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ABSTRACT

The Browse Basin Region covers the offshore areas of the
Northwest Shelf and Slope west of the Kimberley Block, Western Australia.
Most of the region is occupied by the large and economically
important Browse Basin, an elongate downwarp, and thé adjacent submarine
Scott Plateau, which have areas of 100 000 km2 and 80 000 kmz,
respectively. Sediments ranging in age from Carboniferous to Holocene
are known in the region from drilling; evidence from adjacent basins
suggests that older Palaeozoic sediments may also be present.
Basement composition is known only from wells on the eastern margin
of the Browse Basin that intersected Precambrian rocks of the Kimberley
Block, and from a DSDP hole on the Argo Abyssal Plain that penetrated to

oceanic basement.

An intracratonic basin existed over the region until the
late Palaeozoic. The history of this basin is largely speculative.
During the Permian and early Mesozoic, sediments that were largely non-
marine, paralic, and fluvio-deltaic were deposited in troughs and rift
valleys in a horst-and-graben regime formed by sporadic tectonic movement
associated with the early phase of continental rifting. Tectonism ’
climaxed in the Jurassic when a major rift developed at the western
margin of the region., ©Plate separation in the late Mesozoic was
. accompanied by the establishment of marine conditions and the development
of a peripheral basin on the site of the horst-and-graben zone. Marine
clastics were succeeded by largely carbonate sediments when the region

was tilted westward in the Late Cretaceous.

The small non-producing Scott Reef gas/condensate field in the
Browse Basin contains the only proven hydrocarbon resources in the
region. All present exploration is concentrated in the Browse Basin,
where known source rocks, reservoir rocks, and oil and gas shows make it

the most prospective area in the region.



INTRODUCTION

The name Browse Basin Region is an informal term used in
this study for the area west of the Kimberley Block that underlies’
the Northwest Shelf and Slope of offshore Western Auétrélia; shown in
Figure l. Several formally'defined structural and geographic

features are contained within the region.

The Browse Basin, which is wholly within the region, is an
élongate downwarp underlying approximately 100 000-km2(A11en & others,
1978) of the continental shelf and slope. The basin lies wholly
offshore between, and pértly contiguous with, the Canning Basin to the
south and Bonaparte Gulf Basin to the north (Fig. I). 'The Londonderry
High and Ashmore Platform partly mark its northern margin, and the
Leveque Shelf is part of its soﬁtheastern‘margiﬁ (Halse & Hayes, 1971).
The Kimberley Block in Western Australia forms the easiern‘liﬁif;"WBich
is onlapped by the basin's Permian and yohnger'sediﬁents (Fig. 2).

The basin is bounded to the west by the Scott Plateau, a submarise

2

plateau that occupies about 80 000 km” of the continental slope and

lies in an average water depth of 2500 m (Stagg & Exon, in prep.).

Main structural trends of the Browse Basin are genmerally
northeast, parallel to the present coastline. Faulting (Fig. 2)
subdivides the basin into two unequal portions. The smaller eastern
portion, consisting of the Yampi Shelf and Prudhoe Terrace (Figs.l, 2)
and their extensions, has a relatively shallow basement and little
structural relief. The larger western portion contains several large
Mesozoic structural lineaments such as the Scott Reef Trend (Figs:l, 2).
The basin's evolution and its present structural form may be related to

events associated with the bréakub of eastern Gondwanaland.

'The total thickness of sediments in the Browse Basin and on the
Scott Plateau is unknown, as the only wells to reach basement are those
drilled on the shallow eastern edge of the basin which penetrated

Precambrian rock, and on the Argb AbYssal-Plain (Fig. Au7b). The oldest

Figures Au7a and Au7b and these explanatory notes were preparéd as
a contribution for the United Nations ESCAP Atlas of Stratigraphy.



basin sediments so far penetrated by drilling are éarboniferous. _
Allen & others (1978) estimated the thickness of Cetbonife:oos and
younger sediments is at least il 000 m in the eentral part of the 1_
basin; Crostella (1976) suggested a maximum thichness‘of at least
12 000 m. |

The lS,welle in the basin have intersected sediments ranging
in age. from Holocene to Late Carboniferous. Regional geological
relations suggest. that earlier Palaeozoic sedimentary rocks, possibiy
as old as Cambrian or Ordovician, may have been deposited oest of the
Prudhoe_Tertace. Cretaceous and Caln0201c sediments thlcken -
seaward from the Yampi Shelf; the Cretaceous sequence thlns over the
Scott Reef and Serlngapatam Trends near the western edge of the bas1n
(Figs.2, 3), and the Ca1noz01c thins on the western part of the Scott
Plateau (Fig. 3).

The Scott Reef gas field is the only significant hydroearbon

discovery to date. ‘It has not yet been developed for production.

DATA COMPILATION

. Direct geological information on the region is eperee; nuch
of the Browse, Basin and its adjacent areas lies in water depthsvgteater
than 200 m (Fig. 4), beyond the continental shelf. Exploration -
drilling has been. largely confined to the shaliower eastern part:of the
Browse Basin and to the present-day reefs along the western edge of
this basin. Regional geological interpretations oﬁer the rest of the

largely untested region are based chiefly on geoghysieal data, mainly

seismic.

_ - The best explored part of the_Btowse Baein Region'is the
Browse Basin itself. Most of the Browse Basin data come from oork
carried out by Woodside Petroleum Development Pty Ltd (formerly BOC
of Australia Ltd and BOCAL Pty Ltd), which conducted most of the
geophysical surveys and drllled allzthe wells in the basin (Halse &
Hayes, 1971; Warris, 1973; Crostella, 1976; Allen & others, 1978).
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Information in this report on areas west of the Browse Basin
was largely compiled by the author from published studies of the
geophysical surveys of the continental margin conducted by the Australian
Bureau of Mineral Resources, and from the deep sea surveys, stratigraphic
drilling, coring, and dredging by other scientific organisations
(Veevers, Heirtzler & others, 1974; Hogan & Jacobson, '1975; Hinz &

others, 1978; Stagg, 1978; Stagg & Exon, in prep.).

The stratigraphy, ages, and time breaks used for the well
columns in Figures Au7a and Au7b were compiled from interpretative '
company data in well completion reports and environmental analysis

‘reports (Woodside Petroleum Development Pty Ltd for the Browse Basin wells
and Leg 27 of the JOIDES Deep Sea Drilling Project for the Argo Abyssal
Plain). The unconformities and disconformities shown largely
represent faunal breaks determined from micropalaeontology. No formal
stratigraphic names have been proposed; the formation names used for the
Cretaceous and Tertiary strata in Ashmore Reef | are informal namés and
fio attempt has been made to extend these names into the Browse Basin.

The depths and time breaks for the Scott Plateau (Fig. Au7b) represent
seismic reflectors which have been tied to wells in the surrounding basins

" (Stagg & Exon, in prép.) - no wells have yet been drilled on' the Scott

Plateau.

-

REGIONAL TECTONIC EVOLUTION

The Phanerozoic tectonic evolution of the western margin of
Australia can re related to two separate phases: a speculative, early
to middle Palaeozoic phase in which local development of the Tethys Sea
was critical; and a better known latest Palaeozoic to Mesozoic phase which
has been related, in terms of platé tectonic theory, to the separatidn of
the 'Indian' and Australian parts of Gondwanaland, the pattern of

development being similar to that of the 'Atlantic type' margin model
(Falvey, 1974). ‘

t0



The first apparent local de#elopment of the Tethys Sea at
the northern end of the present western margin-of Australia was reflected
in Early Cambrian volcanism and the development of a northwest-trending
aulacogene, north of the Browse Basin (Veevers, :1976). This aulacogene
became the site of shallow marine deposition-in the Middle Cambrian.
Subsequent epeirogenic movements south of this aulacogene progressively
initiated 'intracratonic' basins from north ‘to south across the site
of the present west coast of Australia. An arm of the Tethys Sea
gradually transgressed southward inundating all except the' southernmost
of these basins by the Late Silurian. .- Renewed movement in the Middle
Palaeozoic created northwest-trending rifts within some of the northern

basins (Warris; 1973) and deep.northwest trends in the Browse Basin Region.

The Late Palaeozoic to Mesozoic phase -of activity consisted
of continental rifting movements that eventually led to the splitting
off of the 'Indian' part of Gondwanaland -from the Australian part.
Along most of the present Northwest Shelf of Australia this activity began
in ‘the Late Palaeozoic with major tensional movement that produced
troughs parallel to- the present coastline (Powell, 1976). : The, troughs
were superimposed on the Palaeozoic 'intracratonic' basins, and were
apparently open to the sea. The accumulation of thick sediments in the
troughs was locally interrupted by tensional movements in the Late.
Permian, Late Triassic, and Early and Middle Jurassic. These movements
produced structural trends, generally at right angles and adjacent to
northwest trends that had formed earlier in the Palaeozoic; 1in the
Browse Basin most such movements occurred in the Late Triéssic and
Jurassic (Allen & others, 1978). Within. the complex continental margin
‘development, including the intracratonic basins, a series of parallel
horsts and grabens formed east of and parallel to a main rift along which
continental separation later took place. Seafloor spreading commenced
in the northwest in the late Middle Jurassic but did not progress to the

~more southern basins until the Cretaceous (Larson, 1975; Powell, 1976).

As the 'Indian' and Australian plates drifted apart in the
Cretaceous a marine transgression inundated the remains of the old
basins, which were now peripheral to the Australian cratom, and eventually

submerged their horst blocks. This part of the initial Indian Ocean

W



passed through an early ocean phase, characterised by clastic

sedimentation that lasted into the Late Cretaceous (Veevers, Heirtzler
& others, 1974). A change to dominantly carbonate deposition in the
latest Cretaceous began in the northern end of the Northwest Shelf and

progressed southward, marking the beginning of the present ocean phase.

BASIN EVOLUTION

The pre-Permian history of the Browse Basin Region is
speculative. Regional geological evidence suggests that an intracratonic
basin developed over the area in the early Palaeozoic; its eastern
boundary appears to have bordered on the present Prudhoe Terrace.
Sediments in the adjacent Canning'and Bonaparte Gulf Basins imply ﬁhat
the region was probably inundated by an arm of the Tethys Sea in the
early Palaeozoic and again in the Devonian (Veevers, 1971). Stagg (1978)
believes that northwest-trending faults along the outer part of the Scott
Plateau were initiated early in the basin's existence. The whole region

was probably uplifted and eroded in the Carboniferous.

Late Carboniferous-Permian doming of the Scott Plateaﬁ area
was accompanied by downwarping and marine inundation of the Browse Basin.
Along the eastern side of the basin a sequence of paralié'claEticé and
carbonates succeeded by non-marine sand and silt (Figs,Au7a, 7b) shows
that the sea regressed westward towards the centre of the basin in the
Early Permian. Climatic conditions which had been sub-equatorial
throughout most of the Palaeozoic became colder as the Ausﬁralian
continent moved closer to the south pole in the Permian (Embfeton, 1973);
however, glacigene sediments of Early Permian age in the adjacent
Canning and Bonaparte Gulf Basins (Veevers, 1971) ‘have no known counterpart

in the Browse Basin.

Block faulting in the Late Permian or Early Triassic left
the Scott Plateau and the eastern portion of the Browse Basin (Yampi
Shelf and Prudhoe Terrace) upstanding (Fig.is), and resulted in an
erosional wedging out of Permian and Triassi; sediments along the eastern

side of the Browse Basin (Figs.,Au7a, 7b). The same effect may;also have

(v



been produced along the basin's western flank. - No late Permian or
Early to Middle Triassic sediments have been intersected in the Browse
Basin but Powell (1976) has suggested the basin was probably inundated
in the Early Triassic by a sea transgressing southward into the central
Browse Basin and gradually regressing northward in the Late Triassic.
During the Permian and Triassic the Scott Plateau probably remained
largely an emergent, erosional land mass, apart from local structural

depressions that appear to have received Triassic fill (Stagg, 1978).

Rifting in the Late Triassic terminated Triassic sedimentation
over much of the Browse Basin and marked the start of a period of
intense tectonism which culminated in the Early Cretaceous in the onset
of seafloor spreading along a rift zone west of the Scott Plateau.

The structural evolution of the region during this period is illustrated
in Figure 5. Most of the development of the horsts and grabens took
place during the Jurassic. The Ashmore Platform was also uplifted at
much the same time. Evidence of these movements is provided by the
change from a marine to a non-marine enviromment of deposition (Fig. 6)
in Scott Reef | and by a major hiatus covering much of the Jurassic in

Ashmore Reef 1 (Fig. Au7a). The central part of the basin and related

grabens continued to subside and receive thick sequences of fluvio-deltaic

to paralic clastics (Fig. 6). The Kimberley Block, the major sediment
source during most of the basin's history, continued to supply sediment,
but dipmeter data from Scott Reef 1 indicate that the Scott Plateau also
provided sediment (Allen & others, 1978). Basic lavas weré extruded
within the Browse Basin (Fig. 6) and over the Scott Plateau (Fig. 5)

during the latter part of the rift valley stage.

There appears to have been little tectonic activity from the
Late Triassic to the Late Jurassic at the southern end of the Browse
Basin, where sedimentation continued uninterruptéd (Fig. Au7a).
Results of the deep sea drilling project hole (DSDP 261) west of the
Scott Plateau, indicate that final rupture of the 'Indian' and
Australian plates in this region occurred early in the Late Jurassic
(Veevers, Heirtzler, & others, 1974). Separation of the two plates

was followed by foundering of the Australian margin and the

™
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establishment of shallow marine conditions over the Scott Plateau and
Browse Basin during the Latest Jurassic and the Early Cretaceous, when
a thick blanket of marine claystone and coarser clastics covered all

except parts of the Yampi Shelf.

Parts of the Scott Plateau remained emergent until the Late
Cretaceous (Stagg, 1978) when the whole region was tilted westward.
This tilting was accompanied by a change from predominantly clasfic to
predominantly carbonate sedimentation in the western part of the Browse
Basin (fig. Au7b) anﬂ temporary subaerial exposure of its eastern part
(Fig. 6) (Apthorpe, 1979). .

The Late Cretaceous and Cainozoic were generally times 6f tectonic

stability. Sedimentary breaks in the stratigraphy (Fig. 6) are the
result of eustacy or loéal regressions rather than tectonic activity.
However, late Tertiary faulting in the northern part of the bés{h (Allen
& others, 1978) may be related to adjustments of the continentéilﬁérgin
during collision of the Australian plate with the Indonesian Arc in the
late Cainozoic. Gradual sagging of the continental margin since the

Late Cretaceous has resulted in the build-up of a prograding wéaggLof shelf

sediments (Fig. 2)..

RESOURCES

Hydrocarbons

The small, gas/condensate Scott Reef field-is the only proven
hydrocarbon accumulation in the Browse Basin region. This-field is
located near the western margin of the basin, on the Scott Reef Trend,
largely beneath Cainozoic atolls on the outer margin of the continental
shelf (Martison & others, 1973). Only two wells, the discovery well
Scott Reef 1 and a step-out well Scott Reef 2A, have been drilled in or
near the field. The discovery well flowed up to 5i5 x i03 m3/day and
58 m3 of condensate (Crostella, 1976) with an API gravity of 49°-54°
(Allen & others, 1978). There has been no production from the field.
Reserves have been estimated at 0.068 trillion m3 for gas and 6.36 million
kL for condensate (Beddoes, 1973).

(b



The only proven hydrocarbon reservoirs (Fig. 6) in the
Browse Basin are the rift valley sediments - Late Triassic and Early
to Middle Jurassic fluvial/deltaic and paralic sands and carbonates ~
below the Late Jurassic (breakup) unconformity (Crostella, 1976). The
overlying Late Jurassic to Early Cretaceous marine claystone acts
as both the seal and the major source rock; Triassic and Early-Middle
Jurassic claystones interbedded with the reservoir rocks are also
thought to have source rock potential (Allen & others, 1978).
Hydrocarbons contained in the fluvial/deltaic sediments may have suffered
delayed maturation relative to marine source rocks as a result of the
terrestrial nature of the organic material. Hydrocarbon shows recorded
from sandstones within Late Jurassic and Early Cretaceous porous
clasﬁics suggeét that these rocks also have some reservoir potential.
The thick Late Cretaceous and Early Tertiary sandstones along the
eastern flank of the basin have good reservoir characteristics but,

where tested, lack a vertical seal.

Hydrocarbon traps in the Browse Basin are predominantly
structural, The trap forming the Scott Reef field consists of a horst
block, the Permian to Jurassic sediments of which have been draped and
sealed by Jurassic-Cretaceous marine shales (Fig. 2), and is analoégous
to traps along the Rankin Trend (Carnarvon Basin) which contain commercial

quantities of gas (Powell, 1976).

The Scott Reef field discovery well, drilled in 1971, was one
of the early wells in the Browse Basin. Subsequent drilling has been
generally disapﬁointing. Some encouragement, however, came in 1978
from a strong oil show in Caswell 1 in the central Browse Basin;. this
well established the presence of o0il as well as gas in the basin, but
details have not been made public. Future exploration will probably

concentrate on deep-water structures (Playford, 1975).

The hydrocarbon potential of the Scott Plateau is not rated
highly. Over much of the plateau the potential source rocks are

probably of Palaeozoic age, and any hydrocarbons generated have most



likely been lost during Late Palaeozoic and Mesozoic emergence -and
erosion (Stagg, 1978; Stagg & Exon, in prep.). However, pinch-outs
of the thicker Mesozoic sequence to the east against the older rocks
of the plateau may form possible targets. The'great water depth

(Fig. 4) would make any exploitation a costly venture.

(9
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v VvV V Chert ,including bedded chert

VY _V_lrd Radiolarite
CARBONATES
SN E — Limestone , undifferentiated
——T——rix Limestone,recrystallized
FI——TI—T sh- Calcilutite  if 1etters not used, symbal

I—T
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FI—I——1-[ 5|t~ Calcisiltite

s - Calcarenite
r — Calcirudite

means fine -grained limestone

if tetters not used,symbol

means coarse-grained limestone

Dolomite , undifferentiated
Dolomite , fine - grained
Dolomite , coarse-grained

Marl

EVAPORITES
Salt
: > : & : Gypsum
:A : A : Anhydrite
Potassium (K) and
Magnesium (Mg) salts
COAL

Name Anthracite, Lignite ,etc.,
as appropriate

|C cccc Coal seam If
thick
ID 3999 Coal streaks enough

For use on the Location Diagram

INTERBEDDED ROCKS

IGNEOUS ROCKS
Name rock type(s)if desired

30% Sandstone
70% Shale

XX ’
g ¥ X Xy Volcanic
D  Dyke
:+1+:+: S Sill }ln'rusive
P Pluton
CNINTINT Volcanoclastics ,
" " "non Tuff . Ash
%\))((3 W Ophiolite

METAMORPHIC ROCKS

Name rock type(s) if desired

:Z“Z] Metamorphic rocks
undifferentiated

A Outcrop section

D Composite outcrop and /or borehole section
| Town

20, Petroleum exploration well abandoned

[ J Oil discovery well

o Gas discovery well

(o) Stratigraphic hole

© Other bore (water,coal etc.— specify)

Fig. Au 7

ADDITIONAL SYMBOLS

Disconformity

Unconformity

Erosion surface

Normal fault
(in composite section)

Thrust or
reverse fault

(in composite section)

Bauxite
Phosphate
Lignite

Coal streaks
Coal seam
Asphalt

Bitumen

Surface section

Oil Shale
Gas show
Qil show

Gas production
Qil production

Shell beds

Expanded section
(best shown in an inset)

Laterite

Stondord Legend for Straotigraphic Columns

ey

d/\.—\/w

rn

\

ft

"gArrows indicate section repeated

:«——Dots indicate concealed section

Bx —f

Lig —

:/~Ver1icul line indicates stratotype

L) Fossil indicating fresh water
environment (including subaerial
fossil -plants ,vertebrates etc.)

@  Fossil indicating brackish water

slt  rock grain size - see Clastic Sediments
1

€@  Fossil indicating marine enviroment

<—— Hatching indicates marine sediments

ANHHH TG

sediments

-2
0OSh— e Euxinic shales,etc.
Noo
0 ] /. ++= Numbers indicate fossils critical for
/-3 < Jcorrelation either between localities
O - 7 or with time scale,and refer to a list
v/ of names elsewhere on the sheet
¢ A
és
® - é‘ .
G - % T  Turbidite; to be placed on right hand
% side of column against relevant
& = é lithological symbol
L= § Paralic or marginal marine

Deep marine
(pelagic) sediments

Ll

Indicates part of sequence
$or ;- represented by one symbol
(either side of column)

[l Hiatus

U 4\77~—
M
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