
121001

Dot M A.D. \ e.G. E.a. ;.~. :.

lIeQlstra

D.DIR. l (1 DEC 198't E&IL

- DEPT. OF MI~ES
--

REF. No. r~ n \ ,-r/'
I

RELINQUISHMENT REPORT

FOR nop

OFFSHORE OTWAY BASIN,

TASMANIA.

NOVEMBER. 1984.

Petrec:on Au'1ral~ Pty. Ltd. - ... .__.____L" ..



.....,

12100:~

CONTENTS

Page No.

......

INTRODUCTION

Summary of Exploration History, Offshore Otway Basin

STRATIGRAPHY

General

STRUCTURE

HYDROCARBON PROSPECTIVITY

General

Basin Geohistory

Geochemistry

Summary

Source

Sea Is

CONCLUSIONS

FIGURES

1/.

1/.

1/.

1/.

3/.

5/.

5/.

5/.

6/.

7/.

7/.

8/.

8/.

I. TI 7P, TIOP & Principal Exploration Wells in the Otway Basin
2. Otway Basin Stratigraphy
3. Cross Section West-East
4. Cross Section North-South
5. Tectonic Elements of the Otway Basin
6. Two Way Time Structure Contours on pre-Otway Basement
7. Two Way Structure Contours at Top Waarre (Base Sherbrook Group)
8. Time Structure Map near Base Sherbrook Group (Waarre)
9. OMQ81-31 Abalone Prospect
10. Basement Subsidence Curves

II. Graphs of Vitrinite reflectance vs Depth for selected wells in the Otway Basin

PlttKOl"i Au,u." I'ty. Ltd.



f'

Petrecon Austrllill Pty, lid.

121003

RELINQUISHMENT REPORT; T20P, OFFSHORE OTWAY BASIN, TASM~NIA

INTRODUCTION

Permit T20P covers 4900km 2 in the eastern part of the offshore Otway

Basin. adjacent to T17P and bounGed to the north by the Tasmanian ­

Victorian border (Fig. 1). Van Diemens Land Resources N.L. and other

interests acquired the acreage in August 1980 and since then have

extended preliminary investigations to include extra ~eismic coverage.

More recently, detailed seismic re-interpretation has been done. and

geochemical tests conducted on samples from several offshore wells

in and adjacent to Tl7P and T20P. Results are generally discouraging,

and we now regard T20P of low prospectivity.

This relinquishment report summarises the stratigraphy. structure;

geochemistry and prospectivity of the eastern offshore Otway Basin

in relation to T20P.

Summary of Exploration History. Offshore Otway Basin.

About 80 wells have been drilled in the Otway Basin. 14 of them offshor

(Fig. 1). Results have been disappointing. Despite SOMe encouraging

onshore shows including one commercial carbon dioxide field. some

small gas discoveries, and positive drill stem tests for gas in the

offshore Pecten -1 and Crayfish -1 wells. the Basin has no proven

plays. The main targets have been Upper Cretaceous plays, but most of

these sediments are now regarded as thermally immature. Offshore

drilling has therefore been located either in seaward extensions of

known onshore hydrocarbon occurrences. or where the Upper Cretaceous

is thickest (eg. Voluta Trough. Fig. 1). Several wells do not fit thi

pattern. Prawn - IA. for example, drilled and abandoned in T17P. was

partly a stratigraphic well which also tested an Upper Cretaceous play

in a previously unexplored part of the basin, and Whelk -1 further sou h

intersected basement at shallower depths.

STRATIGRAPHY

General

Otway Basin stratigraphy is SUGmari~~~ in Fig. 2 in relation to hydro-

carbon shows and generaot ;:>rospectivity. Forr:"'ation of t~e Ot':J.3Y. Bass

and Gippsland basins was related to the Late Jurassic - Early Cret3ceo S

separation of Australia from Antarctica. The Otway Group, deposited

~ur ing in it ia 1_ ._ __ .•__ '.'."'" . .'__' _
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rifting and subsidence, comprises about 5000m. of mainly non-marine

lithic sandstones, mudstones and greywackes. Several offshore wells ter -

F

inated in the Upper Otway Group and some have encountered the

Pretty Hill reservoir unit. In '.Ihelk -I, the Ot'.ay Group was missing,

and Upper Cretaceous '.Iaarre Sandstone rested on PreCambrian basement.

Host wells indicate the Early Cretaceous sediments to be strongly

affected by diagenesis, and they now have very low primary porosity.

The Upper Cretaceous Sherbrook Group. a sequence of marine and non­

marine sediments unconformably overlying the Otway Group is equivalent

in part to the Eastern View in Bass and the Latrobe in Gippsland.

It has been regarded as the most promising sequence in the Basin.

A common play has been the '.Iaarre sandstone at its base as reservoir,

sourced from the overlying Belfast Mudstone (and possibly the underlyin

Eumeralla) and sealed by the Belfast. Other plays include Upper Otway

Group (intra - Eumeralla). upper Sherbrook ( Curdies and Paaratte), and

base-Tertiary. The Lower Otway Group Pretty Hill Sandstone seems a

promising reservoir onshore, but becomes shaley and deeply buried

offshore, except at Crayfish - 1 in the Gambier Embayment.

East-west and north-south stratigraphic and structural cross sections

between several offshore wells (Figures 3 and 4) have important

implications for prospectivity:

the westward thickening of the source/seal Belfast Mudstone in the

Vol uta area (Figure 3).

the apparent thinning and deepening of the Belfast south through

Prawn - Al (Figure 4).

the southerly thickening and increased sandiness of the Sherbrook

Group through Prawn - AI.

Prawn - lA was a dry hole drilled to 3166m (10388') subsea (Fig. I). T e

interpreted stratigraphy (Fig. 4) is

AGE

Tertiary
U. Cretaceous

L. Cre taceous

GROUP FORMATION TH ICKNESS (m)

1238
Sherbrook Curdies/Paaratte 910

Be IJ,a,st 52 I
1679

Flaxm~ns/gelfast 629
'.Iaarre 38.

Otl<ay 249

P.-,1COt'I Australia; Pty, lid.
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The well tested a deep anticlinal structure orginally thought to

have been developed in precSherbrook Group sediments, with possible

minimal closure into the base Tertiary. It is now known that this

structural picture is correct, the hole being located downdip on a

Waarre high.

Prawn -lA was an important stratigraphic well with several implications

for hydrocarbon prospectivity in TZOP and the eastern Otway Basin.

It attempted to assess various horizons which elsewhere in Otway

are prospective or marginally prospective:

a Curdies reservoir. sourced from the Upper Sherbrook and

sealed by the base-Tertiary.

a lower Sherbrook play with the Waarre as reservoir, sourced

by the Belfast and possibly the underlying Otway Group, and

sealed by the Belfast, and

an intra-Eumeralla play sourced, sealed and reservoired in

the Upper Otway Group.

and showed that

although the Sherbrook Group was unexpectedly thick, and good

reservoi rs were found in the Curdies, a source was not present.

Also, the high permeability sands continued above the base­

Tertiary uninterrupted by adequate seals. Structural closure

did not extend above the top Sherbrook.

the Belfast as possible source and seal ,,'as unoxpectedly thin,

and appears to thin down-dip to the south (Figure 4). The

undifferentiated Belfast/Flaxmans as possible reservoir was

either too impermeable or water-saturated.

significantly, the Waarre Sandstone, regarded as prospective

throughout the Otway Basin, proved to be a hard, sil iceous,

impermeable conglomerate

the Otway Group Eumera 11 a Format ion be 101; t;,e Waarre has

undergone extensive diagenesis and was hard and imperreable.

All post Otway Group sediments are either transitionally r;"at~r~

(Be I fast) or i mma ture.

STRUCTURe

The ;;;ain tc-:toilic cL.~;7c,'tS :n the Ot'.-:ay (F1,. 5). Bass ;3:"d G;.);'51~t"\~
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Basins were produced by a Late-Jurassic to Eocene tensional, basin

forming regime probably initiated by dextral and rotational dis­

placement between Australia and Antarctica. Trends are influenced

by earlier structural grains. Predominant E-W trends on the northern

Otway swing SE-NW along the Bassian Rise, and south of T2OP, trends

are mainly NNW-SSE, related to structural features of the onshore

Tasmanian Palaeozoic.

Most faults are normal in Otway Basin, delineating grabens and half­

grabens down thrown to the south and southwest towards the con­

tinental margin. They range mostly from Late Jurassic to Eocene

in age. The post Eocene regional compression which produced the

anticlinal traps in the top-Eastern View and Latrobe Groups in

Bass and Gippsland did not develop to the same extent in the

Otway Basin. The regional compression of the Otway Ranges only

just reached the northern part of T20P. Some small wrench features

have been identified.

Figure 6 and 7 are structural reassessments of T20P and Tl7P based

on recent re-interpretation of seismic lines. It was found possible to

draw time structure maps on basement (pre-Otl.ay Group) and near

top-Waarre Sandstone (base Sherbrook Group).

The basement contour map (Fig. 6) shows a general southwest deepening

to the continental margin, and predominant NW-SE normal fault orient­

ation. South of Prawn - lA, the faults trend more N-S, with a minor

E-W component. No predominent basement structures are evident.

Structure at the top Waarre (Fig. 7l shows:

a SW deepening towards the continental shelf

a major NNW-SSE trending normal bounding fault, together with

s-milar NW-SE and NNW-SSE trends on minor faults

probable widespread volcanic activity near base-Tertiary level

several possible structures near top-Waarre.

This re-interpretation suggests that Whelk -I was drill~d on a hi~h

caused by drape over basement, and that Pra,m - lA ','Ias pro~ably

located off-structure on a Marginal,.~nticlinal feature cc~plicated

by normal faulting.

The Prawn structural trend probably continues N~ and N )oJ "ay be
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related to the larger, Abalone structure (Fig. 8) mapped previously

in Vic P16. Fig. 9 is a seismic section along line OMQ81-31 (from

Fig. 8) through the Abalone prospect.

Of the several possible near top-Waarre structures indicated on

Fig. 7. several are based on limited data. All are regarded as only

marginally propsective.

HYDROCARBON PROSPECTIVITY

Genera I

Hydrocarbon shows in the "basa I Upper Cretaceous to Tert i ary and

pieces of bitumen on the beaches indicate that source rocks are

present in the Otway Basin. However. the basin has been regarded

as generally immature (Ro values are in the range 0.1 - 0.4. and

average 0.2%. per km.). The most I ikely source rocks (Otway

Group. Belfast Mudstone) have moderate but probably sufficient

total organic carbon contents for commercial hydrocarbon gener­

ation. Thermal gradients range from 2.1 - 2.5°C/100m.

Basin Geohistory

In 1982. Van Oiemens Land Resources commissioned a geohistory study

of Otway Basin. Burial and thermal geohistory curves (Fig. 10)

were prepared for each of 10 offshore wells, including Prawn - lA

and Whelk -1. The study showed:-

Otway Group sedi~nts were deposited during rapid subsidence in

the initial stages of rift-valley for~tion. The sediments are

arkosic. lithic and poorly sorted.

subsidence during Waarre times was very slow (in contrast to the

tectonic regime during Otway Group sedinentation) and is probably

related to incipent spreading of the Sout"ern Ocean. Significantly,

in Prawn - lA. subsidence during the Waarre was very rapid, and con­

glomerates were deposited. These are now silicified, hard and i~p­

ermeable. and probably non-prospective. The Waarre in Prawn - lA ~ay

represent a fan-I ike deposi t derived:-f<:om, the PreCamrbian ,~uartzi tes of

the Bassian Rise.

The Post-Waarre to Recent subsidence decrea;es exponentially ",ith ti,'e "Jr

P...reconAu'1~.I'ty.ltd. wells, with minor variations (reflecting changing oceanic crustal coali 9
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major faulting during subsidence is generally pre-Tertiary

Belfast mudstone, regarded as the prime source for previous

drilling, is only transitionally mature in nine wells. It

was not present in Whelk -I, which intersected a coarse Waarre

Sandstone draped over a basement high.

The Belfast is known to be thicker and mature in the Voluta Trough

and it may also get mature Wand SWof Prawn - Al if it thickens

towards the Continental Shelf. Plays with a Belfast source in

TZOP would then depend on eastwards up-dip migration across faults,

and accumulation in suitable traps.

Accounts of stranded bitumenous material along the SE Australian

coast may indicate that the Belfast or deeper horizons are presently

generating hydrocarbons near the Continental Shelf, and that leakage

up faults during up-dip migration eastwards has prevented commercial

accumulation in TZOP.

The Lower Cretaceous Otway Group is mature, and shows in several

wells below the Base Sherbrook (Waarre) indicate so~e hydrocarbon

generation. However, overall low prospectivity is indicated for

the Ot-day Group because the rocks are usua Ily hard and of very low

primary porosity. Low,but locally high permeability can be expected

from secondary fracture porosity. Porosity would further decrease with deptr

and Ro values suggest the Lower Otway may be gas prone.

Geochemistry

In a recent geochemical survey. ZO samples from five wells in the

eastern Otway Basin were analysed to assess their hydrocarbon

generating potential (See Fig. 11 for Ro values). TOC values exceeded

0.5:t in 15 samples, and 5 sho\-Jed fair source rock richness ()Z kg/

tonne). Hydrogen indicies showed the organiC.material ranged from

humic Type III to inertini te IV. Four sa~ples showed Type _1_1_1 kerogen,

suggesting liquid generation. Supportive pyrolysis-gas chromatography

of the same ;"mples indicated high proportions of C
15

+ hydrocar~ons.

"'. ... .. .
The geoche~cial study consluded that the Belfast and youn,er rock;

were non-prospective, and that the Otway Group wit~ iti large voiu~le

of fair sourc~ rock richne;s and adequate Ro valuc3, ~ad a hi9h
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potential for generating I'/axy paraffinic crudes. However suitable

migration, reservoirs and seals would need to exist •

. SUMMARY

Source

Possible sources are the Otway Group and the Belfast Mudstone. The

top-Otway in Prawn - lA is fully mature (Ro approx. 0.9, average 0.6%,

Fig. 11) and is possibly generating waxy crudes from a fair TOC.

The Belfast in Prawn - Al (and T20P) is at best marginally mature.

As a source it requires W or SW thickening and up - dip migration

into the permit area.

Rocks younger than· the lower-Sherbrook are immature.

Reservo i ..

Prawn - Al intersected several good reservoirs. The Waarre is a

suitable sand over much of Otway Basin, but in Prawn - Al was a hard,

impermeable conglomerate. Elsewhere in T17P it must therefore be re­

garded as suspect.

The top Sherbrook (Curdies/Paaratte) shows good (up to 29~) porosity

and permeability, but porosity continues above the base Tertiary, and

no suitable seals exist. In any case, Curdies as a reservoir relies

on vertical migration from the Belfast or deeper sources and lower

reservoirs in the Belfast and Flaxmans could be expected to fill first.

Intra-Otway Group sands are possible reservoirs, but previous drilling

to the top-Eumeralla shows the sediments to be indurated and generally

impermeable. Permeabil ity from secondary (f;acture) porosity will be

variable and hydrocarbon yields low (as indicated by several onshore

I.e II s) .

-j -"W"h"'eC!...re it has been intersected (usually ~n:1liore), ~ base-Ot·.lay Pretty

Hill Sand5ton~ ii a good re'Servoir, but this j5 of variable thicknes'i.

Prospectivity relies on lateral nigration through the Otway Group.

The sand is generally deep and inpossible to nap seismically on T20P.
PeUKQn Auar*. "., lid.



The Waarre at Prawn -lA was impermeable and it may locally act

as a seal. The Belfast was sandy and thin at Prawn - Al. and

generally suitable seals probably do not occur in the Sherbrook.

Intra-Otway seals are possible.

Seals

8/. -f 21\ 1 0.1 .>. C

F

CONCLUSIONS

Structure No major prospective structures have been mapped at near

top-Waarre. the most likely horizon.

Reservoir Several exist in the Sherbrook Group, and locally

the Otway Group may contain non-commercial accumulations.

Source The Otway Group is presently generating hydrocarbons but

may be gas prone. The Belfast Mudstone may be a source

further offshore if it is deeper and thicker, but suit­

able migration paths into nop are unl ikely. In nop
it is transitionally mature, and all younger sediments

are immature.

locally the Waare

The Belfast is thin
In T20P, the top Otway Group and

Sandstone may be suitable seal.

and sandy.

Seal

The <:lOst I ikely play in T20P is sourced, sealed and reservoi red

intra-Otway. but hydrocarbons if present will probably be non­

commercial. The permit is therefore regarded as non-prospective.

y :~.
.-.- ... ---

Ptttrecon Australill Ply. Ltd.
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PALTECH REPORT 1982 2/
TIME (Ma)

., -"

,'~_>. ,j.'''' <,->"),~,'-.i''':'~''~;'I,, ,",:,". ",_ >'!t ~"C:'':' ;ii-';'·'i~"'.,,,:>~it,.'*i"-;""i,":" 'll.; '~"',,

BASEMENT SUBSIDENCE CURVES
",;.)

140·0 120-0 100-0 80-0 60-0 40·0 20-0

o

NAUTILUS A-!

2

I
t­
a...

---------1-3 ~

rNER/T/\ 1

SNA/L-!

WHELK-!

I SHERBROOKl

PRAWN A-!

PECTEN !-A

FLAXMANS-!
MUSSEL-!

PORT CAMPBELL-!

5

1 2 3

OTWAY
GROUP

SHERBROOK/
WANGERRIP

NIRRANDA HEYTESBURY

121020

FIGURE 10

Scm



GRAPHS OF VITRINITE REFLECTANCE vs DEPTH
FOR SELECTED WELLS IN THE OTWAY BASIN
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