COMMONWEALTH OF AUSTRALIA
DEPARTMENT OF NATIONAL DEVELOPMENT
BUREAU OF MINERAL RESOURCES, GEOLOGY AND GEOPHYSICS

BULLETIN 97

Upper Palaeozoic Rocks, Bonaparte
Gulf Basin of Northwestern Australia

J. J. VEEVERS and J. ROBERTS

Issued under the Authority of the Hon. David Fairbairn
Minister for National Development

1968




COMMONWEALTH OF AUSTRALIA

DEPARTMENT OF NATIONAL DEVELOPMENT
MinisTerR: THE HoN. Davip Famrsarn, D.F.C., M.P.
SECRETARY: R. W. BosweLL, O.B.E.

BUREAU OF MINERAL RESOURCES, GEOLOGY AND GEOPHYSICS
DIREcTOR: J. M. RAYNER, O.B.E.

THIS BULLETIN WAS PREPARED IN THE GEOLOGICAL BRANCH

AsSSISTANT DIRECTOR: N. H. FISHER

Published by the Bureau of Mineral Resources, Geology and Geophysics
Canberra, A.C.T.

Printed by Graphic Services Pty. Ltd., Adelaide



CONTENTS

SUMMARY

INTRODUCTION
Previous Work ...
Location and Access
Climate
Topography
Air-Photographs
Field Methods ...

PrRe-UPPER DEVONIAN

UPPER DEVONIAN

FrRASNIAN: CoCKATOO FORMATION ... . .
Summary Description and Relatzonsth of M embers

DETAILED DESCRIPTION OF MEMBERS ...
Platform Conglomeratic Province
Martin Bluff/ Kununurra Area
Ragged Range Conglomerate Member
Kellys Knob Sandstone Member
Kununurra Member ...
Abney Sandstone Member ...
Cecil Sandstone Member
Matheson Ridge Area
Type Section of Cockatoo Formatzon

Ragged Range, Dillon Spring, and Mount Rob
Areas (The Outliers) .

Ragged Range Conglomerate Member

Eastern Margin of the Basin, from South of Burt
Range Amphitheatre to the Ochre Mine ...

Nigli Gap Area
Platform Carbonate Province ...

Southern Part
Hargreaves Member
Other Members
Jeremiah Member

Northern Part
Westwood Member ...

iii

Page

10
10

11

14

16
17

18

18
18
18
18
22
22
23
23
23

26
26

27
27
34
34
34
37
39
43
43



Page
AGE oF THE CockaToo FORMATION ... 45

PALAEONTOLOGY 48

SEDIMENTOLOGY 48
Depositional Environment 48

SUMMARY 49

Ningbing Limestone 49
Previous Work ... 51
Back-Reef 51
Reef ... 54
Fore-Reef 56
Inter-Reef 56
Tournaisian Limestone near Ningbing Homestead 56
Age ... ... 58
Overlymg Strata =~ ... 58

Buttons Beds 59
Previous Work . . 59
Type Section north of Buttons Crossmg 62
Eight Mile Creek Area 62
Sorby Hills ) 62

Upper Devonian Part of the Bonaparte Beds 64

Summarized Geological History of the Famennian ... 65

- Comparison ‘with the Canning Basin .. 65

CARBONIFEROUS .. .. .. .. .. .. .. 66

BURT RANGE/LEGUNE AREA 67
Burt Range Formation 67
Burt Range Area ... e 69

Burt Range Amphztheatre 74

Sorby Hills 76

Sandy Creek/Legune Area 77

Enga Sandstone 79

iv



Page

Septimus Limestone ... 82
Zimmermann Sandstone 86
Milligans Beds ... 87
Border Creek Formation in the Burt Range Area 90
SPIRIT HILL AREA ... 94
Outline of Geology of szrzt Hzll e, 95
Structure 96
Stratigraphy . 98
Southeastern Spirit Hzll Area e 98
Northeastern Spirit Hill Area 101
Western Spirit Hill Area ... 101
Spirit Hill No. 1 Well ... 102
Geological History 103
WEABER RANGE TR, 103
Burvill Beds ... 103
Point Spring Sandstone . w107
Border Creek Formation 108
Occurrences of the Burvill Beds, Pomt Sprlng Sandstone and
Border Creek Formation outside the Weaber Range 110
OFFSHORE ISLETS ... 110
Rocky Islet .. 111
Pelican Islet ... 111
NORTHWESTERN AREA : 111
Outliers of Barren Sandstone in the Pretlove Hﬂls and Nlngbmg
Range .11
Utting Calcarenite 111
WAGGON CREEK AREA 114
Unnamed Breccia 114
Waggon Creek Breccia w115
BASINAL AREA 115
Bonaparte Beds 115
Succession in Bonaparte Nos 1 and 2 Wells 115
Succession in Kulshill Nos 1 and 2 Wells 119
Tanmurra Formation ... 119
Environment of Deposition of Basmal Facles S VA §

A4



Page

POST-CARBONIFEROUS
Keep Inlet Beds 123

STRUCTURE ... 124

Major Structural Subdivisions .... 124
Geophysics 128
Sequence of Structural Events 131

GEOLOGICAL HISTORY 132

GEOMORPHOLOGY, by J. Hays 138

Koolpinyah Surface ... 138
Wave Hill Surface 139
Tennant Creek Surface 140

ECONOMIC GEOLOGY T 140
Petroleum Prospects ... 140
Limestone 141
Metals 141
Groundwater ... 141
Springs ... 141
Ochre ... 141

ACKNOWLEDGMENTS 142

REFERENCES ... 143

APPENDIXES

New geographical names in the Bonaparte Gulf Basin 146

2. Structure reflected by joint patterns in the Bonaparte Gulf
Basin, by J. J. Veevers and C. E. Maffi 148

[
.

TABLES

1. List of oil exploration wells and stratigraphic bores .... 8
2. Phanerozoic structural history ... 130

vi



MAP 1.

PLATES

figs 1

fig. 2
fig.

, fig.

, fig.
fig.
, fig.
, fig.
, fig.
fig.
figs
fig.
fig.
fig.
fig.

fig.

figs 1

22,

fig. 1.

—

it

N === NEND=N -

—

fig. 2.

fig. 1.
fig. 1.

fig. 1.
fig. 2.

fig. 1.
21, fig. 2.

ILLUSTRATIONS

Geology of the Bonaparte Gulf Basin, scale 1:250,000

and 2.

- Westwood Member at locality 459

and 2.

and 2.

Ord River diversion dam ...

Ragged Range Member at Church Steeple Peak

Antrim Plateau Volcanics and Cockatoo Formatron
at Martin Bluff ..

Abney Hill, showmg members of Cockatoo Forma-
tion

Kellys Knob Member at Matheson erge

Matheson Ridge, showing members of Cockatoo
Formation

Abney Member at Matheson erge
The Cockatoo Fault

Kellys Knob Member in Nigli Gap
Kellys Knob Member near Spirit Hill
Alpha Hill :
Sandstone of Cockatoo Formatlon

Westwood Creek . .

Fore-reef hmestone of Westwood Member
Pelecypod shell bank in Westwood Member
Oncolite bed in Westwood Member
Compound corals in Westwood Member ...
Coral colonies in Westwood Member

Stromatoporoid and stromatolite in Westwood
Member

Looking west at Cape Domett
Fault zone through Cockatoo Sandstone ..

Southern part of Ningbing Range and part oﬂ
Weaber Range ...

Back-reef limestone of ngbmg erestone

Limestone conglomerate in back-reef of Ningbing f

Limestone
Fluted massive reef lrmestone Nlngbrng leestone
Fore-reef breccia, Ningbing Limestone ...
Polygonal cracks in calcarenite of Buttons Beds ...
Syringopora in calcarenite of Buttons Beds
Mount Septimus, central Burt Range, and Enga
Ridge . o
Enga Ridge
Oriented nautiloids in Burt Range Formatron e

at back of
Bulletin

Between

. DPages6

and 7

Between

.. > pages 22

and 23

Between
pages 38
and 39

Between

. r pages 54

and 55

Mount Septimus and central Burt Range ...

vii



23.

24, fig.
24, fig.
25, fig.
25, fig.
26, fig.
26, fig.

27, fig.

27, fig.
28, fig.

28, fig.

29, fig.
29, fig.
30.

31, fig.
31, fig.
32, fig.
32, fig.
33, fig.
33, fig.
34, figs

35, fig.
35, fig.
36, fig.
36, fig.
37, fig.
37, fig.
38, fig.
38, fig.

FIGURES

1. Bonaparte_Gulf Basin: inferréd outlines of the original depositional

DN e

e

1
2
1.
2.
1
2

1

1
2
1
2.
1.
2
1
2

and 2.

‘Southern Enga Ridge and southern central Burt )

Range
Vertical tubes in Enga Sandstone
Crinoidal calcarenite of Septimus Limestone
Calcarenite of Septimus Limestone
Mount Zimmermann
Southern margin of central Burt Range

Zimmermann Sandstone truncated by Border Creek
Formation, central Burt Range ..

Between

Aerial view of relationship between Zlmmermann - pages 70

Sandstone and Border Creek Formation
Channel fill, central Burt Range ....

Turreted cliffs of Border Creek Formation, Splnt
Hill

Border Creek Formatron in channel in Zrmmer-
mann Sandstone

Border Creek Formation at M1111gans HlllS
Border Creek Formation at Alpha Hill ...
Air-photograph of Spirit Hill

Disconformity within the Burt Range Formatlon
Southeastern part of Spirit Hill ...

?Milligans Beds at Spirit Hill

Border Creek Formation, Spirit Hill

Weaber Range

Point Spring Sandstone in Weaber Range

Conglomerate in sandstone of Border Creek For-
mation, Weaber Range ..

Rocky Islet

Pelican Islet

7Border Creek Formatlon Rocky Islet
?Pretlove Hills .

Quartzite of Keep Inlet Beds

Carlton . Range

Knob Peak Bore ...

Tidal flats, Keep Inlet

)

and 71

Between

- L pages 86

and 87

Between

- (. pages 102

and 103

Page

basin, the preserved part-of the basin on land, and the areas covered
by this Bulletin

W

Solid geology of southern part of Bonaparte Gulf Basm
Diagrammatic composrte stratigraphical sections, Bonaparte Gulf
Basin y

viii



[ qye—y

13.
14.
15.

16.
17.

19.
18.
20.

21.
22.
23.
24.
25.
26.
27.
28.

29.
30.
31.
32.

33.
34.

35.
36.

37.

=010 ™o

Correlations of Devonian and Carboniferous formations of Bonaparte
Gulf Basin -

Bonaparte Gulf Basm locatrons and access

Abbreviations and symbols used in columnar sections

Symbols used on maps

Key diagram of maps

Distribution of pre-Upper Devonran rocks

Upper Devonian facies in Bonaparte Gulf Basin ...

Geology of Kununurra/Mount Cecil/Martin Bluff area showmg sub-
divisions of Cockatoo Formation .. .

Columnar sections and stratigraphic relathIlShlpS of Cockatoo
Formation, Kununurra area

Ragged Range Conglomerate Member Cockatoo Formatlon
Geology of Matheson Ridge/Cockatoo Spring area

Columnar sections of Cockatoo Formation in type area, and in
Ragged Range and Dillon Springs areas ...

Geological map and columnar section, Nigli Gap area

Geological map and columnar section of butte 4 miles southwest of
Alpha Hill

Geology of Hargreaves Hllls area
Geological map and columnar sections, Alpha H111 area ...
Columnar sections and stratigraphic relationships of Cockatoo
Formation, Hargreaves Hills area ...

Geology of southern and central Pretlove Hrlls

Geology of northern Pretlove Hills =

Geology of Onslow Hills .

Geology of area 5 miles west-southwest of Pomt Sprmg

Columnar sections of Jeremiah Member, Cockatoo Formation
Geology of Jeremiah Hills area

Geology of Westwood Creek area ...

Columnar sections and stratigraphic relatlonshlps of Westwood
Member, Cockatoo Formation

Geology of Cone Hill/Shakespeare Hill area .

Columnar sections of Ningbing Limestone and Buttons Beds
Geology of southern part of Ningbing Range

Panorama of reef complex in Ningbing Limestone, locahty 456
6 miles south of Ningbing homestead

Geology of Opik Hill area ...

Possible relationships between ngbmg leestone and Tournalslan
limestone at locality 7/1

Geology of Ord River area north of Krmberley Research Statron

Geology of Tarrara Bar area, Ord River. (After Kaulback &
Veevers, 1968)

Geology and columnar sectlons Sorby HIHS

X

Page

10
11
12
13
15

19

20
21
24

25
29

31
32
35

36
37
38
39
40
41
42
44

46
47
50
52

55
57

58
60

61
63



38.
39.
40.
41.
42.

43.

44,
45.
46.

47.
48.
49.

50.
51.
52.
53.
54.

55.
56.
57.
58.
59.

60.
61.
62.
63.
64.

65.
66.
67.
68.
69.
70.
71.
72.
73.

Distribution of Carboniferous formations in the Bonaparte Gulf Basin
Geology of Burt Range area _

Correlations in Bonaparte Gulf Basin

Columnar section of Burt Range Formation

Columnar sections of Burt Range Formation and Enga Sandstone
across Enga Ridge ..

Stratigraphic relationships between sections of Button Beds Burt
Range Formation, and Enga Sandstone

Geological map and columnar sections, Burt Range Amphltheatre
Geology of Sandy Creek/Legune area

Columnar section of Enga Sandstone 3 miles northeast of Mount
Septimus

Columnar sections of central Burt Range

Disconformities in central Burt Range

Graphic logs of Westralian Oil Ltd percussion bores in Mllhgans
Hills and Spirit Hill areas . . : -
Disconformity beneath Border Creek Formatlon

Sketch section at locality 104/20-22, Mount Septimus

Columnar sections, Milligans Hills

Geology of Spirit Hill .

Correlation between stratigraphic sectrons at Spmt H111 and Sp1r1t
Hill No. 1 well :

Photogeological map of Spmt Hlll

Cross-section at Spirit Hill ...

Geological evolution of Spirit Hill ...

Columnar sections at Spirit Hill

Columnar sections of Weaber Range, Burv1ll Pomt and 0p1k H111
areas . -
Geology of eastern part of Weaber Range .
Geological map and columnar sections of part of Weaber Range
Geological sketch maps and sections of offshore islands

Geological map and columnar sections, Utting Gap

Possible relationship between Utting Calcarenite and Ningbing lee—
stone at Utting Gap .

AOD Bonaparte Nos 1 and 2 and AAP Kulshlll No 1 wells
Geology of Moogarooga Creek area
Structural subdivisions of Bonaparte Gulf Basin ... :
Section across Burt Range Syncline and Nigli Gap Terrace
Sections across northern part of Burt Range Syncline

Section across western part of Bonaparte Gulf Basin

Geology of Ragged Range ... :

Reconstructions of the Devonian of the Bonaparte Gulf Basm
Reconstruction of the Lower Carboniferous of the Bonaparte Gulf
Basin

Page
66
68
69
71

72

73
75
77

81
83
84

88
91
93
93
94

95
97
97
98
99

104
106
109
110
112

113
117
122
125
126
126
127
129
133

135



SUMMARY

The Bonaparte Gulf Basin is a broad north-pitching syncline of Phanerozoic sediments
which extends from northwestern Australia beneath the Timor Sea. The landward part of
the basin is divided into two parts by Queens Channel. Except for two incomplete well
sections in the area north of Queens Channel, the Upper Devonian and Lower Carboniferous
sedimentary rocks are known only in the southern part of the basin, where the sequence
cropping out comprises a complex of 12,000 feet of conglomerate, quartz sandstone, limestone,
siltstone, and shale; the sequence unconformably overlies Precambrian, Cambrian, and Lower
Ordovician rocks, and is unconformably overlain by Upper Carboniferous and Permian
sediments. An equivalent Upper Devonian and Lower Carboniferous sequence of medium-
grey siltstone, shale, and minor sandstone, at least 14,000 feet thick, is found in deep wells in
the central part of the basin. Both sequences were deposited on a marine shelf: the out-
cropping sequence on a platform and the subsurface sequence in a slightly deeper basin.

During two periods of faulting along the eastern margin in the Frasnian, thick con-
glomerate was deposited along the landward margin, and quartz sandstone over the rest of
the platform. Between the faulting in the Frasnian, and during the entire Famennian,
the supply of coarse terrigenous sediment was reduced, and carbonate reef complexes were
deposited on the northwestern part of the platform. Reef deposition on the northwestern
platform probably persisted into the early Tournaisian. Slightly later, the northwestern
platform was tilted, faulted, uplifted, and eroded and, still within the Tournaisian, the sea
returned, and breccia was deposited along the shore. In contrast, the southeastern platform
was uplifted and eroded at the end of the Upper Devonian, and was covered again by the
sea in the Tournaisian, during which two alterations of calcarenite and quartz sandstone,
with a total thickness of 3,000 feet, were deposited.

Shale covered the entire platform during the early Visean, and was succeeded on the
northwestern platform by calcarenite. The platform was then uplifted and eroded until
late in the Visean, when breccia and coarse calcareous sandstone were deposited in an
advancing sea. This sea remained at least until the late Visean or early Namurian. The
whole platform was then uplifted and eroded, and in the Upper Carboniferous was covered
by a few hundred feet of continental sandstone, conglomerate, and siltstone, which was the
first deposit of paralic sequence which continued through the Permian into the Lower
Triassic.

Little is known of the depositional environment of the Upper Devonian and Lower
Carboniferous shale, siltstone, and minor sandstone equivalent to the platform sequence,
which were deposited in the deeper part of the shelf.

In the Permian, step faults along the eastern margin were reactivated, and the eastern
upthrown blocks were subsequently deeply eroded.

Stratigraphical and structural traps in the hinge between the platform and basinal
sediments are the most attractive places to seek petroleum.
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INTRODUCTION

The Bonaparte Gulf Basin is a north-pitching syncline of Phanerozoic
sediments, which are bounded to the south by Precambrian rocks and extend
northward beneath the Timor Sea (Fig.1). The landward part of the basin has
been fragmented by faults, uplift, and erosion into a main outcrop area and three
outliers. The eastern edge of the original depositional basin corresponds approxi-
mately with the present eastern margin, but the original extent to the south and
west is unknown. Within the main outcrop is a Precambrian inlier, the Pincombe
Inlier, which influenced deposition during the Upper Devonian and Lower Carboni-
ferous. The main outcrop (Fig. 2) comprises Lower Cambrian volcanics, and
Cambrian, Lower Ordovician, Upper Devonian, Carboniferous, Permian, Lower
Triassic, and Lower Cretaceous sediments. The outliers contain only the lower
part of this sequence, up to and including the lower part of the Upper Devonian.

utiiers’
2\ 0 40 80 Miles
¥ e

Areas covered

Inferred boundary of E Preserved landward
in this bulletin

original depositional basin part of basin

Figure 1. Bonaparte Gulf Basin: inferred outlines of

the original depositional basin, the preserved part of

the basin on land, and the areas covered by this Bulletin.

Structural axis and seaward extent of basin after Jacque-
min (1966)

The full sequence can be divided on the basis of depositional environment
into two parts (Fig. 3): (a) 16,000 feet of Cambrian to Lower Ordovician and
Upper Devonian to Lower Carboniferous shallow-marine quartz sandstone and
carbonate rocks, with known equivalent deeper marine grey siltstone in the Upper
Devonian and Lower Carboniferous; and (b) 7,000 feet of Upper Carboniferous
to Lower Triassic paralic sandstone and shale, capped by a few hundred feet of
Lower Cretaceous marine siltstone, sandstone, and conglomerate.
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Solid geology of southern part of Bonaparte Gulf Basin



Most of our work has been done in the well exposed Upper Devonian and
Carboniferous part of the sequence, which is the subject of this Bulletin. Except
in two wells (Kulshill Nos 1 & 2) north of Queens Channel, these sediments are
known in outcrop and subsurface from the southern part of the basin only, and
this Bulletin, and the report on the Cambrian and Lower Ordovician geology by
Kaulback & Veevers (1968), describe the geology of the southern Bonaparte

LOWER CRETACEOUS FEET
i S - e 4000
LOWER TRIASSIC e =
UPPER_PERMIAN v
T ourcrop i

2000

1000

LOWER PERMIAN SUBSURFACE

UPPER CARBONIFEROUS

i

lO

'—“"—— PARALIC

LOWER CARBONIFEROUS (o=t

DEEPER MARINE

1
T

UPPER DEVONIAN

| T

LOWER ORDOVICIAN Greywacke

Tillite
UPPER CAMBRIAN 3
Siltstone

I Shale

MIDDLE CAMBRIAN £imes/one

SHALLOW MARINE

Rl

Dolomite
Thin-bedded sandstone

l LOWER CAMBRIAN AR Cross-bedded sandstone

PRECAMBRIAN gaselaczncs

Figure 3. Diagrammatic composite stratigraphical sections, Bona-
parte Gulf Basin

Gulf Basin. The Permian and Mesozoic part of the basin, virtually all of which
lies north of Queens Channel, is to be described by Dickins, Roberts, & Veevers
(in prep.). Van Andel & Veevers (1967) have described the sediments and
morphology of the Timor Sea, and Jacquemin (1966), Smith (1966), Veevers
(1967a), and Veevers & Van Andel (1967) have dealt with the structure of the
seaward part of the Bonaparte Gulf Basin. A geological review of the north-
western Australian region, of which the Bonaparte Gulf Basin is a part, is given
by Veevers (1967b).




The stratigraphical relationships of the Devonian and Carboniferous forma-
tions are given in a generalized correlation diagram (Fig. 4). Detailed correla-
tions between measured sections are shown in various figures, and are summarized
in Figure 40. These figures show a number of breaks in the sedimentary record.
Structurally, the rocks in the Bonaparte Gulf Basin are only slightly deformed,
and most are gently dipping or flat-lying. Folds are rare and the main structural
elements are faults. Most of the breaks are disconformities, as defined by
Dunbar & Rodgers (1957), where there is an obvious erosional break between
essentially parallel strata; other breaks recognized within the basin include para- |
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Figure 4. Correlations of Devonian and Carboni-
ferous formations of Bonaparte Gulf Basin. The
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Plate 1. Aerial view, looking northeast, of the Ord River diversion dam, taken in wet season during construction.

The dam rests on a bar of Precambrian quartzite, Bandiccot Bar. Kununurra is on the right of the field of view,

in front of Kellys Knob and the sandstone scarp which is visible up to Abney Hill. Behind and to the left of
Abney Hill is the Pincombe Range. The dome on the right-hand skyline is Mount Cecil




Plate 2, Figure 1. Ragged Range Conglomerate Member
at Church Steeple Peak (loc. 412-2). Band of fairly well-
sorted pebbles sandwiched between beds of cobble and
boulder conglomerate. Pelecypods were found in the pebbly
sandstone immediately overlying the conglomerate

Plate 2, Figure 2. Same locality as Fig. 1. Poorly sorted rounded cobbles and boulders of
quartzite and a large boulder of basalt



Plate 3. Oblique air-photograph, looking north at Antrim Plateau Volcanics overlain by

Cockatoo Formation in Martin Bluff, and steep-dipping Precambrian sandstone and silt-

stone of the Pincombe Range. The scarp of the Weaber Range is visible beyond the Pin-
combe Range




Plate 4, Figure 1. Looking north at Abney Hill. The scarp is a fault. Left of the fault

(locality 438) the Kellys Knob Member (rough outcrop) is overlain by the Kununurra

Member (smooth dark outcrop); right of the fault, the Kellys Knob Member is paracon-
formably overlain by the Abney Member

Plate 4, Figure 2. Looking northeast down dipslope of Kellys Knob Member on

Matheson Ridge. The Kununurra and Abney Members are indicated by the smooth

ground in the middle distance, and are overlain by the Cecil Member. Enga Ridge
is on the skyline



Plate 5, Figure 1. Looking northwest along the strike at Matheson Ridge. Rough dipslope
of Kellys Knob Member on left, smooth ground of Kununurra and Abney Members in middle,
and rough scarp and dipslope of Cecil Member on right

Plate 5, Figure 2. Conglomeratic sandstone of the Abney Member at Matheson
Ridge (locality 28-12). The largest boulders are 12 inches (30 ¢m) long




Plate 6. Oblique air-photograph, looking slightly east of north of the Cockatoo Fault.
Ridge and central Burt Range in the middle distance, and Keep Inlet on the horizon.
details see Figure 14. cf fig. 28 of Traves (1955)

Enga
For



conformities (Dunbar & Rodgers, 1957), established on the basis of fossils, and
angular unconformities. Where the exact nature of the break is unknown it is
termed an unconformity.

Brief accounts of the geological history of the Upper Devonian and Carboni-
ferous are given on pages 132 to 137.

This work is the first published detailed revision of Traves’ (1955) work in
the southern Bonaparte Gulf Basin. Since Traves’ report appeared, much geo-
logical and geophysical work and the first deep drillings (Spirit Hill No. 1,
Bonaparte Nos 1 & 2, and Kulshill Nos 1 & 2) have been done; appropriate
references to this unpublished work have been incorporated in the text. A com-
prehensive account of geological work carried out up to 1962 is given by
Drummond (1963). Guillaume (1966) has summarized work carried out by
Australian Aquitaine Petroleum Pty Ltd. A general summary appeared in Brady,
Jauncey, & Stein (1966).

The field work in the Upper Devonian and Carboniferous sequence was done
by Veevers and Roberts during 1963 and 1965. P. J. Jones and E. C. Druce
spent short periods in the field collecting micropalaeontological samples. The
sequence is abundantly fossiliferous, and the principal groups of fossils are being
studied by the following: brachiopods, J. Roberts; ostracods and, in the initial
stages, conodonts, P. J. Jones (1968); conodonts, E. C. Druce (1968); fora-
minifers, D. J. Belford, in collaboration later with Professor B. L. Mamet (Univ.
of Montreal); algae and trace fossils, J. J. Veevers; plants, Mrs Mary E. White;
pollen and spores, Dr G. Playford (Univ. of Queensland); fish, Joyce G. Tomlin-
son; corals, Dr J. S. Jell (Univ. of Queensland).

Veevers (BMR Bull. 109, in prep.) is studying the sedimentology of the
sequence, and Dr F. C. Loughnan (Univ. of NSW) has examined the mineralogy
of the clays in selected bores (in BMR Record 1966/113). The results of this
specialized work, which is still in progress, will be published separately, but have
been freely drawn on in this Bulletin.

During this investigation, we have co-operated closely and exchanged informa-
tion with interested oil prospecting companies, in particular Australian Aquitaine
Petroleum Pty Ltd.

Some preliminary results have already been published by Veevers et al.
(1964), Playford et al. (1966), and Jones & Druce (1966). The Waggon Creek
Breccia was described by Veevers & Roberts (1966). Summaries of our work
were presented to international conferences in 1967 (Veevers & Roberts, 1967;
Roberts, Jones, & Druce, 1967; Roberts & Veevers, 1967). J. Hays (BMR) made
a brief visit to the area in 1965 and is responsible for the outline of the geo-
morphology on pages 138-140.

Previous Work

Previous work is referred to in appropriate places in the text. A compilation
of work carried out up to December 1962 was made by Drummond (1963).
Mr E. P. Utting’s unpublished work was particularly useful to us.

The oil exploration wells and stratigraphic bores drilled in the area are listed
in Table 1.



TABLE 1: OIL EXPLORATION WELLS AND STRATIGRAPHIC BORES

Name Drilled by (Date) Total Location
Depth (ft)
Oil Exploration Wells
Spirit Hill No. 1 .... ... Westralian Oil Ltd (1959); 3,003 1 mile N of
completed by Oil Spirit Hill
Development N.L. (1960) .
Bonaparte No. 1 ... ... Alliance Oil Development 10,530 16 miles ENE of
Australia N.L. (1963) Ningbing station
Bonaparte No. 2 ... ... Alliance Oil Development 7,008 5 miles SW of
Australia N.L. (1964) Bonaparte No. 1
Kuilshill No. 1 ... ... ... Australian Aquitaine 14,416 9 miles S of
Petroleum Pty Ltd Port Keats
(1965-66) Mission
Kulshill No. 2 ... ... ... Australian Aquitaine 6,433 12 miles S of
Petroleum Pty Ltd Port Keats
(1966) Mission
Stratigraphic Bores
Milligans No. 1 Bore .. Westralian Oil Ltd (1956) 520 SE corner of
o Milligans Hills
Milligans No. 2 Bore .. Westralian Oil Ltd (1956) 186 2 miles NE of
. Milligans Hills
Milligans No. 3 Bore .. Westralian Oil Ltd (1956) 90 3 miles NNE of
Milligans Hills
Spirit Hill No. 1 Bore Westralian Oil Ltd (1956) 295 S margi £
Spirit Hill No. 2 Bore  Westralian Oil Ltd (1956) 2520 o i
Spirit Hill No. 3 Bore  Westralian Oil Ltd (1956) 201 pirit &1

Location and Access

The area described lies on either side of the border between Western Australia
and Northern Territory, behind the southern shore of the Joseph Bonaparte Gulf
(Fig. 5). It is bounded in the northwest by Cambridge Gulf, and by Queens
Channel in the northeast. The area is covered by parts of the Medusa Banks,
Cambridge Gulf, Lissadell, Auvergne, and Port Keats 1:250,000 Sheets, It
contains two towns: the port of Wyndham, which is a centre for the cattle-raising
industry, and Kununurra, the centre of the Ord River Irrigation Scheme (Pl 1).
Both are linked to Perth and Darwin by regular air services, and Wyndham by
regular shipping services. The Great Northern Highway and the Wyndham-
Nicholson road cross the area, and numerous tracks serve the cattle stations. The
irrigated farming area north of Kununurra has a close network of roads.

Climate

The area has a warm monsoonal climate with a short rainy season in summer
and a long dry season (or drought) in winter. The annual rainfall is about
30 inches and, compared with areas farther inland, is reliable. Temperature is
high throughout the year: Wyndham has the highest recorded mean temperature
in Australia of 84°F. Further details are provided by Traves (1955).

Topography

Except for the Burt Range, the whole area lies within the Cambridge Gulf
Lowlands (Traves, 1955, fig. 6). The elevation ranges from sea level to 1,012
feet in the Burt Range. The area is drained by the lower reaches of the Ord and
Keep Rivers.
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Air-Photographs

The area is covered by 1:50,000 vertical air-photographs taken by the Royal
Australian Air Force in 1948, and part is covered by trimetrogon air-photographs
taken in 1944. The area of the Ord River Scheme and neighbouring areas (Spirit
Hill, and part of the Weaber Range) are covered by 1:16,000 vertical air-photo-
graphs taken in 1961. Before field work started, photogeological maps were pre-
pared by R. Ruker, R. Richard, and W. J. Perry, of the Bureau of Mineral
Resources. Richard also briefly visited us in the field.

Field Methods

In addition to the photogeological maps, Ruker, Richard, and Perry supplied
overlays showing their interpretations. The overlays and the accompanying photo-
graphs provided the base for mapping. The overlays have been added to and
modified by field observations, and were later reduced to compile the maps
accompanying this Bulletin.

The thickness of well exposed sections was measured by means of an Abney
level attached at right angles to a 5-foot Jacob staff (Robinson, 1959). In 1965,
field sections were plotted directly on a strip log, using a device described by
Veevers & Jackson (1966).

Lithological symbols

Quartz sandstone Siltstone @ Limestone

Pebbly sandstone % Shale | Sandy i e
¥V ¥ .

Conglomerate Volcanics Dol

~f|l< <

Sandstone with angular
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/7]
/\

i

Felsite

AINTAN

Dolomite

A

Calcareous sandstone g No outcrop : Sandy dolomite
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Dolomitic sandstone Deep weathering Dolomitic marl
Bedding structures Colours Limestone components
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2  Undulate bla  Black kh  Khaki ® Oolite
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= Laminate <o0.4" Fe Ferruginous X Trace fossil ve Very coarse 1.000-2.000 mm

Gl Glauconitic
Calc Calcareous

Figure 6. Abbreviations and symbols used in columnar sections
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Numerous stratigraphical sections (aggregating about 50,000 ft) were
measured and described; many of them are presented in graphic form in this
Bulletin. The symbols and abbreviations used in the sections are listed in Figure 6.
The sections are descriptive only: for example, only those unconformities and dis-

conformities which are visible in the sections are shown.

Geological boundary

nAnnns Unconformity

—I-_ Anticline

@ General locality

Specimen locality

Syncline, showing plunge O  0il bore
—_— Fault, showing relative horizontal movement O 0il exploration well; abandoned, dry
Where (acal/af_l o( boundaries, folds and faults is X 0il exploration well with show of gas;abandoned
e toreed, e s s Az, e o, with windpump
A shown by short dashes
/ 30 Strike and dip of strata Highway
/ Prevailing strike and dip of strata Road
+  Horizontal strata ========= Vehicle track
= Vertical strata Fence
/4» Dip < s° —i-———— Telephone line
/<I Dip <i5° Wyndham O  Sett/ement
A Dip  I5-45° "Legune”" M Homestead
/4‘» Dip >a45° air-photo interpretation CG 16/87 O Photo - centre
~~.—.— Edge of bed cG Cqmbn‘dga Gulf
Foord G tRS Z;r;;;;ra/;y Research Station
Joint pattern MB  Medusa Banks
Strike and dip of foliation o~ Spring

Geological section A Searp, cliff

Figure 7. Symbols used on maps

Figure 7 is a legend to the maps and Figure 8 is a key diagram of detailed
maps.*

PRE-UPPER DEVONIAN

The Upper Devonian/Lower Carboniferous sequence unconformably overlies
Precambrian rocks, mainly sediments, Lower Cambrian volcanics (Antrim Plateau
Volcanics), and Middle and Upper Cambrian and Lower Ordovician sediments.
The Cambrian and Ordovician sediments (Fig. 9), which are not found east of a
line joining Point Spring and the Ragged Range, are quartz sandstone, some
glauconitic and hematitic, and minor dolomite and shale. The original description
of these sediments by Traves (1955) has been amplified by Kaulback & Veevers
(1968). The Antrim Plateau Volcanics (Fig. 9) are widespread in the Bonaparte
Gulf Basin and its outliers, and in the region to the east and southeast (Traves,
1955). In the Bonaparte Gulf Basin, the Antrim Plateau Volcanics consist almost
exclusively of amygdaloidal basalt, which is probably nowhere thicker than a few
hundred feet. The Precambrian sequence in the Western Australian part of the
region is currently being studied by the Bureau of Mineral Resources and the
Geological Survey of Western Australia, and in the Northern Territory part by

* Figures 6 and 7 are also included in the envelope at the back of the Bulletin, for ease of
reference.
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Figure 8. Key diagram of maps

the Bureau of Mineral Resources. The following notes, supplied by K. A.
Plumb(BMR), are intended to serve as a sketch of the Precambrian geology of
the area bordering the Bonaparte Gulf Basin.

Widespread outcrops of the Precambrian basement rocks enclose the Palaeo-
zoic Bonaparte Gulf Basin in the east, south, and west (Fig. 9). They can be
divided into two main groups: an ancient complex of plutonic and metamorphic
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rocks, and unconformably on it a succession of sedimentary rocks which are
generally gently tilted.

The plutonic rocks crop out in the Halls Creek Mobile Zone, a linear belt
about 30 miles wide, which extends in a north-northeasterly direction from Halls
Creek in the south to near the Ord River Damsite, and then continues into the
Northern Territory, roughly along the eastern margin of the Bonaparte Gulf Basin.

128°00 30 129*00' 12930

1500 [ / 15%00"

16°00" [ : A : = 16700"

0 10 20 miles
A R - M.

o 10 20 30 kilometres

Outcropping Precambrian rocks

- Crystalline rocks

[:I Sedimentary rocks, mainly sandstone

Outcropping Antrim Plateau Volcanics

A

Outcropping Cambrian and Lower Ordovician
sedimentary rocks

B

- Present margin of basin

Figure 9. Distribution of pre-Upper Devonian rocks
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The Precambrian rocks comprise metasediments and volcanics ranging from the
greenschist to granulite facies, and associated granite gneiss, gabbro, ultrabasic
rocks, and massive granite. A wide range of mineral assemblages is represented.

Most of the Precambrian outcrops consist of gently tilted sediments of the
Kimberley Basin to the west and the Victoria River Basin to the east. Outliers
crop out in the Carr Boyd Ranges, south of Kununurra, and in the Osmond and
Albert Edward Ranges farther south towards Halls Creeck. The bulk of the Pre-
cambrian sediments comprise clean well sorted quartz sandstone, subordinate silt-
stone and shale, and minor acid and basic volcanics and carbonate rocks. Wide-
spread basic intrusives occur in the west.

UPPER DEVONIAN

The Upper Devonian is represented by 5,000 feet of outcropping Frasnian
shallow-water quartz sandstone, conglomerate, and carbonate rocks (Cockatoo
Formation), overlain by 1,000 feet of outcropping Famennian carbonate rocks of
a reef complex (Ningbing Limestone), and 1,100 feet of equivalent outcropping
Famennian lagoonal carbonate rocks and sandstone (Buttons Beds) deposited
nearer the land to the south and southeast. At least 2,300 feet of equivalent
Famennian and possibly Frasnian deeper-water dark siltstone and shale, with minor
quartz sandstone (lower part of Bonaparte Beds), are known in well sections only.
The quartz sandstone, conglomerate, and carbonate rock were deposited on a
shallow-water platform, and the siltstone and shale in a slightly deeper depression
or basin. Accordingly, we have distinguished three main facies and corresponding
depositional provinces: the platform conglomeratic facies and province, the plat-
form carbonate facies and province, and the basinal shale facies and province.
The distribution of the facies and provinces is shown diagrammatically in Figure 10.
The terms ‘platform’ and ‘basin’ have the meaning given them by Dunbar &
Rodgers (1957, pp. 308-9). According to these authors, the ‘stable platforms’
of the continents may contain ‘persistently negative’ areas, which ‘form distinct
basins within the platform’.

Early in the Frasnian the region, which was underlain by Precambrian, Cam-
brian, and Ordovician sediments (mainly quartz sandstone) and minor volcanics,
was cut into blocks by movements along ancient faults. Continued movement
along these and other faults throughout the rest of the Upper Devonian was the
dominant influence over contemporaneous erosion and deposition.

The southeastern margin of the basin was marked in the early Frasnian by a
zone of faults with downward displacement to the northwest. The faults were
apparently normal, but had an undetermined wrench component. Wedges of
quartzite-boulder conglomerate (Ragged Range Member) were deposited at the
foot of the fault scarps, but within a few miles the conglomerate passed laterally
into coarse cross-bedded quartz sandstone (Kellys Knob Member). How much
of the basal quartz sandstone and marginal conglomerate is marine is not known;
rare macrofossils (chiefly pelecypods and gastropods) have been found, even in
the coarse conglomerate, but it is uncertain whether these indicate continuous
marine deposition or intermittent marine incursions over a low-lying coast. Cer-
tainly, the ubiquitous cross-bedding, ripple marks, lineation, and thorough winnow-
ing in the Kellys Knob Member indicate deposition in fairly shallow turbulent
water. One thousand feet of this member was deposited under uniform conditions,
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and was followed by the deposition of a mixture of quartz sand and carbonate
rocks. Near the southeastern boundary fault, this unit consists of glauconitic sand-
stone with minor carbonate sediments (Kununurra and Abney Members); there
is a gradual lateral transition into the Hargreaves Member, and the equivalent
unit 70 miles to the northwest, near the mouth of Cambridge Gulf, is a reef (West-
wood Member), which is represented in outcrop by fore-reef only. The fore-reef
is a stromatolite breccia with a matrix of schizophyte algae.
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Figure 10. Diagrammatic relationships of Upper Devonian stratigraphical units

D-Cb Bonaparte Beds: dark siltstone and h Hargreaves Member: sandy carbonate,
shale, minor sandstone sandstone, marl

Dun Ningbing Limestone: carbonate reef a Abney Sandstone Member: red thin-
complex bedded sandstone

Dub Buttons Beds: silty limestcne, minor u Kununurra Member: sandy carbonate,
shale, sandstone sandstone

Duc Cockatoo Formation k Kellys Knob Sandstone Member: quartz

i Jeremiah Member: interbedded sandstone, sandstone, cross-bedded
siltstone and carbonates r Ragged Range Conglomerate Member:

e Cecil Sandstone Member: quartz sand- conglomerate, pebbly sandstone
stone, cross-bedded C-0 Cambrian-Ordovician

w  Westwood Member: sandy carbonate, in- pC Precambrian

cluding incipient reef, sandstone
NOTE: Diagram not to scale.

Probably as a result of renewed faulting, deposition of conglomeratic sand-
stone along the southeastern boundary fault was resumed, and cross-bedded quartz
sandstone was deposited elsewhere. About 2,000 feet of Cecil Member accumu-
lated in a very shallow sea, or along a low-lying coast, or in a combination of
both. Towards the end of the Frasnian, the effect of the faulting waned and,
above a sandy carbonate sequence (Jeremiah Member), a Famennian carbonate
reef complex was deposited, presumably on a slowly sinking block. The reef com-
plex (Ningbing Limestone) consists of 1,000 feet of a well exposed back-reef and
a narrow reef, and poorly exposed inter-reef and fore-reef. Behind the reef com-
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plex, nearer the land, 1,100 feet of interbedded impure carbonate sediment and
sandstone (Buttons Beds) was deposited in a lagoon. At least 2,300 feet of
deeper-water dark siltstone and shale (lower part of Bonaparte Beds) was
deposited contemporaneously, and the change from shallow-water to deeper-water
deposition took place over a narrow zone less than 10 miles wide near the Bona-
parte No. 1 well. The zone was probably controlled by hinge-faulting.

The Upper Devonian sediments in the western part of the basin were tilted,
faulted, uplifted, and eroded during the Lower Carboniferous. In the east and
south, the main period of faulting was much later, in the Permian or Mesozoic.

FRASNIAN: COCKATOO FORMATION

The Frasnian Cockatoo Formation comprises about 5,000 feet of quartz
sandstone, conglomerate, limestone, and dolomite that crop out over large areas
in the Bonaparte Gulf Basin and in its outliers. The formation uncomformably
overlies the Precambrian and Cambrian-Ordovician sequences, and is conformably
overlain, above transition beds, by the Ningbing Limestone or Buttons Beds. The
proportions of conglomerate, quartz sandstone, and limestone or dolomite vary
considerably, both vertically and laterally, and the name has therefore been revised
from Cockatoo Sandstone to Cockatoo Formation.

The first published reference to outcrops of the Cockatoo Formation was by
Wade (1924, p. 33). He noted the conspicuous false bedding and the ease with
which it crumbles to sand in the Cockatoo Spring area. He also noted the simi-
larity of the formation in the Cockatoo Spring area to other outcrops at Mount
Glass and Mount Buchanan in the Hardman Basin which were mapped as sand-
stones, probably old dune deposits, of unknown age. The conglomerate north of
Cockatoo Springs was also noted.

Matheson & Teichert (1948, p. 82) introduced the name Cockatoo Series,
and showed its distribution between Cockatoo Spring and Martin Bluff and near
Buttons Crossing. They gave its minimum thickness as 4,000 feet in the Cockatoo
Spring area, found plant fossils, and dated it as Upper Devonian.

Reeves (1951) reduced the thickness of the Cockatoo Series to 3,000 feet
because, as he explained in an earlier unpublished report, he regarded the core of
Mount Cecil as Precambrian. It was in this paper that the name Bonaparte Gulf
Basin was introduced.

Noakes et al. (1962, pp. 94-5) revised the name to Cockatoo Sandstone, and
introduced the name Onslow Beds for the Upper Devonian sandstone and limestone
in the Onslow Hills approximately equivalent to the Cockatoo Sandstone, but
did not describe it adequately.

Traves (1955) extended the known distribution of the Cockatoo Sandstone
to the west and northwest of Ningbing and discovered the Dillon Spring outlier.
He recorded numerous fossils, mainly pelecypods,