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I NTRODUCT I ON

The BNT-81 Seismic Survey was conducted by Horizon txpìoration
(International) Limited in Permjt 0P l86, Northern Territory,
for Australian Aquìtaine Petroleum Pty. Ltd., Alliance Petrol-
eum Internatjonal Pty. Ltd, and Vamgas Ltd. The acquisjtion
phase began on July-.l4, l98l, with line clearing and surveying.
Seismic recording commenced on August 16, with an experìmental

programme and was completed on October I,1981. A total of .l23.6

km of Vibroseis recording u/as obtained, aìl with 24-fold coverage.

Seismic data processing was performed by Dìgicon Internat'ional
at their Digita'l Processing Centre in Singapore between October

l9Bl and March 1982. Twentyfour-fold, stacked seismic sections
were output, empìoy'ing correlation, deconvolution, time-variant
filtering and m'igration for some of the lines.

The BNT-81 seismic data was interpreted by Australian Aquitaine
Petroleum Pty. Ltd.'s geophysical staff in Sydney. Despite aìì
the attempts made during the fieìd acquisition and processing

stages to get the best possible data with the Vibroseis method,

the resu'lts generaì'ly remained poor in most areas. A slight
improvement was not'iced, however, jn the zones where the seismic

markers showed some cont'inuity on the previous data.
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I. GENERAL INFORMATION

l.l Pu ose of the Sur

The jnterpretation of the BNT-80 Se'ismìc Survey, combjned with

informatjon from the Oakes Creek and Border Creek surveys'

shot for Australìan Aquitaine Petroleum Pty. Ljmjted

in 1967 and 1972, confirmed the ex'istence of a hjgh axis dipping

northeastenìy from the Pincombe Range Precambrian Basement out-

crops into the basin. The Keep River No. I well was drilled in
1969 on the continuation of that axis and terminated at 4761m in

quartz sandstones attrjbuted to the Cockatoo Formation (Late De-

vonìan). The overìying formation consjsted of Devonian I imestones

(Njngbing Formation) backreef facies. Gas shows were encountered

jn sands interbedded with maríne shales from the Milligans Beds

(Earìy Carboni ferous) .

The BNT-8.l Survey was desìgned to tentatively investigate the pre-

sence of either reefal buildups or detritic acctlmulations along

the Pincombe Hìgh axis, upd'ip from Keep River No. I (Pincombe North

and South areas; Fig.2). Another four lines were shot to get a

better definition of a seismic anomaly situated on the eastern

flank of the Burt Range Syncìine which runs paralìeì to the Pjncombe

High (r/eaber grid; Fjg. 2). The anomaly was noted during a re'inter-

pretatjon of the Burt Range Survey shot in 1970 (Interpretation Re-

port (Reference l)).

I .2 Locatj on and Partj ci Pants

The BNT-Bl Seismjc Survey was conducted in the northwestern corner

of the Northern Terrjtory, in Perrnjt 0P l86, as shown in F'igs. I

2. The survey area is located wjthjn the onshore part of the Bona-

parte Basin which straddles the l^lestern Australia-Northern

Terrjtory border and extends seawards under the Tjmor Sea.

Australìan Aquitaine Petroleum was Operator for thjs survey, with

Alliance Petroleum International Limited and Vamgas Limjted bei;ng

the other parti ci pants .
It

!

I

I

¡':j

LJ



3

l*

I .3 Fiel d Operations

I .3. I General

A total of 123.6 km of new data was recorded by

Horizon Exp'loration International Ltd.'s Party LC4 V.

using Vibroseis as the primary energy source. A de-

scrìption of the field operation is presented in the

F'ield Operations Report by Horizon Exploration and

is jncluded ín this report as Appendjx A. The average

surface.coverage per actuaì production-day was 3.9 km

(or 78 vjbrated poìnts). Supervision on behal f of
the participants was carried out by Messrs. G.Magnìen,

S . Mack'ie and P. Poul ai n f rom Aqui tai ne ' s geophys'i caì

d'i v'is i on.

1 .3.2 Access and Line Clearing

Access to the zone was provìded through the graveì

road from Kununurra to Legune Station. Most of the

lines on the Pincombe Grid had to be cut through

dense bush and the use of rather heavy equ'ipment

(DG and DB size bulldozers) proved to be adequate. The

lines from the Weaber grid were cut through uneven

black soil pìains with uneven ground and heavy grading

work was required. A crossing was prepared across the

Keep Rìver, and a long detour was necessary to record

data a'long line BNTBI-313 which extends on both sides of the riv

I .3.3 Topographi c Map

The area 'is covered by the Legune sheet of the l:100,000

series produced by the Department of Natjonal Mapping.

Its accuracy was quite adequate for the present work.

A computer pìot at scales of l:100,000 and l:50,000

of all lines was produced by Wescom jn their offices
in Perth, from a magnetic tape prepared with the co-

ordjnates computed by Horizon's surveyors. These plots

were 'integrated into the pre-exìsting base maps (see

Section 3.1 ) .
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I .3.4 Surveyi nq

The survey was tied to three pre-existing benchmarks

previously set and used by Aquitaine. One of them,

called M60N, is situated on the Western Australia -
Northern Territory border between ljnes BNTBI-301 and

303. Another one, MP BMI , is located on the western

bank of the Keep Rjver near the eastern end of line
307.

Short'ly. after the survey was completed, the co-ordinates

for M60N and AAP BMI were checked by Decca Survey

Australia using their JMR-l Satelì'ite Doppìer System.

The calculation of shotpoìnts co-ordinates by Horìzon

were based on the uncorrected benchmark co-ordinates

which were the onìy ones available at that tjme. However,

the smalì magnitude of dìscrepancjes observed between

these and the new set did not justify recomputation of
all shotpoints, as shown hereunder:

M6ON AAP BMI

Previous X (l)
Corrected X (2)

Delta X in metres

Previous Y (l)
Corrected Y (?)

Delta Y in metres

499 ,91 0

499 ,900

l0

8304,774

8304,762

12

5l I ,636

5lI,6lg
IB

831 3 ,71 4

831 3,673

4l

(l) = used by Horizon.

(2) = established by Decca

The Weaber grid (lines BNTBI-308, 309, 3ll and 3ì3)was

tjed to AAP BM3, a new benchmark set by Decca for wh'ich

provisjonal co-ordinates were available. There again,

the difference with the final co-ordinates was cons'ider-

ed as negìibible.
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Provisional X

Fi nal X

Del ta X

AAP BM3

515,691

5l 5,691

0

Provîsional Y 8298,062

Fi nal Y 8298,055

Delta Y 7

( al I co-ord'inates are i n metres ) .

The line bearings were established using a l,lild TIA theodo-

ljte, with sun shots observatjons conducted before starting
each line, and at least once a day. Distance aìong the

ljnes were measured using Topofìì and checked every three

days against a cal ibrated chajn. In addit'ion, aì I distances

were further checked with an EDM. As most of the lines did

not tie into a ìoop, double run was common practìce.

The geophysìcaì co-ordjnates computed by Horizon's survey-

ors refer to the Australian Natjonal E'llìpsoid (1966). They

were reduced to the Universal Transverse Mercator Proiection,
Tone 52, Central Merid'ian l29o E Longitude. The system used

for elevatjons was the Australian Height Datum.

An horizontal and vertical loop misclosure map 'is enclosed

(pl . r ) .

The probìems encountered in establishing the basemap are de-

tailed in Section 3.1.

I .3.5 Recordì ng

Recordjng was accomp'lished with a GeoSource MDS l0 Instantan-

eous Floatjng Poìnt ( tFP) 48 channels recording system, ìn

connection with GeoSource SMMI Summer and a GeoSource DC 2400

Correlator. Record length was l9 seconds (ì6 seconds on line
BNTBI-302 including 4 secs. 'listening). Sampìing rate was

4 ms.

As the results of the BNT-80 survey was genera'lìy disappoint-
'ing, the following parameters were changed in an attempt to
ìmprove the quaìity at the data acquisìtion stage.

I
I
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- The fold coverage was increased from lZ-fold to
24-fo1d for the whole grid;

- the geophones spread was centred on each station
while the vibrating pattern was centred between

stations which jncreased the filtering effect of
the stacking process;

- the group interval was decreased from BOm to 50m

al ong the I j nes ;

- a more extens'ive experimental programme was perform-

ed prior to the data acquisition phase.

A summary of the parameters actualìy used durìng the

survey is gìven jn the Operatìons Report (Appendix A).

The experimental programme was conducted over two areas

selected along ljne BNTSI-302 as being situated respect-
i ve'ly i n a good resul ts and bad resul ts zone. A whol e

range of tests were performed in the former zone and

noise and product'ion tests in the latter zone. Test

details and conclusjons are presented in Appendix B.

The geophones spread parameters were kept ìdentical
for the whole survey, and the vibrating pattern t^tas

slightìy varied as the results of the experinrental

progranme became ava jI able.

The experimental programme started on August l6 and was

designed to last for one-and-a-half to two days. How-

ever, repeated equipment fajlures considerabìy deìayed

its compìetion, and product'ion recording onìy began on

September ì.

1.3.6 Low Velocìty Layer (LVL) Studies

As the poor quality of most of the BNT-80 data suggested

a static correctìon prob'lem, more emphasis was put

on the weathering control during the BNT-Bì survey. This
was achieved through a relatjveìy cìose interval be-

tween the refraction spreads along the lines (900m, spread

ìength 300m) and upho'le velocity surveys made at the

different locations. t
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The interpretation of the refraction data did not

create any particularprobìem. The computed corrections

were generaììy in good agreement with the measured

upho'le times, aìthough the ìnterpretation occasiona'lìy

differed. The holes were inìtially planned for a

total depth of'100m, however, this was reduced to 60m

due to difficult driìling conditions through hard

sandstones. The charges were pìaced separateìy for
each shot. The t'ime-depth pìots are presented in Figs.

3a to m, and a comparison between the computed and ob-

served corrections is given below:

S.P.
Observed Computed
Correcti ons(ms) Corrections (ms )Line

BNTSI -302

BNT8I -302

BNTBI -302

BNTSI -302

BNTBI -302

BNTBI -302

BNTSI -302

BNTSI -302

BNTSI -300/305

BNTBI -305

BNTSI -305

BNTBI -305

BNTSI -307l306

BNTBI -3I I

174

247

?94

302

313

328 ('int.305)

355 (jnt.307)

384

167

234

256

305

34?

270

-17
- l4
- l4
- l9 ?

-24
- l9
-17
-21

-27?
- 16

-22
-24
- l9
- l9

-17
- lB

-1?
- l9

-2?
-20
- l8
-21

-26
- l5
-25
- l4
-22
- l9

f'

t-
\i
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&ri

1'I
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I

lnt -ì
U

Note: A uniform repìacement velocity of 3000m/s was

used to reduce the corrections to the seismic datum

(M.S.L) when'interpreting the refraction data.

1.4 Data Processinq

Digítaì processing of the BNT-81 survey fjeld tapes was performed by

Digicon at their Singapore Processing Centre.
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A test programme was conducted before production processing
commenced. A processing report prepared by Digicon is included
as Appendix C, which describes in deta'il the procedure used to
process the data.

As for the BNT-80 survey, the generalìy poor quaìity of the sejsmic
records hampered the processing, and resulted in'long deìays as re-
peated attempts were often necessary to tentatÍveìy ìmprove the
secti ons .

- frsl9-!!c!is-Çsrfeç!ie!t_(:ee_!çç!iql_1.1.Q)

An attempt was made to use Digicon's programmes based on the ex-
ploitatìon of first breaks to generate static corrections. Al-
though the first arrjvaìs genera'lìy proved to be suitable for
picking, the programmes could not work effic'ientìy due to the high
velocitjes recorded jn the superficiaì 'layers, and the project was

abandoned.

- Yeleçi!y-fillerilg_
No velocity filtering was appììed to the records, as it was deter-
mined that the stacking procedure achieved the same type of filter-
ìng effect (e.g. for the ainvave).

- Deconvol uti on

Tests were conducted on line BNTBI-302, and a l6 ms gap deconvolut-
jon was selected with a 120 ms operator'length and l% white noise.
Alternativeìy, a spiking-type deconvolutjon also proved to be sujt-
abl e on the tested sect'ion.

Yelgçi!y-Alqly:-e:

The Bonaparte No. I and 2, and Keep Rìver No. I wells velocÍty
functions lvere used as a reference for picking the velocity anaìysis
A typicaì sectjon would show a hìgh average velocity in the shallow
formatjons (down to 0.5 s), which remains more or less constant or
may even decrease through the black shales, then increase below

the surface of the carbonates where present.

Digicon's SvELFAN type of velocity anaìysis was used for producing
the initjal stack. These ana'lyses dìsp1âJ, side-by-side, a series
of common depth point gathers for several velocity funct'ions and a

velocity vs time-coherency p'lot.
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However, p'ick'ing the correct velocjty was diffjcult when the

sígnal to noise ratio l'las poor, and Digìcon suggested that
on'ly contjnuous velocity stacks should be run. Thjs was used

for producing finaì stacks.

Res'i dual Stati c Correcti ons

Thìs step was quite
was reasonable. It

Time Variant Filteri

efficient 'in the areas where the data quaìity
did not brìng any ìmprovement elsewhere.

nI

f
¡

lod

Qne fjlter was applied to all the lines; jts des'ign was as follows:

0 s 12-60 Hz

I .5 s 1?-45 Hz

2 s 12-43 Hz

3 s 13.5-40H2

4 s 15-30 Hz

ltiglc!iql
In order to assist the ìnterpretat'ion, three l'ines (BNTBI-303,307,

3'll) were migrated, us'ing Digicon's Wave Equation Mjgration process

(finite difference method). The'ìayer thjckness was 40m.

Bsprgçe::irg

LÍnes BNT80-204 and 207 were reprocessed usìng the same sequence

and parameters in order to make a consistent set of data wjth the

BNT-81 I ines.

Documen ts Produced

The final sections produced are the final 24-fold stacked lines

wh'ich underwent al I the process'ing stages. The weatheri ng depth and

amount of residual static correction appljed were dispìayed on top

of each section.

The tapes kept after processìng are the uncorrelated fjeìd tapes,

the CDP gather tapes and the final stack tapes (unfìltered and un-

mì grated) .

The qualìty of the results will be discussed in the ìnterpretation
secti on.
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2. GEOLOGY AND PREVIOUS EXPLORATION

The geoìogicaì part of this sectjon is taken ìargely from R. Laws'

"The Petroleum Geoìogy of the Onshore Bonaparte Basin" (l).

2.1 Geoìogy and Basjn Development

The openìng of the Bonaparte Gulf Basjn'in the Early-Mid Palaeozoic

is 'largeìy regarded as resultìng from djvergent left-lateral
wrenchì ng wi thi n the- NE trendj ng Hal I s Creek Mobi I e Zone.

Veevers (1976) consjdered that the jnitjation of both the Bonaparte

and Canning Basins were related to the fajled arms of the crustal
fracture system which gave rise to the Thethys Ocean.

The extrusjon of wjdespread lavas of the Antrjm Plateau Volcanics 'in

the Late Palaeozoic and Earìy Cambrian js considered to mark the

i ni ti al stages of p1 ate dj vergence.

The eastern margin of the basjn is formed by the SW-NE Cockatoo Fault
which is part of the Halls Creek l4obile Zone System, while the west-

ern margin'is expected to be more of a rift margin type, with down-

ward faul ting towards the basin. However, gravity and photogeo'logica'l

interpretation show'it js also affected by faulting paralìeì to the

Halls Creek fracture system.

The stratigraphìc geoìogy of the area is known mainìy from outcrops

and from three u,ells, tlo of them drilled in permit EP 126 (Bona-

parte No. I and 2) and the thjrd one in 0P l86, Northern Territory
( Keep Ri ver No. I ) .

A Strat'igraphìc Table is presented as Figure 3.

2.1 .l Pre-Devonian

The Precambrian basement outcrops ìargeìy southwest

of the permit, and also forms a prominent high feature
known as the Pincombe Inlier (see Fig. l) which trends
northeasterly and separates the basin jnto the Carlton
Sub-basin to the west of the ridg'e, and the Burt Range
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Syncì'ine to the east. Thjs structural barrier seems

to have been in existence from the start of deposit-

ion, as different facjes can be found on either side

for formations of the same age. To summarise, open

sea conditions exjsted west of the Pincombe Ridge, whì'le

shallower and more lagoona'l facies were deposjted to

the east in the Burt Range Syncìine.

The Precambrian basement cons'ists main'ly of ìow grade to

non-melamorphi c formatj ons i ncl udj ng sandstones ,

congìomerates, etc.; these format.ions are well bedded

and can undoubtedìy produce seismjc reflections'

Deposition in the bas'in started with Cambro-Ordovician

clastics and carbonates, unconformabìy overlyìng the

Antrim Plateau Volcanics. Their distribution in the

subsurface is unknown. Salt has been encountered in

wel 
'l s I ocated on di ap'i ri c structures offshore ' The

sal t i s of pre-Late Devonì an age , and by ana'ì ogy wi th

the Canning Basin, was probably deposited throughout

much of the S i I u ri an an d Ear'ly Devon j an .

2.1 .2 Late Devonian to Permian

The sequence of main jnterest as far as petro'ìeum is

concerned js of Late Devonian to Earìy Carboniferous

age. It'is characterised by coarse clastjcs aìong

the basin margin, grading basinwards through carbonates

to shal es and si I ts . l^li th a maximum dri I I ed th'i ckness

of 4200m ìn Keep Rjver No. '1, the basic stratjgraphic
framework was established by Veevers and Roberts (1968).

- Cockatoo Formation

The Cockatoo Formation exceeds 1500m in thickness

and outcrops widely around the flanks of the basin

and within the Ragged Range and associated outliers
to the south. Conglomerates are welì deveìoped

aìong the faulted eastern basin margìn and grade rapidìy

basinwards to marine sandstones.
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Coarse sands are also present aìong the western

fringe of the basin, with interbeds of dolomite,

marl and limestone increasing to the east and

north. The fossil content is varied and occasiona'l1y

abundant. It 'indicates that the Cockatoo Formation
'is of shallow marine origin and of Frasnìan, possìbly

Fammeni an age.

The Westwood Member of the Cockatoo Formatjon, a

mid-frasnian sequence of limestones, doìomites and

jnterbedded sandstone, outcrops jn the northwestern

portion of the basin. W.ith a measured thickness of
560m the Westwood Member is richìy fossjììferous,
containìng stromatoporoids, aìgae, corals and oncolites,
fish pìates, etc. An interfingering ìagoonal

and back reef environment of depos'ition has been in-
terpreted by Veevers (1969).

- IirgÞirg-Line:lers
A Late Devonian to Early Carboniferous reef compìex

outcrops extensiveìy aìong the western basin margin.

The reef complex has many similaritjes with the more

extensìve exposures of the northerrt Cannjng Basin,

described in detaiì by Pìayford (1980).

In the Cannjng Basin, the age of the compìex ranges

from Frasn'ian (and poss'ibìy Givetian) to the

Fammenian. In the Bonaprte Basin however, the Ningbìng

Limestone is of Fammenian to Tournaisìan age.

In the southwestern and southeastern portìons of the

basin, a ìagoonal facies is present, 350m thick,
age equivalent to the basal Nìngbìng Lìmestone.

Named the Buttons Beds, this un'it is abundantìy

fossiliferous and often dark with a foetid odour on

fresh surfaces. In Keep River No. I well, 1025m of
dense b'iodolodjsmicrite, pelmicrite and intramicrite
was drilled below 37.l2m.
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The majority of this inte.rval has been mapped as

back reef and lagoonaì facies, but with the

interval 3712n to 3993m considered to be of reef-
al facies (Roberts & Veevers,1973).

The Keep River No. I well was drilled on the Pjn-
combe Ri dge, a major northeast p'lungi ng 'intra basi n

paleohigh. The Pincombe Ridge is exposed at the

surface as Proterozoic sandstones southwest of the

well - Ningbìng Lìmestone outcrops occur immediate-

ìy to the north of the Precambrian exposures,

suggesting that the Pincombe Ridge acted as a locus

for reef growth. The presence in outcrop and the

subsurface of thick Ear'ly Carboniferous (Tournais-

ian) back reef and shallow intratidal facies east

of the Pincombe High strengthens the hypothesis

that a barrjer reef comp'lex existed along the western

margin of the High during the Late Devonian and

Earìy Carboni ferous

- [eep-8ivef-9fesP

For conveníence, the Burt Range Formation, Enga

Sandstone, Septimus Limestone and Zimmerman Sandstone

are collectiveìy referred to as the Keep River Group.

These conformable units outcrop in the Burt Range

Sync'line in the southeast Bonaparte Basin. 0f Ear'ly

Carboniferous (Tournaìs'ian) age, they are c¡rc'licaì

in depositional styìe and range from near-shore

sands to dark oolitic calcareous sands, sandy bio-
pelsparites and fossiliferous calcarenites. The

majority of the sequence has been interpreted to be

of intra and supra tidaì facies (Crow, 1980), and

except for the absence of the Zimmerman Sandstone,

has a maxímum known thickness of 8l4m in Keep River
No. I well.
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Roberts and Veevers (1973) concluded from litho-
'logi cal evi dence that reef growth probabìy

ceased during the deposition of the Burt Range

Formation. The lower twc-thirds of the formation
consists of back reef and interfingering lagoona'ì

calcarenites, while the upper portion of the Burt
Range formation js of non-reefal affinìty. Younger

units aìso appear to have ljttle reefal tendency.

- Uillig ans Beds

Dark silty sha'les of the Earìy Carboniferous (Visean)

Milljgans Beds outcrop in the area near Spirit Hill
No. I well, and underìy much of the eastern portion
of the basìn.

The rnaximum known thickness was encountered in i(eep

River No. I where 214?n of shales, silts and thin
sandstones þ,ere penetrateC.

The Miìììgans tseds are eros'ionaììy dìsconfornrable

on underlying units and contajn an open marine fauna

The Mi ì ì i gans 6eds are equi va'lent to the upper

uortjon of the Bonaparte Beds. The lithologies are

virtuaììy ìdenijcaì, except that o(jcas jonal tiiin
gyps i ferous and carbcnate j nterva ls j n the tt'ii ì ì 'igans

Beds are suggesLive cf an esiuarin¿'environnrent of
depos i ti on ( Cr"ow , .l 

980 ) .

- 9gi'Êpgi!e-B-eg:

The Ur,rnaparte Becis cons i st of a 'uh j ck sequence of
fossiliferous dark carbonaceous shales and silts kno\t,n

onìy froni the subsurface, rnainìy ìr¡ the eastern part

of the basi¡'¡ (Bonaparte Nos. I and ? r,¡el ls).

- Icruvrrc-fsruc!ier
It was intersected by Keep River No. I wel'l , where

it consists of 276m of calcareous sandstones with
mi nor shal es .
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- Late Carboniferous and Permian Sediments

They form the Weaber Range outcrop, and were

intersected by Keep River No. l. They consist
mainìy of sandstone (Kulshill Formation) uncon-

formably overlyi¡g the Tanmurra Formation

2.2 Structure
The basin is divided jnto two sub-basins by the northeasterìy

trending Pincombe Ridge. The Carlton Sub-basin lies to the west

of the Ridge, the Burt Range Sync'line to the east. Field work and

shallow driììing has shown that the P'incombe Ridge was ìn exìstence

during the Devonian and Carbonjferous, with sediments thinning onto

the fl anks of the pal eoh'igh.

The Carlton Sub-basin is dominated by the thl'ck fjne marine clas-

tics of the Bonaparte Beds. In the Burt Range Syncì'ine, however,

a thinner sequence of shallow marine carbonates and clastjcs has

indjcated that a broad shelf existed along the eastern basin margin.

The likeljhood that a major carbonate platform margin wjth an

associated barrjer reef compìex was established on the Pincombe

Ridge, has been discussed prevìousìy.

The eastern boundary of both the Halls Creek l4objle Zone and the

Bonaparte Basjn is formed by the Cockatoo Fault. Detailed investi-
gation of the fault during mjneral expìoration has shown that the

faul t zone consi sts of an en-echel on " synthetì c" strj ke-sl ì p fauì t
system with the 'indjvidual faul ts trending approximate'ly north-

south (Noakes , 1977). The under'lying force responsible js a major

left-lateral wrench fault trending north-northeast.

Evidence also exists for the west-northwest oriented antithetic
faults, especiaììy ìn the area between the Keep River and Spirit
Hill wells. The evidence includes a right-ìateral shift to the

axis of the Burt Range Syncìine on seismic data, p'lus supporting

airphoto and gravity information. The existence of other: similar
faults wil I be discussed in the interpretation section.
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2.3 Hydrocarbon Potential

2.3.1 Hydrocarbon Indications and Source Potential

In Keep River No. 1, a DST of the jnterval 2583m

to 3353m over the lower Milljgans Beds and upper

Keep River Group flowed gas at 85000 cubic metres

per day (3 MMCFGPD)reducing to 3400 cubjc metres

per day (0.12 MMCFGPD) after eight hours. Traces of
oil were also noted in these sections and from

cores of Njngbing Limestone 'in the same well.

In addition, numerous ojl shows have been encounter-

ed i n shal I ow mi neral expl orati on core hol es dri I I ed

around the bas'in margìns, maìnìy from the Burt Range,

Enga and Septimus Formations

An optìcal and geochemical study of the organic matter

has been conducted on sampìes from the Bonaparte No.

2 well. The conclusions are that over the studied
'i nterval ( 500m-l 800m) the Mj I ì i gans Beds contai n a

nrost'ly I and-deri ved organ j c matter i n good maturati on

stage (o'i'l zone), with an average to fair gas potentiaì.
Comparison with other wells jn the area tend to indi-
cate that the margins of the bas'in would be more favour-

abl e to o'i I gene rati on than 'its centre.

An average geothermaì gradìent of goC/100m has been

calculated using the results of the Bonaparte and

Keep River wells, which would place the present top of
the ojl window near 2000m. The few laboratory analyses

avajlable have shown that a considerable amount of upììft
and erosion must have occurred as the top of the oil
w'indow in the Late Carboniferous and Devonian sed'iment

is now close to ground level.

2.3.2 Reservoi r and Seal

From the informat'ion avajlable at present, there are

three possìbil'ities of reservojr development in the

area:
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Reef complexes of Ningbing age reìated to the

Pincombe High, probabìy on the western flank
(see "llìngbìng L'imestone" - 2.1 .2) , or to any

other structural high in existence during the

Devonjan. The seal would be provided by surround-

ing compact carbonates, either Nìngbìng or Keep

River Group, or alternativeìy, by the basinal shales

of the Bonaparte Beds.

Sandstone accumulations present jn Miììigans Beds,

similar to the interbed whjch flowed gas at Keep

Riverr No. l. They are more ììke1y to develop in
the Iower menùers of the Mi1ligans Beds, and/or

close to the Pincombe Inlier itself. Seal would

be provìded by the Miììigans Beds and southwest

closure by the transverse faults which cut across

the Pincombe axis.

- The Keep River Group may present either primary

porosity presented jn formations such as the Sandy

Dolomite (Enga Sandstone), a secondary porosity de-

ve'loped either in calcareous sandstones or carbon-

ates where they come jnto contact wjth the Mi'l'ligans

Beds. The mechanjsm for secondary porosity deve'lop-

ment would then be related to the dewaterìng of
the black shales during compactíon. The seal would

be provided by the Milligan Beds.

Although porous in outcrop (e.g. near Kununurra), the

Cockatoo Formation loses porosity at great depth as

in Keep Rjver No. I (a736m). However, it has not been

intersected yet at intermediate depth and its reservoir
capacities are therefore unknown.

2.4 Previous Geo sical E I orati on

Previ ous sei smi c expl oration 'in Permi t 0P I 86 was mai n'ly concentrated

on the Pincombe High axis area (west of Keep River)and, to a lesser
extent to the southern half of the permit (Burt Range Sub-basr'n).
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A total of 886 km of se'ismic reflection data was acquired during

various surveys conducted between 1962 and 1972; however, 6l km

onìy were shot on the eastern margin of the basin (for refractÍon
work, the correspondìng figures would be 176 and 78). The data

quaìity is generaìly poor, especial'ly for the surveys shot before

1967. A compìete revjew of the surveys' parameters and results
was made by AAP jn l9B0 (3) as an attempt to select appropriate

recording techniques and parameters for future work. One of the

conclusions was to recommend the use of a surface source with a

frequency input control.

Consequently , the Vi brose'is source was sel ected when sei sm'ic expl or-

atìon resumed in .l980. 
The BNT-80 Seìsm'ic Survey consisted of l4l

km of lZ-fold coverage data, majnly over the Pjncombe High axis. It
was desìgned, basicaì'ly, to tie together the data from the prev'ious

surveys and check to what extent modern acquìsitjon and processing

technjques could brjng improvement to the data. Unfortunate'ìy,

the standard of data quaììty was little improved. One regional line
shot across the eastern margìn of the basin also showed very poor

res ul ts .

From all the pre-ì980 seismic coverage, the three surveys considered

as most useful are:

- the Border Creek and Oakes Creek Surveys on the Pincombe High

axis;

- the Burt Range Survey in the southern part of the Burt Range

Bas i n.

At the present stage, approximately ?0% and 60% respectively, of the

0akes Creek and Border Creek Survéys ljnes have been reprocessed in
order to assist jnterpretation.

Several gravìty surveys were conducted between 1962 and 1979 through-

out the area, especialìy over the Pincombe High axis (Oakes Creek,

Lone Hill and Cockatoo Surveys) and the eastern margin (Legune,

Cockatoo Surveys).
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In addition, gravity measurements were made along all the

lines from the BNT-80 Survey, and a comprehensive grid was added

at the same time over the eastern margin.

Due to the varying qua'lity of surveying control, difficultjes
h/ere experienced when matching the d'ifferent sets of data. The

B.M.R. is currently trying to solve these problems in order to
produce a synthetic Bouguer anomaìy map. An empirical comparison

was made by AAP in'ì980, and the results are interpreted and dis-
cussed in "0P 

.l86 - Cockatoo Gravity Survey and Interpretation
of Gravity Data" (3).

A low sensitivìty aeromagnetic survey was conducted by Geometrics

for Australian Aquitaine Mjnerals in 1974. The main magnetic

markeris probabìy intra-Precambrian basement and the low level

amplìtude anomalies did not contribute much informat'ion. Some

flows of Cambrian Antrim Plateau Volcanics associated with an

E-W fault were interpreted to occur northwest of Legune Station

and the possible occurrence of similar flows will be discussed in
the jnterpretation section.
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3. INTERPRTTATION

3. I Base Map Preparati on

The base map had to integrate ljnes from five d'ifferent surveys:

System of Co-ordinates Benchmarks used

Oakes Creek (1967) Australian Geodetic Dalum. AAP BMl, AAP
UTM Zone 52. Cl4 = 1290. BMz, M6ÓN.

Burt Range (1970) Austra'ljan Geodet'ic Datum. P.l,J.D. 34.
CM= ?

Border Creek (-1972) Australian Geodetic Datum. AAP BMl.
CM= 1?go.

BNT-80 Australian Geodet'ic Datum. Weaber, Wicklow.

BNT-81 Austral i an Geodeti c Datum. AAP BI,4l , AAP BM3,
t'460N.

The dl'fferent benchmarks have all been tied together; Weaber

and Wicklow are fjrst-order trig. stations to whjch AAP BMl, Bl42

and M60N were tjed in 1966 and 1967. Cornparison with the UTM

co-ordinates cornputed by Decca in l9Bl proves that the same

system was used for alI the surveys. Onìy the "34" benchmark

has not been checked (Burt Range Survey).

However, discrepancìes occur when trying to match the djfferent
sets of data:

- the co-ordinates of three benchmarks fronr the Oakes Creek Sur-

vey were recomputed during the BNT-80 Survey and discrepanc'ies

varyìng from l20m to 2l0m were observed, as well as with the

Keep R'iver No. I wel I s j te ;

- line BNTBI-309, whjch was the actual continuation of line
BNTB0-204'in the field, plotted some 200rn away on the map. A

sim'ilar situatjon was observed with lines Bl'lTBl-304 and 0C-ll;

- a detaiìed gravìty survey was conducted along most of the

seismic l'ines by C.R.A. for mineral expìoratìon I ate in l9Bl ,

within an area between ljnes BNTB0-?01, ?07, 202 and 204.

The survey was based on benchmarks M60N, AAP Bt'11 AND BM3 (co-

ordinates revjsed by Decca) and v,ras programmed to be performed

according to the high qua'lity standards necessary for this type

of work (aìthough some problems were reported by C.R.A.).

a

t_



t-

t-

t.

t

tfrili:'
!

21

During the survey a number of permanent markers from the BNT-80 and

Bl surveys were checked. The former showed d'iscrepancies rang'ing from

70m to 200m in various directions, and the latter from 0m to

l00m in a rather constant E-W direction.

As all co-ordinates were established 'in the same system, these

probìems must be attributed to a varying degree of surveying

control. A thorough ìnvestigation would be required to solve

them, jncludjng p-oss'ibly a recheck in the field of several bench-

marks from Oakes Creek and Border Creek surveys. Before that,
and consjderjng what is actualìy needed for the interpretatìon,
it seemed sufficient to
- take the BNT-81 location map as a reference,

- tie the BNT-80 survey to it,
- transfer the other surveys without corrections.

The C.R.A. suvey is probabìy the most accurate of aì1, as was

proven when the permanent marker at the intersection of lines

BNT80-204 and 207 was rechecked during the establishment of the

Weaber No. I well site co-ordinates. The results were in perfect

agreement wjth the C.R.A. data; fitted reasonabìy well with

Horizon's (zam), but showed a l50m (minimum) discrepancy with

Austral United's. However, the observed differences between the

C.R.A. and BWA-81 surveys were reasonabìy smalì and constant

enough to just'ify the choice of the latter as the reference. 0n

the other hand, the surveyìng control of the BNT-80 survey was

known to be questìonable.

- The two statioÁs used (l^leaber and Wjcklow) , a'lthough being fìrst
order trig.statjons, are widely separated, which made inter-
mediate traverse error-prone.

- Sun observations were carried out on'ly once during the survey,

wh'ich provides for control over the declination of the theodo-

lite. Actually, one bearing was checked again jn l9Bl and was

found wrong by more than one degree. Adjustment of the BNT-80

data to the BNT-8ì grid was therefore achieved in the following

way = the co-ordinates of the permanent markers listed below

were extracted from the C.R.A. data files.
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Aìl these points were plotted on the l:50,000 basemap produced

for the BNT-BI survey and the BNT-80 grid was superimposed

with the best possible match for all the points. Thjs result-
in rotating the BNT-80 grìd by about I degree, clockwise

around a centre of rotation approximate'ly defined by Long.129oE/

Lat.l5020'S. The reference points used were the fo1'lowing:

Intersection of line BNT80-201 with line BNT80-202

BC4

:. BC6

BNT80-204

Intersection of line BNTB0-203 with line BNTB0-202

BC4

BC6

BNT80 - 204

Intersection of line BNT80-205 with line BNTB0-202

BC4

BC6

BNT80-204

Intersection of line BNTB0-207 w'ith line BNTB0-202

BNT80-204

However, it is strongly stressed that the establishment of a

more reliable basemap is necessary and wi'lì require a less

empirica'l approach. The suggested method would consist of
positionìng aìì the lines on a semi-controlled photomosaic.

The co-ordinates for each line intersection would be calculated,
and co-ordinates for each shotpoint would be interpoìated.

3.2 Data Qual i ty

The changes of data quaìity noted aìong the BNT-BI lines are quite
consistent with the pattern previousìy observed. A qua'lity eval-
uation map r,,ras produced which ìntegrates the new lines (P1.2); it
shows the same distribution of fair and poor quaìity data a'lthough a

sìight improvement exists in the Pincombe South area, on close in-
spection of the lines.
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The correlation which was previously observed between the higher

elevatjon and poor results zones js generally confirmed over the

Pinconùe High (west of the Keep R'iver) where the 20m elevatìon

contour has been drafted on the map. Thjs supports the concept

of the quality deterioration being due to the occurrence of sand-

stone ri dges , whi ch are themsel ves , possibìy rel ated wi th tectoni c

events.

No such correlatjon could be found for the Weaber grid, ent'ire1y

sjtuated over a flat Ulack soil area. It may be assumed that sand-

stone ridges exist at shalìow depth without any surface expression,

or that poor quaììty is entireìy due to faulting. The results of
the Weaber No. I sonjc log in the shallow part of the well may cìarify
the problem.

3. 3 Res ul ts

Due to the generaìly poor data qualìty, no marker could be picked

over the entire grìd. Three distjnct areas were studied, and only one

marker in each one was mapped.

3.3.1 The South Pjncombe Area (P1.3)

Only one marker can be seen on most of the lines in the

South P'incombe area (lines BC4 and 6 being the exception).

Although very discontinuous, ìt shows as a strong ampli-

tude reflector where visible. The vague structural in-
dicatjons that may be seen elsewhere jn the section

suggest it is a major unconformìty with the overìying

formations seeming to onlap onto it and it genera'ì'ly

is unconformable with the underìyìng formations. Th'is

favours its jdentification as the top of the eroded

Precambrian basement - within which reflect'ions are

ìikely to exist - transgressed by the late members of
the Carboniferous Mjlligans Beds. Plate 3 may therefore

be cons'idered as an updated version of the Horizon F

map included ìn the BNT-80 survey Interpretation Re-

port (l).

I
I

I

14

l-

I

\l "
I

[*
I
It..I .ì
ti .:

¡iJ
I

i

t ..ir
tìt
o*

f

.

I

I

t.

Il.



t-

I
I

f

I

I

t-

t,.N

24

The correlation wjth the outcrops of the Precambrian

P'incombe Range is an additional confirmatjon. Figure

5 clearly jndicates that the fault system is consistent

with the one observed in the Range, as opposed to the

more recent pattern which affects the Weaber Range.

Moreover, the present topography of the Pincombe Range

is quite consistent with the one suggested on Plate 3 -
the faults have cut the Precambrian block jnto valleys

and ridges trending SSl^l-NNE.

The prospects which could exist in such a configuratìon

would be related either to depos'itjon of sands'in the

va'l'leys during the erosion phase, with subsequent seal-

ìng by the black shales, or carbonate buiìdups ìn a

shallow marine environment. The seismic cannot give any

indication about the former. Some anomalies on lines
301 and 303 could possìb1y be 'interpreted as carbonate

buildups; however, their interpretat'ion as eroded

horst blocks (as presented on Pl.3) is much more con-

sistent with the structural content.

3.2.2 North Pincombe Area (Plates 4 to 7)

The results of the BNT-81 survey are especiaììy d'isappoint-

ing ìn the North Pincombe area. Most of the markers

proved to be extremeìy discontinuous along the ljnes and

i ncons'istent from one I i ne to the other.

0n the new lines, however, an unconformity has been ten-

tativeìy pÍcked - called the "green" marker. Through

reference to the Keep River well (across a no-results

zone) and typicaì patterns observed on lines OC-B and

0C-10, it may correspond to near the top of the Keep

Rì ver Group ( i .e. Septimus Formati on) . The unconformì ty
wjth the overlying formatjon js main'ly visible on line
0c-8.

The main features of the contour map (P1.4) are a high

and low axis whose orientation (SSW-NNE) is consistent

with the Pinconbe High structural trends. However, they

appear to be due to erosion rather than structuration.
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However, picking probìems occurred as the marker

localìy appears as an unconformìty wìthin the
Mi I I i gans Beds whi ch coul d not be properìy control I ed

with the qualìty of the exjsting lines. The map

shows that the black shales were deposited rather
conformabìy wi th the green marker on the downthrown

sjde of the fault, where the high and low axis are

still present. 0n the upthrown side, however,

nothìng similar js observed and the channel is entirely
filled, probabìy due to a different currents pattern
at the time of deposition. A sìight rollover can be

observed along the fault, especiaììy on líne 0C3,

which suggests some horizontal dispìacement.

The prospectivj[y of the area can be reviewed as follows:

Green marker = if its identification as top of the
Keep River Group is correct, reservo'irs may exist
at this level and seal would be provìded by the Car-

boniferous black shales. Howevèr, the structural
control is not sufficient to mature a prospect and

no closure is proven on the contour map.

Light blue marker = this marker lìes wjthin the

Ningbing/Keep River Group interval, where reservoirs
may be present. Sejsmic anomalies could suggest

favourable depositional features. However:-

l) a good quality seismìc grid would be needed to
investigate their rel jabiì'ity and spatial dis-
tributi on;

2) honizontal and vertical seal would be a probìem

and would rely mainly on permeability-porosity
variation within the Ningbing-Keep Rjver Group.

Carboniferous shales (blue marker) = no structural
closure exists on the contour map, and the poor

seismic quaììty is inadequate for poss'ible interval
pi nchouts .
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- The occurrence of a reservoir at the level of the

purpìe marker entireìy depends on 'its identificat-
ion as a geologìcal formation.

The proposed location for the ù,üeaber No. I well is near

the highest point on the structure, and close to a

fault which might.have fractured the formation and

created permeability.
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