & welte 1978). 54 Yields from pyrolysis are related to both
the amount of organic matter and its richness (H content) and are
expressed in Kg per tonne.

The THAX value is the temperature at which the S2 is cracked
from the kerogen. with increasing maturation it systematically
increases, the oil window is defined by the values 435-470°C.
Unreliable values occur where the S2 yields are low e.g. 84CP2,
84CP12. Most of the reliable values fall in the range 434 to 449
indicating that the samples are from the upper part of the oil
window.

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

087076

PAR~lANEER SUBGROUP

(SI /SI -t 52)
(YIeld of hydrocarbon mg/g
(organic carbon)
(yield of carbon dioxide
mg/g organic carbon).

Oxygen Index

yield of free hydrocarbons in rock
yield of pyrolysable hydrocarbons from kerogen
in rock
yield of carbon dioxide from pyrolysis of
kerogen in rock
Productive Index
Hydrogen Index

=

=
=

=

=

=

01

S,
S2

S
3

PI
HI

"ROCK EVAL AND ORGANIC C ANALYSES
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ROCK EVAL AND ORGANIC CARBON DATA PARMANEER SUPERGROUP N. TASMANIA

I LAB FIELD ORG S I S2 S TMAX PI HI 01
NO. NO. C 3 °c .

I
% Kg per Tonne .

---------~-------------------------------------------- ----------------
WYNYARD TILLITE
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APPENDIX 3 - 8.H.P d~illing results 1981
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APPENDIX 5 - Domack ,E.W. T.O.e Douglas ~iver
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APPENDIX 6 - E.W.Domack 1991
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ORGANIC Cl>REal NU FACIES VARIATION IN GL1ICIMr-MIIRINE MJDF:OO<S:
~ PALElXLIMATIC IIDlCA'roR

lIBSI'RN:r
Eugene Dcnack an:1 LeNis Burkley

1
1

An::ient I=Clar glacirrarine sediments are irrpJrtant palecclimatic arrl

1 paleco:eanographic irrlicators. Consequently, as rrore is learned abolt these

In addition, Ina:rly glacirrarine sequences ccntain organic-rich1
dep:>sitional erwironrents, better paleoclimatic reconstruetirns

prcduced.

can be

mudstones - I=Ctential petroleum so.trCe rocks. The develcp:rent of a detailed

1 depositional rro:1el for these ancient facies, a rro:1el that is closely tied to

1 =ent ideas concerning recent Antarctic depositicn, would greatly inprove

cut ability to 1) reccgnize irrlividual facies within these ancient deposits,

1 2) interpret arrl recoostruct paleoclimatic carlitirns. arrl 3) predict so.trCe

1
rock I=Ctential arrl extent in basins where these types of deposits exist.

1
A detailed study of facies variaticn arrl associated organic It'atter

ChangES (type, richness, del3) for an ancient I=Clar glacirrarine sequence will

1
1

be done. Resul ts fran this work will be carpared to similar recent Antarctic

sediments. This will enable us to develcp a detailed depositional rro:1el that

will in:::lude irx>rganic as well as organic variations.

1 Develcpment of a successful depositional rro:1el for I=Clar glacirrarine

1 variations in ancient glacirrarine organic sequ~~es.

1
1
1
• -/" l::;
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of biogenic
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ThoJgh rrcdi f ie:1

directicns.

feed benthic prcductivity.

role

Figure1;

the above

have been

absent meltwater with dynamic

(Table

presente:1 in this prqx:>sal is rrcdifie:1 fran 'J're.Iartha

environnents

phytoplankton whichof

interest focuse:1 around glacial activity near or adjacent to

alcng :rOJghly latitudinal

organic-rich

these

both organic and inorganic terrigenous sedirnent supply to the

facies (diamictons) in this environment are daninated by glacially

fran conditions of

blcx:ms

sedimentation (Dcrnack, 1982; Anderson and others, 1983, Fewell, 1983;

circulaticn and orography

derived

zones of

limiting

The Polar (ice cap) situation is exerrplified by the environment along the

A cl :irratic m::del

Other

(1968) for present climatic zones of the earth. In this m::del there are

transition tc:day

Polar (Ice.9£)

thus

respect to ice positions and the relative

seasonc.l

EcJw-ards, 1986; Dcmack, in review).

glacially cOlered terrain with aburrlant meltwater, terrestrial vegetation, and

facies within

East Antarctic coast (Figure 1) where mean sumner terperatures are less than

and Boreal arrlJor Terperate O::eanic (Table 1).

glaciated valley systers (Table 1). Because of this variability,

Cl:irratic Model

derived

rrarine

carbination of these cliJratic and cx:eanographic factors results in basinal and

OC63TJ.C

continuum

ca.J:boI-,.a tes , and biCX:lastic rich sediIrent gravity flON deposits (Figure 1).

rrarine basins. These zones include: Polar-ice cap, Polar-tundra (or subpolar),

rrarine environr:-e.!'1t. Sea ice fluctuations and nutrient rich

rrajor

- 2.0 degrees C. In such settings mel twater prcduction is
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I

I Climatic~
I Zone -.J

Polar

(Ice cao)

Polar

(Tundra)

Boreal or

Temperate Oceanic

Table 1: Climatic zonation, summer temperature variation and limiting
factors for various glacimarine environments. Resultant variations
in organic carbon for basinal mudrock facies are also shown. Total
organic carbon contents (T.O.C.) from, (a); Dunbar and others (1985)
and Domack (in review), (b); Stevens (1985), (c); Atlas and others
(1983) .

low

high

c.
< 1.5%

no sea-ice

> 10°C

abundant
meltwater

---l"~ input
(distal & proximal)

..................................,.,.......... ,
.,',.'

b.
<0.5%

limited
meltwater

input
(proximal)

---l"~ 0° C -10° C

limited terrestrial abundant terrestrial
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FIGURE 1 Depositional model for Antarctic polar glacial marine environment.
Based on information in Domack (1980, 1982, in review,)

Domack and Anderson (19B3) and Anderson et al. (19B3).
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SUbp:llar envircnrents, such as th:;)se of Spitsenbergen and elS6'lhere, are

sedimentation in the rrarine e!wironnent is daninant in both proxirrel an:] ice-

Piedr=t and valley glacier systems surrounding the Gulf of Alaska exist

muds would be expected to be daninate:i by re',oorked (Table 1 an:] Figure 2b)

be

and

pr=esses.

1983)

1985) •

and would

within glacimarine

!'b1nia,

pfinnan,

1982;

('ICC<0.5%)

1982;

Organics

degrees C, therefore, limiting

terrain.

established. The resulting glacirrarine muds

!'blnia and Hein,

of organic carbon

in ice-praxirral facies. Pleistocene exarrp1es suggest

is well

are between 0 an:] 10

vegetation

particularly

the ancient record the above climatic variations ....-ould be expected to

terperatures

In

to ice cap an:] outlet glacier systens (Gilbert,

te=estrial vegetation on deg1aciated

Polar ('I\JIrlra)

sumner

units ccntain lew am::A.lIlts

characterized by rEWOrked (detrital) kerogen (sackett, 1986a).

te=estrial

sediment,

gradients (high accumulatim and ablation). Under such conditions meltwater

organics transp:lrted and i=orpJrated by mel twater dep:sitional

shculd cmtain lew to m::derate arrounts of te=estrial organic carbon of both

derived detritus arx'l are deposited ~acial1y 0/beneath an ice shelf. These

Cont~raneous rrarine organics would be highly diluted with meltwater derived

rtwOrked and cCCltenporaneous origin (Atlas and others, 1983).

urrler Boreal Or Tenperate CCeanic clirrates an:] are rrarked by high net balance

rr-arke:i by ice-proximal «10 l<m) meltwater ITUJd depositicn which occurs adjacent

'ICC of < 0.5% (Stevens, 1985).

Boreal/Tarperate CCeanic

distal settings (Powell, 1981;

Ancient Analogs

be preserved as vertical changes in rnudrock lithofacies and associated organic

t .. ,p. ~.. 0,.._. 'n' "" __ '''·n... . ~"'~'.·-:~-::~.c..C"C_':::.:;--~. n ----:-- ..
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ca.rbcn (FigUre 3). Marine bas ins that have~ minimal uplif t am

bioclastic carbonates and bioclastic rich turbidites within shallow

degrees) .

p:>rtions of the resin (Banks, 1962; Rao, 1981; Carack, 1982; Domack

Darack an::1 Arrlerson, 1985) (see Figure 1).

21

andpetrographically,

2. In both sequences deep water organic-rich sediments grade laterally into

biogenic deposits (Banks, 1962; Clarke and Banks. 1972; Domack, 1982;

1. Both sequences consist of glaciJrarine diamict directly overlain by

We propose to ccnpare the Quarrby Group Mudstone facies with recent

~les of ancient sedimentary deposits that rre:y be analogs for recent

Polar (Ice cap) glacimarire sediments include: the Late Precar!brian Hedrrark

3. Both sequences were deposited in p:>lar latitudes (greater than 65

and i'.nderson. 1985) (see FigUre 2).

sufficient subsiden::e during the climatic transitiCil WOJld be ideal places for

the preservatiCil of analogs to recent sequences.

Of these. the Early Permian Quarrby Group in Tasmania is Il'CGt similar to

arrl PahruTp Grrups in N:>rway an::1 3'1 N:>rth 1'1nerica ('I\JCker, 19831 Tucker, 1986;

the recent Antarctic glacinarine facies in three ways:

arrl others. 1966; CCnbaz, 1967; Williams. 1978), and the Early Pennian Quarrby

Tucker, personal ccnmunicatiCil - attached). the Early Paleozoic Bthaat &gil

Grrup (Trcnpette. 1973) an::1 otr.erPaleozoic units in N:>rt.!Mest Africa (Beuf

Grrup in Tasrrania (Banks, 1962; carey and Amad, 1961).

gecchenical1y. In so doing we anticipate develcping a better understanding of

Antarctic glacimarine facies sedimentologically,

Cbjectives

•
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the dep:>siticnal history, ultimately in the fonn a testable depositiooal

rrcdeL We [q:>e to do this by adiressing the folla-'ing ideas.

First, Do the facies change sedimentologically and petrographically as

the climatic ccn:litions shift ~ard wanner tarperatures in recent sediments

as is depicted in Figure 3.

Are there clear systsnatic facies variations as sea ice retreats and

climate warms such that specific t~ture limits (Table 1 and Figure 3) can

be associated with the changes?

These questions will be answered by first examining recent antarctic

sediments already available (at Florida State University) as well as sediments

to be collected by E. Darack as part of NSF/RUI Research Grant DPP-8613565

"Depositional ErNir=nents of the l>.ntarctic Continental Shelf" (refer to Part

III in awlicaticn - Current Research Activities). Then, the Quarrby Group

Mudstone facies will be similarly examined and ccnpared to the recent

sediments •

second, h::w dC€s the organic rratter (type and richness) vary with the

sedimentology and facies?

Do the facies sh::w a systeratic change in the ratio of land derived

kerogen to rrarine derived kerogen as they becane rrore distal, with respect to

the ice, and as fllNial input and land plant camnmities expand under climatic

wa..-rming and deglaciation? J..t what stratigraphic p:JSition is the greatest

arncunt of organic rraterial preserved and is it p:JSsible to predict the

p:JSition of such facies? Hew dC€s the depositional envirom>ent of present day

organic-rich siliceous sed~~ts compare to these ancient mudstones?

The accumulation of organic-rich well laminated sediments in the

Antarctic occurs within basins t.P.at contain oxygenated botton ,,'aters (Darack
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Figure 3: Cartoon shoWing correlation of facies between recent and ancient
polar glacimarine sequences. Note. proposed climatic warming and
possible terrestrial (T) to marine (M) kerogen ratios for ancient
sequence. Antarctic stratigraphy from Domack (1982. in review).
Domack and Anderson (1983). Early Permian stratigraphy from Banks
(1962; I985. personal communication), Clarke (1968) and Clarke and
Banks (1972). Laminated and massive mudstones are indicated by
continuous and discontinuous horizontal lines respectively.
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ar.d An:J.erson, 1983; Gordrn arrl 'I'ch?n1ia, 1972). This is rot typical Of

envircrments gffieral1y inferred for depJsitioo arrl preservaticn of gocrl scurce

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

To aCdress this quan:1ary the origin of laminations within these basinal

nuds needs to be a&:l.ressed. Preliminary data irrlicate that laminated zooes are

essentially lacking in terrigencus detritus arrl, therefore, nay represent

quite rapid pelagic (7) sedimentation (Darack, in review). SUch rapid

dep:lSition af:l.=:€ars to be rL'~ated to seas~ productivity associated with

receding sea-ice (&!lith arrl Nelson, 1985; Bcdungen et al., 1986). Are

laminated intervals within the Quarrby similar in origin to the Antarctic =es

(Figure 2) 7 The lateral relationships of this facies, as cbserved in outcrcp,

WDUld help clarify such questicms arrl orr ur.derstaJrling of rrcdern Antarctic

(XlZe dep:lSitioo. Further, the preservation of laminated pelagic facies is

generally thQ.lght to be an inportant irrlicator of l:ottan water anoxia (Byers,

1977; savdra, et al., 1984) which prevents effective biotUIbation and enhances

organic carbon preservation. Clearly, this widely accepted rrcdel does not

apply to the Antarctic cozes arrl nay not aw1y to the Quarrby and/or other

glacial-rrarine, organic-rich, mudrocks. Other factors inportant in such

settings nay be the high, short-term sedine.'1t accumulation rates which nay

rival those of lCM concentration turbidity currents. Rapid dep:lSition over a

short ti.rre interval nay effectively limit biotUIbation and is in contrast to

the "continuous pelagic sedirre.'1tatioo" included within the anoxic mcdel of

savdra, et al., (1984, p. 1189) ar.d others.

Thus, sedirne..'1tation rate is iJpportant in affecting organic preservation

(Ibach, 1982). But, we question whetr.€r a rapid se-Jirnentation rate is

sufficient to result in highly organic-rich (>8% T.O.C.) sedirrent such as is

cbserved in the Quarrby Group (Reid, 1924) 7 Just hew do the organic-rich Quarrby

mudstones (i.e Tasrranite) cmpare to t.~e recent Antarctic organic-rich

<? f,
v+-



respect to the ratio of terrestrial to marine rraterial. Dean and Arthur (1983)

Iratching .

origin (Sackett, 1986a; Tissot and Welte, 1978; Stuer.mer and others, 1978), it

Facies daninate::l by irxligenous rrarine kerogen (i. e. Polar ice cap, Table

the facies and

'~lt~~~iV{:j!,~~J~rft;;'·••
se::lirrents ciccuru.la ting tcday i.D the

7087093

sed:ilrents? Do we have richer organic

in ancient sediments without carefully <:bserving

two cClip)nents in varying proportions (Sackett, 1986a) • "53 p::linted out by

is conceivable that the measured isotopic values reflect the mixing of these

Lne p::lssible cause of a large spread of measured del3 values of kerogen

serre instances del3 values of kercgen fran different sarrples of the same

Iratching. This correlaticn teol often works well (Fuex, 1977). H=ever, in

interpreted <:bserved differences in del3 in ancient sediments as the result of

is that the organic Iratter of different facies may differ, especially with

Antarctic that have rot as yet been sarrple::l, or are there definite differences

source rock are highly variable. For exarrple, the Kin;Ja)< Fonratian in Alaska

del3 measurements of kerogen in scurce rocks are used for oil-source r=k

kerogen, fran facies to facies reflected in the stable carl:>ccl isotq::es?

shews a del3 spread of aver 6 pennil (Burkley and Castaoo, 1986). A spread of

Third, are changing ratios of land-derive::l kerogen to rrarine-derived

this rragnitude prevents the use of del3 values of kerogen for oil-source r=k

between the recent sedirrents and the Quarrby organic-rich facies?

different s=es of organic matter as well as to diagenesis. Because land

derived kercgen is generally depleted in 13C relative to kerogen of marine

palaeogeographic setting.

depen:le.TJt (Sackett, 1986b). Though the exact fractionation relationships would

".rthur and others (1985), the del3 relationship rray not be easily interpreted

1) rray also sh= d0.3 variation which is te<perature, rather than facies
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to that of Boulter arrl Ardrew (1986). Then the richness (T.O.C.) arrl the del3

relative changes coold be establisOOd if the various carponents of the kerogen

canparing d13C values of ancient kerogen to those of the Recent is chiefly the

The

species

in p::>lar

ideas.

the Quarrby

Stuerrrer and

Facies will be

these

1978;

phytq:>l ank tc41

studied.

(extiOCt?)

the diagenesis in recent unconsolidated

Tissot arrl We1 te,

arcient

be

excellent place to test

1981;

nature of

will

Eatcher an:l others, 1983; Harvey arrl others, 1984; I'.arvey an:l

to establish for

sequer:ce

our lack of un::lerstanding of kerogen diagenesis (Tissot arrl We1 te,

(Arthur arrl others, 1985), it will be :iIrp:>rtant to carpare than to

1978;

glacirrarine sedirrents fran the Antarctic used in the initial stages of

of

The Quarrby Group is an

In addition, limited del3 analyses will be performed on kerogen fran the

2. To deve1cp a sedime.'1tologic m:xiel for organic-rich Imldrocks

In s1J!!Il'2ry, the cbjects of this project are:

1. To test current rrcdels of p::>lar glacimarine sedimentation.

are accounted for.

this study. Although these results may not be similar to those of

these a.'1cient sediments deposited in a similar envirornent. The prcb1an with

be difficul t

result

keroge!1 value will be rreasured. If the prcposed ice--<1istal and/or p::>lar facies

recent

incomplete arrl variable

changing input of both inorganic arrl organic facies constituents.

differentiated arrl the ratio of terrestrial--<>erived to rrarine--derived kerogen

dep::siticnal

contain lew a:roIDts of terrestrial kerogen, as we suspect the.:r will, we should

be able to cbserve the del3 values changing in a systeratic pattern reflecting

will be estiJrated visually by transnitted light microsccp,r in a rrethcd similar

sediments (Tissot and Pe1et,

others,

others, 1986).

1978; Stuermer and others, 1978; Spiker arrl Hatcher, 1984), coupled with the

Imlds tones

J~~'"""-'~~~.,~.~.. ,..,"':"~~_U;;.~""1lo"'4=·_''''· ~-~,'.n"~:';n" ...... ~-~. -''''-'." ·.r"'~::";':,::;-.::"':;'-··i··.. • ,.••. ...,..- 'Y---'''' ~.-' -'-~.--~'-"T7 ~.
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glacirrarine envircnnents.

3. To intexpret the sedimentary record of these rocks with reS{:€Ct to

glacial climatic arrl oceanographic changes.

4. To test the dC13 variaticn in organic-rich arrl organic-lean rocks as

the resul t of facies variaticn arrl organic type.

Insofar as both a.rx:ient glacial mrrine sediments and nuxlrocks. in

gereral. represent two naja;- frontiers of sedimentologic research (see

discussicns by Reading (1986), Gorsline (l984) arrl Blatt (1982) we believe the

results of the prcposed project will be well received by the geologic

ccmmmity.

ME'ffi<XJS 'II:) AGLIDlE THE CBJECI'IVES

SCIne sedirrentological and petrological analyses of recent glacirrarine

sedirrents have already been done (Ca:rack arrl Anderson, 1985; Ca:rack, in

preparation) while other sanples are available to us (Florida State Antarctic

Core Facility) to do more work. Mditional se:J.iment will be collected as a

part of NSF/RUI grant (DPP--8613565). 'IWo or rrore students will participate in

the actual shi!±oard sanpling.

Field study arrl sanpling of the Quarrby Group in Australia will be

cor:ducted in co--c:peration with the University of TaSlT'aIlia which can provide

sore sUPlXlrt for field and acccm:dation expenses (personal ccmmmication, Dr.

Maxwell Banks; letter attached at end of prq:osal). One student will acccnpany

E. IJarack. the funds for which are available in a newly instituted "Rogers

Grant in Geology" at l-'.amilton college (letter of explanation attached at end

of pTqX)sal). These funis are specifically for stude.!1t research and travel,

the use of which is detennined by the geology department facul ty.

87



types and percentages. The organic rraturity of the Quarrby is lew (Marchand, et

analysis will be selected to display the best possible range of organic type

75- 100 recent arrl an::ient sediments will be detennined by a service ccnpa.ny

the

also be

sh3.le uni ts

made of

sarrple for an

oil

samples for dCl3

per

This mcrlel will be

$15

to Case Western Reserve

.' '("

Department of GeclOgy (see

14).

the develq:r.,ent of a tentative

with estimates

inforrration,

page

travel

10

core rraterial fran the Quarrby Group will be

schedule.

student expenses arrl salary for two or three

With ~is

~ ~"'''&'-e.ti·c",,,,~,'-..•...~- •.• " -.~~~.-.':il..........-.-.=~ .- ,." _ "'=-"""--.-n...,..

,C~: ),;,:<t~r,:):;"; ,.~,;/:»~;
;",",' ,,'08'709 '6"

anticipated general recognition of much of the

studies will fccus en the Lo.oier Pennian Wynyard

fran the Quarrby Mudstcmes with analyses of

is

students will

plus

to perfonn these analyses (see letter fran S. Savin

it

sedirrent will pennit

... :.. '~

results

or two

sarrples,

Outcrop arrl drill

so that

in Cl evel and

50-60

in order to discern rrechanisrrs of ice trcmsp::>rt (i. e. sea-ice, basal

the second year, the Total Organic Carlxm ('rOC) analyses for at least

1) •

for which are requested in tbe grant at abcut $10 per analysis).

1969) ,

Detailed sedimentologic

In

Carpar ioon of

(furrls

research schedule page 14).

lithofacies based on prinaIy arrl biogenic sedirrentary structures, lithology,

Tillite arrl Quenby Mtrlstooe GroJP which contains several

sedimentolOgy laboratory at Hamilton College,

examined

or supraglacial debris). sediment sample analysis will be ccrrlucted at

Antarctic glacimarine

arrl petrography. The nature of crntained ice-rafted debris will

described arrl analyzed with the initial p.u:pose being Iecognition of distin::t

estirrated

mcrlified arrl altered as work progresses.

Kerogen separates will be prepared am analyzed, in transmitted light, both as

(Figure

organic rratter will be possible.

dep:>sitional mcde1 (see research

al' ,

arrl richness. One

University

whole sediment sarrple am kerogen concentrates

attached to end of proposal). This will cost about

rronths in the sumr.€r. sane rroney for students should also be available through

.~~

.~', ,;, ,

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
I
I
I
I
I
I
I
I
I
I
I
I
•

tie Roger's Grant for student research rrentiooe:l previcusly. This phase of the

sttrly will provide an extrercly valuable laboratory experience. Furxis for

analyses an:l student salaries are requested in the grant.

Qq
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manU tory.

It is anticipated that each students will participate in at least two

different aspects of the tcpics listed above. If students shew an interest we

also anticipate that they will participate in publications that result fran

this work.

Besides these fcur scoolars, we e>q:ECt several other students to be

involved in srraller scale aspects of this study with se.'1ior theses or senior

projects. !>B of 1987-88 Hamilton College will institute a senior require:rent

that will encourage each student to do sane kind of ind~ent work. We

anticipate an increase in the number of geology stude.~ts who will participate

in senior related projects. As of 1989-90 this senior project will be

087098

------

SIUDENr PARrICIPATIClN

._- ,_.--._--' ..~---, .. -....__ .

Fcur students will be actively involved with this research project as

scoolars (see research schedule, page 14). A gene..'0.1 ootline of their

involvenent is as follcws:

Participation by 'l\oio SCh:Jlars involving sediIrentological aspects

1. 5ed:irrentologic and grain size analyses

2. Statistical evaluatioos of beOOing- style and lamination

3. Petrographic examinaticns and descriptions

4. Core and ootcrq:> sarrple descriptioos

Participation by 'l\oio Scoolars involving gecx::hanical aspects

1. Kerogen separaticn and visual identificatirn

2. 'TOC sarrple preparations and analyses

3. Petrcgraphic examination of organic-rich and lean mudstones

4. Isotcpic analysis of selected samples

.'­
••••••••••••••
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I
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Field work ra:;ruest for $3000 will suppJrt one of us for aboot a one IrC11th

reconnaissan:::e field seascn in Australia. This will CCNer travel e;<peI1Ses to

arxl. fran Australia, feed, arxi sore lodging. As stated in the bcdy of the

prc:posal Dr. Maxwell Banks fran the University of Tasm3nia has offered sane

SUfPOrt for field work arxi lcdging. The sumer of 1988, E. Darack arxi ore

stu::lent field assistant will return for a two IrC11th field season. We

anticipate enoogh rroney will ranain after the first trip, plus salary to

suppJrt E. Darack. The student will be supp::>rted by the F.arnilton College

Reger's Grant in Geolc:gy (see attached letter at end of prc:posal).

~~""
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SUrrr.er 1987

Fall &

Spring 1987-8

Surrrrer, Fall &

Spring 1988-9

Surrrrer, Fall

& Spring 1989-90

Sumner 1990
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One ru:nth recamaissarce field ~rk, Australia

(E. D::rrack)

S€dirrentology and grain size analysis of recent

sediIrents and initial~IU.lP~es.

Petrography of rro.rlr=ks. Visual kerogen and

organic carlxm analysis of glacial rrarine llllds

(including Quenby GIU.lP sanples).

'IWo rronths field ~rk, Australia (E. Dc:nack and

student)

Contimlation of studies fran previous year with

additional sarrples as available.

Possibly initial carbon isotcpic analysis (L.

Burkley and student).

Develq::ment of tentative facies rrcdel for Quarrby

Group sarrp1es. Petrography of rro.rlr=ks.

Develq::ment of facies rrcdel for Quarrby.

Visual kerogen and organic ca....>i::on analysis of

glacic.l rrarine muds and Quarrby Group continue.

Petrographic analysis continues.

Completion of ca....>i::on isotope analysis of

lithofacies of glacial-rrarine mudrocks.

Petrography completed.

Synthesis and correlation of data (E. Dc:nack &

n-:
",~-; ..

~ ._-



Develcpnent of carprehensive paleoclimatic IrCdel
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L. Burkley).

for 91 acial-rrarine mudr=ks.
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FRACTURIKG IN SPRABERRY RESERVOIR, WEST TEXAS'

WALTER M. \\1LKINSOK'
~ridlandJ Texas

ABSTRAcr
The Spraberry formation of Wt:st Texas is developed in the lower LeoIl.1.rd of middle Permian.

restricted in most part to the Midland basin. The main producing structure is:l fractured permeability
trap on a homoclinal fold. This homogeneous mass is undillerentiJ.ted ucept as to alternate h)'ers, of
Soands, siltstones, sh.:i.les, and Jimestonesl deposited in a deep basin under stagnant conditions l\ith
hydrocarbons formed throughout the 1,000 feet of sedimentary rocks.

'fractures we,e created by tensional forces arter induration, probably during post-Leonard time.
With storage of the oil reservoir in the sandstone matrix, the fractures serve as "feeder lines" to
conduct the oil to the bore hole. \Vitbout these fractures commercial production would be from a.
seemingly "tQ().tight" reservoir rock:

'The producing area of the Spraberry formation is a "laiN-"ay" ISO miles long aDd So miles ".. ide
at aD average depth of 6,~Ieet. The main area, however. is SO miles long. with width ranging from a
few miles to 48 miles, thus creating a. triangle of 48.81000 proved Olnd semi-proved producti ..·e acres.

INTRODUCTION

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

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

RISTORY OF DEVELOPMENT

In 1944 a dry pre-San Andres test was drilled by the Seaboard Oil Company
on the Abner }.'Spraberry farID of east-central Da",son County.During the drill­
ing of this wellJ a sandstone was noticed to have a slight showing of oil or gas and
was locally called the "Spraherry sandstone." No completion was attempted in
this sandstone l and no significance was attached to the possible resen"oir rock
until the Seaboard Oil Company's Lee well No. 2-D was drilled in late 1948 to the
Ellenhurger formation. During the drilling of this well, a showing of oil was noted
at approximately 71000 feet and a decision was made to test this zone. The Lee
NO.2 was subsequently completed as a producer with flowing potential of 3r9

I Read before the AS50dation at Los Angeles, March 23, 19,52. Manuscript recei...ed, Julv I, I9~'·

" D'istrict seo1ogi!>t1 Sohia Petroleum Companj.
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barrels of oil per day after 640-quart nitroglycerine shot at 6,455-6,535 feet. This
v;as On January 22,1949-

In February, '949, 65 miles south of the Seaboard discovery, theTex-Harvey
Oil Company's Floyd No. 1-16 was drilled to 12,063 feet. It stopped in Ellen­
burger and plugged back to be completed through casing perforations at 7,865­
7,875 feet and 8,045-8,055 feet opposite the lower Spraberr)" sandstone. Its pump­
ing potential was 135 barrels of oil per day, plus '3 per cent water. Tbis discovery
well was the beginning of the Tex-Harvey oil field in eastern Midland County_

In January, '950, the Humble Oil and Refining Company's Pembrook NO.1, '
30 miles south of the Tex-Harvey discovery, was drilled to the total depth of
lZ,660 feet in Ellenburger and plugged back to 7,169 feet and completed througb
casing perforations opposite upper Spraberry sandstone. Its pumping potential
was 34 barrels of oil and 4 barrels of water per day.

In November, '950, the Humble's Midkiff NO.1 in southeastern Midland
County was completed as small pumping well from the upper Spraberry; it
marked the most western extension of the trend at that time.

By this time some importance was being placed on the possibility of "shore­
liLe trend" according to conversations with several area geologists. All of the pre­
vious discoveries and thei.r extepsions were correlated to show that the producing
ZODe was in the same str~tigraphic resenroir rock. Subsea limits on top of the
Spraberry formation between 4,200 and 4,500 feet were considered geologically
justifiable for a rusb of wildcat activity'in early '95r. All of these wildcats were,
important productive extensions. .

During '95' and i952 additional wildcats were drilled structurally updip,
pro,....ing pr.oductivity in the Spraberry formation ,...-ithout regard for possible
shoreline trend, with a discovery in January, 1952, in southwe5t~m Sterling
County when the Honolulu Oil Corporation's Sugg NO.1 was completed as a
producer with flowing potential of 349 barrels of oil per day. Upper Spraberry
subsea datum was 2ASO feet, or 2,100 feet updip from the lowest subsea datum on
top of the Spraberry formation which was then productive. .

On May I, '952, there were 1,630 completed producing wells in the entire
Spraberry trend, and 1,558 producing wells in the main productive region, known
"as the "Four-County area." This area includes parts of Midland, GlasscockJ

Upton, and Reagan counties. On May I, 1952, there were 243 active rotary rigs in
the Spraberry trend, 208 of which were busy in the Four-County area_

STRATIGRAPHY

, The Spraberry formation is overlain by approximately 7,000 feet of rocks
beginning with 1,600 feet of Quaternary, Cretaceous, and Triassic sandstones and
redbeds. Included in this sequence is a caliclic unit which is prevalent throughout
the entire area at depths of 5-10 feet. The shallow depth and areal extent of this
caliche bed provide an excellent source of road metal for oil-field use.

Tbe Triassic rests unconformably on the upper Permian Ochoa series, which

-

~'r

I

-

r

087109

FRACT

consists of J

Between
4,700 feet of
LeonaId seI
and the low
sandstone b
fissile sbale
overlies the t

same litholo
The Spr

generally co
stones, and
to the lower
can be sepa
upper Spra'
330 feet of r

Some of
formo. tion "
the Sohio F
Glasscock (
uents have
mmerals al:

Sills/tn!­
grains falls
limits of o.
and the so,
some silic...1.

mining ne:

minor COD~

Dolomi
crystals b,
quartz gra

Shales."
blocky tn
have been
shales wer

In :,:.11
and shale:
acler. eer

the upper
Spraberl")"

:r L:!.maT
Texas/' ElIJ

I JJ---~- b__-

I

•



I·
1
1
1
1
1
1
1
1
1
1
1
1
1
1

I
." - J---_...

"r

087110

FRACTURING IN SPRABERRY RESERVOIR, WEST TEXAS 253

consists of 1,000 feet, more or less, of redbeds, halite, polyhaliteJ and anhydrite.
Between the Ochoa series and the top of the Spraherry are approximately

4,700 feet of rocks helonging in the Guadalupe series and the upper part of the
Leonard series. The upper 1,700 feet are interbedded dolomite and clastic beds
and the lower 3,ocO feet are interhedded dolomite and black shale with several
sandstone heds prominent locally. It sbould be mentioned here that the hlack
fissile shale and the thin dolomite heds of the Clear Fork group which directly
overlies the Spr.;herry are fr:actured"similarly to the Spraherry rocks and with the
same lithologic appearance.

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

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

Sillslones.-The grain-size description indicates that the major percentage of
grains falls in the silt-size range with approximately 60 per cent between tbe grade
limits of 0.03--0.06 millimeter. ~he grains range from angular to very angular,
and the sorting from fair to poor. Primarily, the cementing agent is dolomite with
some silica. All gradations are present from a nearly pure siltstone to those con·
taining nearly 50 per cent dolomite. In association with the siltstones are some
minor constituents such as pyriteJ mica J and plagioclase feldspars'.

Dolomites.-The dolomites vary in texture from fine to crystalline, the fine
crystals being primary. It was observed that the dolomites generally corrode
quartz: grains. .-

Shales.-Several types of shales have been encountered, such as massiveJ

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

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

• Lamar McLennan, Jr., and H. Waring Bradley, "Spr:J.berry and De::ln Sao.dstoncs of West
Teus/' Bull. AmC'/". ASJ~, Fetrof. G~ol'1 Vol. 3$, No. -4 (April, 195 1), p. 899·
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easily identifiable characteristic which differentiates the clastic content in the
three units, one from the other, if determination is made by binocular or petro­
graphic microscope.

A generalized lithological description 01 each 01 the three units 10Uows.
Upper SpraberrY.-323 feet 01 sedimentary rocks composed 01 approximately

45 leet o[ siltstone, 3 leet of limestone, ~nd 275 leet of black shale or gradations
thereof, which include an increase in silt content.

Middle SpraberrY.-361 feet 01 sedimentary rocks composed 01 approximately
26 leet 01 siltstone lound in very thin heds and not 01 the more massive type simi­
lar to upper Spraberry, one foot 01 limestone, and 334 leet of black shale and silty
shale.

Lower SpraberrY.-304 leet 01 sedimentary rncks composed 01 approximately
60 leet 01 siltstone with the more massive type lound near the base 01 the section,
I loot 01 limestone, and 243 leet of black shale and silty shale.

Specific attention has been paid during the preparation 01 this paper to the
type of deposits and original environment in the Four-County area. The remain­
ing part of the Spraberry trend has a general similarity, but, with tbe exception
01 Spraberry Deep pool, commercial production of major significance has not
been developed. The writer believes that the lIJidland basin as a whole had partly
restricted water circulation during Spraberry time. The Four-County area was
notably different from other parts of the basin, however) in that the circulation
was so restricted,as to cause toxicity in the bottom ,waters, with resulting sedi­
ments.ol euxinic lacies. This region appears to have been a partly isolated part of
the broad shallow basin ,,-ith conliaement of organisms to the top waters and with
the deeper bottom waters oxygen-deficient and lacking in benthonic life, thus in­
dicating tr-ue euxinic conditions.

The following is agenerallong-range correlation of texture. A well was exam­
ined in nortbwestern Lynn County (Anderson-Prichard's White No. I, Sec. "54,
HS&WT) in the northern end 01 tbe Spraberry trend. The upper Spraberry ex­
hibits gross mineral character and texture nearly identical with rocks examined
farther south in the Four-County area. The samples examined do not contain any
appreciable clastics in the sand-size range. East of the Four-County areaJ there
is an increase in the median diameter of grain size. In the Honolulu Oil Corpora­
tion's Sugg No. I of southwestern Sterling County, the texture is considerably
coarser than other sections examined fartber west. The sample of upper Spraberry
in this well is very fine-grained sandstone with the largest percentage of grains
in the upper limit 01 a very fine sand cl~ssification.

The feldspar materials examined contain no enlarged feldspar grains, but con­
sist of a detr.ital Core with a secondary rim. All shale samples examined are silty,
even the black, carbonaceous types; nearly all specimens contain at least 10 per
cent silt-sized material. Intermixed with the shale, here and there, is a bit of argil­
laceous material, which consists of predominantly fine, micaceous shreds' (seri-·
cite) and kaolin.
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FIG. 3·-Struclure map of Four-County area contour~d on top of Dean s:l.nd,
with regional dip e1im:inated.

of the 5praberry formation of 2,450-4,550 feet (Fig. ,). A sufficient number of dry
boles were drilled in '95' to partially delineate the producing area as approxi­
mately triangular. Only the western side of the triangle follows datum and roughly
established water table, whereas the' other two sides of the triangle follow no
established geological pattern. It is evident, therefore, that some controlling
factor is present for the accumulation of Spraherry oil in its present position otber
than a ushoreline trend}" or facies change. \Vith this idea in mind

1
a map (fig. 3)

ACCUMULATION OF OIL

As previously mentioned, a representation of "shoreline trend" l'o-as developed
during the early part of Spraberry exploration. Long north and south extensions·
restricted production to subsea limits on top of Spraherry formation between 41'200

feet and 4,500 feet. At this timeJ however
J

oil is produced between subsea limits
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of the Four-County area was prepared to eliminate regional dip and appro"imate
the probable topography of the sea floor during early Sprabeny deposition.

During the preparation of paleogeographic maps, several mapping techniques
are used, Figure 3 illustrating only one. Such a map merely aids in the technique
of visually restoring rocks to their re1ative original position of deposition. To sbow
the topographic features at the end of WoJ[camp time, the top of Dean sand was
selected to represent the near close of WoJ[camp time. The stratigraphic position
of the Dean sandstone relative to the Spraberry is shown in Figure 2. Tbe Dean
sand has been identified-as WoJ[camp in age, but used as datum point since base
·of Spraberry-top Dean interval is consistent in thickness. With the Dean data,
the present subsurface was rotated vertically from an arbitrary hinge line that
approximated the western edge of the Eastern platform. The map is, of necessity,

.a rough semblance of the ideal, but it does show a gentle, closed Jow area that
closely follows the areal distribu tion of the major productive region.

During Permian time the Midland basin was a mildly negative area receivirig
sediments from rar-removed emergent lands, and these sediments were deposited
in deep, quiet waters. The basin was not necessarily restricted in the environ­
mental sense. Circulation was open at the north and south; however, isolated
low areas on the main basin floor were locally restricted in circulation. In such
closed low areas the sea water could maintain its volume but would stagnate.
Surface waters were favorable for supporting many planktonic forms in its pelag­
ic realm. Contribution of orga.nic material from these surface forms, as well as
floating debrisJ could be preserved on basin floors where oxygen :was deficient and
hydroge~ sulphide conten~ was high. Rich organic muds were thus. lormed J as
evidenced by much bituminous matter ana in this type of environment, anaerobic
bacteria would be encouraged to break down the organic material into simpler
and roore basic hydrocarbons. The writer believes that such conditions did exist in
the gentle, closed low area sbo;'n in Figure 3 at the beginning of Spraberry dep­
osition.

This writer believes that the Midland basin was relatively non-toxic in most
part, and yet it was prohably pitted with several low restricted spots of varying
.depths. In these low areas would be the richer accumulation of organic muds.
Present distribution of oil or gas points to these areas indivi'dually, and tends to
show that the generation of oil was localized to a great degree.

A lithofacies map (Fig. 4) of the Four-County area further substantiates the
reconstruction of the geological features at the close of Wolfcamp time. Northeast
of the Spraberry trend non-clastics are dominant with a gradual facies change
to"'ard the productive area, where approximately 87 per cent of the Spraberry
is shale. 'Vest of the producing area a rather abrupt shale to limestone facies
change occurs, ,,,,ith several wells on the west side of the present structural highs
containing 85 per cent non-clastics. This probably means that during the time of
Spraberry deposition, the west side of the 1fidland basin "'as elevated sufficiently
to provide an environment of warm, shallow waters l in v,'hich caTbonates '\\"ere
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FIG. 4.-Lithofacies map. Four-County area) with SPC:l.berry isop,ach contOllr5.
I

and after accounting for all structural movements. Included in the interval thick­
ness is the I,OOO feet of Spraberry section plus approximately 500 feet of tipper
Wollcamp rocks to the base of the Dean sand. The area of thickest sedimentation
is found in the south-central part of Glasscock County and the north-central
part of Reagan County, and appears to be associated with the original low arC:l,

precipitated and deposited. Superimposed On the lithofacies map are isopach con­
tours representing the thickness of Spraberry-type rocks after total deposition
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FRACTURING IN SPRABERRY RESERVOIR, WEST TEXAS '59

interrupted only by slight structural g[Qwth a[Qund the Common corners of the
Four-County area.

Thc accumulation of Spraberry oil ,,'as probably directly associated ,,·;th a
relatively deep) c1o~ed basin since presen~ structural position is no determining
factor for the presence or absence of a productive reiervoir, Dor is a lithologiC
change a determining factor for the presence or absence of oil. Specific reference
is made to an arbitrary li"e representing the south limb of the triangular area
trending eastward through ~entral Reagan County. The Toch nortb of tbis ar­
bitrary line are generally the same as the rocks south of this line; ho,vever, pro­
d'!ctive reservoirs are found at the north and increase in productivity tOllard the
center of the triangular area.

:FRACTuRES

Even though many diagnostic characteristics of jointing are present, there is
no evidence of vertical displacement, but there is a fairly well defined pattern of

"Y:~.r.,.;~.-~.;;:'· .:;.:=.''C'''' -'~;.~.;'~-- .. "':~"T

." ~ ~t
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FIG. s.---Core showing incipient or latent yertical fractures. Diameter of c~. ~l inches.

fracture trend, both major and minorJ ",·hich may est~blish a fracture, or joint
system.

Fractures have been assigned a set of arbitrary indices by the "riter: (r)
latent fractures (Fig. 5); (2) single ",,<tical Or oblique fractures, discontinuous for
a relatively short distance; (3) single vertic,l fracture, extending for entire length
of lithologic unit (Fig. 6); (4) single vertical fractures parallel with each other; and
(5) vertical fractures paranel, intersected by oblique or vertical cross fractures
(Fig. 7).
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FIG. 6.-Core of sb:l.le and siltstone showing single vertical fracture atendinz across
. lithologic units. Diameter of coreJ 3! inches.

The most common type of fracture with the 'greatest continuous vertical
extent is found in the black, brittle shales and in the varved, sandy sbales. Ob­
lique fracturing occurs by far the most commonly in the silts but, where present
in the shales, occurs alone and is discontinuous up to IS inches in length. The
oblique fracturing has a tendency to assume a position of shattering with the end
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FlO.. 7.-Corl= showing combination of fracture types. Diameter of core, 31 inches.

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

All fractures tend to be centered in the cores, particularly where only single
vertical fractures are found. It would be an unlikely geological phenomenon that
fractures would fall naturally in a vertical plane within bore-hole deviation toler­
ances. Several hypotheses can be assumed for this phenomenon. It may be that
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fracturing is artificial to some degree and is created by stress relief along prede­
termined lines of weakness, or planes of microscopic fracturing. It may be that
the lines of fracturing are so closely spaced that the wandering action of the drill
bit or Core head would find the line of weakness and follow it, as in steeply dipping
b"eds in areas of thrust faulting. However) mineralization of fracture planes (Fig.
8») presence of lost circulation materials, and cement within fractures after coring
certainly prove that fissures are open) even though the presence of cement is
highly overrated. Abnormal injection pressures would aid in forcing foreign ma­
terials into the earth opening. Some operat9rs have introduced carnotite into the
cement slurry before casing is cemented above the Spraberry formation. The

. gamma-ray log showed no evidence of cement below casing point.
Pore space in the fractures before coring has been partly determined by the

~5:;:;;~:::"'---- .
;..•.-: ..

FIG. 8.-Cores showing inte~cting vertical fra.ctures and miner.llization.
. Diameter of core. 21 inches.

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

The matrix siltstone which serves as the main reservoir rock has 3n average
permeability of 0.50 millidarcy and an average porosity of 8 per cent. With this
type of permeability in the reservoir rock, it becomes obvious that the fractures
serve mainly as "feeder lines" to conduct oil to the well bore. In very few places
has commercial production been developed without a rupturing process to create
more fracture permeability channels.

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

Tests have been made in Soh10 laboratories of the different rocks of the Spra­
berry formation and prove the presence of sub-capillary openings. Fracture plane
faces were washed with lubricating gasoline for sufficient length of time to permit
absorption of the lubricating materia! into any sub-capillary openings that might

FIG. 9.-Coreshon-ing !:hrinkage: crack.s in Spraberry shale. Diam~ter of core. 3! inches.

be present. Exposure to air and heat provided rapid evaporation from the frac­
ture plane. In a very short time the fracture face was free of gasoline, but a com­
prehensive system of shrinkage cracks was proved by the remaining lubricating
material in the cracks themselves (Fig. 9). Experiments have shown that this
system i5 present only in the shales. There is very minor evidence of latent frac­
turing in the siltstones. The presence of the shrinkage crack system in the shales
further proves the non· directional reduction in volume.

Core orientation tests have been made in several wells in the Four-County
areaJ and a major fracture trend has been.indicated to have a general N. :25° E.
direction, with a more poorly developed se\ of cross fractures normal to the main
trend. These wells are: (r) Sohio's TXL "A" No.6, Sec. 35. Block 37, T. 4 S.,
Glasscock County; (» Sohio's Davenport "B" No. r, Sec. 2, Block 37, T. 5 S.•
Glasscock County; and (3) Sohio's Bernstein No. r, Sec. 5. Block N, Upton
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County. An initial potential map (Fig. 10) prepared of the Tex-Harvey pool ha;
indicated the same general north-northeast direction. On the initial potential
map the black coloring Iepresents the ,,'ells of higbest productivity and further
indicates the very close proximity to better developed fracture system.

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

'PRODUCTION STATISTICS AXD SUMMARY

Since the date of the discovery well in the Spraberry Deep pool, and since
the time of completion of the original Spraberry ,,-ell in the Tex-Han'ey field, an
ever-increasing tempo of ac'tivity bas confronted the oil industry in the Spraberry
trend.. The greatest concentration of drilling activity and completions bas been
confined, for the most part, to parts of the Four-County area. 11 i.s not important
to quote individual month or year statisticsJ but ratherJ comparison can be made
by quoting widely separated statistics.

In October, I95t, within the Four-County area there were 531 completed wells
and 241 drilling operations. Outside of this area there were 7' completed "'ells
with 5 drilling operations.

During the month of April, 1952, there were 1J558 producing wells within the
Four-County area, an average of 176 completions per month4 During this same
month ',744,156 barrels of oil were produced, which represents 77 per cent of the
assigned allowable. _

On February I, 1952J there' -t...ere 766 rotary drilling units in operJ.tion in the
Permian basin areas of 'Vest Te·xas and southeastern New .l\fexico. The Four­
County area had 3'5 of those operations, which represents 4' per cent of the
actual drilling rigs in the Permian basin.

'''ith an activity so concenlrated J there is a constantly changing picture day
by day, and any production charts of to-day would be obsolete tomorrow. It is
expected that appro~imately488,000 acres will be proved productive at the con-
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elusion of· developmental drilling within the Four-County area. Outside areas
appear to be marginal at present and yet areas favored by optimum -accumula­
tion of oil and associated with greater fracturing would be favored for production
unknown at this time.

Truthfully, it may be said that the Spraberry is a unique reservoir. It is fabul­
ous in areal extent, puzzling with its production problem.s) and baffling with its
geological phenomena. Here in an area devoid of typical folded traps, and froen a
mass of rocks that would be.clas~ified as non-commercial under average condi~

tionsJ £oVi"ed the aforementioned :2,744,156 barrels of oil from 1,558 wells during
the month of April, primarily the result of fractures.
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ABSTRACT

A review has been made of potential hydrocarbon source and reservoir

rocks of Ordovician to Triassic age in Tasmania. The appr~isal of

post-Carrbrian to pre-Tertiary regional geology, in conjunction with.
current concepts on source rock characteristics, paleo-geothermal

gradients, and known occurrences of sapropelic kerogen, implies the

presence of potential Source rocks at several horizons of differing

age and lithology. The most likely hydrocarbon Source rocks are the
Ordovician Gordon Sub Group (carbonate), and the Carboniferous ­

Permian section of the Parmeener Super Group (clastic). Recent
discoveries of Petroleum seepages were made in the basal section of

the Parmeener Super Group; this lower section appears to fulfill
the accepted criteria for source rocks, although the limited number

of samples collected precludes authoratitive conclusions. High heat
"-

flow during the Devonian· in western and north western Tasmania, and

possibly relict as late as Permian time, has effectively down graded
the prospectiveness of these parts of the state for hydrocarbon
potenti al.

However, the remainder of the state appears to have been shielded

from the high heat flow, as evidenced by the Gordon Limestone in
Southern Tasmania, which was subjected to the requisite maturation

conditions for the generation of hydrocarbons.

! ."





The report is divided into a discussion of lower"Palaeozoic and

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

1. Regional Geology
2. Comrrents on Source Rock Types
30 Geothermal History

40 Potential Oil Source Rocks
5. Potential Oi 1 Reservoir Rocks

This review of current literature and ideas of Tasmanian geology,

applicable to exploration for liquid and gaseous hydrocarbons, is
intended to review some of the aspects of petroleum origin, migration

and retention in Tasmania, with the object of rationalising future
petroleum exploration programs.

Critical physical and chemical data on potential source and reservoir

rocks are either poorly known, or non existent; accordingly, many "

of the comments made in this report are speculative and will almost

certainly be modified after collection, compilation and interpretation
of the requisite data.
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Gordon Sub Group

The Ordovician period is represented by the Junee Group, which

consists of the Denison Sub Group, overlain by the Gordon Sub

Group. The type area of the Junee Group is the Florentine
~

Synclinorium (Maydena - Florentine Valley).

As the formation names imply, the lithogies consist of conglomerate,

sandstone and siltstones with minor impure limestone. A widespread

marine transgression occurred at the top of the subgroup, with sand
deposited in N.W. and W. Tasmania, while silt was deposited in the

Florentine Valley (Florentine Valley Mudstone), suggesting a source
area in the N.W. and W. of the state; support for this model is seen

in the higher-proportion of calcareous beds in the Florentine Valley
and Beaconsfield areas, than elsewhere.

This sub group consists of three formations:­

Karmberg Limestone
Cashions Creek Limestone

Benjamin Limestone (Corbett and Banks, 1974).

The Karmberg Limestone consists of approximately 400m of impure nodular
limestone, calcareous siltstone and chert; it is richly fossiliferous,
and contains large spherulites of pyrite. The Cashions Creek Limestone

consists of approximately 100m of dolomitic li~stone with abundant

algal colonies (Girvanella).

087128
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REGIONAL GEOLOGY

Denison Sub Group

This sub group consists of three formations:­

Reeds Conglomerate
Tim Shea Sandstone

Florentine Valley Mudstone

ORDOVICIAN

2: 1. 2

2: 1.1
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£ig. 1: Distribution of 'the Junee Group
Gordon Sub Group Localities shown 'as follows:

FG - Flowe ry Gu 11 y
M - Vel rose
GP - Gunns PI ai ns
MC - Mol e Creek
L - Loongana
EH Everlasting Hills

.'
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Gordon Sub Group (Contd.)

The Benjamin Limestone consists of approximately 1200m of dolomitic
and stylolitic limestone of variable purity; several horizons rich

in corals, stromatoporoids, sponges, cephalopods, brachiopods, and

gastropods occur, and are considered by C.F. Burrett (pers. comm.)

to represent possible back reefs. The limestones represented .by
these formations-consist of supratidal dolomites, intertidal

calcisilitites, and subtidal calcisiltites·, calcarenites and shelly/
coralline calcirudites. During Chazyan time (Cashion Creek Limestone)

algal lawns were widespread across the state, and from Blackriveran

through Trentonian to early Cincinnattian time (Benjamin Limestone)

coral gardens/baffles became widespread.

The depositional environments for the Gordon Sub Group and the upper

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

Sub Group.

2:2 SILURIAN - DEVONIAN

2: 2.1 El don Group

This group cons i s ts of formati ons of three major alterna ti ons of

sandstone and siltstone, which, with minor limestone, ranges in
thickness from 1800m to 2300m.

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

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

The general cyclicity of sandstone alternating with siltstone also

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

All Eldon Group lithologies were deposited under shallow marine

conditions (including the siltstones); the greater coarse~ess and the

higher sand: shale ratio of the Eldon Group in western Tasmania, imply

a source area to the west of the state (Banks, 1962).

i 2. I
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CARBONIFEROUS- PER/11M - TRIASSIC

The environment of deposition was medium to shallow depth marine, cold (as
indicated by the Wynyard Tillite, glendonites and rare drops tones in the

overlying formations), and anaerobic, as indicated by the abundant,
pyrite.

Parmeener Super Group

The Lower Parmeener Super Group consists of the Lower Marine, Lower
Freshwater and Upper Marine Sequences, with a total aggregate maximum

thi ckness of )300m (Wi 11 i ams, 1979).

The Lower Marine Sequence includes units such as the Wynyard Tillite,

Quamby, Woody Island Siltstone, Darlington Limestone and Bundella
Formations, and the Golden Valley and Masseys Creek Groups. Typical

rock types are dark coloured siltstone and mudstone (often carbonaceous)
with minor limestone, sandstone, conglomerate, and oil shale ("Tasmanite").
Uraniferous, pyritic black shales (some of which are oil shales) occur
at Rossarden, and may represent marginal marine conditions at the

junction of the Quarnby Formation and the Basal Conglomerates in N.E.

Tasmani a.

087132
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Mathinna Beds

The Mathinna Beds occur in N.E. Tasmania, and consist of more than
2400m of sandstone, siltstone, and mudstone (variably metamorphosed),

whi'ch were deposited under deep water conditions. A crude twofold

subdivision into a sandstone/greywacke - siltstone, and a mudstone

association (now slate and phyllite) is recognisable. The age ranges

from Ordovician fo Devonian, and the sequence shows strong contrasts

on faunal and sedimentological grounds with the rest of Tasmania.
Banks (1962) postulated a facies change from shallow water shelf type

deposition in western Tasmania to continental type deposition in N.E.

and E. Tasmania; the margin of the continental shelf is inferred to

occur in the vicinity of Flowery Gully. The Mathinna Beds are separated

from the rest of Tasmania by a NNW trending transcurrent (?sinistral)

fault known as the Tamar Fracture System (Williams, 1979).

2:3.1

2:3

2.2.2

I.
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

• J.



Distribution of the Lower Parmeener Super Group
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PARMEENER SUPER GROUP
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Average: 550

Maximum Thickness preserved: 655 + 981 = 1636m ('::' 1.6m).
This contrasts with the figure given by Williams (1979) of 1930m.

c* Includes the Woody Island Si ltstone and "Tasrnanite" horizons)

Lower Parmeener Super Group (Lower Marine, Lower Freshwater and Upper Marine
Sequen ces)

1:250,000 Local ity Lower Marine Se uence Lower Upper Total
Map Sheet Tl III te Sl I t/rns S~/Sllt/L~ Sub Fresh- Marine

(m) (m)* (rn) Tot. Seq. Seq.
(m)"- (m) (m) ( m)

Hobart Cygnet/ 300 200 100 600 30 300 930
Glenorchy

Oatlands Poatina/ 105 90 60 255 110 280 645
Fri end ly
Beaches

Launces ton Quarrby NO NO NO 350 45 265 660

Burni e Wynyard/
West.Bluff 490 135 60 685 36 260 981

Queens town Cen tra 1 45 NO NO NO NO NO NO
Pl ateau/
Fl orenti ne
Valley

Averages: . 235 .142. 73 472 55 276 804

Upper Parmeener Super Group (Upper Freshwater·Sequence)-- .. -

1:250,000 Loca 1i t.l' Cygnet Ross Cluan Tiers Brady Total
Map Sheet Coal Form'n Form'n Form'n Form'n

Measu11s (m) (m) (rn) ( rn) (rn)
(m •

Hobart - NO NO NO NO NO NO
Oatlands (Poatina 60 200 140 90 165 655

(Grea t Lake NO NO NO NO NO 5BO
Launceston Quarrby NO NO NO NO NO 630
Burnie West.Bluff NO NO NO NO NO 365
Queenstown Cent. Plat. NO NO NO NO NO NO
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. "-The envlronment of deposi.tion was similar to that for the Lower Freshwater

Sequence - continental and freshwater (lacustrine).

Lithogi es range from quartzose to 1ithi c sands tone, silts tone,
carbonaceous to grey/green mudstone, to coal and acid/intermediate
vol cani cs.

Parmeener Super Group localities and thicknesses are shown in Table I,

where it should be noted that the apparent maximum preserved thickness
is approximately 1500m.

The environment of deposition was probably similar to that of Lower

Marine Sequence, namely medium/shallow water shelf conditions; the

climate was cool as indicated by rare glacial dropstones.

087135
Mersey and Prelonna Coal

Typi ca 1 1ithogi es are
oil shale and cannel coal
to the Malbina Formation.

The Upper Parmeener Super Group consists of the Upper Freshwater Sequence

with a total maximum thickness of approximately 550m (Williams, 1979).
It includes the Cygnet Coal Measures, Ross, Cluan, Tiers and Brady
Formati ons.

- 5 -

The Upper Marine Sequence includes the Cascades Group, the Malbina
Formation, Risdon Sandstone, Ferntree Mudstone and Poatina Group.

Lithogies range from calcareous siltstone and limestone to siltstone
and mudstone, with minor arkosic and glauconitic sandstone.

The Lower Fresh-water Sequence includes the

Measures, with an average thickness of 30m.
sandstone, carbonaceous siltstone and coal;
occur near the top of the sequence, adjacent
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3:0 COM!'lENTS ON SOURCE ROCK lYPES

3 :1 CARBONATE

3:1.1 Pure limestones are able to generate heavy oil with the

requisite maturation conditions, and organic matter (OM)

content. )mpure limestones, containing more clay minerals

(to act as Lewis Acid Catalysts) would modify the tendency

to produce heavy oil (Hunt, 1979). The Karrrberg Limestone

contains \<-75-85% CaC03 while Cashions Creek Limestone

contains ~ 93%'CaC03, and the Benjamin Limestone ~ 85-90%

CaC03·

3:1,2 Dark or brown coloured limestone/dolomite is generally a

900d source rock; mos t of the Karmberg, and some of the
Cashions Creek and Benjamin Limestones are impure and

argillaceous. Litho correlates of these units at Lune River
(Surrrnons, 1981), are similarly dark brown, with bituminous"

stylolites, disseminated pyrite, and with interbeds of

carbonaceous phosphatic shale/siltstone. Bituminous stylolites

are recorded from several localities in the Gordon Limestone

(e.g.,Railton, Deloraine).

3:1.3 Fine grained carbonate rocks generate more hydrocarbons from

the same amount of total organic matter (TOM) than a clastic
source rock, because limestones contain sapropelic OM (rich

in algal/amorphous kerogen). These kerogen types have the
highest H/C ratio, and thus the highest yield of petroleum of

all the kerogens (Hunt, 1979).

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

3:1.4 Typical source beds were formed in low energy coastal marine

environments, where clays and carbonates were deposited with

0.5-5% OM. The critical factor in preservation of the OM is
the existence of toxic, anaerobic conditions. Sapropelic OM,

which was formed in marine environments, is able to generate
both oil and gas .
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The Gordon Lirrestone was forrred under shallow water, marine

conditions (as discussed previouslY), and the frequent occurrence
of pyrite in conjunction with the carbonaceous shales implies an

anerobic and toxic environrrent.

3:1.5 A possible parallel of the Karmberg-Cashions Creek Limestones

(Florentine Valley) and the Lower Sequence at Lune River exists

in the lower part of the Marl Slate of N.E. England (Turner et al,

1978), where the sapropelic facies (laminated siltstone, dolomite

and bitumen) is overlain by evaporite facies sediments. Details

on the evaporitic nature of the Middle Sequence at Lune River

were described by Summons (1981).

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

V, ~Io, Ni (Levorsen, 1966); the bl ack shales in the Gordon Limestone

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

3;1.7 The association of oil brines with hypersaline dolomitizing brines

responsible for the formation of the Mississippi Valley Type ore
deposits has been noted by several authors, e.g. Hall and Friedman

(1963), Hall and Heyl (1968), and Carpenter et al (1974).

Dolomitization of the Gordon Limestone has occurred at several
~

localities, and a-mechanism of transport of any oil that may

have been generated may be envisaged.

3:2 CLASTIC

3:2.1 Catalytic cracking of hydrocarbons is a si9nificant process in

the generation of petroleum below =1250 C (Goldstein, in Hunt,
1979); typical naturally occurring catalysts are smectite clay

minerals and zeolites. Levorsen (1966) cites an example of
polyrrerization of propylene at 35°C in response to natural

catalyst bearing rocks.

The Lower Marine Sequence of the Parmeener Super Group is
reported to contain altered glass shards in southern Tasmania

and the Upper Marine Sequence (Cascades Group) contains beds of
bentonite, (Banks, 1962). These occurrences are interpreted as

indicating'volcanism (possibly that recorded in N.S.W.), during

the Permian, and the original presence of zeolitized tuffs may

be inferred.

08'7138
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The original presence of smectite clays in the Lower Marine

Sequence is currently unknown, but the concept of smectite/
zeolite initiated catalytic decomposition of OM may have been

significant in view of the geothermal gradients estimated for

the Permian in Tasmania.

3:2.2 Sapropelic OM is formed by decomposition and polymerization of

spores ana planktonic algae, and may be converted to one of the

following'with increasing IDaturati6n; boghead coal/oil shale,

cannel coal, or oil. Sapropelic OM is known to occur in both

the Lower and Upper Marine Sequences of the Parmeener Super Group

as follows:

(a) The "Tasmanite" oil shale from N. and N.W. Tasmania

(Quamby Formation) consists of a single celled alga

named Tasmanites Punctatus, which has H/C ratio of

!o= 1.5, and an O/C ratio of"-0.12.

As stated previously, sapropelic organic matter is the

most producti ve generator of oi 1, because its kerogen '

constituents (algal, amorphous and herbaceous) can
contribute H in the range of H/C from 1.7 - 0.30. Thus

the "Tasmanite" oil shale may be viewed as representing

the optimum type of source rock OM....

(b) Banks (1962) recorded oil shale and cannel coal from the
top of the 1'Ersey Coal t-Easures; however, it is equally

possible that these occurrences of sapropelic OM occur at the

base of the overlying Malbina Formation; similar comments

(to those made for "Tasmanite" oil shale), apply as to the
petroleum prospectiveness of this OM, given the necessary

maturation conditions. The presence of cannel coal (world

ave. H/C ~1.0, O/C "0.11) suggests that it has progressed

along the maturation pathway from the "Tasmanite" oil

shale.

3:2.3 Radioactive elements may aid in the transformation of kerogen

to petroleum through the action of alpha particle bombardment

(Levorsen, 1966); however, the evidence for the significance
and extent 'of such transformation is conjectural.

Uraniferous black shales occur beneath the Permian Basal

Conglomerate (and possibly in the Quarrby Formation) at Rossarden.
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4:0 GEOTHE.RW\L H.ISTOR.Y

The geothermal history of a basin involves an analysis of the time
intervals during which the sediments were subjected to various

temperatures. It represents the optiID.ITl1 mode of evaluating hydrocarbon
generation in a basin, providing reasonable palaeo temperatures can be

established.

The three main optical organic metamorphism indices are vitrinite

reflectance, palynomorph colour change (Thermal Alteration Index - TAl),
and conodont colour change (Colour Alteration Index - CAl). The colour
and preservation of palynomorphs is a function of the thermal alteration
(Staplin, 1969), but it is only recently that Epstein et al (1977) and

Harris (1979) have demonstrated that the conodont colour is similarly
temperature dependant. These authors have correlated colour changes with
the amount of fixed C in the conodonts and the host sediments; the
conodonts darken with increasing temperature as a result of carbonization

of the OM in the inter lamellar spaces,' Further indications of the
potential of using CAl values were summarised by Harris (1979) as follows:-

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

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

(c) An Arrhenius plot of experimental and field data indicate that

colour alteration of conodonts ranges from 50-450°C.

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

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

5:0 PALAEO - GEOTHERMAL GRADIENTS

5: 1 Gordon Sub Gro up

Surrett (1978) sho~ed that CAl values in the Gordon Limestone vary

considerably across the state, outlining an arcuate trend around the
Precambrian blocks of central Tasmania, This arcuate trend follows

Cambrian volcanics and lower Palaeozoic synclinoria, which both fringe
and overlie the Precambrian blocks (Cradle Mtn., Prince of Wales blocks) .

, .... I
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The Cambrian volcanics (which host the major base metal orebodies

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

arc adjacent to an east plunging subduction zone (Solomon and Griffiths,

1974}, and more recently as a rift valley-caldera structure by Corbett

(1979).

The zone of darkesl Ordovician conodonts (Flowery Gully, Melrose,

Loongana, Everlasting Hills, Olga synclinorium), coincides with a belt

of thinned Carrbrian crust (represented by the Mt. Read Volcanics, Dundas

Group, etc.), and a belt of maximum deformation in Gordon Sub Group

localities. The Carrbrian geothermal gradient would have been appreciably

higher within this region of thinned crust, and assuming this region

was not underlain by Precambrian crust, high i:l.eat flows would have

occurred in post-Carrbri an times.

The corallary to this interpretation is that post-Cambrian rocks, floored

by Precarrbrian c.ust, would have been relatively insulated from the

postulated high heat flow values within the Carrbrian volcanics.

Table 2 depicts CAl, change(i~) in temperat~re, thickness and geothermal

gradi ents (r ) for the Gordon Limes tone. No gradi en ts appea r to have

existed across the Gordon Limestone at Flowery Gully, Melrose, Gunns
"-

Plains and Everlasting Hins as indicated by the CAl values. The Gordon

Limestone in these areas was heated to~ 300 0 C, and a consideration of the

maximum depth of burial by post-Ordovician rocks implies the presence

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

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

for the following reasons:

(i) In several localities (referred to previously), the "normal"

geothermal gradient due to depth of burial (with attendant

increase in temperature), does not exist, suggesting that it

has been obscured by another source of thermal energy. The

lowest CAl values in, and the lowest geothermal gradients

across, the Gordon Limestone occur in those areas floored

by Precarrbdan crust; other areas marginal to the Carrbrian

volcanics (e.g. Mole Creek, Olga River) have intermediate

geothermal gradients.



Local ity C.A. I. Min. Max. Thickness (km) (J Mi n . oMax.
Base Top "Te~) . " Te~). Presen t + 35% (°C/km) (°C/km)

(oC (OC

-
Fl rMery Gully 5 5 - - 0.47 0.72 - -
Melrose 5 5 - - ?0.25 ?0.39 - -
Gunns Plains 4 4 - - 0.90 1. 39 - -
Loongana 5 4 100 210 0.65 1.00 100 210

Mole Creek l 5 3 100 290 1. 30 2.00 50 145

Mole Creek* 4 3 ~80 190 1.30 2.00 -e 40 95

8ubs Hi 11 5 3 100 290 0.35 0.54 185 537

Everlasting 5 5 - - 0.25 0.39 - -
Hi lls

Olga River 5 4 '1:"100 210 1.50 2.31 t'43.3 90.9

Florentine 4 2 50 240 1. 70 2.62 19.1 91.6
Valley

Lune Ri ve r 2 1 20 90 >0.70 "71.08 <18.5 <83.3

Average Mole Creek* and 01 ga Ri ver: 41.6 92.9

"-
Average Florentine Valley & Lune River 18.8 87.4
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NB: (i )

(i i)

( iii)

(i v)
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ORDOVI ClAN (GORDON SUB GROUP) SAMPLES

CAl - Conodont Colour Alteration Index

Thickness recalculated to allow for volume reduction
due to pressure solution (diagenetic and tectonic
stylolites).

(l - Geothermal gradient within Gordon Limestone,
before volume reduction (shortenin9). The r values
shown here are reproduced as r. values in Table 4.

CAl data from Burrett (1978), and change in
temperature (4) from Harris (1979).
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5:2 Parrreener Super Group

Harris (1981) examined samples collected by Victor Exploration Pty. Ltd.
staff from several localities in the Lower Marine Sequence of the

Parrreener Super Group. AMOEL (1981) analysed 10 out of 12 samples

collected, and Harris (1981) was only able to find herbaceous kerogen

in 5 of the 10 sa~ples, and consequently, could only assi9n reliable

TAl values to half the samples. This data is shown in Table 3, which

also depicts change in temperature, thicknesses, and geothermal gradients
for the Parmeener Super Group and Jurassic dolerite.

Although it is not possible to construct TAl isograds from the limited

nurrber of samples, it is apparent that those sampl es collected from the

N.W. of the state (Bronte, Mersey River)show higher thermal maturity

than those elsewhere in the state (Poatina, Quamby Brook, Maydena).

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

TAl values are valid), generally enhances the thermal maturity pattern
described above, the exception being the Poatina Power Station sample,

the true 1ocati on of whi ch cannot be determined.

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

"

Simi larly to the Gordon Lirrestone samples, the problem in determining

the "normal" geothermal gradient during Permian and subsequent tirre
appears to be one of screening out the effects 'of high heat flow;

accordingly, the best estimate of the "normal" geothermal gradient can

be obtained from'the Maydena/Styx River area (Sample 12A), which ranges

from 28-50oC/km, and has an average of 39 0 C/km. The Quamby Brook ­

Poatina areas range from 32-70oC/km (average 57oC/km.).

Although the number of useful (herbaceous kerogen bearing) samples is

inadequate to permit statistically reliable conclusions to be made

about the thermal history of the Parrreener Super Group, the following
observations may be of possible significance:



Sample .Local i ty TAl Min.'" MaxI'> Thickness (! ~lin. Max. (3
Tem) Tem) PSGp Dol. Total (OC/km) (OC/km)
(OC (OC

4/5 Mersey River I- (4) - - - - - - -
5 Mersey River 3 100 155 0.85 0.50 1. 35 73.5 114.0
7 Bronte 3 100 155 1.20 0.50 1.70 58.8 91.2

11 King William (4) - - - - - - -
Saddle

12 Styx River (4) 155 200 1.30 0.70 2.00 (77.5) (100 .0)

12A Styx River ~2 J<' 50 ~ 90 1.10 0.70 1.80 27.8 50.0

1 Hobart - - - - - - - -
2 Quamby Brook 2 <40 100 1.29 0.50 1.79 '<'22.3 55.9

3 Poatina (4) 155 200 1.20 0.50 1.70 (91.2) (117.5)

8 I Poatina )27m 2)
9 HEC om ) ) -Z 30 50 0.22 0.50 0.72 "'41.7 83.3

) 5021 )242m 3)

Average for W. Tasmania (Samples 5,7) 55.1 102.5

Average for N.E. Tasmania (Samples 2,8,9) 32.0 59.5

Apparent 01'1 threshold (Maydena, Sample 12A) 27.8 50.0

Average for S. and N.E. Tas. (Samples 12A, 2, 8, 9) 30.5 53.1
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(i i)

(i i i )
(i v)

(v)
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PERMIAN SAMPLES

TAl - Thermal Alteration Index; values in brackets are
estimates only, as the samples did not contain any
herbaceous kerogen.

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

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

Maydena section (above Wynyard Tillite) taken as 530m.
(lwr. PSGp), 540m. (upper PSGp) and 700m. (J. dolerite). The
section above the Woody Island Siltstone correlate excluded
this unit (200m).

(3 _ Geothennal gradient, calculated assuming a ground
temperature of 100C. The (l values shown here are reproduced
as Q. values in Table 4.

,......
. ,.
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The majority of the geothermal gradients JTl2asured in Tasmania are

in excess of 30oC/km (D.C. Green, pers. COTTV1l.). Nicholas et al (1980)

produced an uncOrrected geothermal map of Australia, and reported

the measurem=nts of geothermal gradients from 5 Bass Basin oil wells,

which averaged 350 C/km.

However, corrections for mud circulation effects (cooling) in the

holes were not applied (+10, +14%, D.C. Green, pers.comm.), nor were

corrections for climati c controls, as discussed by Cull (1979). Cull
observed that variations in the geothermal gradient were caused by

surface-warming following the retreat of the Pleistocene glaciers in

Southern Australia, and estimated positive corrections of 10-25% for
all geothermal data obtained from depths of <- 300m.

Assuming that the Bass Basin oil well measurements were made at depths
';> 300m., the only correction to be made to the data is that for mud

circulation, i.e., the geothermal gradient in Bass Basin is approx.

35+10% to 35 +14%oC/km, which is approximately 40oC/km. Thus the

present geothermal gradient for Tasmania would appear to range from

30-40oC/km.

The generally ...higher heat contents of granite rocks is a function of
the concentration of naturally radioactive elements (K, U, Th) which

are concentrated in the upper portion of the earth's crust, and

contribute ~ 50% of the heat flow measured at the surface.

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

by the Geological Survey of Tasmania and the B.M.R., by Collins, Wyatt
and Yeates (1981, in press), the granites were found to be areas of

high heat productivity with U'<:25ppm, and Th.'<.50ppm. These values are

clearly elevated from the worl d averages for grani te of U'" 5ppm and

Th "'-17ppm (Levorsen, 1974).

The high heat flow in the Tasmanian crust is probably due to two

factors:-
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(i 1 The abundance of granitic rocks, as indicated by gravity surveys

(Leaman, Richardson and Shirley, 1980), with apparently anomalous

levels of U and Th as discussed above.

(i il The corrbinations of thin crust overlying abnonnally hot,

conductive mantle. Electric conductivity anomalies in Bass

Strait and_northern Tasmania were reported by Lilley (1976).

Sutherland (1981) postulated that northward mi9ration of

Australian continental plate has controlled volcanism in
Queensland, New South Wales, Victoria and Tasmania, from the

start of the Tertiary period 55 million years ago (i .e. the
Gondwanaland break up). He suggests that volcanism has

occurred as the Australian plate passed over a fixed mantle magma

source ("hot spot"), and that the present heat flow anomalies

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

Further discussion on the high heat flow in Tasmania is made in the

Appendix.
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7:0 POTENTIAL OIL SOURCE ROCKS

7:1 GORDON SUB GROUP

The ,Gordom Limestone is fine grained, often dark coloured, impure/

argillaceous, and frequently has bituminous stylolites. The most

likely source rocks would be the Karmbe.rg and Cashions Creek Limestones

(or their corre~ates), particularly the algae rich Cashions Creek

limestone. Beds of pyritic, carbonaceous shale/siltstone imply the

requi site toxi c, anaerobi c condi ti ons exi s ted for the preserva ti on
of organic matter.

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

being sapropelic.

Although pure limestones have a higher threshold temperature for
petroleum generation than clastic source rocks, the impure nature of

the Gordon Limestone, and the Mo, Ni bearing carbonaceous phosphatic

shales would offset this effect.

The geothermal history of the Gordon Limestone varies considerably

across the state; lowest geothennal gradients occurred in the south,
and highest in the west and north west. The low values are believed

"-

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

The effect of these Ordovician geothermal gradients in tenns of

generation of ,hydrocarbons has to be viewed in context of the total
sequences in given areas, as shol'ln in Figure 1.

The optimum generation of petroleum from Gordon Limestone potential

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

Using the 50-1500 C temperature interval to represent the interval of

oil generation, and 150-2000 C to represent the interval of gas

generation (from Hunt,1979), the following observations can be made:-



PARMEENER SUPER· GROUP

(iii) The clastic samples contain EOM in the range 44-192 mg/gTOC,

averaging 96 mg/gTOC.

(i) The clastic samples (11) contained an average of 0.74% TOC,

and the only carbonate sample contained 0.44%TOC.

(tv) Only half the clastic samples contained herbaceous kerogen, so

that only half the samples have reliable TAr values.

087148

generated from the

Linestones, and gas

- 21 -

Florenttne:Valley· - Oil would have been

Benjamin and possibly the Cashions Creek

from the Karmberg Linestone.

Mole Creek - Mainly gas, with very minor oil, would have been

generated from the upper half of the sequence. Other areas of

Gordon Limestone in the state appear to have been very hot,

and any organic matter present wouldhave been metamorphosed

to pyrobitumen; however, minor gas occurrences may be. present.

Lune River - Oi 1 would have been generated from the basal

portion of the Middle Sequence, and all of the Lower Sequence

(which includes an algae rich litho correlate of the Cashions

Creek Limestone).

Lower Marine Sequence

This sequence is one of fine grained, dark coloured (often carbonaceous),

pyritic clastics, with minor sandstone and limestone; it is variably

fossiliferou~, and toxic, anaerobic conditions are implied by the

pyritic, carbonaceous nature of the sediments (i.e. preservation of

organic matter). The nature and amount of OM is not known with a

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

(ii) The clastic samples contain sapropelic kerogen in the range

30-95%, averaging 58%; coaly kerogen averages 40%, which is
in contrast to the comments made by Harris (1981).

7: 1. 3

7: 1.2

7:2

7: 1. 1

7:2.1
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NB: TOC: Total Organi c Carbon

Liquid hydrocarbons have also recently been located (M.C. Forster,
pers.comm.) at Poatina and at the head of the Mersey River; the Poatina

sample contained 0.62% TOC, 70% sapropelic kerogen, 122 mg/g TOC of EOM,
and has a TAl value of 4; the Mersey River samples average 0.85% TOC,
58% sapropelic kerogen, 91 mg/g TOC of EOM, and have TAl values of 3 and 4.

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

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

A single sample from this locality contained 1.19% TOC, 80% sapropelic

kerogen, and 192 mg/g TOC of EOM; the sample was assi gned by TAl value

of 4 by Harris (1981), but did not contain herbaceous kerogen.

Clastic source rocks generally require 7 0.4% TOC (Hunt, 1979) and

carbonate source rocks require :s 0.2% TOC (Ruth and Cooper, 1976).

Extractable organic matter (EOM) in source rocks should be "150mg/g TOC

(Tissot et al, 1974) or ~ 200 mg/g TOC (Ruth and Cooper, 1976), although
the lptter authors observed that a significant quantity of EOM is

insufficient by itself to identify a source rock.

O~7149- 22 -

However, all these TAl values of 4 are not based on palynomorph colours,
and are enigmatic in view of the apparent source nature of the rocks.

Alternatively, if the TAl values are reliable, it suggests the rocks
sampled are reservoi rs, although the other source rock parameters (TOC,

"-

EOM, etc.) indi cate them to be a source rocks (parti cul arly the Woody

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

the TAl value of 3 seems a plausible indication of a source rock from
which petroleum has been produced. Oxidation and irradiation of palynomorphs

may also complicate the interpretation of TAl values.

Oil shale ("Tasmanite") occurs in the north of the state near the base

of the Quamby Formation; oil shale is also known at Rossarden (probably

the Quamby Formation). The inter relationships between the "Tasmanite"
oil shale, other oil shales and the petroleum occurrences, in the Lower
Marine Sequence are not known at present, and a knowledge of such
relations appears imperative to the understanding of the hydrocarbon
potenti al.
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Upper Marine Sequence

This sequence is one of limestone, mudstone, siltstone and sandstone;

on present knowledge, the sequence as a whole would not appear as
prospective for source rocks as the Lower Marine Sequence. Potential

source rocks appear restricted to the carbonaceous mudstones and the

impure limes tones_.

Oil shale· and cannel coal occur at the interface of the Mersey Coal

Measures and the Malbina Formation. No analytical data is available

for these concentrations of ?sapropelic organic matter; however,

the presence of cannel coal suggests a higher level of maturation
than the "Tasmanite" oil shale.

The significance of this occurrence of sapropelic OM apparently

much younger than the Woody Island Siltstone Formation - "Tasmanite"
oil shale horizon has yet to be thoroughly evaluated.

The geothermal history of the Parmeener Super Group (similarly to the

Gordon Limestone) varies considerably across the state; lowest
geothermal gradients occur at Quamby Brook, Poatina and Maydena, and

highest valuE;,.s occur in the Bronte and Mersey River areas. Similarly
to the Gordon Limestone,' the minimum geothermal gradients are believed

to represent the "normal" values while the higher gradients may reflect

a relict high Devonian heat flow.

The effect these geothermal gradients had on the generation of

hydrocarbons can be elucidated from Figure 1. Values range from

39 0 C/km (Poatina, ~laydena) to 620 C/km (Poatina) and 84 0 C/km (average

for Bronte and Mersey River). Using the data in Table 3, it is

apparent that most of the occurrences of the Lower Marine Sequence

have undergone the requisite maturation histories for petroleum generation.
This observation may explain the "petroliferous odour" noted in the

Mersey River,· Poatina and Maydena locali ties, the apparent exceptions

being the Bronte, King William Saddle and Poatina drill hole No. 5021

localities. The apparent lack of liquid hydrocarbons in these areas

may be the result·of the ratio of sapropelic to humic kerogen, or

the result of the samples being overmature.
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(i) A high thermal conductivity of the sandstone rich Eldon
Group, or,

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

An interesting feature of the geothermal gradients shown in Figure 1
concerns the gradient across the Wynyard Tillite and the Eldon
Group, which is very slightly positive to" markedly negative; this
may be due to the following:

087151- 24 -

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

to have been generated in the temperature interval 80-900 C.

(iii) An inflated figure for the Utickness of the Eldon Group
in the Florentine Valley area, and conversely a deflated
figure for the thickness of Eldon Group in the Lune River
area. If this interpretation is correct, it would modify
the hypothesis advanced concerning hydrocarbon generation

(potential) in the Gordon Limestone at Lune River.
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POTENTIAL.OIL RESERVOIR ROCKS

Gordon Sub Group

As rrentioned previously, the Gordon Limestone is generally fine

grained (micritic), a feature which would have assisted diagnetic

calcite cerrerttation so that the present intergranular porosity

would be ~ 2%. As the micrite facies of. the Gordon Limestone seldom

contain ~ 2% of acid insoluble residue (AIR), some compaction would

have occurred.

Impure limestone (eg. Karrrberg] with an estimated composition of 4::

85% CaCo3 and 5-10% AIR (clay minerals, chert] would experience fluid

losses through compaction, thus enabling primary migration rrechanisms

to operate. Other evidence of inferred migration mechanisms comes

from those sections of Gordon Limestone which have been dolomitised.

Potential reservoirs in the Gordon Limestone appear limited to coral

reefs, and those areas of secondary (granular) dolomite. Coral gardens

were common from Blackriveran to Cincinnattian tirre, but no authentic

bioherms have yet been found.

The presence of an Ordovician continental slope has been inferred east

of Flowery Gully, where Mathinna Group rocks overlie Gordon Limestone;

more recently (C.F. Burrett, pers.comm.) the discovery of a deep

water facies of the Gordon Lirrestone at Surprise Bay, has led to the

recognition of a continental slope in the south of the state.

The base of the Gordon Limestone is strongly diachronous, and the

Ordovician sea is inferred to have advanced over the Tyennan

Geanticline in a generally westward direction. C.F. Currett, (pers.comm.)

postulates that the coralline facies at the top of the Benjamin

Limestone in the florentine Valley was a back reef, with a yet to be

discovered fore reef to the east; M.R. Banks (pers.col1lll.) believes

the Ordovician sea contained several islands (e.g. Vale of Rasselas,

Glenorchy]. Thus a model may be envisaged whereby the Ordovician

continental slope extended south from Flowery Gully along what is now

the Tamar Fractu-re System (itself activated in Carboniferous time) and

south west to Surprise Bay.

, '
i :~-_
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(iv) Upper Freshwater Sequence - Cygnet Coal Measures, Ross Sandstone.

I'Ention has. already been made of the smectiti c nature of some of

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

provides extra pore water for migration mechanisms. Possible reservoir

rocks include:-

(i) Lower ~larine Sequence - Darlington Limestone and the basal

conglorrerates.

IJ /'S " 1 5 j
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No data on intergranular porosites is known; the Woody Island

Siltstone correlate at Maydena may be a reservoir as a function of

its microfracture porosity.

Parmeener SuperGroup

Eldon Group

This group consists of alternating sequences of sandstone and
siltstone with minor liJTl2stone; it has a high sand: shale ratio

and should be viewed as hosting potential reservoirs. No data on its
intergranular porosity is available at present.

(iii) Upper Marine Sequence - Malbina Formation, Risdon Sandstone.

(ii) Lower Freshwater Sequence - I'Ersey Coal Measures.

Deposition of Gordon LiJTl2s.tone west of this line would have been

under shallow' water platfonn conditions, possibly with fore reefs

which would have lDigrated west (landward) in the westward

transgressing sea.

Secondary dolomites are known from several places in the Gordon

Lirrestone; at 1.une River secondary dolomite was fonned by the
action of hypersaline brines which originated in supratidal facies

limestone during diagenesis; this dolomite is porous and vuggy,

but no details of its intergranular porosity are known.

8:3

8:2
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APPENDIX

GEOTHERMAL ENERGY

The use of geothermal energy is relatively modern, and it differs
from conventional energy sources (fossil fuels, uranium) in that

it may be directly utilized without prior. combustion or fission.

Three types of geothermal systems are corrnrercially operative or
feasible, namely vapour dominated systern5, and liquid dominated

systems of both high and low enthalpy (natural circulation).

Extracti on of geothermal energy from hot, dry granite is currently
being investigated at Fenton Hill, New Mexico, U.S.A.; the technique
used involves drilling to depths where the temperature is >1600 C,
and then creating an artificial fracture system through which water

is circulated, and the thermal energy recovered by heat exchangers,
or by using the steam produced as a result of the method.

A similar program of research is being undertaken on granites in
Cornwall, U.K., which have heat productivities of· similar and lesser
magnitude to the five areas of hot dry geothermal energy outlined
by Collins et al (19Sl, in press) in Tasmania.

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

It is apparent that in an increasingly energy short world alternative
energy forms will assume greater significance. On present indications,
the geothermal energy available in Tasmania is comparable and
possibly superior to that elsewhere, and its future utilization
should be given serious consideration.

, .
!: ......

,- ~-



Cull, J.P., Denham, D, 1979: Regional Variations in Australian Heat Flow.
B.M.R. J. Aust. Geol. Geophys. 4: 1-13.

Cull, J;P., 1979: Climatic Corrections to Australian Heat Flow.,
B.M.R. J. Aust. Geol. Geophys. 4: 303-307.

Harris, W.K., 1981: Kerogen Sutdies on Twelve Permian Samples from
Tasmania. Unpub. Rep. W.K. Harris & Associates.

Hall, W.E., Friedman,!., 1963: Composition of Fluid Inclusions,
Cave-in-Rock Fluorite District, Illinois and Upper Mississippi
Valley Zinc-lead district. Econ. Geol. 58: 886-911.

087155

of the
Pap. Proc.

Prel iminary Report on
Lead and Zinc-Rich Oil
Econ. Geol. 69(8):

BIB Ll OGRAPHY

A.B., Trout, M.N., Pickett, E.E., 1974:
the Origin and Chemical Evolution of
Field Brines in central Mississippi.
1191-1205.

K.D.,· Banks, M.R., 1974: Ordovician Stratigraphy
Florentine Synclinorium, south-west Tasmania.
R. Soc. Tas. 107: 207-238.

Epstein, A.G., Epstein, J.B., Harris, L.D., 1977: COnodont Colour Alteration
- An Index to Organic Metamorphism. U.S. Geol. Surv. Prof.
Pap. 995: 1-27.

Harris, A.G., 1979: Conodont Colour Al teration, and Organo-Mineral
~Etamorphic Index, and its Application to Appal adrian Basin
Geology. SEPM. Spec. Pub. 26: 3-16.

Corbett,

Hall, W.E., Heyl, A.V., 1968: Distribution of Minor Elerrents in Ore and
Host Rock, Illinois - Kentucky Fluorite District, and Upper
Mississippi Valley Zinc-Lead District, Econ. Geol. 63: 655-670.

Corbett, K.D., 1979: Stratigraphy, Correlation and Evolution of the
Mt. Read Volcanics in the Queenstown, Jukes-Darwin and
Mt. Sedgwick areas. Bull. Geol. Surv. Tas. 58.

Carpen ~r,

Collins, P.L.F., Wyatt, Yeates, 1981: In Press.

Burrett, C.F., 1978: Middle-Upper Ordovician Conodont and Stratigraphy
of the Gordon Lirrestone Sub-Group, Tasmani a. Unpub. Ph. D.
thesis, University of Tasmania.

Banks, M.R., 1962: The Ordovician, Silurian-Devonian and Permian in Spring,
A, and Banks, M.R. (Eds.). The Geology of Tasmania -
J. Geological Society of Australia 9(2): 147-215.

AMDEL, 1980: Unpublished Report No. AC3125/81

.'
I
I
I
I
I
I
I
I
I
I
I
1'­
Ii
Ii

,I:
Ii
I
I,

'-.

I
I



I,"

Levorsen, A.I., 1966: Geology of Petroleum - W.H. Freeman and Co.
San Fran ci so.

Hunt, J.M, 1979: Petroleum Geochemistry and Geology - W.H. Freeman
and Co. - San Francisco.

SUlTJTIons, T.G., 1981: Sumnary of Limestone Investigations in the
Lune River area, Unpub. Rep. Geol. Surv. Tas. 1981/28.

087156

A Compil ati on of
J. Geol. Soc. Aust.

J.C., Sass, J.H., 1963: Lee's Topographic correction in Heat
Flow, and the geothennal flux in Tasmania. Geofis. Pura &
Applic. 54: 53-63.

Lilley, F.E.M., Sloane, M.N., Sass, J.H., 1978:
Australian Heat Flow r~asurements.

24 (8): 439-445.

Ruth, G.W., Cooper, J.E., 1976: Principles of Geochemical Source-Bed
Evaluation and their application to Petroleum Exploration.
SEAPEX Proc. 3: 73-101.

Nicholas, E., Rixon, L.H., Haupt, A., 1980: Uncorrected Geothermal
·Map of Australia, BMR Rec. 1980/66.

Newstead, G., Beck, A., 1953: Borehole Temperature Measuring
Equipment and the Geothermal Flux In Tasmania.
Aust. J. Phys. 6: 480-489.

McCougall, 1., Leggo, P.J., 1965: Isotopic Age Determinations on
granitic rocks from Tasmania. J. Geol. Soc. Aust. 12: 295-332.

Li lley, F. E. M., 1976: A Magnetometer Array Study across Southern
Victoria and the Bass Strait Area, Aust. Geophys.
J.R. Astr. Soc. 46: 165-184.

Solomon, M., Griffitbs, J.R., 1974: Aspects of the early history of
the southern part of the Tasman Orogeni c Zone; in Den me ad ,
A.K., Tweedale, G.W., Wilson, A.F., (Eds.). The Tasman
Geosync. - A Symposium P. 19-44 Qld. Div. Geol. Soc. Aust.

Sutherland, F.L., 1981: Migration in Relation to possible Tectonic
and Regional controls in Eastern Australian Volcanism.
J. Vulcan. Geoth. Rec. 9: 181-213.

Jaeger,

Leaman, D.E., Richardson, R.G., Shirley, J.E., 1980: Tasmania - The
Gravity Field and its Interpretation Unpub. Rep. Geol. Surv.
Tas. 1980/36.

Bibliography (Contd.).'
I
I
I
I
I
I
I
I
I
I
I
I
I
1
1
1
I
1
I
I



Wronski, E.B., 1977: Two Heat Flow values for Tasmania Geophys.
J.R. Aust. Soc. 48: 131-133.

Staplar, F.L.; 1969: Sedimentary organic matter, organic
metamorphism and oil and gas occurrence. Bull, Can.
Petrol, Geol. 17: 47-66.

Tis'sot, B., Durant, B.. , Espitalie, J., Combaz, A., 1974:
Influence of nature and diagenesis of organic matter in
formation of petroleum, AAPG Bull 58(3) 499-506.

Turner, P., Vaughan, D.J., Whitehouse, K.r., 1978: Dolomitization
and Mineralization of the Marl Slate (N.E. England).
Mineral-Deposition 13: 245-258.

087157
- 30 -

Williams, E., 1979; Tasman Fold Belt System in Tasmania.
Department of Mines Tas. Explan. Notes for the 1:500,000
Structural Map of Pre-Carboniferous Rocks of Tasmania.

Bibliography (eontd.)I·
I
I
I
I
I
I
I
I
II
I
I
I
I
I
I
I
I
I
I

.. ',",



I.
I
I
I
I
I
I
I
I
I
I
1
I
I
I
I
I
I
I
I
•

- 13 -

087158

(ii) Lower Devonian conodonts, in rocks which were unlikely to

have been buried to any appreciable depth, have been meta­

morphosed (Burrett, 1978).

(i i i) The K-Ar ages of 1a te Devoni an grani te have not been rese t

by heat induced leaking of Ar; however, the K-Ar ages of

late Cambrian granites have been reset to Ordovician ages

(McDougall and Leggo, 1965), presumably by Devonian heating.

Thus the best estimates of the "normal" (due to depth of burial alone),

geothermal gradient across the Gordon Limestone, are the values indicated

for Florentine Valley and Lune River (Table 2), which range from 19 0 C/km

to 87oC/km, with an average of 530 C/km.

The average of the Mole Creek (less altered sample) and Olga River

samples indicates a geothermal gradient of 42-93
0

C/km and an average

of 67 oC/km. Inclusion cif the more altered sample from Mole Creek

indicates an average value for the two areas of 77oC/km.

The CAl values for Flowery Gully, Melrose, Gunns Plains and Everlasting

HillS indicate heating to> 300°C for the entire Gordon Limestone,

whi ch compares wi th tempe.ratures of"- 200°C and '= 80°C at the top of

the Gordon Limestone, in the Mole Creek/Olga River, and Florentine

Valley/Lune River areas respectively.

If it is assumed that the rocks overyling the Gordon Limestone were

similar in thickness and thermal conductivity, and that the Gordon

Limestone had approximate. constant thermal conductivity, then

temeprature is proportional to heat flow; accordingly, the CAl data

imply that the Devonian heat flow (relative to Florentine Valley/

Lune River), was 150% and 275% higher in the Mole Creek/Olga River and

Flowery Gully, etc. areas respectively.

!, .', --)~-



TABLE 4

Local ity Thickness (k/m) Ave. Geothermal Gradient (OC/km)
Dolerite PSGp E. Gp. Og.

-
Quamby/Poatina 0.5 1.3 <t 1. 0 1.3 51 ~52 (68-69 57-67
Mole Creek

01 ga Ri ver (0.5) (1.5) 2.0 1.5 (75 ) (59) 67 (61)
Maydena/
Fl orenti ne Valley 0.7 1.6 2.0 1.7 39 21 55 31
Lune Ri ver 0.5 1.6 (-) >0.7 39 19 < 51 < 27

Average for Sthn. Tasmania: i .39 20 53 29

- 16 -
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= Average geothermal gradient across dolerite + PSGp
to the top of the Wynyard Tillite.

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

(~ = Average geothermal ~radient across Og
(Original thickness).

(~ = Average geothermal gradient from dolerite to the
base of Og (present thickness).

PSGp - Parmeener Super Group (Including Wynyard Ti 11 ite).
E. Gp. - Eldon Group (Silurian - Devonian).

Og - Gordon Sub Group (Ordovician)
Geothermal gradients, e =

(i )

(i i )

(i i i )

(i v)

(v) The original thicknesses of dolerite and PSGp in the Olga
Synclinorium are unknown, and are assumed to have been
similar to the Bronte data, with 300m. of Wynyard Tillite.
Similarly, the (~ value was taken as the Bronte value;
accordingly, the (" l r. , and rT values for the 01 ga
River, are only very approximate, although the r, and rT

figures are notably similar to those for the Quamby/
Poatina/Mole Creek area.

ESTIMATED GEOTHERMAL GRADIENTS· (ORDOVICIAN - JURASSIC) - TASMANIA

NB:
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FRACTURING IN SPRABERRY RESERVOIR, WEST TEXAS 765

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

Truthfully, it may he said that the Spraberry is a unique reservoir. It is fabul­
ous in areal exlentJ puzzling with its production problems

J
and baffling with its

geological phenomena. Here in an area devoid of typical folded traps, and from a
mass of rocks that would be.classified as non·commercial under average condi­
tions, flowed the aforementioned 7,744,156 barrels of oil from 1,558 wells dUIing
the month of April, primarily the result of fractUIes.
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ABSTRACT

A review has been made of potential hydrocarbon source and reservoir

rocks of Ordovician to Triassic age in Tasmania. The appr~isal of

post-Carrbrian to pre-Tertiary regional geology, in conjunction with

current concepts on source rock characteristics, paleo-geothermal

gradients, and known occurrences of sapropelic kerogen, implies the

presence of potential source rocks at several horizons of differing

age and lithology. The most likely hydrocarbon source rocks are the
Ordovician Gordon Sub Group (carbonate), and the Carboniferous ­

Permian section of the Parmeener Super Group (clastic). Recent
discoveries of Petroleum seepages were made in the basal section of

the Parmeener Super Group; this lower section appears to fulfill

the accepted criteria for source rocks, although the limited number

of samples collected precludes authoratitive conclusions. High heat
"-

flow during the Devonian· in western and north western Tasmania, and

possibly relict as late as Permian time, has effectively down graded
the prospectiveness of these parts of the state for hydrocarbon
potential.

However, the remainder of the state appears to have been shielded

from the high heat flow, as evidenced by the Gordon Limestone in

Southern Tasmania, which was subjected to the requisite maturation
conditions for the generation of hydrocarbons.
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The report is divided into a discussion of lower Palaeozoic and
Carboniferous Permian-Triassic age rocks, under the following headings:-

1. Regional Geology
2. Commen ts on Source Ro ck Types
3. Geothermal History
4. Potential Oil Source Rocks
5. Potential Oil Reservoir Rocks

This review of current literature and ideas of Tasmanian geology,

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

Critical physical and chemical data on potential source and reservoir
rocks are either poorly known, or non existent; accordingly, many
of the comments made in this report are speculative and will almost

certainly be modified after collection, compilation and interpretation
of the requisite data.

087165

August, 1981.

by T. G. Surrrnons
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PRELIMINARY REPORT ON

PETROLEUM POTENTIAL - ONSHORE TASMANIA
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The Ordovician period is represented by the Junee Group, which

consists of the Denison Sub Group, overlain by the Gordon Sub

Group. The type area of the Junee Group is the Florentine

Synclinorium (Maydena - Florentine Valley).

As the formation narres imply, the lithogies consist of conglorrerate,

sandstone and siltstones with minor impure lirrestone. A widespread

marine transgression occurred at the top of the subgroup, with sand
deposited in N.W. and W. Tasmania, while silt was deposited in the

Florentine Valley (Florentine Valley Mudstone), suggesting a source
area in the N.W. and W. of the state; support for this model is seen

in the higher-proportion of calcareous beds in the Florentine Valley
and Beaconsfield areas, than elsewhere.

Gordon Sub Group

This sub group consists of three formations:­

Karmberg Lirrestone
Cashions Creek Lirrestone

Benjamin Lirrestone (Corbett and Banks, 1974).
The Karmberg Lirrestone consists of approximately 400m of impure nodular

lirrestone, calcareous siltstone and chert; it is richly fossiliferous,
and contains large spherulites of pyrite. The Cashions Creek Lirrestone

consists of approximately 100m of dolomitic limestone with abundant
algal colonies (Girvanella).
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2:1

2: 1.1

2: 1. 2
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REGIONAL GEOLOGY

ORDOVI ClAN

Deni son Sub Group

This sub group consists of three formations:­

Reeds Conglorrerate

Tim Shea Sandstone

Florentine Valley Mudstone

1500m

300m

600m

087166



£\9.. 1: Distribution of the junee Group
Gordon Sub Group Local iti es shown as follows:

FG - Flowery Gully OS - Olga Synclinorium
M - v.elrose FV - Florentine Valley
GP - Gunns Plains LR - Lune Ri ver
MC - Mole Creek SB - Surprise Bay
L - Loongana
EH - Everl as ting Hill s
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Gordon Sub Group (Contd.)

The Benjamin Limestone consists of approximately 1200m of dolomitic
and stylolitic limestone of variable purity; several horizons rich
in corals, stromatoporoids, sponges, cephalopods, brachiopods, and
gastropods occur, and are considered by C. F. Burrett (pers. COl1ll1.)

to represent possible back reefs. The limestones represented .by
these formations-consist of supratidal dolomites, intertidal

calcisilitites, and subtidal calcisiltites, calcarenites and shelly/
coralline calcirudites. During Chazyan time (Cashion Creek Limestone)
algal lawns were widespread across the state, and from Blackriveran
through Trentonian to early Cincinnattian time (Benjamin Limestone)
coral gardens/baffles became widespread.

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

2:2 SILURIAN - DEVONIAN

2:2.1Eldon Group

This group consists of formations of three major alternations of

sandstone and siltstone, which, with minor limestone, ranges in
thickness from 1800m to 2300m.

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

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

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

All Eldon Group lithologies were deposited under shallow marine

conditions (including the siltstones); the greater coarse~ess and the
higher sand: shale ratio of the Eldon Group in western Tasmania, imply
a source area to the west of the state (Banks, 1962).

12/
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Mathinna Beds

The Mathinna Beds occur in N.E. Tasmania, and consist of more than
2400m of sandstone, siltstone, and mudstone (variably metamorphosed),

whi'ch were deposited under deep water conditions. A crude twofold
subdivision into a sandstone/greywacke - siltstone, and a mudstone
association (now slate and phyllite) is recognisable. The age ranges
from Ordovician fo Devonian, and the sequence shows strong contrasts
on faunal and sedimentological grounds with the rest of Tasmania.
Banks (1962) postulated a facies change from shallow water shelf type
deposition in western Tasmania to continental type deposition in N.E.

and E. Tasmania; the margin of the continental shelf is inferred to
occur in the vicinity of Flowery Gully. The Mathinna Beds are separated
from the rest of Tasmania by a NNW trending transcurrent (?sinistral)

fault known as the Tamar Fracture System (Williams, 1979).

CARBONIFEROUS- PERr1IAN - TRIASSIC

Parmeener Super Group

The Lower Parmeener Super Group consists of the Lower Marine, Lower
Freshwater and Upper Marine Sequences, with a total aggregate maximum
thi ckness of 1300m (Will i ams, 1979).

The Lower Marine Seguence includes units such as the Wynyard Tillite,
Quamby, Woody Island Siltstone, Darlington Limestone and Bundella
Formations, and the Golden Valley and Masseys Creek Groups. Typical
rock types are dark coloured siltstone and mudstone (often carbonaceous)
with minor limestone, sandstone, conglomerate, and oil shale ("Tasmanite").
Uraniferous, pyritic black shales (some of which are oil shales) occur
at Rossarden, and may represent marginal marine conditions at the
junction of the Quamby Formation and the Basal Conglomerates in N.E.
Tasmani a.

The environment of deposition was ~edium to shallow depth marine, cold (as
indicated by the Wynyard Til1ite, glendonites and rare drops tones in the
overlying form~tions), and anaerobic, as indicated by the abundant
pyrite.
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(* Includes the Woody Island Si ltstone and "Tasmanite" horizons)

Maximum Thickness preserved: 655 + 981 = 1636m (~' 1.6m).
This contrasts with the figure given by Williams (1979) of 1930m.

Lower Parmeener Super Group (Lower Marine, Lower Freshwater and Upper Marine
Sequen ces)

Average: 550

087172

1:250,000 Local i ty Lower Marine Se uence Lower Upper Total
Map Sheet 11111 te Sllt/ms S~/Sllt/ L Sub Fresh- Marine

(m) (m)* (m) Tot.
S(~) se;i (m).... (m) (m

Hobart Cygnet/ 300 200 100 600 30 300 930
Glenorchy

Oat1 ands Poatina/ 105 90 60 255 110 280 645
Friendly
Beaches

Launceston Quarrby NO NO NO 350 45 265 660
Burni e Wynyard/

Wes t. Bl uff 490 135 60 685 36 260 981
Queens town central 45 NO NO NO NO NO NO

Plateau/
Florentine
Valley

Averages; . 235 142 73 472 55 276 804

Upper Parmeener Super Group (Upper Freshwater Sequence)

- 5 -

- . :

1:250,000 Locali t~ Cygnet Ross Cl uan Tiers Brady Total
Map Sheet Coal Form'n Form' n Form'n Form'n

MeaClures (m) (m) (m) (m) (m)
m) :

Hobart - NO NO NO NO NO NO
Oatl ands (Poa ti na 60 200 140 90 165 655

(Great Lake NO NO NO NO NO 580
La un ces ton Quarrby NO NO NO NO NO 630
Burni e West.Bluff NO NO NO NO NO 365
Queenstown cent. Plat. NO NO NO NO NO NO

TABLE 1

PARMEENER SUPER GROUP

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

•



The environment of deposi.tion was simi lar to that for the Lower Freshwater

Sequence - continental and freshwater (lacustrine).

Lithogies range from quartzose to lithic sandstone, siltstone,

carbonaceous to grey/green mudstone, to coal and acid/intermediate

volcanics.

Parmeener Super Group localities and thicknesses are shown in Table 1,

where it should be noted that the apparent maximum preserved thickness

is approximately 160Om.

The environment of deposition was probably similar to that of Lower

Marine Sequence, namely medium/shallow water shelf conditions; the

climate was cool as indicated by rare glacial dropstones.

Mersey and Pre10nna Coal

Typical lithogies are

oil shale and cannel coal

to the Malbina Formation.

087173

The Upper Parmeener Super Group consists of the Upper Freshwater Seguence

with a total maximum thickness of approximately 650m (Williams, 1979).
It includes the Cygnet Coal Measures, Ross, C1uan, Tiers and Brady

Formati ons.

- 6 -

The Upper Marine Seguence includes the Cascades Group, the Malbina

Formation, Risdon Sandstone, Ferntree Mudstone and Poatina Group.

Lithogies range from calcareous siltstone and limestone to siltstone

and mudstone, with minor arkosic and glauconitic sandstone.

The Lower Fresh-water Sequence includes the

Measures, with an average thickness of 30m.

sandstone, carbonaceous siltstone and coal;
occur near the top of the sequence, adjacent
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The Gordon Limestone is essentially fine grained (micrites

and calcisiltites) across the state, and this feature is

important in-maximizing the amount of associated OM within it.

Fine grained carbonate rocks generate more hydrocarbons from

the same amount of total organic matter (TOM) than a clastic

source rock, because limestones contain sapropelic OM (rich

in algal/amorphous kerogen). These kerogen types have the

highest H/C ratio, and thus the highest yield of petroleum of

all the kerogens (Hunt, 1979).

Typical source beds were fonned in low energy coastal marine

en vi ronments ,where cl ays and carbonates were deposi ted wi th

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

the existence of toxic, anaerobic conditions. Sapropelic OM,

which was formed in marine environments, is able to generate

both oil and gas.

087175

Dark or brown coloured limestone/dolomite is generally a

good source rock; most of the Karmberg, and some of the

Cashions Creek and Benjamin Limestones are impure and

argillaceous. Litho correlates of these units at Lune River

(SuT1lT1ons, 1981), are similarly dark brown, with bituminous·

stylolites, disseminated pyrite, and with interbeds of

carbonaceous phosphatic shale/siltstone. Bituminous stylolites

are recorded from several localities in the Gordon Limestone

(e.g., Rai Hon, Del oraine).

Pure limestones are able to generate heavy oil with the

requisite maturation conditions, and organic matter (OM)

content. Jmpure limestones, containing more clay minerals

(to act as Lewis Acid Catalysts) would modify the tendency

to produce heavy oil (Hunt, 1979). The Kanrberg Limestone

contai ns "" 75-85% Ca C03 whil e Cas hi ons Creek Limes tone

contains !<' 93%'CaC03' and the Benjamin Limestone ~ 85-90%

CaCo3.

- 7 -

COMMENTS ON SOURCE ROCK TYPES

CARBONATE

3: 1. 3

3: 1. 4

3:1,2

3:0
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O8 "", 1. "", 6 The Gordon Lirrestone was forrred under shallow water, marine

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

anerobic and toxic environment.

3:1.5 A possible parallel of the Karmberg-Cashions Creek Limestones
(Florentine Valley) and the Lower Sequence at Lune River exists

in the lower part of the Marl Slate of N.E. England (Turner et al,

1978), where the sapropelic facies (laminated siltstone, dolomite

and bitumen) is overlain by evaporite facies sediments. Details

on the evaporitic nature of the Middle Sequence at Lune River

were described by Summons (1981).

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

V, Mo, Ni (Levorsen, 1966); the black shales in the Gordon Limestone

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

t<b and Ni.

3:1.7 The association of oil brines with hypersaline dolomitizing brines

responsible for the formation of the Mississippi Valley Type ore
deposits has been noted by several authors, e.g. Hall and Friedman

(1963), Hall and Heyl (1968), and Carpenter et al (1974).

Dolomitization of the Gordon Limestone has occurred at several...
localities, and a'rrechanism of transport of any oil that may

have been generated may be envisaged.

1:2 ClJISTIC

3:2.1 Catalytic cracking of hydrocarbons is a significant process in

the generation of petroleum below =1250 C (Goldstein, in Hunt,
1979); typical naturally occurring catalysts are srrectite clay

minerals and zeolites. Levorsen (1966) cites an example of
polymerization of propylene at 350 C in response to natural
catalyst bearing rocks.

The Lower Marine Sequence of the Parmeener Super Group is
reported to contain altered glass shards in southern Tasmania

and the Upper Marine Sequence (cascades Group) contains beds of

bentonite, (Banks, 1962). These occurrences are interpreted as
indicating·volcanism (possibly that recorded in N.S.W.), during

the Permian, and the original presence of zeolitized tuffs may

be inferred.
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The original presence of smectite clays in the Lower Marine

Sequence is currently unknown, but the concept of smectite/
zeolite initiated catalytic decomposition of OM may have been

significant in view of the geothermal gradients estimated for

the Permian in Tasmania.

3:2.2 Sapropelic OM is fomed by decomposition and polymerization of

spores ana planktonic algae, and may be converted to one of the

following"with increasing maturation; boghead coal/oil shale,

cannel coal, or oil. Sapropelic OM is known to occur in both

the Lower and Upper Marine Sequences of the Parmeener Super Group

as follows:
(a) The "Tasmanite" oil shale from N. and N.W. Tasmania

(Quamby Formation) consists of a single celled alga

named Tasmanites Punctatus, which has H/C ratio of

'" 1.5, and an O/C ratio of "-0.12.

As stated previously, sapropelic organic matter is the

most productive generator of oil, because its kerogen
constituents (algal, amorphous and herbaceous) can

contribute H in the range of H/C from 1. 7 - 0.30. Thus

the "Tasmanite" oil shale may be viewed as representing

the optimum type of source rock OM.
~

(b) Banks (1962) recorded oil shale and cannel coal from the

top of the Mersey Coal Measures; however, it is equally

possible that these occurrences of sapropelic OM occur at the
base of the overlying Malbina Formation; similar comments

(to those made for "Tasmanite" oil shale), apply as to the
petroleum prospectiveness of this OM, given the necessary

maturation conditions. The presence of cannel coal (world

ave. H/C '01.0, O/C "-0.11) suggests that it has progressed

along the maturation pathway from the "Tasmanite" oil
sha1e .

3:2.3 Radioactive elements may aid in the transformation of kerogen

to petroleum through the action of alpha particle bombardment

(Levorsen,1966); however, the evidence for the significance
and extent "of such transformation is conjectural.

Uraniferous black shales occur beneath the Permian Basal

Conglomerate (and possibly in the Quamby Formation) at Rossarden.
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(a) Conodont colour alteration is progressive, cumulative and

irreversible.

the Gordon Limestone vary

an arcuate trend around the

This arcuate trend follows

Gordon Sub Gro up

Burrett (1978) showed that CAl values in

considerably across the state, outlining

Precambrian blocks of central Tasmania.

PALAEO - GEOTHERMAL GRADIENTS

Cambrian volcanics and lower Palaeozoic synclinoria, which both fringe

and overlie the Precarrbrian blocks (Cradle Mtn., Prince of Wales blocks).

The geothermal history of a basin involves an analysis of the time

intervals during which the sediments were subjected to various

temperatures. It represents the opthrum mode of evaluating hydrocarbon

generation in a basin, providing reasonable palaeo temperatures can be

es tab 1i shed.

(b) The colour alteration is dependant on time and temperature, but

is independent of pressure.

(c) An Arrhenius plot of experimental and field data indicate that

colour alteration of conodonts ranges from 50-4500 C.

(d) Time is of minor importance for CAl values in rocks older than

50 million years.

(e) The 6 CAl values can be correlated with vitrinite reflectance,

translucence photometry, and chemical analyses.

The three main optical organic metamorphism indices are vitrinite

reflectance, palynomorph colour change (Thermal Alteration Index - TAl),

and conodont colour change (Colour Alteration Index - CAI). The colour

and preservation of palynomorphs is a function of the thermal alteration

(Staplin, 1969), but it is only recently that Epstein et al (1977) and

Harris (1979) have demonstrated that the conodont colour is similarly

temperature dependant. These authors have correlated colour changes with

the amount of fixed C in the conodonts and the host sediments; the

conodonts darken with increasing temperature as a result of carbonization

of the OM in the inter lamellar spaces. Further indications of the

potential of using CAl values were summarised by Harris (1979) as follows:-

5:1

5:0

4:0
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The Cambrian volcanics (which host the major base metal orebodies

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

arc adjacent to an east plunging subduction zone (Solomon and Griffiths,

1974}, and more recently as a rift valley-caldera structure by Corbett

(1979).

The zone of darkesy Ordovician conodonts (Flowery Gully, Melrose,

Loongana, Everlasting Hills, Olga synclinorium), coincides with a belt

of thinned Carrbrian crust (represented by the Mt. Read Volcanics, Dundas

Group, etc.), and a belt of maximum deformation in Gordon Sub Group

localities. The Cambrian geothermal gradient would have been appreciably

higher within this region of thinned crust, and assuming this region

was not underlain by Precambrian crust, high tceat flows would have

occurred in post-Cambrian times.

The corallary to this interpretation is that post-Cambrian rocks, floored

by Precambrian c~ust, would have been relatively insulated from the

postulated high heat flow values within the Cambrian volcanics.

Table 2 depicts CAl, change(l~) in temperature, thickness and geothermal

gradients (~ ) for the Gordon Limestone. No gradients appear to have

existed across the Gordon Limestone at Flowery Gully, Melrose, Gunns,
Plains and Everlasting Hills as indicated by the CAl values. The Gordon

Limestone in these areas was heated to'> 3000 C, and a consideration of the

maximum depth of burial by post-Ordovician rocks implies the presence

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

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

for the following reasons:

(i) In several localities (referred to previously), the "normal"

geothermal gradient due to depth of burial (with attendant

increase in temperature), does not exist, suggesting that it

has been obscured by another source of thermal energy. The

lowest CAl values in, and the lowest geothermal gradients

across, the Gordon Lirres tone occur in those areas floored

by Precambrian crust; other areas marginal to the Cambrian

volcanics (e.g. Mole Creek, Olga River) have intermediate

geothermal gradients.

i ::' .,



Local ity C. A. I. Mi n. Max. Thi ckness (km) (1 Mi n . oMax.
Base Top ATe~). "Te~) . Present + 35% ( °C/km) ( °C/km)

(oC (OC

-
Flowery Gully 5 5 - - 0.47 0.72 - -
Mel rose 5 5 - - ?0.25 ?0.39 - -
Gunns Plains 4 4 - - 0.90 1. 39 - -
Loongana 5 4 100 210 0.65 1.00 100 210

Mole Creek ~ 5 3 100 290 1. 30 2.00 50 145

Mole Creek* 4 3 ~80 190 1. 30 2.00 ~40 95

Bubs Hi 11 5 3 100 290 0.35 0.54 185 537

Everlasting 5 5 - - 0.25 0.39 - -
Hi lls

Olga River 5 4 ~dOO 210 1. 50 2.31 ~43.3 90.9

Fl oren tine 4 2 50 240 1. 70 2.62 19.1 91.6
Valley

Lune Ri ver 2 1 20 90 >0.70 ;> 1. 08 <18.5 <83.3

Average Mole Creek* and 01 ga Ri ver: 41.6 92.9

"-
Average Florentine Valley & Lune River 18.8 87.4

••
••••••••••••••••••••

TABLE 2

N8 : ( i )

( i i )

(i i i )

(i v)

- 12 -
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ORDOVI ClAN (GORDON SUB GROUP) SAMPLES

CAl - Conodont Colour Alteration Index

Thickness recalculated to allow for volurre reduction
due to pressure solution (diagenetic and tectonic
stylolites).

(I _ Geothermal gradient within Gordon Lirrestone,
before volurre reduction (shortening). The r values
shown here are reproduced as ro values in Table 4.

CAl data from Burrett (1978), and change in
temperature (L>.) from Harri s (1979).
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(ii) Lower Devonian conodonts, in rocks which were unlikely to

have been buried to any appreciable depth, have been meta­

morphosed (Surrett, 1978).

(iii) The K-Ar ages of late Devonian granite have not been reset

by heat induced leaking of Ar; however, the K-Ar ages of

1ate Canbrian granites have been reset to Ordovician ages
(McDougall and Leggo, 1965), presumDbly by Devonian heating.

Thus the best estimates of the "normal" (due to depth of burial alone),
geothermal gradient across the Gordon Limestone, are the values indicated

for Florentine. Valley and Lune River (Table 2), which range from 19 0 C/km

to 87oC/km, with an average of 530 C/km.

The average of the Mole Creek (less altered sample) and Olga River

samples indicates a geothermal gradient of 42-930 C/km and an average

of 67oC/km. Inclusion of the more altered sample from Mole Creek

indicates an average value for the two areas of 77oC/km.

The CAl values for Flowery Gully, Melrose, Gunns Plains and Everlasting

Hills indicate heating to> 300°C for the entire Gordon Limestone,
whi ch compare;; with tempe.ratures of ~ 200°C and':: BOoC at the top of

the Gordon Limestone, in the Mole Creek/Olga River, and Florentine

Valley/Lune River areas respectively.

If it is assumed that the rocks overyling the Gordon Limestone were
similar in thickness and thermal conductivity, and that the Gordon
Limestone had approximate, constant thermal conductivity, then

temeprature is proportional to heat flow; accordingly, the CAl data

imply that the Devonian heat flow (relative to Florentine Valley/
Lune River), was 150% and 275% higher in the Mole Creek/Olga River and

Flowery Gully, etc. areas respectively.



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

"

Although the number of useful (herbaceous kerogen bearing) samples is

inadequate to permit statistical1y reliable conclusions to be made
about the thermal history of the Parmeener Super Group, the following

observations may be of possible significance:

Similarly to the Gordon Limestone samples, the problem in determining

the "normal" geothermal gradient during Permi an and subsequent time
appears to be one of screeni ng out the effects "of hi gh heat fl ow;

accordingly, the best estimate of the "normal" geothermal gradient can

be obtained from" the Maydena/Styx River area (Sample 12A), which ranges

from 28-50oC/km, and has an average of 39 0 C/km. The Quamby Brook ­

Poatina areas range from 32-70oC/km (average 57oC/km.).

Although it is not possible to construct TAI isograds from the limited

number of samples, it is apparent that those samples collected from the

N.W. of the state (Bronte, Mersey River)show higher thermal maturity

than those elsewhere in the state (Poatina, Quamby Brook, Maydena).
Inclusion of the 5 samples devoid of kerogen (and assuming the inferred

TAl values are valid), generally enhances the thermal maturity pattern

described above, the exception being the Poatina Power Station sample,

the true 1ocati on of whi ch cannot be determined.

087182
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Parmeener Super Group

Harris (1981) examined samples collected by Victor Exploration Pty. Ltd.
staff from several localities in the Lower Marine Sequence of the

Parmeener Super Group. AMDEL (1981) analysed 10 out of 12 samples

collected, and Harris (1981) was only able to find herbaceous kerogen

in 5 of the 10 sa~ples, and consequently, could only assign reliable

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

5:2
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Sample toca1i ty TAl Min .... Max A Thickness (>}lin. Max. (3
Tern) Tem) PSGp Dol. Total (oC/km) (OC/km)
(OC (OC

4/6 Persey River _ (4) - - - - - - -
5 Persey Ri ver 3 100 155 0.86 0.50 1.36 73.5 114.0

7 Bronte 3 100 155 1.20 0.50 1.70 58.8 91.2

11 King William (4) - - - - - - -
Saddl e

12 Styx River (4 ) 155 200 1.30 0.70 2.00 (77.5) (l00.0 )

12A Styx Ri ver '!-2 J!' 50 ~ 90 1.10 0.70 1.80 27.8 50.0

1 Hobart - - - - - - - -
2 Quamby Broo k 2 <' 40 100 1.29 0.50 1.79 ~22.3 55.9

3 Poatina (4) 155 200 1.20 0.50 1.70 (91.2) (117.6)

8 l Poa ti na )27m 2)

9 HEC D[}j ) ) «: 30 60 0.22 0.50 0.72 ~41. 7 83.3
) 5021 )242m 3)

Average for W. Tasman i a (Sampl es 5, 7) 66.1 102.6

Average for N.E. Tasmania (Samples 2,8,9) 32.0 69.6

Apparent 01'1 threshold. (Maydena, Sample 12A) 27.8 50.0

Average for S. and N.E. Tas. (Samples 12A, 2, 8, 9) 30.6 63.1

I·
I
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TABLE 3

NB: (i )

(i i)

(i i i )

(i v)

(v)

- 15 -
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PERMIAN SAMPLES

TAl - Thermal Alteration Index; values in brackets are
estimates only, as the samples did not contain any
herbaceous kerogen.

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

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

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

(3 _ Geothermal gradient, calculated assuming a ground
temperature of 100C. The (l values shown here are reproduced
as Q. values in Table 4.



TABLE 4

Loca 1ity Thickness (k/m) Ave. Geothermal Gradient (OC/km)
Dolerite PSGp E.Gp. Og.

-
Quamby/Poatina 0.5 1.3 '" 1.0 1.3 51 ~52 (68-69 57-67
Mole Creek

01 ga Ri ver (0.5) (1.5) 2.0 1.5 (75) (59) 67 (61)

Maydena/
Fl orenti ne Valley 0.7 1.6 2.0 1.7 39 21 55 31

Lune Ri ver 0.5 1.6 (-) >0.7 39 19 < 51 < 27

Average for Sthn. Tasmania: i .39 20 53 29

- 16 -

ESTIMATED GEOTHERMAL GRADIENTS·(ORDOVICIAN - JURASSIC) - TASMANIA

(~ = Average geothermal sradient across Og
(Original thickness).

(~ = Average geothermal gradient from dolerite to the
base of Og (present thickness).

~, = Average geothermal gradient across dolerite, PSGp
(total) and E.Gp.

PSGp - Parmeener Super Group (Including Wynyard Tillite).

E. Gp. - Eldon Group (Silurian - Devonian).

Og - Gordon Sub Group (Ordovi ci an)

Geothermal gradients, r =

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

087184

(v) The original thicknesses of dolerite and PSGp in the Olga
Synclinorium are unknown, and are assumed to have been
similar to the Bronte data, with 300m. of Wynyard Tillite.
Similarly, the (~ value was taken as the Bronte value;
accordingly, the (", r. , and (JT values for the 01 ga
River, are only very approximate, although the~, and eT

figures are notably similar to those for the Quamby/
Poatina/Mole Creek area.

(i )

(i i )

(i i i )

(iv)

NB:
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(i) The geothermal gradient across the Gordon Limestone in

the Mole Creek/Olga River areas was ~ 26% higher than the

gradient in the Florentine Yalley/Lune River areas.

(ii) The geothermal gradient in the Mesozoic in the Quamby

Brook/Poatina areas was ~ 30% higher than the gradient

at Maydel'Hl.

All palaeo-geothermal data is shown in Table 4, which was compiled

from Tables 1, 2 and 3, and from Figure 1.

MODERN GEOTHERMAL GRADIENTS

Surface heat flow (Q) is measured in units of W/rrf, and related to

thermal conductivity (>-.. , in units of W/m/oC) and the geothermal

gradient (~ , in units of °C/m) by the expression Q ='>-..~ •

Currently, Tasmania has an abnormally high heat flow which is approximately

twice the world average of 60mW/m2. Evidence for this comes from the
work of Newstead and Beck (1953), Jaeger and Sass (1963), Wronski (1977),

Lilley, Sloane and Sass (1977), Cull (1979), Cull and Denham (1979),
"-

and Nicholas, Rixon and Hdupt (1980).

Lilley et al (1977) produced a heat flow map for Australia, and reported

the following Q values (in mW/rrf) for Tasmania:

Rosebery (Cambrian schist) = 120

Glenorchy (Parmeener Super Group - Cambrian Volcanics) = 87

Storeys Creek (Mathinna Group Sediments) = 150

Central Plateau (dolerite) = 75 - 100

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

Cull (1979) assigned eastern Tasmania to the Eastern Australian Heat

Province, while Cull and Denham (1979) observed that the heat flow
anomalies in Tasmania were apparently unrelated to surficial deposits
of uranium; they reported the heat flow in Tasmania to range from
85-110rrW /m2.



The hi gh heat flow in the Tasmanian crust is probably due to two

factors:-

The generally ...higher heat contents of granite rocks is a function of

the concentration of naturally radioactive elements (K, U, Th) which

are concentrated in the upper portion of the earth's crust, and

contribute ~ 50% of the heat flow measured at the surface.

The majority of the geothermal gradients Jreasured in Tasmania are

in excess of 30oC/km (D.C. Green, pers. comm.). Nicholas et al (1980)

produced an uncorrected geothermal map of Australia, and reported

the measurements of geothermal gradients from 5 Bass Basin oil wells,

which averaged 350 C/km.

Assuming that the Bass Basin oil well measurements were made at depths

';> 300m., the only correction to be made to the data is that for mud
circulation, i.e., the geothermal gradient in Bass Basin is approx.
35+10% to 35 +14%oC/km, which is approximately 40oC/km. Thus the

present geothermal gradient for Tasmania would appear to range from

30-40oC/km.

087186
- 18 -

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

by the Geological Survey of Tasmania and the B.M.R., by Collins, Wyatt
and Yeates (1981, in press), the granites were found to be areas of

high heat productivity with U": 25ppm, and Th .'<.50ppm. These values are
clearly elevated from the world averages for granite of U'O 5ppm and

Th \"17ppm (Levorsen, 1974).

However, corrections for mud circulation effects (cooling) in the

holes were not applied (+10, +14%, D.C. Green, pers.comm.), nor were

corrections for climati c controls, as discussed by Cull (1979). Cull

observed that variations in the geothermal gradient were caused by
surface.warming following the retreat of the Pleistocene glaciers in

Southern Australia, and estimated positive corrections of 10-25% for

all geothermal data obtained from depths of <' 300m.
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(i) The abundance of grani ti crocks, as indicated by gravi ty surveys

(Leaman, Ri chardson and Shi rl ey, 1980), wi th apparently anomalous

levels of U and Th as discussed above.

(ii) The corrbinations of thin crust overlying abnormally hot,

conductive mantle. Electric conductivity anomalies in Bass

Strait and_northern Tasmania were reported by Lilley (1976).

Sutherland (1981) postulated that northward migration of

Australian continental plate has controlled volcanism in

Queensland, New South Wales, Victoria and Tasmania, from the

start of the Tertiary period 55 million years ago (i .e. the

Gondwanaland break up). He suggests that volcanism has

occurred as the Australian plate passed over a fixed mantle magma

source ("hot spot"), and that the present heat flow anomalies

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

plate.

Further discussion on the high heat flow in Tasmania is made in the

Appendi x.



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

being sapropelic.

The effect of these Ordovician geothermal gradients in terms of

generation of.hydrocarbons has to be viewed in context of the total
sequences in given areas, as shown in Figure 1.

Using the 50-150oC temperature interval to represent the interval of
oil generation, and 150-2000 C to represent the interval of gas

generation (from Hunt,1979), the following observations can be made:-

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

087188

~u

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

The geothermal history of the Gordon Limestone varies considerably
across the state; lowest geothermal gradients occurred in the south,
and highest in the west and north west. The low values are believed...
to be representative of the normal geothermal gradient in those regions
underl ai n by Precambri an crus t.

7:0 POTENTIAL OIL SOURCE ROCKS

The .Gordom LiJr.€stone is fine grained, often dark coloured, impure/

argillaceous, and frequently has bituminous stylolites. The most
likely source rocks would be the Karmberg and Cashions Creek LiJr.€stones

Lor their corre~ates), particularly the algae rich Cashions Creek
liJr.€stone. Beds of pyritic, carbonaceous shale/siltstone imply the
requi site toxi c, anae robi c condi ti ons exi s ted for the preserva ti on
of organic matter.

7: 1 GORDON SUB GROUP
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PARtHNER SUPER GROUP

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

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

087189- 21 -

Mole Creek - Mainly gas, with very minor oil, would have been

generated from the upper half of the sequence. Other areas of
Gordon Limestone in the state appear to have been very hot,
and any organic matter present wouldhave been metamorphosed
to pyrobitumen; however, minor gas occurrences may be. present.

Lune River - Oil would have been generated from the basal
portion of the Middle Sequence, and all of the Lower Sequence

(which includes an algae rich litho correlate of the Cashions

Creek Li mes tone) .

Florentine:Yalley - Oil would have heen generated from the
Benjamin and possibly the Cashions Creek Lfrrestones, and gas
from the Karmberg Lirrestone.

Lower Marine Sequence

This sequence is one of fine grained, dark coloured (often carbonaceous),

pyritic clastics, with minor sandstone and limestone; it is variably
fossiliferous, and toxic, anaerobic conditions are implied by the

pyritic, carbonaceous nature of the sediments (i.e. preservation of
organic matter). The nature and amount of OM is not known with a
high level of statistical significance, but of 12 samples analysed by
AMDEL (1981) and examined by Harris (1981):-

(iv) Only half the clastic samples contained herbaceous kerogen, so

that only half the samples have reliable TAl values.

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

7 :2.1

7: 1. 3

7: 1.2

7:2

7: 1.1
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Clastic source rocks generally require Y 0.4% TOC (Hunt, 1979) and

carbonate source rocks require :s 0.2% TOC (Ruth and Cooper, 1976).

Extractable organic matter (EOM) in source rocks should be ~ 150mg/g TOC

(Tissot et al, 1974) or ~ 200 mg/g TOC (Ruth and Cooper, 1976), although
the lptter authors observed that a significant quantity of EOM is

insufficient by itself to identify a source rock.

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

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

A single sample from this locality contained 1.19% TOC, 80% sapropelic
kerogen, and 192 mg/g TOC of EOM; the sample was assigned by TAl value

of 4 by Harris (1981), but did not contain herbaceous kerogen.

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

pers.conm.) at Poatina and at the head of the Mersey River; the Poatina

sample contained 0.62% TOC, 70% sapropelic kerogen, 122 mg/g TOC of EOM,
and has a TAl value of 4; the Mersey River samples average 0.85% TOC,

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

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

and are enigmatic in view of the apparent source nature of the rocks.

Alternatively, if the TAl values are reliable, it suggests the rocks
sampled are reservoi rs, although the other source rock parameters (TOC,

"-

EOM, etc.) indi cate them to be a source rocks (parti cul arly the Woody

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

the TAl value of 3 seems a plausible indication of a source rock from
which petroleum has been produced. Oxidation and irradiation of palynomorphs

may also complicate the interpretation of TAl values.

Oil shale ("Tasmanite") occurs in the north of the state near the base
of the Quamby Formation; oil shale is also known at Rossarden (probably

the Quamby Formation). The inter relationships between the "Tasmanite"
oil shale, other oil shales and the petroleum occurrences, in the Lower
Marine Sequence are not known at present, and a knowledge of such
relations appears imperative to the understanding of the hydrocarbon
potential.

NB: TOC: Total Organi c Carbon
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7:2.2 Upper Marine Sequence

This sequence is one of limestone, mudstone, siltstone and sandstone;

on present knowledge, the sequence as a whole would not appear as
prospective for source rocks as the Lower Marine Sequence. Potential

source rocks appear restricted to the carbonaceous mudstones and the
impure 1i mes tones_.

Oil shale and cannel coal occur at the interface of the Mersey Coal

Measures and the Malbina Formation. No analytical data is available

for these concentrations of ?sapropelic organic matter; however,

the presence of cannel coal suggests a higher level of maturation
than the "Tasmanite" oil shale.

The significance of this occurrence of sapropelic OM apparently

much younger than the Woody Island Si ltstone Formation - "Tasmanite"
oil shale horizon has yet to be thoroughly evaluated.

The geothermal history of the Parmeener Super Group (similarly to the
Gordon Limestone) varies considerably across the state; lowest

geothermal gradients occur at Quamby Brook, Poatina and Maydena, and
highest valuE;.s occur in the Bronte and Mersey River areas. Similarly
to the Gordon Limestone,'the minimum geothermal gradients are believed

to represent the "normal" values while the higher gradients may reflect

a relict high Devonian heat flow.

The effect these geothermal gradients had on the generation of

hydrocarbons can be elucidated from Figure I. Values range from

390 C/km (Poatina, Maydena) to 62oC/km (Poatina) and 84oC/km (average

for Bronte and Mersey River). Using the data in Table 3, it is

apparent that most of the occurrences of the Lower Marine Sequence

have undergone the requisite maturation histories for petroleum generation.
This observation may explain the "petroliferous odour" noted in the

Mersey River, Poatina and Maydena localities, the apparent exceptions

being the Bronte, King William Saddle and Poatina drill hole No, 5021

localities. The apparent lack of liquid hydrocarbons in these areas

may be the result-of the ratio of sapropelic to humic kerogen, or

the result of the samples being overmature.



(i) A high thermal conductivity of the sandstone rich Eldon

Group, or,

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

An interesting feature of the geothermal gradients shown in Figure 1

concerns the gradient across the Wynyard Tillite and the Eldon
Group, which is very slightly positive to' markedly negative; this

may be due to the following:

Hunt .( 1979) observed tha t the yi e1d of hydrocarbons per vol urre of

sedirrents is higher in basins of high heat flow. The oil present in

the Woody Island Siltstone Formation Correlate at Maydena appears

to have been generated in the temperature interval 80-900 e.
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(iii) An inflated figure for the thickness of the Eldon Group

in the Florentine Valley area, and conversely a deflated
figure for the thickness of Eldon Group in the Lune River

area. If this interpretation is correct, it would modify

the hypothesis advanced concerning hydrocarbon generation

(potential) in the Gordon Limestone at Lune River.
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POTENTIAL.OIL RESERVOIR ROCKS

Go rdon Sub Group

As mentioned previously, the Gordon Linestone is generally fine

grained (micritic), a feature which would have assisted diagnetic

calcite ceme~tation so that the present intergranular porosity

would be -::: 2%. As the lTlicrite facies of. the Gordon Limestone seldom

contain < 2% of acid insoluble residue (AIR), some compaction would

have occurred.

Impure limestone (eg. Karrrberg) with an estimated composition of «:
85% CaCo3 and 5-10% AIR (clay minerals, chert) would experience fluid

losses through compaction, thus enabling primary migration mechanisms

to operate. Other evidence of inferred migration mechanisms comes
from those sections of Gordon Limestone which have been dolomitised.

Potential reservoirs in the Gordon Limestone appear limited to coral

reefs, and those areas of secondary (granular) dolomite. Coral gardens

were common from Blackriveran to Cincinnatti an time, but no authenti c
bioherms have yet been found.

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

water facies of the Gordon Limestone at Surprise Bay, has led to the

recognition of a continental slope in the south of the state.

The base of the Gordon Limestone is strongly diachronous, and the

Ordovician sea is inferred to have advanced over the Tyennan

Geanticline in a generally westward direction. C.F. Currett, (pers.comm.)

postulates that the coralline facies at the top of the Benjamin
Limestone in the florentine Valley was a back reef, with a yet to be

discovered fore reef to the east; M.R. Banks (pers.coTTIll.) believes
the Ordovician sea contained several islands (e.g. Vale of Rasselas,

Glenorchy). Thus a model may be envisaged whereby the Ordovician
continental slope extended south from Flowery Gully along what is now

the Tamar FractuTe System (itself activated in Carboniferous tirne) and
south west to Surprise Bay.

,1 ..
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(iv) Upper Freshwater Sequence - Cygnet Coal Measures, Ross Sandstone.

Parmeener SuperGroup

f<:ention has, already been wade of the SID2ctiti c nature of some of
the clays in this group; the dehydration of smectite to illite

provides extra pore water for migration mechanisms. Possible reservoir

rocks include:-

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

conglomerates.

Eldon Group

(ii) Lower Freshwater Sequence - f<:ersey Coal Measures.

,-
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No data on intergranular porosites is known; the Woody Island
Si ltstone carrel ate at Maydena may be a reservoi r as a function of

its microfracture porosity.

This group consists of alternating sequences of sandstone and
siltstone with minor liID2stone; it has a high sand: shale ratio
and should be viewed as hosting potential reservoirs. No data on its

intergranular porosity is available at present.

(iii) Upper Marine Sequence - Malbina Formation, Risdon Sandstone.

Deposition of Gordon LiID2s.tone west of this line would have been

under shallow water pl atfom conditions, possibly with fore reefs

which would have wi grated west (landward) in the westward

transgressing sea.

Secondary dolomites are known from several places in the Gordon

Limestone; at 1.une River secondary dolomite was fomed by the
action of hypersaline brines which originated in supratidal facies

limestone during diagenesis; this dolomite is porous and vuggy,

but no details of its intergranular porosity are known.

8:3
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The Tasmanian Government has approved the drilling of a geothermal
test hole at Coles Bay, but is unable to provide finance for the
program.

Three types of geothermal systems are commercially operative or

feasible, namely vapour dominated systems, and liquid dominated

systems of both high and low enthalpy (natural circulation).

The use of geothermal energy is relatively modern, and it differs
from conventional energy sources (fossil fuels, uranium) in that

it may be directly utilized without prior. combustion or fission.

A similar program of research is being undertaken on granites in
Cornwall, U.K., which h~ve heat productivities of similar and lesser
magnitude to the five areas of hot dry geothermal energy outlined
by Collins et al (1981, in press) in Tasmania.
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APPENDIX

It is apparent that in an increasingly energy short world alternative
energy forms will assume greater significance. On present indications,
the geothermal energy available in Tasmania is comparable and
possibly superior to that elsewhere, and its future utilization
should be given serious consideration.

Extraction of geothermal energy from hot, dry granite is currently
being investigated at Fenton Hill, New 112 xi co, U.S.A.; the technique
used involves drilling to depths where the temperature is >160 0 C,
and then creating an artificial fracture system through which water

is circulated, and the thermal energy recovered by heat exchangers,
or by using the steam produced as a result of the method.

GEOTHERMAL ENERGY
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INTRODUCTION

The presence of commercial volumes of oil and gas in the subsurface
in Tasmania is entirely conjectural, with many of the prerequisite
elements which constitute a valid hydrocarbon province not fUlly
verified. Many observers and geoscientists remain skeptical about
the possibility of significant volumes of hydrocarbons being found
in Tasmania. Perhaps the skepticism is warranted, particularly in
light of the abundance of volcanic and other igneous rocks
distributed throughout the stratigraphic sequence across much of
Tasmania. The subsurface geology of Tasmania is largely an unknown
entity. Until recently, only a very limited amount of work had
been conducted which addresses the petroleum potential of the
State. A few shallow boreholes have been drilled at sites of
reported seepages and a few kilometers of seismic data has been
acquired.

The first serious and methodical investigations into the petroleum
potential of Tasmania were initiated by Conga Oil in the 1980's.
financed entirely by their own resources. Work carried out by
Conga Oil in the past few years has led to some very encouraging
results, providing a considerable degree of optimism that the
criteria essential for hydrocarbon generation and accumulation
could very well be present in Tasmania and that commercial
accumulations of oil andlor gas might be discovered in the near
future with a concentrated and efficient exploration program, a
program which is backed by sound scientific concepts.

The elements or criteria necessary for oil and gas accumulations
are:

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

2) Deposition and preservation of porous and permeable
reservoir rocks

3) The presence of an efficient, impermeable seal

4) A trapping mechanism formed by folding and lor faUlting
of rock sequences or involving lateral changes in rock
composition ( porosity and permeability variences)

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

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

7) Preservation of hydrocarbon accumulation from excessive
temperature and maintaining of trap integrity



PREVIOUS EXPLORATION FOR PETROLEUM IN TASMANIA

8) Sufficient pressure within reservoir to facilitate
movement of hydrocarbons from reservoir to surface
production facilities. Pressure is usually induced by
considerable thicknesses of rock overlying the reservoir
horizon. Pressure may be artificially induced.

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

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

0872032

The first onshore petroleum seepage in Tasmania was recorded more
than 115 years ago. Over 200 examples of possible onshore
petroleum seepages and bitumen occurrences in Tasmania have been
reported during the past 100 years. From 1915 to 1940, there was
considerable exploration for oil in Tasmania, exploration inspired
by the numerous reports of oil seepages across the State and the
occurrences of bitumens on the west coast of Tasmania. To date 13
companies including Conga Oil Pty Ltd have actively explored for
petroleum in the island State. A total of 127 exploration licences
have been held and some 40, shallow, boreholes drilled. Almost all
of the wells were drilled solely on the basis of petroleum seeps
without any real knOWledge of subsurface structure and
stratigraphy. Not one company has evaluated the Pre Permian
sedimentary sequence, largely because of limitations on drilling
rig capacity but also due to a lack of understanding of what
constitutes hydrocarbon prospective rocks in Tasmania. Many wells
entered near - surface Jurassic dolerite intrusions and terminated
within them. Until recently, there were no valid methods to
predict where the dolerites are relatively thin. In spite of all
of the above, small volumes of oil and/or gas were recovered in
several of the drill holes ..
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GEOLOGICAL HISTORY

A thick sequence of volcano-clastic sediments was deposited during
Middle and Late Cambrian time. The sequence includes the arcuate
zone of the Mt. Read Volcanics, a mineral rich island arc complex,
and the Dundas Group, which comprises conglomerates and finer
grained clastics of a predominently volcanic origin, deposited in a
back arc setting. Local interruptions of conglomerates suggest
intermittent uplift of the basin margins. Tensional tectonics gave
rise to horst and graben development.

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

Pre-Cambrian quartzites, phyllites and dolomites which are exposed
extensively in the central and northwestern part of Tasmania and
which may date back as far as 1100 Ma, constitute the oldest rocks
in the State. They are almost entirely of sedimentary origin and
range from relatively unmetamorphosed subgreenschist facies
sequences through to highly metamorphosed amphibolite facies.
Earliest PreCambrian sediments were severly deformed and intruded
with granites during the Penguin Orogeny which occurred about 725 ­
750 million years ago. Terrestrial sediments and shallow marine,
predominently quartzose sandstones and dolomites, deeper marine
mudstones and turbidites and basalts were deposited across the
deformed surface during late PreCambrian and Early Cambrian time.

0872043

The Ordovician is represented by the Denison Group and overlying
it, the Gordon Group. The Denison Group comprises a sequence of
predominently clastic sediments which were deposited in a full
spectrum of depostional environents ranging from braided stream and
meandering stream through to deltaic and shallow and deep marine
and indicate a late Cambrian to early Ordovician marine regression
followed by a later early Ordovician marine transgression. Late
Cambrian submarine fans and other slope deposits are progressively
overlain by shallow marine and later terrestrial deposits
(regresSion) which are in turn progressively overlain from the
southeast by a sequence of shallow marine silts and muds. Highland
areas appear to have developed in the western and northwestern part
of the State as is evidenced by conglomeratic alluvial fan
complexes.
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As stream gradients on the uplifted areas decreased, limiting
clastic transport, carbonate deposition began to replace clastic
deposition. Up to 2000 metres of Gordon Group carbonates overlie
the Denison Group clastics in central Tasmania. Shallow marine to
platform margin buildups to deep water (>200m) carbonate turbidite
- graptolitic shale environments are present with rapid lateral and
vertical facies changes noted.

The change from clastic deposition to carbonate deposition was
gradual and not abrupt and considerable interfingering of the two
rock types occurs. Dolomitization of inter and supratidal rocks is
widespread and believed to have occurred shortly after deposition,
although in some cases, rocks have been dedolomitized. Limestone
is richly fossiliferous in many places, the biota indicating
deposition in warm, clear, shallow water. Evidence of evaporite
producing conditions is seen in several places. Coral gardens
appear to have been widespread and possible back reefs have been
identified. Algal "lawns" are also reported to be widespread
across the State.
Towards the end of Ordovician time, clastic material advanced
rapidly across the carbonate platform, and the Gordon Group
carbonates were comformably overlain by predominently shallow
marine siliciclastics of the Late Ordovician - Early Devonian Eldon
Group. The Eldon Group comprises three major cycles of sandstone
and siltstone, which with a minor limestone contribution, reaches a
thickness over 2000 metres. The greater coarseness of grains and
the higher sand to shale ratios of the Eldon Group in western
Tasmania, imply a source area in the west of the State. In the
eastern part of the State, basinal grapholitic turbidite deposits
were deposited (Mathinna Beds). Uplift of western Tasmania was
possibly associated with the Benambrian Orogeny.

Lower Devonian and older rocks were extensively deformed during the
Tabberabberan Orogeny. Approximately northwest to north northwest
trending folding occurred across most of the State but east-west
trending folds developed in the northwest. Several laterally and
vertically extensive, north-south trending thrusts developed and
numerous and relatively large granitoids were discordantly intruded
between about 348 and 395 Ma in northeastern Tasmania and 332 and
367 Ma in western Tasmania. Conodont colour alteration indices
(CAl) indicate that Lower Palaeozoic sediments were heated to about
3000C adjacent to intrusions in the western part of the State. In
central and southern Tasmania, Lower Palaeozoic sediments were
heated to an estimated 150°C, even though distant from the granitoid
masses. This major heating event is significant to the development
of petroleum in Tasmania.

During the Late Carboniferous and Permian, glacial deposits (Lower
Parmeener Super Group) were deposited unconformably on the newly
deformed, older rocks. Lateral variations in lithofacies are
considerable particularly in the vicinity of topographic highs
generated during the Tabberabberan Orogeny. As a result, rock unit
nomenclature varies widely from place to place. Environments of
deposition range from glacio-terrestrial (including glacio­
lacustrine) to glacio-marine. The basal part of the Super-Group
includes the Tasmanite Oil Shale, a glaciolacustrine sequence which
has an extremely high organic content. Triassic rocks are
represented by up to 600 meters of fresh water, lacustrine and
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fluvial deposits of the upper Parmeener Supergroup. In places,
Triassic sediments rest directly on Devonian granites. The lower
part of the upper Parmeener Supergroup commonly consists of granule
conglomerate and coarse sandstone. The upper parts of the sequence
are commonly represented by up to 200 metres of clean sandstone.
Dark grey shale horizons and subordinate coal measures occur
throughout the sequence. Almost everywhere in Tasmania, rocks of
the Parmeener Supergroup are subhorizontal.

Extensive sills of dolerites fed by narrow feeder dykes were
intruded during Middle Jurassic time. The intrusions which
presently extend over half of the land mass of Tasmania, were
probably related to tensional stresses between continental blocks
at the commencement of breakup of the Gondwana supercontinent.
While thick (up to 8000 metres) accumulations of alluvial fan,
fluviatle and volcanic sediment were deposited in newly formed
Bass, Otway and Sorell marginal basins which now occupy offshore
Tasmania, only a relatively thin succession of non-marine and
volcanic sediments were deposited in local depressions across
onshore Tasmania. During the Late Cretaceous to Early Tertiary, a
series of large scale, north to northwesterly trending horsts and
graben were formed as an extensional regime was set up as Antartica
fUlly separated from Australia. Up to a kilometre of mainly
terrestrial sediments was deposited in the graben. At the end of
the Eocene and in the earliest Oligocene, northwesterly directed
compression rejuvenated many of the earlier formed structures but
this period of compression was centred more on the Gippsland Basin
to the north.

KNOWN PETROLEUM OCCURENCES

In 1871 , surface tar was reported from Prime Seal Island. This
was the first report of petroleum recorded in Tasmania. Since that
time, more than 200 reports of possible onshore, liquid petroleum
and natural gas seepages and flows and bitumen occurences in
Tasmania have been documented, most of these before 1970 but some
as recent as the late 1980's. Many of these were confirmed by
government geologists of the time. Samples and photographs of some
of the tars have been preserved in museums and libraries further
validating early reports. Unfortunately, there are only written,
unconfirmed reports of seepages in the interior of the State with
no preserved samples.

Seepages in Tasmania appear to be related to seismic activity as
most of the sightings of seepages have been made directly after
major earth tremors. Most sightings are within five years of the
occurence of either considerable seismic activity or events greater
than a magnitude of 4 on the Richter Scale. There have not been a
large number of reports of petroleum shows since 1969 but then
Tasmania has not experienced a major earth tremor since 1958.
Figure shows the distribution of reported seeps in Tasmania
(from Bendall 1990). Northeast - southwest trends in seep
distribution are evident from Figure and these trends correspond
very closely to established gravity and magnetic trends which have
been interpreted as representing deep seated (crustal) thrust
faults and lineaments (Leaman and Richardson 1990). Seepage
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appears, therefore, to be related to movements along established
fault lineaments during times of seismic activity.

Records are incomplete but it appears that not more than about 35
boreholes have been drilled in Tasmania with Petroleum objectives.
Wells have been very shallow, the deepest being no more than 400
metres. All wells drilled to date have been initiated solely on
the basis of effusive oil or tar seepages without any real
knowledge of subsurface structure or stratigraphy. Nevertheless,
oil was recovered from a depth of 27 metres at Johnson's well on
Bruni Island in the south of Tasmania and a small quantity of gas
was reportedly produced from a well at Port Sorell in the north.
Reports describe storage of some of the light oil from Johnson's
Well in drums. Minor oil and gas flows were reported from at least
two other petroleum boreholes and from at least one water bore.
Core bled oil from the Tasmanites Oil Shale interval from the Ross
2 borehole, drilled to 480 metres in 1985 by the Department of
Mines and a gas flow was reported by a competent geoscientist,
while drilling through the Quamby Mudstone at Douglas River. Oil
has almost definitely been generated and it looks like low volume
seepage has been occuring over a large part of Tasmania.
Seepages in the Bruny Island region may represent migration updip
along the pre Permo-Carboniferous unconformity surface to Jurassic
induced faults disturbed during the Tertiary from the concealed
lower Palaeozoic basin some 10 to 20 kilometers to the west.

There have been numerous reports of oil and gas seepages in
Tasmania. Most of these reports remain unconfirmed except in the
written record. Some coastal bitumens have been preserved in
museums and geochemical analyses, although perhaps somewhat
inconclusive, indicate an origin from offshore Tasmanian basins.
They do not appear to be related to Tasmania's onshore basin.

There have been a large number of reports of seepages from the
interior of Tasmania. The sightings appear to have coincided with
periods of major earthquake activity. There has not been a major
earthquake since about 1958 and consequently reports of seepages in
recent years have been minimal. Most of the early sightings were
not confirmed by knowledgable 'experts' and certainly not by
geochemical analysis and bacterial action has destroyed any
evidence of the original seepages. Their actual presence could
therefore be discredited today by those wishing to discourage
petroleum exploration in Tasmania. There have, however, been a
large number of sightings over many years which provides in itself
considerable credibility to their presence. In addition, the
sightings, when located on a map of Tasmania, follow well defined
lineament trends established by recent gravity and magnetics
interpretations. These lineaments are interpreted as deep seated
thrust faults and there is therefore good reason to believe the
seepages originated from subsurface hydrocarbon accumulations.
This remains to be verified.



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

Today, as a result of considerable work initiated primarily by
Conga Oil and carried out by CSIRO, the BMR and AMDEL, there is
considerable evidence that carbonates, shales and evaporates of the
Gordon Limestone Group and shales and coals of the lower Parmeener
Group have each generated significant volumes of both oil and gas.
Other potential source rocks include Precambrian shales and
dolomites.

The Gordon Limestone was formed under shallow water, marine
conditions. The fine grained limestones, dark grapholitic shales
and evaporite sequences which comprise the Group should all provide
excellent, oil prone source potential. The frequent occurences of
pyrite in conjunction with carbonaceous shales implies an anaerobic
and toxic environment, which is vital for the preservation of algal
and other oil prone organic material. The Cashions Creek Limestone
appears to be particularly rich in oil prone, algal matter.

Most seepage sites are adjacent to or overlie areas known to
contain Ordovician and older rocks or are related to drainage
catchments containing such rocks. Organic geochemistry reveals a
very close similarity between hydrocarbons extracted from
Ordovician Limestones from Ida Bay and those obtained from
Johnson's well on Bruni Island (and in addition with samples of
bitumen from the Tasmanian Coast). Analyses indicate that neither
the oil from Bruni Island nor the coastal bitumens were generated
from the Tasmanites Oil Shale.

087208
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Potential Source Rocks

GEOCHEMISTRY

Until the late 1980's, explorers and geoscientists had very little
knowledge regarding the actual source(s) of the tars, bitumens and
natural gas occurences across the State. The original explorers of
New River (circa 1915 - 1925) identified the Gordon Limestone as
the primary source of the abundant oil seeps and tars and
similarities were drawn between the Gordon Limestone and time
equivalent, prolific oil producing limestones in the U.S.A. It has
been presumed by most investigators that oil generated and revealed
as seeps was derived from the Permian oil shales. Although
organically very rich and often oil saturatd themselves, these
rocks were not, however, considered to have ever been sufficiently
buried to achieve temperatures sufficent for significant
hydrocarbon generation to occur.
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The Tasmanites Oil Shale appears to be sporadically developed
across Tasmania and considerable work will have to be undertaken to
determine its geographical distribution. It is particularly
prominent in the north of the State near the base of the Quamby
Formation. Nevertheless, it has been identified in numerous
outcroppings and drill holes and is probably of a greater
geographic distribution than many workers may think.

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

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

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

It appears the Tasmanites Oil Shale, a glacio-lacustrine sequence
of organically rich shales, provides the best potential source
interval in Tasmania. The oil shale had been mined at from
1910 to 1932. Artificial distillation resulted in the recovery of
248,114 gallons of oil. Total Organic Carbon (TOC) values within
the Tasmanites range up to 30 percent and higher and even on world
standards, provides an exceptionally rich, Type 1, oil prone
source rock. The Tasmanites in north and northwest Tasmania
consists of a single celled algae known as Tasmanites punctatus.
which has a HIC ratio of about 1.5 and an OIC ratio of about 0.12.
It may thus be considered as representing the optimum type of oil
source rock.

A rock sample of lower Permian mudstone from Poatina, Tasmania, and
thought to be stratigraphically related tp Quamby Mudstone, was
analysed by CSIRO. The sample was grey in colour and had a
noticeable petroleum - like odour when broken open. The sample was
found to contain considerable amounts of hydrocarbon having the
characteristic distribution found in mature crude oil. Biomarkers
were distinctly different from those found in Ordovician carbonates
and it is believed (Volkman 1989) the Quamby hydrocarbons were
indigenous to the rocks from which they were extracted. Thin, oil

The Parameener Supergroup also includes intervals of organically
rich, oil and gas prone source rocks. Very little work has been
completed on the organic petrology of the Parmaneer Supergroup but
that which has been completed indicates the unit is highly variable
both in lateral and vertical sense with TOC's ranging from just a
trace to more than 30 percent in oil shales and coals. Organic
quality too is highly variable with some samples particularly rich
in exinite (oil prone) and other samples consisting of
predominently inertinite (neither oil nor gas prone). Sampling
within the Parameener Supergroup has been very limited to date (17
samples from Douglas River, Ross River and Turnbridge borehole No.
2, analysed by BMR) and samples on hand may not be representative
of the unit as a whole. Neverthelesss, results are very
encouraging.
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shale intervals are commonly present with the Quamby Mudstone
sequence. A borehole drilled beside the Douglas River Bridge as
part of the Tasmanian Department of Mines coal assessment programme
flowed gas during penetration of formation (Leaman - pers comm)
Free oil was subsequently identified by Domak in the cored interval
of the Quamby Mudstone. Geochemical analysis indicated the
formation to be mature, albeit only marginally mature at the
Douglas River location.

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

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

Organic Maturation

There have been numerous misconceptions concerning the maturity of
organic material contained in potential source rocks in Tasmania.
Many investigators believed (and many still believe), the early
Palaeozoic sequence constituted effective basement, having neither
reservoir nor source potential. The very few reports which address
the hydrocarbon prospectivity (or rather non-prospectivity) of
Tasmania, refer only to sediments of the Upper Carboniferous to
Triassic Parmeener Supergroup and these sediments alone constitute
what is referred to as the Tasmania Basin, even today.

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

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

Isograds of CAl values in western and northwestern Tasmania form an
arcuate belt following the outcrop of the early Palaeozoic rocks
around Pre-Cambrian metamorphic basement rocks (Figure ).
Regional metamorphism in western and northwestern Tasmania is
interpreted to have been in excess of 3000C and was due to high heat
flow rather than to depth of burial. Low CAl values however, in
the south west and central Tasmania suggest that if Gordon Group
carbonate rocks are present at depth, and there is strong evidence
that they are, they are currently within the oil and gas windows.
Maturation Modelling suggests that hydrocarbons would not be
expelled from these more basinward sediments (at least from the
upper parts of the Gordon Group) until after a considerable and
protective Parmeener Supergroup cover (seal) was in place. Over
large parts of the State. therefore, the Gordon Group offers
considerable hydrocarbon potential.

Until very recent time. no mature source rocks of Permian ­
Carboniferous age were thought to exist in Tasmania. Recent
investigations by CSIRO, the Bureau of Mineral Resources in
Canberra. The Tasmanian Department of Mines, Amdel Core
Laboratories and others have demonstrated that sediments within the
Tasmania Basin are in the oil window, with Vitrinite Reflectance
value ranging from 0.7% (lower oil window) at the edge of the basin
to 1.35% (upper oil window) at the centre of the basin. The Methyl
Phenarthrene Index (MPI) measured from the aromatic fractions of
hydrocarbons extracted from Permain rocks in the basin, indicates a
similar range of maturity for the basin. One might ask how this
can be, given relatively shallow depths of burial experienced by
the Upper Palaeozoic sediments. Tasmania currently has a high heat
flow which is up to twice the world average of 60 mW/M2. Present
geothermal gradients onshore Tasmania are 30 - 40oC/km (Summons
1981) and there is strong evidence that geothermal gradients were
higher in the past. Recent zircon and apatite fission track data
(Hills - Bidal 1991 Dec) confirms a Cretaceous heating event which
is predicted from Maturation Modelling and Conodont colour
alteration indices indicate a significant, Devonian heating event.

Gravity and magnetics data indicate greater thicknesses of
sedimentary sequence than previous thought in grabens and other
basin depressions and a post Parmeener Supergroup cover of in
excess of 2 kilometres is interpreted in the central basin area.

All of the geochemical evidence to date indicates that within
Tasmania there is a full range of maturation levels. from early
mature to extremely over mature (post wet gas preservation), for
Ordovician and older sediments. Parmeener Supergroup sediments
range from immature to marginally mature on the edges of the
Tasmania Basin to fully mature for peak generation of oil and gas
at the centre of the basin. This makes much of onshore Tasmania
prospective for hydrocarbons.
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RESERVOIRS

Very little definite data is available on the reservoir potential
of the sedimentary rock sequence in Tasmania but several potential
reservoirs are present within the Gordon Limestone Group and the
Permeener Super Group.

Until the 1980's, it was believed that Pre Permian sedimentary
rocks were present only in western Tasmania. It has now been
demonstrated that a Lower Palaeozoic and Upper Pre Cambrian
sequence extends as far east as Ross, Oatlands and Sorell. There is
thus a thick (up to several thousand meters) and geographically
extensive, sedimentary sequence in which well developed reservoirs
shoud be present.

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

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

Secondary dolomites are known from several places in the Gordon
Group. At Lune River, secondary dolomites were formed through the
action of hypersaline brines which developed in supratidal
depressions. The dolomite at Lune River is porous and vuggy.

The Eldon Group comprises alternating sequences of sandstone and
siltstone with minor limestone. The Group has a high sandstone to
shale ratio and should therefore offer considerable reservoir
potential. No data relevant to its porosity or permeability has
been reported.

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

Due to the structural complexity of much of onshore Tasmania,
abrupt stratigraphic changes and a considerable post Triassic cover
in places, and because there is insufficient seismic and well data
to be able to correlate the stratigraphy in the subsurface, a
seemingly infinite number of formation names have been assigned to
the Parmeener Supergroup sequence, making it difficult to describe.
Nevertheless, several sandstone and conglomerate intervals have
been identified, providing the Supergroup with very real reservoir
potential.
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The Liffey Sandstone seems to stand out as an important reservoir
objective. The unit is the first semi regional coarse clastic unit
(?reservoir) above the Tasmanites Oil Shale. It is also directly
associated with the Preolenna Coal Measure. Effective porosities
as measured by Amdel Laboratories in 1981 range from 10.66 - 11.00
percent. Sandstones which constitute the Malbina Formation, the
Ross Sandstone and the Risdon Sandstone should also be considered
as potential reservoirs although porosity - permeability data is
apparently totally lacking for these units. A strong hydrocarbon
smell is present in outcropping Risdon Sandstone at Risdon, a
suburb of Hobart after which the unit was named. Basal
conglomerates provide further potential.

Mudstones generally provide source rock or seal potential but the
Quamby Mudstone seemingly offers considerabe reservoir potential.
The formation includes the organically very rich Tasmanites Oil
Shale and, independent of the oil shale, could prove itself to be
an effective source rock in places. Where seen in outcrop, the
formation is highly fractured. The fracturing may have been
induced by pressure unloading reusulting from uplift and erosion
accompanying Tertiary Orogeny, or alternatively the formation may
have been highly water saturated prior to uplift and the fracturing
could therefore be related to shrinkage from dewatering. Fractures
were observed, however, in at least one bore hole (BHP Styx River)
and gas appears to have flowed from the formation in the Douglas
River borehole. The mudstone has porosities as high as 30 percent
as might be presumed from a fine grained rock but matrix
permeability would be expected to be low.

If there is sufficient fracture development within the unit and
outcrop exposures suggest there is, the matrix, if hydrocarbon
saturated, would be expected to contribute significant volumes of
hydrocarbon into the fracture network. There are at least some
important similarities between the Quamby Mudstone and the
fractured reservoirs of the Spraberry Trend in West Texas oil
production and other fractured reservoirs.

SEALS

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

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

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

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

STRUCTURE

Pre Parmeener rocks are concealed across more than half of Tasmania
and the described source and reservoir rocks of the Gordon
Limestone Group are rarely exposed where the Parmeener cover is
absent. Precambrian rocks are exposed in the west and Ordovician
and Devonian turbidites are exposed in the northeast. Borehole
data is limited to the east of the State and very few wells have
fully penetrated the Parmeener cover. Over much of the State
however, the geology of the pre Permo-Carboniferous sequence is
unknown. Geological mapping by the Department of Mines indicates
Ordovician to Devonian sediments to be present under a relatively
thick Parmeener and Tertiary cover, in central Australia.

Very little seismic data is available as onshore record sections
have been generally poor. High velocity surface problems coupled
with near surface Jurassic dolerites have made it very difficult to
obtain good seismic data. Aquisition and processing problems
associated with such difficult conditions are now being assessed.

Good seismic data has, however, been obtained in some locations
with clear reflections being observed over many seconds of record.
At rare localities, excellent records to two-way times of 11
seconds (mantle levels) have been obtained. Most records, however,
appear blind for times in excess of 300 - 900 ms or below the base
Parmeener unconformity.

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

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

PLAY CONCEPTS

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

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

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

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

Aareas known to exhibit particular hydrocarbon potential are
Johnson's Well on Bruny Island, Douglas River and Ross in east
central Tasmania. Sorell, Hamilton and Southport are also of
considerable interest.

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

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

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

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

Conga also intends to drill a stratigraphic evaluation well, 20
kilometres to the west of the Ross Number 2 borehole, to evaluate
source (in particular the Tasmanite Oil Shale) maturity and quality
and reservoir potential at that location. The Ross Number 2 well
was drilled in 1985 by the Department of Mines to a depth of 480
metres. Core recovered from the hole bled oil upon cutting and a
Tasmanite horizon was identified at 410 metres.

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

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

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

NEAB- SURFACE DOLEBITES

Near surface dolerite intrusions and feeder dykes have perhaps more
than anything else discouraged oil and gas exploration in Tasmania.
"Several thousand cubic miles of magma formed a nearly continuous
body through the Permian and Triassic sediments over almost all of
the island". Up to three dolerite sills have been recognised
within the Parmeener Supergroup srquence, the lowest being located
near the pre-Permian unconformity.
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The Jurassic dolerites refect considerable seismic energy from
upper surfaces leaving only low frequency energy to define
structurally deeper horizons. Reflector shadows appear beneath the
dolerites. The high velocity inherent to the dolerites along with
topographic effects, impose considerable static problems. Seismic
processing problems are being assessed. It is simply a matter of
not being able to see (seismically) through the dolerite bodies
which may be as thick as 50 metres. The problem can be overcome
although expensive processing (and acquisition) is required.

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

Stocks of porphyritic syenite and a radial dyke system of various
porphries occur at Port Cygnet and are thought to be of Cretaceous
age. Tertiary basalt flows are common throughout Tasmania but are
confined to river valleys.

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

CONCLUSIONS

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

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

FOR DISCUSSiON PURPOSES
ONLY
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Numerous reportings of oil and gas seepages provide considerable
encouragement and small volumes of oil and gas have been recovered
from shallow boreholes. What appears to be the most prospective
region of Tasmania has not been penetrated by a well bore, not even
in the near surface.

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

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