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FOREWARn 

I ':.';.' This report was written by Mr Flavelle before'1967.The 
subject matter is not therefore up to date. Some usages in this report 
are not those presently in use by the Bureau of Mineral Resources, 
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, , in particular the nomenclature of gravity provinces and the use of 
non-metric units. ' 



I 
I CONTENTS 

I ~ 

SUMMARY 

I 1. INTRODUCTION 1 

2. GEOLOGY 1 

I Geological hiBtory 1 

Boundaries and structure 2 

I Stratigraphy 4 

Tectonic features 7 
Geology of adjacent areas 8 

I 3. BOUGUER ANOMALY FEATURES 8 

Kimberley Block 9 

I Fitzroy Basin '9 

Northeast Canning Basin 10 

I 
Munro Regional Gravity Platform 11 
Anketell-Warri Regional Gravity Ridge 11 
South Canning Regional Gravity Low 12 

I 
Pilbara Block 12 
Gibson Regional Gravity Low 13 
Cobb Regional Gravity' Low 13 

I 
Blackstone Regional Gravity High 13 
Amadeus Regional Gravity Low 13 
Papunya Regional Gravity Ridge 13 

I 
Olga Regional Gravity Ridge 13 
Ayers Rock Regional Gravity Low 13 

I 
4. REGIONAL INTERPRETATION OF GRAVITY RESULTS 14 

Properties of regional gravity features 15 

I 
'Interrelation of Canning, Amadeus and Officer 

Basins 17 
C anning/ Amadeus' Basin relations 17 

,I 
Canning/Officer Basin relations 19 
Canning Basin 19 

5. REGIONAL CROSS SECTIONS 21 

I 6. CORRELATION OF BOUGUER ANOMALIES WITH 
OTHER DATA ,24 

I Billiluna Area 24 
Gravity /aeromagnettc correlation 27 

I 
' Gravity/seismic correlation 29 

I 
I 



I 
': . I ····· 

I 

ii 

. MARGINAL AREAS . 

Kimberley and Pilbara Blocks 
Stansmore area 
BillUuna area 

I ,. 8. FITZROY BASIN 

Napier Gravity Depression 
Oscar Gravity Ridge I­

I 
I 
I 
I 
I 
I 
I 
il 
I 
I 
I 
I 
I 
I 

9. 

10. 

11. 

12. 

Fitzroy Regional Gravity Complex 
Yeeda Gravity Platform 
Broome Gravity Ridge 

NORTHEAST CANNING BASIN 

Halls Creek Gravity Ridge 
MotlntBannerman Gravity Depression 
Stans~lhore Gravity Trough . 
BillilunaGravity Plateau 
Thornton Gravity Ridge 

MUNRO GRAVITY PLATFORM 

La Grange Gravity Plateau 
Oasis Gravity Depression 
Joanna Springs Gravity Ridge 

ANKETELL-WARRI REGIONAL GRAVITY RIDGE -. ' . . . . 

SOUTH CANNING BASIN REGIONAL GRAVITY LOW 

13. CONCLUSIONS 

14. REFERENCES 

APPENDIX A:' . Density. of rock formations, 

APPENDIX B: (~lassification of Bouguer anomalies 

APPENDIX C: Peep bores in the :Canning Basin 

APPENDIX D: . History of surveys 

. APPENDIX E: Computational methods 

Page 

30 

31 
31 
31 

32 

32 
34 
37 
45 
46 

47 

47 
48 
49 
50 
50 

50 

50 
52 
55 

55 

57 

58 

60 

64 

68 

70 

71 

73 



iii 

ILL tETRATIONS 

Locality map 

Geological map 

Bouguer Anomaly map 

Regtonal Cross Section I 

Regional· Cross SectionU 

Bouguer Anomaly map showtnguntts and subunits: 

Bouguer anomalies and geology- Billiluna area 

Aeromagnetic and gravity profiles 

Geological and Bouguer anomaly cross-section - Gogo Anticline 

Gravity profUe - South Yampi 

Gravity profUe ~ Southeast Yampi 

Gravity profUe - Napier Gravity Depression 

Axial (strike) . Bouguer anomaly profile - Oscar Gravity Ridge 

Bouguer anomaly profiles - Pinnacle Fault 

Bouguer anomaly and geological cross-section - Pinnacle Fault 

Bouguer anomaly and geological cross-section - Fenton Fault 

Bouguer anomaly profile - Fenton Fault 

Bouguer anomaly and geological cross-section - Dampier Fault 

Bobgueranomaly profile.- Fttzroy Trough 

Bouguer anomaly anc:i geological cross-section - Old Halls Creek Fault 

BougUer anomaly and geological cross-section - Stansmore Fault 

Bouguer anomaly and geological cross-section - Stansmore Fault 

Bouguer anomaly profUe - AnketeU .. Warri Regional Gravity· Ridge 

B()uguer anom3.ly profUe -Anketell-Warri Regional Gravity Ridge 

, ) 



SUMMARY 

A Bouguer anomaly map covering the Canning Basin and adjacent 
areas is presented. The density of gravity stations varies greatly, partly 
owing to the difficulty of access to some remote parts of the Basin. 

An analysis of the major Bouguer anomaly features has shown that 
the Canning, Amadeus, and Officer Basins do not form a single structural 
entity. Basement ridges of regional extent separating the three Basins from 
each other have been delineated. 

Within the Canning Basin the gravity data delineate the Broome 
Gravity Ridge and Anketell-Warri Regional Gravity Ridge as two bordering 
zones of tectonic activity separated by the La Grange Gravity Platform, 
which is a relatively stable zone. 

The features in the Bouguer anomaly pattern have been designated 
as provinces and units, and a separate analysis of each unit has been made. 
From this analysts many unknown geological features have been derived 
which, in conjunction with the already geologically defined structures, help 
to clarify the main structural divisions of the Basin. The possible extent of 
the Palaeozoic Fitzroy Basin has been outlined, and an extensive area of 
possible Upper Proterozoic sedimentation in the Northeast Canning Basin 
defined. An extensive Bouguer anomaly low within the South Canning Basin 
indicates a thick sequence of sediments. 

Rock density data, mainly from determinations made on cores, show 
three major density discontinuity planes within the sedimentary column: 
Mesozoic to Perm'tan, Permo-Carboniferous to Lower and Middle Palaeozoic, 
and Upper Proterozoic to Lower Proterozoic. 
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1. INTRODUCTION 

The Canning Basin, which includes the Fitzroy Basin (Plate 2) 
covers an area of at least 175 000 square miles and is the second largest 
sedimentary basin in Australia. The stratigraphic sequence, overlying an 
early Precambrian basement, ts known to range from Upper Proterozoic to 
Cainozoic and reaches a total thickness of at least 20 000 ft in the Fitzroy 
Basin. 

Geological inv,estigations in the area began in 1883, and most of 
the early work was confined to the area of the Fitzroy Basin, where access 
was easier than in the desert areas of the Canning Basin to the south. The 
tempo of investigations increased after the second world war. Since 1950, 
geophysical investigations by gravity, seismic, and aeromagnetic methods 
have been undertaken to study the subsurface features of the area. Since 
1954, a total of over 100 000 ft of drilling by private companies and the 
Bureau of Mineral Res~urces has provided much stratigraphic information. 

For a detailed account of the development of geological under­
standing of the Canning Basin the reader ts referred to a report by Veevers 
& Wells (1961). Marginal areas to the south and southeast have been described 
by Wells (1963); Wells, . Forman & Hanford (196:1); Forman (1963); and Wells, 
Hanford & Cook (1963). 

This report presents a study of the available gravity information, 
and relates it to known geology including the published information from 
surface surveys and borehole logging. Selected profiles have been more 
closely studied to provide a basts for a more general study. The study 
has been extended to the south outside the limits of the basin to include 
the structural relations of the Canntng, Amadeus, and Officer Basins. 

The yery important contribution of unpublished gravity data made 
available by West Australian Petroleum Pty Ltd ~ APET) is gratefully 
acknowledged. 

2. GEOLOGY 

Geological history 

. This outline of the geological history of the Canning Basin is taken 
from Veevers & Wells (1961). The account of sedimentary development . 
refers only to the Palaeozoic and Mesozoic rocks. Very little systematic 
work has been done on the Upper Proterozic sediments, and the Canning 
Basin, as geologically conceived, does not include sediments of thts age. 

} 
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In the Proterozoic, the crystalline basement under the Canning
Basin was probably high land that deposited sediments onto surrounding
areas. Before the end of the Precambrian the sediments were folded and
uplifted, the crystalline rocks were depressed, and the Canning Basin was
formed. Starting late in the Early Ordovician, a shallow sea covered at
least half of the Basin*, and in it were deposited limestone, dolomite, shale,
and sandstone. The sea retreated in Late Ordovician time and did not
return to the greater part of the Basin until Permian time.

In the upper part of the Middle Devonian, sandstone and limestone
were deposited in a sea that covered the Fitzroy Basin (Plate 2). The sea-
floor was broken into blocks of varying height in the early Upper Devonian;
reefs grew along the edges of high-standing blocks, and conglomerate was
deposited at the margin of the Fitzroy Basin; sandstone was deposited in
lakes in the northeastern part of the Basin.

Most of these Devonian rocks were probably gently folded and
eroded before Lower Carboniferous sediments were deposited in the
northern part of the Fitzroy Basin. In the Late Carboniferous, thick siltstone
and sandstone were deposited in a shallow bay in the western part of the
Fitzroy Basin.

In the Early Permian, thick beds of marine glacial rocks were
deposited over the entire Canning Basin. A cycle of alternate deposition,
firstly of marine and secondly of estuarine or freshwater sediments, was
repeated two and a half times during the rest of the Permian and during
the Early Triassic. The sea then retreated, and these rocks were folded and
eroded. The sea slowly advanced over the land from the Middle Jurassic to
the Early Cretaceous and slowly retreated in the upper part of the Early
C retaceous.

From Late Cretaceous to Recent time, the Basin has been a land
surface except for a local intermittent submergence of the present coast.

Boundaries and structure 

The known boundaries of the Canning Basin as defined by the surface
contact between Precambrian and Palaeozoic rocks, are shown in Plate 2.

In this report, the term 'the Basin' (with a capital letter) is used as
a contraction for Canning Basin, including the Fitzroy Basin.
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The northeastern boundary has b~en mapped in detail and runs from 
Oobagooma in the YAMPI area * to the Wolf Creek meteorite c'rater in the 
BILLILUNA area. The Upper Proterozoic formations of the Kimberley Block, 
a pronounced topographically high area, lie immediately northeast of this 
boundary. 

The eastern boundary runs generally south from the Wolf Creek 
meteorite crater as far as the mid-point of the northern edge of the WEBB 
area, where it tums southwest, terminating in the northeastern corner of the 
RYAN area. Precambrian outcrop is not continuous along this boundary, which 
is thus less well defined. 

The southern boundary has not yet been determined because of almost 
complete blankettng by Recent alluvium. 

The southwestern boundary runs from the southwestern corner of the 
TABLETOP area in a northwesterly direction as far as the vicinity of Coolya 
Well in the PATERSON RANGE area, where it turns west-northwest and 
continues to the coast in the viCinity of Port Hedland. A major embayment 
along the valley of the Oakover River occurs in the eastern half of the 
NULLAGINE area. Archaean rocks of the Pilbara Block, a topographically 
high area, lie immediately to the southwest of this well defined boundary. 

A major structural unit within the Canning Basin is the elongated 
Fitzroy Basin containing the Fitzroy Trough, which is subparallel to the 
northeastern boundary of the Basin; it has a total thickness of sediments of 
about 20 000 ft. The northeastern margin of this feature is well defined only 
at the Pinnacle Fault, which is mapped on the surface with downthrow to the 
southwest near Prices C reek (southeastern corner of the NOONKANBAH 
area). The extensions of this feature in both directions require geophysical 
definition. 

To the northwest there is evidence of subparallel lines of· major 
faulting or fiexure1 between which areas of 'intermediate sedim'entary thickness 
have been recognized. Of these, reference will be m"ade to the Lennard Shelf, 
a unit named by Playford & Johnstone (1959). This area is described as 
extending in contact with the northeastern boundary of the Basin, between that 

* The names of 1:250 000 Sheet areas are written in capital letters to distinguish 
them from ordinary place names. Boundaries of the Sheet areas are super­
imposed as a grid on the relevant maps. 

q 



-4-

boundary and the Fitzroy Trough. This area has been further subdivided by· 
Veevers & Wells (1961). 

The Fitzroy Trough is bounded to the southwest by: 

(a) The Fenton Fault, which is well exposed only in the Barnes 
Flow area (eastern edge of the MOUNT ANDERSON area), 
with downthrow to the northeast. 

(b) The Dampier Fault, which is related to and subparallel to 
the Fenton Fault along the northwestern part of its 
suggested extension. This feature is entirely without surface 
express ion. 

The Jurgurra Terrace is an area of intermediate thiclmess of sedimentation 
between the Dampier and Fenton Faults. 

South Canning Basin is the name given to the area of the Basin not 
included in any of the above units. It has been subdivided by Veevers & Wells 
(1961). . . 

Stratigraphy 

Table 1 presents the lmown stratigraphic sequence. The main 
reference is VeeverS & Wells (1961). 

Tectonic features 

Traves (1955) has described two mobile zones which are considered 
to have influenced sediment deposition close to the northeastern boundary 
and the northern extremity of the eastern boundary of the Canning Basin. 
These are: 

(a) The King Leopold Mobile Zone, described by Traves (1955) as an 
extension of the Warramunga Mobile Zone, which overlaps the 
northeastern boundary of the Basin and intersects the Halls Creek 
Mobiie Zone in the region of the southeastern end of this boundary. 

to 
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Permian 14 500 

Grant Formation 

Liveringa Formation including: 
fossiliferous sandstone -
Hardman Member 

Plant-bearing sandstone 

Fossiliferous greywacke -
Light jack Member 

Fossiliferous fine-grained sandstone 
- Noonkanbah Formation 

Fine-grained sandstone with coal seams -
Poole Sandstone 

Sandstone interbedded with claystone -
Lucas Beds (position uncertain) 

Fossiliferous sand limestone -
Nura Nura Member 

Claystone, siltstone, and boulder 
conglomerate - Cuncudgerie Sandstone 

Massive Claystone, sandstone and 
sandstone boulder conglomerate -
& tillite Paterson Formation 

Tillite, boulders and con-
glomerate - Braeside Tillite 

marine 
(shallow 
water) 

continental 

marine 
(shallow water) 

marine 

freshwater 

marine 

marine 

marine -
glacial 

to 
fluvioglacial 

to 
glacigene 
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Ordovician 

(Llandellian 
to 

Tremadocian) 

3100+ 

Fossiliferous dolomite, sandstone~ and 
siltstone - Gap Creek Formation 

Limestonet calcareous siltstone, sandy 
dolomite, and arkose - Emanuel Formation 

Glauconitic sandstone; shale; 
and calcarenite - Samphire 
Marsh area 

Unconformity: Middle and Lower Cambrian rocks are not known in the Canning Basin 

Precambrian 

Precambrian . 
(Upper Proterozoic 
and older). 

Precambrian 
(Upper Proterozoic 
and older) 

12 000 + 
(Gibson­
Desert area) 

8000 + 
(GORDON DOWNS) 

Unconformity 

Unknown 

Unknown but 
probably exceeds 
30 000 ft in 
places 
(e.g. Halls Creek 
Metamorphics) 

Siltstone, sandstone, shale, 
limestone, dolomite, basalt, 
dolerite, arid tillite 

Igneous rocks, mainly granitic; intrusive 
into Lower Proterozoic metamorphics 

Highly metamorphosed and folded sediments; 
extensive igneous intrusions 

marine 
(shallow water)-

marine 
(shallow water) 

I 

~ 
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(b) The Halls Creek Mobile Zone, which extends north-northeast from 
its junction with the King Leopold Mobile Zone and separates the 
Kimberley Block from the Sturt Block and Arunta Block to the 
east. 

Extensive outcrops of Archaean or Lower Proterozoic granitic 
intrusives occur along the edge of the Kimberley Block within both mobile 
zones (Tectonic map of Australia, 1960, published by BMR). Adjacent to the 
eastern boundary of the Basin, extensive outcrops of Lower Proterozoic 
metamorphics with dense basic intrusions have been mapped. 

The Pilbara Block, adjacent to the southwest boundary of the Basin, 
is characterized by outcrops of granitic Proterozoic rocks, with Upper 
Proterozoic sediments and porphyry in the area of the major embayment 
with extends into NULLAGINE. 

The Fenton and Pinnacle Faults are recognized as having controlled 
sedimentation within the Fitzroy Basin. Movement along these faults has 
been proved during the Lower Permian (Guppy et al., 1958). There is evidence 
of reversed throw on the Fenton Fault during Mesozoic times. The delineation 
of these features, and elucidation of their structural details (Veevers & Wells, 
1961, have described the Fenton Fault as a monoclinal flexure) were two of 
the principal objectives of the 1960 reconnaissance gravity survey (see 
Appendix D). Neither of these very important structures is clearly expressed 
in the surface geology, and geophysical methods (seismic, magnetic, and 
gravity) have made substantial contributions to their definition. 

Other possible areas of mobility either have not yet been closely 
studied, or the older rocks are concealed by recent alluvium. It will be shown 
that the gravity data provide much information on a probable subsurface 
configuration in these areas. 

Geology of adjacent areas 
i} 

In 1962, the Gibson Desert was covered by a BMR geological re­
connaissance (Wells, 1963). Generally the area is characterized by flat­
lying Permian and Mesozoic sediments. Older sediments of Upper 
Proterozoic and Palaeozoic age have been mapped at the Iragana Hills. 
Upper Proterozoic sediments have also been mapped within the cores of 

----("") 



diapiric structures at Woolnough Hills and in MADLEY. In the southeast
margin of the Gibson Desert, in BENTLEY and SCOTT, extensive outcrops
of igneous and metamorphic rocks of Precambrian age have been mapped.

The distribution of the Upper Proterozoic and older Palaeozoic
sediments is almost completely masked by the Permian, Mesozoic, and
Quaternary sediments. Diapiric structures occur in the region, however,
and suggest that in some areas at least there is a considerable thickness
(10 000 + ft) of sediments.

The sedimentary succession in the Amadeus Basin ranges in age
from Upper Proterozoic to Middle Palaeozoic. The maximum sedimentary
thickness exceeds 20 000 ft (Forman, 1963; Wells, Ranford & Cook, 1963).

In general terms the Amadeus Basin sedimentation can be related
to two separate periods of activity:

(a)^During the Upper Proterozoic, sedimentation took place along the
southern margin of the Amadeus Basin, and this phase was
terminated by tectonic activity which occurred at the end of the
Upper Proterozoic.

(D)^During the Lower Palaeozoic, the locus of sedimentation shifted
northward and the greatest thickness of this age occurs along
the northern margin of the Amadeus Basin.

3. BOUGUER ANOMALY FEATURES

The major geological structure - viz, basin and surrounding non-
basin areas - is clearly reflected in the Bouguer anomaly pattern (Plate 3).
This gross pattern has been subdivided into successively smaller entities as
follows:

Gravity Provinces: This may be the Bouguer anomaly expression of a
major geological entity such as the Kimberley Block or Fitzroy Basin, or
may be an extensive coherent Bouguer anomaly feature that does not
correspond to an established geological entity (e.g. the Munro Gravity
Platform).
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Gravity Units: These are Bouguer anomaly features of subregional extent. 
They m·ay or may not correspond to a known geological entity. Each unit 
is identified by a capital letter in Plate 3 and in the text. 

Gravity Subunits: These are relatively small Bouguer anomaly features 
that are identified by the unit letter preceded by a number.·. 

Names given to all the Bouguer anomaly features have been chosen 
to identify the location and describe the feature. Definitions of the terms 
used are given in Appendix B. 

Table 2 listS all the Bouguer anomaly province, unit, and subunit 
names established from the gravity data described in this report. A precise 
description of each gravity feature is given, and any obvious association 
between gravity features and geological features is either mentioned or 
unpUedby the grouping. 

TABLE 2 

NAMES AND DESCRIPTIONS OF THE BOUGUER ANOMALY FEATURES 

Unit Description Name 

KIMBERLEY' BLOCK 

The features itlapped northeast of the basin form part of the anomaly 
pattern over the Kimberley Block. As the area of the block has as yet no 
systematic gravity coverage, the few subunits noted are here grouped 
together as a .single Unit. 

A Group of anomalies lying northeast of the Kimberley Regional 
Basin boundary in Y AMP~ LENNARD Gravity Platform 
RIVER, and west MOUNT RAMSAY. 

FITZHOY BASIN 

The Fitzroy Basin includes the area of thick sediments called the 
Fitzroy Trough and associated areas such as the Leimard Shelf and Jurgurra 
Terrace:(McWhae efal., 1958). This Province has been defined from·· 
geological evidence, but it and its component parts are recognizable as 
gravity features in·the Bouguer' anomaly map. 
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Lineament of gravity 'lows' from northeast of
the Oscar Range to Oobagooma. This corresponds
to the Napier Platform of Veevers & Wells
(1961).

Line of positive closed anomaly features
running from the Bulka Hills to northwest DERBY.
Corresponds to the Oscar Ridge and Derby Ramp
of Veevers & Wells (1961).

Area of relatively low Bouguer anomaly values
extending from south BROOME to northwest
MOUNT BANNERMAN. Approximately
equivalent to the Fitzroy Trough of Playford &
Johnstone (1959).

Group of closed Bouguer anomalies in the area
of the Dampier Peninsula.

Extensive gravity 'high' trending southeast
from LA GRANGE to CORNISH. Corresponds
to the Broome Swell of Veevers & Wells
(1961) and Broome Ridge of Playford &
Johnstone (1959).

NORTH EAST CANNING BASIN

Napier Gravity
Depression

Oscar Gravity Ridge

Fitzroy Regional
Gravity Complex

Yeeda Gravity
Platform

Broome Gravity
Ridge

This term has been used by Veevers & Wells (1961) to describe the
area centred mainly about MOUNT BANNERMAN, BILLILUNA, CORNISH,
and LUCAS.

The area also corresponds to a recognizable gravity province.

Series of relatively high gravity features on^Halls Creek
southeast MOUNT RAMSAY, northeast MOUNT^Gravity Ridge
BANNERMAN, and west GORDON DOWNS,
having a pronounced northeast trend.

Pronounced belt of negative anomaly features^Mount Bannerman
extending from west MOUNT BANNERMAN to^Gravity Depression
the north of Billiluna Homestead.

\S
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I' :. Unit Description . Name 
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Pronounced 'low' running north across STANSMORE, Stansmore Gravity' 
diverging to swing east through Ada Spring and Trough 
also north int(; BILLILUNA. 

Relatively high Bouguer anomaly features on 
east BILLlL UNA and northeast LUCAS. 

Gravity 'high' extending south from northeast 
CORNlSH .to northwe$t RAWLINSON. This 
unit is an' extension of the Bloods Range 
Gravity Ridge and is partly equivalent to 
the Barons Gravity' Plateau (Lonsdale & 
Flavelle, 1963). ", 

Billi1una Gravity 
Plateau 

Thornton Gravity 
Ridge 

MUNRO REGIONAL.GRAVITY PLATFORM ... ' -.' - -. 

An~~e~ 'of 'low Bouguer anomaly relief has been mapped over MUNRO, . 
MCLAR'fY HI~~, :~A GRANGE, and adjacent areas. 

L 

M 

N 

Series ~'Of dternating 'highs' and 'lows' trending 
inland f~,~ the coast in ~A GRANGE and MUNRO. 

_ t,. 'r 

Exte~ive 'gravity 'low' in McLARTY HILLS. 

Gravity 'high' trending east along north 
ANKET~LL, JOANNA SPRING, and DUMMER. . - . : .. '. ,,' ~.:" :.;. ~~ : . 

. ANKETELL-WARRI REGIONAL GRAVITY RIDGE 

La Grange Gravity 
Plateau 

Oasis Gravity 
DepreSSion 

Joanna Springs 
Gravity Ridge 

An extenSive gravity 'high' extending from the coast on MANDORA to 
BE NT LY has been called ,the Anketell-Warri Regional Gravity Ridge~ 

o A group, ofinte~~ relatively high Bouguer 
. a'nomalies in MANDORA, northeast YARRIE, 
and .west ANKETELL. " . 

. . .. . . :.' . 

Mandora Gravity 
. Plateau 
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Description 

*Gravtty 'high' in RUDALL, southwest TABLETOP, 
and northeast RUNTON. Gravity coverage in this 
area is spars e. 

Elongate regional 'high' in WARRI, BENTLEY, 
and MORRlS. 

SOUTH CANNING REGIONAL GRAVITY LOW 

Name 

Rudall Gravity 
Plateau 

Patience Well 
Gravity Plateau. 

A gravity 'low' extending over SAHARA, PERCIVAL, northeast 
TABLETOP, URAL, HELENA, west WILSON, southwest DUMMER, south 
JOANNA SPRING, and southeast ANKETELL. The gravity coverage in this 
area is sparse and it is considered thatwhUe the existence of the gravity 
features is proven, their shapes and internal structures are conjectural. 
The Gravity Province has been divided into three ill defined unitS: 

R 

S 

T 

A broad area of smooth gravity relief south of 
the Joanna Springs Gravity Ridge. 

Area of relatively higher gravity anomaly in 
HE LE NA and south CORNlSH. 

Extensive closed 'low' extending over URAL 
and WILSON 

PILBARA BLOCK 

Dummer Gravity 
Platform 

Helena Gravity 
Shelf 

Ural Gravity 
Depression 

This is an area of relatively intense anomalies extending from the south 
into PORT HEDLAND and west Y ARRIE. The feature is only partly defined. 

U Small intense closed 'highs' and 'lows' in 
PORT HEDLAND and west YARRIE. 

Pilbara Gravity 
Plateau 

* Later gravitY work by WAPET (1963d) in SAHARA, PERCIVAL, URAL, 
TABLETOP, and RUDALL has shown that the Anketell-Warri Regional Gravity 
Ridge may not be continuous from PATERSON RANGE to RUDALL. WAPET's 
sparse gravity data in northeast RUDALL suggest that the Ridge is possibly 
displaced to the west by a gravity 'low'. 

In this area Traves, Casey & Wells (1956) have mapped extensive 
outcrops of granite. The WAPET gravity data have not been incorporated in 
Plate 3. 
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The following gravity Provinces are outside the boundaries of the 
Basin, but are briefly described below. The regional structural Significance 
of these features 'will be discussed in Chapter 4. 

GmSON REGIONAL GRAVITY LOW 

This is the ,name givento the region of gravity 'lows' extending 
over RUNTON, MAD LEY, HERBERT, BROWNE, and 'west WARRI. 

COBB REGIONAL GRAVITY LOW 

ThiS is the name given to the gravity 'low' extending southeast from 
RY AN through COBB to northeast SCOTT. 

BLACKSTONE REGIONAL GRAVITY HIGH 

This is a region, of gravity' 'highs' in southeast BENT LEY, south SCOTT, 
southwest PETERMANN RAN(}ES, and extending into TALBOT, COOPER, and 
MANN. ' 

AMADEUSREGiON'AL'GRAViTY'LOW 
,", - ,", ",:.: .~ .. ~ :/.1,:.:,,;'.:' ," . "{ ~ ~ 

This tS~a'r~kidh:bf ve:ry"'low Bouguer anomaly values, most pronounced 
in MOUNT RENNIE and MOUNT 'LIEBIG and extending east to Alice Springs. 
It extends westward into MACDONALD and RAWLINSON. 

'" '",' ;;~I.~.~Y~(,.·'.":{L:. " . 

PAPUNYA REGIO~,AL:G'~VfryRIDGE 
, • \. ~ ~~.I.-· ("~.'_',~J6··i t '.;: '~. ~ . 

This is the east..;.f~~llcling'line of high Bouguer anomaly values extending 
from north MOUNT RENNiE to north of Alice Springs. It is bounded to the south 
by a strong gravity gradient. 

OLGA REGIONAL GRAVITV'lUDGE : . ' : 

This is an east-trending'line of high Bouguer anomaly values extending 
from west RAWLINSON to HENBURY. Its' western portion is distinguished as 
a separate Unit ~ the B~oods Rang, e Gravity Ridge. 

~. " ". ';' . '. ". . ~ 

, , 

AYERS ROCK REGIONAL' GRAVITY LOW 
, " 

This is a Bouguer anomaly 'low' region lying mainly in south AYERS 
ROCK and south KULGERA with an embayment extending into north PETERMANN 
RANG ES and a suggested narrow ext ens ion towards south MANN. 

~I 
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4. REGIONAL INTERPRETATION OF GRAVlTY.RESULTS 

Plate 3 illustrates the major gravity trends within the Canning Basin 
and adjacent areas to the south and southeast. They are: 

(1) 

(2) 

(3) 

(4) 

(5) 

The Canning-Fitzroy Basin, in which all major trends are northwest. 

The northeast margin of the Canning Basin, in which some of the 
major trends are northeast and north. 

The Papunya Regional Gravity Ridge, the Amadeus Regional Gravity 
Low, the Ayers Rock Regional Gravity Low, and the eastern part of 
the Bloods Range Gravity Ridge, in which east trends predominate. 

The Gibson Regional Gravity Low, in which the dominant trend is 
west-northwest. . 

The area west of the Amadeus Basin and southeast of the Canning 
Basin in which the Bouguer anomaly trends do not have any 
characteristic direction. No quantitative analysis of the Bouguer 
anomaly pattern within this area will be attempted here. 

Areas (1) and (2) constitute the Canning Basin, as geologically con­
ceived, and the discussion in this chapter will be limited mainly to these two 
areas. The predominantly northwest trend of the Bouguer anomaly pattern 
in the area corresponds to the regional geological trend. 

The northwest trend of the Bouguer anomalies is the most noteworthy 
property of the Bouguer anomaly pattern over the Canning Basin. It is considered 
exceptional, because the trend is at right angles to the strike of the continental 
margin. In most of Australia, and the world generally, Bouguer anomaly 
features near the continental margins are parallel to the strike of the continental 
shelf. 

The fact that neither the Bouguer anomaly nor the geological trend is 
parallel to the continental margin implies that the expected major structures 
with trends parallel to the edge of the continental margin may be discovered 
offshore from the Canning Basin. 

Two important gravity minima exhibit a northwest trend. They are the 
Fitzroy Regional Gravity Complex (Unit D) and the South Canning Basin 
Regional Gravity Low. They are associated with three prominent gravity 
ridges, the Anketell-Warri Regional Gravity Ridge (0, P, and Q), the Broome 
Gravity Ridge (F), and the Oscar Gravity Ridge (C). 

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



-15-

The Mount Bannerman Gravity Depression (H) and Halls Creek 
Gravity Ridge (G) trend northeast and appear to be related to the Halls Creek 
Mobile Zone. 

The eastern margin of the Bas in is characterized by two south­
trending features: the Stansmore Gravity Trough (I) and the Thornton Gravity 
Ridge (K). 

Properties of regional gravity features 

On a regional scale three types of Bouguer anomaly patterns are 
recognized: 

1. Regions of relatively high Bouguer anomaly value, including gravity 
ridges (linear patterns) and regional gravity 'highs' or gravity 
plateaus (non-linear patterns). 

2. .' 'Regions Ofr~latively low Bouguer anomaly which are usually adjacent 
to gravity ridges and are variously described as regional gravity 
'lows' ;.,gra,.y~ty d~pre~sions, or gravity troughs according to their 
,shap~,:~~_.sJz~.': " .. 

3. . Regions. ,p~:r,~n~cp. the Bouguer anomaly values show no marked 
variatioJ;)"qt;~~8I).'rast; these have been called gravity shelves or 
platforms.' _ .. " . 

Consideration of the properties of regional Bouguer anomaly features 
leads to certain conclusions regarding some of the probable geological pro­
perties of the sour.ce~.9fthe Bouguer anomalies. Simple interpretative criteria 
which may.be used ar~~hown below. 

A. Gravity Ridges 

Feature;character,iStic. Physical property of source Geological 
->:. _; implication 

1. High Bouguer anomaly implies high-density. source implies high-grade 
metamorphic rocks 
and/or basic or 
ultrabas ic igneous 
rocks. 

1...'7:; 
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Feature characteristic Physical property of 
source 

2. High Bouguer anomaly implies large horizontal 
gradients density variations 

3. Linearity of Bouguer 
anomaly feature 

~ .. 

Geological implication 

implies high grade meta­
m'orphic activity and/or 
basic igneous activity 
or faulting 

implies association with 
geosynclinal activity 

On this basis the source of a gravity ridge of regional m'agnitude is 
probably a basement ridge of ,m'etamOrphic and/or igneous rocks which was 
associated at one time with geosynclinal activity. From consideration of 
structural geology a basement ridge probably marks the axis of an ancient 
geosyncline. 

B. Gravity Depressions and Regional Gravity Lows 

Feature characteristic Physical property of 
source 

Geological iDlplication 

1. Low Bouguer anomaly implies low-density source implies sediments and/or 
acid igneous rocks 

2. Absence(on a regional implies no large horizontal. implies sediments and/or 
scale) of high Bouguer density variations acid igneous rocks 
anomaly gradients ' ' 
within the gravity 
'low' 

3. Association with 
gravity ridges 

implies absence of 
tectonic activity within 
the basement 

implies sediments associated 
with geosynclinal activity 
associated with gravity 
ridges 

On this basis regional gravity 'lows' which exhibit the above properties 
are probably caused by a considerable thickness of sediments, a massive acid 
igneous body, downwarping of the crust, or a combination of two or more of 
these possibilities. 

The above criteria apply to a relatively siDiple situation in which the 
following assumptions are implicit: 
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(1) All thick sedim"ents are associated with geosynclinal activity. 

(2) The geosynclinal cycle is typical (Fairbridge, 1963) and has 
been completed. 

(3) The individual gravity Provinces or Units are attributable to 
tectonic activity from a particular geosynclinal cycle. 

These assumptions, particularly (3) are almost certainly not generally 
realized, and the tectonic" picture derived from gravity data using the above 
reasoning must be modified to m"aintain consistency with known geological 
data. 

As shown in Appendix A there is a m"ajor density discontinuity between 
unaltered Upper Proterozoic ~edim"ents and crystalline basement. Therefore 
the extent of the Basin as deduced from an analysis of the Bouguer anomalies 
will include sediments of Upper Proterozoic to Tertiary age. As noted in 
Chapter 2 the geological concept of the Canning Basin iIicludes sediments 
ranging in age from Cambrian to Lower Cretaceous. 

Interrelation of Canning, AmadeUs, and Officer Basins 

Geologically the southern margiri of the Canning Basin is unknown .. 
Thin nat-lying Perttlian and Mesozoic sediments effectively mask the presence 
and distribution of Upper Proterozoic and Lower and Middle Palaeozoic· 
sediments. 

Canntng/AUladeus Basin relatiOns 

Tne major development of east-trending gravity features, namely the 
Amadeus Regional Gravity Low and the Papunya Regional Gravity Ridge,· 
terminates in MOUNT RENNIE. These two gravity Provinces are related to 
one another. The following comments bear on the significance of the two 
Provinces. 

1. The Papunya Regional Gravity Ridge represents a zone of tectonic 
acti:vity, which has been shown by radioactive dating methods to be 
of Middle Palaeozoic age .. 

2.. The Amadeus Regional Gravity Low covers an area over which 
sedimentary rocks of Lower Palaeozoic age occur. 

3. . The extensive central. part of the Amadeus Regional Gravity Low 
corresponds to the eastwest extent of the Papunya Regional Gravity 
Ridge. 



-18-

4. Point (3) above suggests that the tectonic events giving rise to the 
two Provinces are related to each other. 

5. Geological m,apping in the area has shown that the LoweI' Palaeozoic 
sediments over the area of the Amadeus Regional Gravity Low are 
shelf sediments and that geosynclinal sedimentation took place 
within the area of the Papunya Regional Gravity Ridge. 

6. Because of the sparse outcrop over the western part of the Amadeus 
Basin, the extent of the 'Ridge-Low' complex in this direction will 
mark the western extent of relatively thick Lower Palaeozoic 
sediments in the Amadeus Basin. 

Upper Proterozoic sedimentation within the Amadeus. Basin is 
associated with late Upper Proterozoic tectonic activity (Forman, 1963), which 
produced the Bloods Range Gravity Ridge. Geological mapping in BLOODS 
RANGE has shown that: 

1. A basement 'high' in southwest BLOODS RANGE corresponds geo-
. . 

graphically with the Bloods Range Gravity Ridge. 

2. The Upper Proterozoic sediments north of· the basement 'high' (see 1 
above) thicken toward the south .. 

3. The tectonic events which caused the folding of the Upper Pr()terozoic 
sediments are not related to subsequent tectonism, which caused the 
folding of the Lower Palaeozoic sediments. 

It would therefore appear that the Bloods Range Gravity Ridge and its 
extension mark the axis of tectonic activity which took place at the close of the 
Upper Proterozoic. The Bloods Range Gravity Ridge extends east to HENBURY 
and west to southwest RAWLINSON. In RAWLINSON the ridge joins another 
ridge which trends north. The part of the north-trending ridge which occurs 
within- the northeast Canning Basin has been called the Thornton Gravity Ridge 
(K). 

It is suggested that the Bloods Range Gravity Ridge and Thornton Gravity 
Ridge represent a present-day basement high. Tectonic activity along both ridges 
might not have been contemporaneous and could have been renewed during the 
Palaeozoic. However,the evidence cited above suggests that extensive sediments 
of Upper Proterozoic age would exist along one or both margins of both ridges 
and that any Lower PalaeoZOic geosynclinal or shelf sedimentation would not be 
continuous across this barrier. . 

9--\0 
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Canning/Officer Basin relations 

The southwest margin of the gravity expression of the Canning Basin 
is the Anketell-Warri Regional Gravity Ridge. Its southern extension has not 
been mapped and it is possibly the most. extensive gravity 'high' in Australia. 
Its structural significance is discussed below: 

(a) The Gravity Ridge is believed to mark an axis of tectonic activity 
ranging in age from Lower Proterozoic to very early Cambrian. ' 
Sediments and metamorphic rocks ranging in age from Lower 
Proterozoic to Palaeozoic (Wells, 1963) and age determinations made 
from the basement in Samphire Marsh No.1 (WAPET, 1961d) suggest 
that tectonic activity along the Anketell-Warri Gravity Ridge ranged 
in age from Lower Proterozoic to Lower Palaeozoic. 

(b) Associated sedimentation on either side of the gravity ridge is most 
probably of Upper Proterozoic age. 

(c) It represents a major element of an ancient Proterozoic geosynclinal 
zone which runs from southeast South Australia to northwest Western 

, Australia. The West Australian Shield lies wholly to the southwest of 
thiS geosynclin,al zone. 

(d) Most Precambrian Blocks lying to 'the northeast of this feature are 
YOWlger than those of the West Australian Shield. 

(e) Any deep sedimentation on either side of the Gravity Ridge, whi~h is 
associated with the axis of tectonic activity, could differ in lithology 
or age. 

(f) Therefore any sedimentation in the South Canning and Officer Basins 
is likely to have been Wlrelated either in lithology or in age~ 

Canning Basin 

The major gravity ridges mapped within the Fitzroy Basin are the Oscar 
Gravity Ridge and Broome Gravity Ridge. On the assumption that these two 
ridges can be related to tectonic activity, the following postulates are consistent 
with current geological imowledge: . . 

(1) The Oscar (C) and Halls Creek (G) Gravity Ridges are related and 
mark axes of Proterozoic geosynclinal activity. 
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(2) Because the Upper Proterozoic King Leopold Beds are intensely
folded along the axes of the Oscar Ridge it is possible that the
main cause of the Oscar Gravity Ridge (C) is dense rocks deformed
and uplifted during the late Proterozoic or early Cambrian.

(3) The Halls Creek Gravity Ridge (G) coincides with the Lower Pro-
terozoic Halls Creek Metamorphics. Geological mapping across the
Old Halls Creek Fault has shown this feature to have been active
during the Proterozoic, which suggests that tectonic activity in
this region continued from the early Proterozoic into the very late
Proterozoic or early Cambrian (Smith, 1963).

(4)^The Ordovician rocks of the Canning Basin are of shelf origin and
there is no evidence to suggest the whereabouts or presence of
geosynclinal sedimentation. On the basis of gravity data it is possible
to suggest three areas where thicker Ordovician sediments may be
present.

(a) Thick sediments of Ordovician age could be present in the Fitzroy
Trough, which correlates with a Bouguer anomaly . 'low'. In this
respect it should be noted that the phyllite found at the bottom of
Thangoo No lA could be of Cambrian age (Veevers & Wells, 1961)
suggesting that the Broome Ridge was the focus of tectonic activity
during the Cambrian and Ordovician Periods.

(b) The Joanna Springs Gravity Ridge (N) trends east, and it is
suggested that tectonic activity associated with this ridge was
contemporaneous with the Middle Palaeozoic tectonic activity
associated with the Papunya Regional Gravity Ridge. The
sedimentation associated with adjacent gravity 'lows' (units M
and R) would then have as its source Lower Palaeozoic rocks.
This hypothesis is purely speculative and is only supported by
the generalized structural considerations of Hills (1956), which
illustrate zones of tectonism in which activity has extended from
the Precambrian to the Tertiary. In addition, different zones which
are parallel with each other could be of the same age.

(c) Renewed activity along the Anketell-Warri Regional Gravity Ridge
could have resulted in Cambro-Ordovician sedimentation along the
margins of this Ridge. Thick Lower Palaeozoic sediments could
occur in the South Canning Basin.
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(5)
^

Tectonic activity during the Devonian caused differential uplift in
the Lennard Shelf. The Pinnacle and Fenton/Dampier Fault systems
were initiated during the Devonian, and gravity and geological evidence
suggest that thick Devonian sediments are present in the Fitzroy
Trough.

5. REGIONAL CROSS-SECTIONS

Two cross sections are presented (Plates 4, 5). They show:

(a) An averaged Bouguer anomaly, the values of which have been
obtained by averaging station values over a strip 33 miles wide.

(b) A curve showing the deviation of the averaged Bouguer anomaly
from the value expected in that area using Woollard's (1962)
elevation versus Bouguer anomaly conversion curve. This is
called the elevation-corrected Bouguer anomaly.

The mean elevation and mean Bouguer anomaly values were obtained
by averaging station values over approximately 1000 square miles. A 50-percent
overlap with the preceding area was used for each calculation. A world
continental average elevation versus Bouguer anomaly curve was used to obtain
a theoretical Bouguer anomaly value for the computation points. The value
obtained from a mean Bouguer anomaly versus an elevation-dependent Bouguer
anomaly is shown in the plates as the elevation-corrected Bouguer anomaly
curve.

The following should be noted with respect to the world average elevation
versus Bouguer anomaly curve and the resultant elevation-corrected Bouguer
anomaly curve.

(a)^The elevation Bouguer curve is a world average and therefore
any values for the curve which are close to zero should be an
elevation-corrected Bouguer anomaly indicative of normal
crustal thicknesses.

(b) Extensive areas of thick sediments would give negative
elevation-corrected anomaly values.

(c) Abnormal crustal thicknesses would give values for the
corrected Bouguer curve which deviate appreciably from
zero.

I . ^respect to the elevation-corrected Bouguer anomaly curve in
 Plate 4 the following should be noted:
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(a) The profile runs at right angles to the coast from MUNRO
to SCOTT, and the subsurface structure of the area is largely
unknown. As a first approximation it can be assumed that the
elevation-corrected Bouguer anomaly curve reflects regional
variation in sedimentary structure, and not variations in
crustal thickness.

(b) Areas B, D, F, and H are positive anomalies and D, F, and H
correspond to the Patience Well Gravity Plateau, Bloods Range
Gravity Ridge, and Blackstone Gravity Plateau respectively.

(c) The negative anomaly C corresponds to the South Canning
Regional Gravity Low and has a maximum ampjitude of
-42 mGal. For a density contrast of 0.15 g/cm , this would
Imply a sedimentary thickness of 22 000 ft.

(d) Anomalies E and G correspond to the Cobb Gravity Depression
and have magnitudes of -25 and -28 mGal respectively.
Thicknesses of 13 000 ft and 14 500 ft respectively are implied.

(e) In the area of anomaly H, Precambrian rocks, some of them
basic and dense, crop out. It is assumed that the mass excess
causing a maximum anomaly of +53 mGal, is composed of
dense near-surface rocks of Precambrian age. Unfortunately
the southeastward extent of anomaly H has not been mapped.

(f) Anomalies D and F are positive and it is therefore assumed
that they correspond to areas of shallow basement. This is
suggested by aeromagnetic data.

Thus anomalies C, D, E, F, and G can be interpreted in terms of varia-
tions of sedimentary thickness. Anomaly F can also be interpreted in terms of
relatively shallow basement density variations. In summary:

(1) The sparse aeromagnetic data suggest that anomaly C, a
pronounced negative feature, is caused by thick sediments.

(2) There is no geological evidence to suggest that anomalies
E and G have a non-sedimentary source.

However, there are other alternative explanations:

(a) The main source of the anomalies is due to horizontal
density variations within the basement.
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(b) Anomalies C, D, E, F, G, and H are essentially caused 
by changes in the thickness of the crust, and any varia­
tions caused by changes in sedimentary thickness and 
basement densities are of minor importance. 

Anomaly B is a positive feature of small amplitude and large areal 
extent. It does. not correspond in position to the Joanna Springs Gravity 
Ridge. Anomaly A lies within the Munro Gravity Platform. It can be seen 
from Plate 4 that the Bouguer anomaly in this area becomes more positive 
towards the coast, but the elevation-corrected Bouguer anomaly becomes 
mo re negative. There are two poss ible explanations: 

(a) The change of 18 mGal in Bouguer anomaly from B to A is 
caused by a thickening of the sediments. 

(b) The change is caused by a thickening of the crust. 

If crustal thickening is the correct explanation then this area may be 
related to the Gulf Coast of USA in Texas and Louisiana. In this area deep 
seismic work by L.C. Pakister (pers. comm.) has shown that the crust 
thickens in the direction of the coast. This is accompanied by a regional rise 
in the Bouguer anomaly, despite the fact that the sediments thicken rapidly 
in the area. It is thought that the thickening of the crust is associated with 
convection in the upper mantle and. that this in turn is in· some way connected 
with the development of the extremely thick sediments in the area. The 
sediments in the area are of Mesozoic and Tertiary age, cover an extensive 
area, and are more than 40 000 ft thick. 

Recent aeromagnetic work (Woodside, 1964) has suggested that a 
considerable thickness of sediments is developed offshore from the Canning 
Basin. The rather indefinite correlation between the two areas presents the 
possibility of a thick sedimentary development offshore from the Canning 
Basin. 

The second profile .(Plate 5) is a section drawn parallel to the coast­
line and crosses the trend of the major units of the Basin at right angles. The 
Fitzroy Trough shows up as a gravity 'low' of -18 mGal and the Oasis Gravity 
Depression as a 'low' of -20 mGal. The elevation-corrected Bouguer anomaly 
curve is generally parallel to the observed Bouguer anomaly curve .. No 
additional geological information can be deduced from a stuqy of. the corrected 
Bouguer anomaly curve~ However, ~e 'highs' over the Broome and Oscar 
Gravity Ridges have been amplified with respect to the 'low' over the Fitzroy 
Trough. If a straight-line regional is drawn from the Broome Gravity Ridge 
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to the Oscar Gravity Ridge, then the negative residual has a maximum value 
of -18 mGal for the observed Bouguer anomaly curve and -36 mGal for the 
elevation-corrected Bouguer anomaly curve. 

Since the elevation-corrected Bouguer anomaly curve is related to a 
world average elevation versus Bouguer anomaly relation, it is similar to an 
isostatic anomaly profile. The average value for the elevation-corrected 
Bouguer anomaly is +0.6 mGal, which is very close to zero and suggests 
therefore that the area crossed by the profile in Plate 5 is in isostatic 
equilibrium. 

\ 

6. CORRELATION OF BOUGUER ANOMALIES WITH OTHER DATA 

When interpreting the gravity data the degree of correlation with 
other geophysical and geological data narrows the range of ambiguity in the 
interpretation. In cases where zero or reverse correlation is obtained there 
must be a reason, and this reason will be of geological significance. 

Correlations with other data have been studied in three areas. A 
correlation has been made between gravity and geology in the Billiluna area, 
between gravity and seismic data on the Gogo Anticline, and between gravity 
and aeromagnetic in the'W allal/Mandora area. 

Billiluna area 

A composite gravity/geology map of BILLILUNA (Plate 7) is shown 
at a scale of 1: 500 000. Precambrian igneous, metamorphic, and sedimentary 
rocks crop out over most of the area. South and southwest of the Wolf Creek 
Meteorite C rater, sediments of Ordovician, Devonian, Carboniferous, and 
Permian age crop out. A large important area of basement rocks has been 
covered by gravity reconnaissance, so enabling correlation of gravity with 
basement rock types •. 

The area falls within the northeast Canning Basin and the gravity 
units occurring within the area shown by Plate 7 are: 

(a) Mount Bannerman Gravity Depression (H), which occupies the north-
west part of. Plate 7. . 

(b) The BUIUuna Gravity Plateau (J), which occupies the· eastern two-
thirds of Plate 7. . 
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(c) The northern extremity of the Stansmore Gravity Trough (I)~ which 
occupies most of the southwest part of Plate 7 . 

. (d) The northern extremity of the Thornton Gravity Ridge (K), which 
occupies the extreme southwest part of Plate 7. 

(e) The Halls Creek Gravity Ridge (G) which occupies the extreme 
northwest part of Plate 7. 

The Bouguer anomaly pattern can be divided into two groups: 

(1) Units H and I are larger and relatively smooth. 

(2) In contrast to Units H and 1, Unit J is composed of Bouguer 
anomalies which are smaller and more intense. 

In general terms therefore, density variations within the source of Unit J 
are greater than within the source of Units H and L 

On the basis of likely gross density variations, the following may be 
expected: . 

(a) The highly metamorphosed Lower Proterozoic sediments will be 
represented by Bouguer anomaly 'highs'. 

(b) The Lewis Granite, being acidic, will give rise to Bouguer anomaly 
'lows'. 

(c) Thick accumulations of Upper Proterozoic sediments will give rise 
to Bouguer anomaly 'lows'. 

(d) Thick accumulations of Palaeozoic and younger sediments will give 
rise to Bouguer anomaly 'lows'. 

The basement in this area is at the base of the Upper Proterozoic and 
therefore consists of Lower Proterozoic· metamorphics and granites with a 
gravity pattern which should consist of gravity features with rather small 
amplitude. Three Bouguer anomaly 'highs' occur east of the Basin boundary 
(1J, 2J, 4J). Anomaly 2J and the southern part of 4J can be correlated with 
the metamorphics ((a) above). Feature 1J occurs over outcropping Upper 
Proterozoic sediments. It is suggested that all three features have Lower 
Proterozoic metamorphics as their prinCipal source. 

Granite crops out within feature 3J and around the northern and 
western margins of feature 2J. A granitic source is suggested for feature 3J 
and also for anomaly 5J, which appears to be an extension of feature J. The 
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granites occurring between lJ and 2J are characterized by a narrow gravity 
'low' which trends north and also appears to be related to 3J. The granites 
which crop out over the northern part of 2J are interpreted as a relatively 
small intrusion which would not noticeably affect the Bouguer anomaly 
pattern. 

No great thickness of Upper Proterozoic sediments has been mapped 
within the area of the Billi1una Gravity Platform. It is therefore considered 
that their contribution to the gravity pattern within unit J is not important. 

The most prominent negative Bouguer anomalies in Plate 7 are the 
Mount Bannerman Gravity Depression (H), a southwest trending gravity 'low' 
north of Billi1una homestead, and the Stansmore Gravity Trough (1), which 
trends south from Billi1una homestead. Intense and important gravity 
gradients (8H and 41) mark the eastern border of both units. These two 
gravity 'lows' and the marginal gradient (8H and 41) form the. eastern margin 
of the gravity expression of the Canning Basin. In th~ respect the follOwing 

should be noted: . ' !! . /' . 
(1) Unit 1 which trends north, 'lies immediately west of the 

geological ntarginof the basin. ThiS anomaly therefore 
probably represents a considerab~ thickness of sedim'ents~" 
If a density contrast of 0.15 g/cm is assumed, then a " '. 
sedimentary thickness of 15 000 ft would result. Further 
south on LUCAS and STANSMORE the gravity trough appears 
to be associated with Upper Proterozoic sedimentation (see 
Chapter 4). Therefore the age of any sediments present would 
range from Permian which outcrops at the surface to Upper 
Proterozoic. 

(2) The axis of the Mt. Bannerman Gravity Depression (H) crosses 
the margin of the basin at right angles about 15 miles south of 
BUliluna Homestead. No diminution in anomaly value is 
detected as the unit crosses the basin boundary. It is therefore 
postulated that the principal source of this Gravity Unit is a " 
considerable thickness of Upll.fr Proterozoic sediments. If a 
density contrast of 0.15 g/cm is assumed then 20 000 ft of 
sediments could occur within the area of Unit H. . 

(3) The possibility that both major gravity 'lows' have a granite 
body as their principal source must be considered. However, a 
sedimentary source is postulated because: 

(a) From surface geological considerations the decrease in the 
Bouguer anomaly occurS in areas where an increase in 
sedimentary thiclOless occurs. 

r~ct 
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(b) The largest negative Bouguer anomaly featUre (3J) on east 
BILLILUNA which is attributed to a granitic source is not 
comparable in extent and magnitude with the Mt. Bannerman 
Gravity Depression (H) and the Stansmore Gravity Trough 
(1). . 

(c) An aeromagnetic traverse across the Mount Bannerman Gravity 
Depression on Mt. BANNERMAN suggests that thick sedim~nts 
occur in that area. 

In summary therefore: 

(1) Over basement, the 'highs' are caused by Lower Proterozoic meta­
morphics and the 'lows' are generated by granites. 

(2) Extensive gravity 'lows' are caused, where there is no evidence 
to the contrary, by a thick sequenceof sediments. 

(3) The more complex structure of the basement produces anomalies 
which are smaller, and more intense than those apparently 
associated With sedimentation. . . 

Gravity/aeromagnetic correlation 

At the time of writihg (January, 1964)* the results of a recent aero­
magnetic survey· and earlier surveys by WAPET were not available to the 
author for detailed study. The aeromagnetic data referred to in this report 
have been collected 'by BMR (Quilty, 1960). 

Plate 8 shows aeromagnetic profiles for the coaStal part of the Canning 
Basin. Gravity profiles are also superimposed on aeromagnetic profiles lP-7P 
and 2P-8P shown on Plate 8. . . 

Since this chapter was written the results of this survey have been 
published (W APET, 1964b). With respect to the gravity data some of the major 
conclusions drawn from the aeromagnetic survey were: 

(a) Unit M, which is a gravity 'low' ,corresponds to an area of 
. relativelYShall~~ magnetic basement. .' .' . 

(b) The sedimentary thickness over the area of the South Canning 
Regional Gravity Low exceeds 30 000 ft in some areas. 

(c) Anomaly 1~ a gravity 'high', corresponds to an area which 
according to. the interpretation of the aeromagnetic data has a 
sedimentarythiclmess exceeding 20 000 ft. 
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The gravity Provinces and Units crossed by the two profiles are:

(1) Anketell-Warri Regional Gravity Ridge (0,P,Q,)
(2) La Grange Gravity Platform (L)
(3) Broome Gravity Ridge (F)
(4) Pilbara Gravity Plateau (U)

The following comments refer to the degree of correlation between the
two types of data.

(1) The aeromagnetic profile over the Anketell-Warri Regional
Gravity Ridge is slightly more disturbed than that over the
La Grange Gravity Platform.

(2) Two major magnetic anomalies, X and Y (Plate 8) can be
related to intense gravity gradients bordering a marked
gravity 'high' which is a part of the Anketell-Warri Regional
Gravity Ridge.

(3) Magnetic anomaly Z trends east, but this direction is not
definite. Anomaly Z corresponds to a small gravity 'low'
most likely caused by sediments, and probably has the same
source as the gravity feature.

(4) Magnetic anomaly W trends east and represents a change in
basement type. It possibly marks the boundary between the
basement rocks underlying the Broome Gravity Ridge and La
Grange Gravity Platform. The gravity expression of this
(basement) contact is the gradient forming the southwest
margin of the Broome Gravity Ridge. However, magnetic
anomaly W trends east across anomaly 1L, and near the
coast it is three miles south of the southern extremity of
anomaly 16F. The sources of Bouguer anomaly 1L and
magnetic anomaly W could therefore originate from different
levels. It is possible, therefore, that the change in magnetic
properties across W is not accompanied by a change in
density and that gravity anomaly 1L is unrelated to magnetic
anomaly W.

Magnetic anomalies X and Y border anomaly 10 and it has been noted
that both are associated with steep Bouguer anomaly gradients. It is assumed
that the source of anomaly 10 is an upthrust block of metamorphics and
volcanics of relatively high susceptibility bordered by a basic volcanic intrusion.
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From the foregoing it can be seen that in some areas the correlation 
between magnetic and gravity anomalies' is simple and both the magnetic and 
Bouguer anomaly can be attributed to the same source. Howeverlin other 
areas no such correlation can be seen, and therefore it is not possible to 
make a general statement about the relations between aeromagnetic and 
Bouguer anomalies in the Canning Basin. 

Gravity/seismic correlation 

A considerable amount of seismic reflection and refraction work has 
been done by WAPET (1963e, 1963f) over the Gogo Anticline and adjacent 
areas. The Gogo Anticline is situated 20 miles southeast of Fitzroy CrOSSing 
and occupies the northwest margin of feature 8C. 

The anticline is bordered on the southwest by the northwest extension 
of the Pinnacle Fault. Its northwest margin is also believe<t to be faulted. 
Seismic refiectionswhich have.been identified as basement (WAPET, 1963e, 
1963f) show that the sediments becom'ethinner to the north and northeast. 
Gravity data and seismic reflection data 'also indicate that the sediments are 
affected by faults trending north-northeast. 

Plate 9 shows a geological cross-section through the anticline. 
Horizons established by seismic work have been used to establish a probable 
poSition of basement, which is the base of the Permian, and the poSition of 
the faults (WAPET, 1963e, 1963f). 

There is an absence of direct correlation between the seismic 
reflection data and gravity data in three areas: 

(1) The basement 'high' across the anticline, as revealed by 
shallowing reflections, does not produce a gravity 'high'. 

(2) North of the anticline the sedimentary thickness decreases. 
but there isa reduction in the Bouguer anomaly. 

(3) The steepeSt part of the gravity gradient on the southside 
of the anticline does not correspond to maximum thickening 
of the sedimenb3 as deduced from seismlc reflections. 

Point (1) above,suggests that the Lower and Middle Palaeozoic sedi­
ments which form' the anticline have a density close to that of the basement. 
A decrease in the Bouguer anomaly north of the anticline (see 2 above) could 
be caused by: 

1:,t 
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(1) Intrabasement density variations, or
(2) A decrease in density of the sediments

The relatively steep gravity gradient on the south side of the anticline
(see 3 above) corresponds to the point where a strong reflection interpreted as
a basement reflection could not be followed farther. Therefore, there is
possibly a major fault in the sediments at this point (Plate 9).

A derived Bouguer anomaly curve * is shown on Plate 9. The densities
used in this calculation are as shown.

When considered together the seismic and gravity results strongly
suggest that there is considerable lateral density variation in the Middle and
Lower Palaeozoic sediments, and that at least 30 000 ft of sediments are
present southwest of the anticline. The density of the body used in the
calculation was probably too low and the slope of the derived curve at the
southwest end of the profile is also too low. This suggests that near-surface
faulting is present, and that therefore the base of the Permian is also
displaced by the Pinnacle Fault.

7. MARGINAL AREAS

As shown in chapter 4, the southern margin of the Canning Basin is
probably a basement ridge represented gravimetrically by major gravity
ridges. The area to the south and southwest of these gravity ridges has been
fully covered by reconnaissance gravity surveys. In contrast the bordering
areas to the southwest, east, and northeast have only partial gravity coverage.

In Plate 9 and Plates 20, 21, and 23 which show the geological
sections derived, Bouguer anomaly values have been calculated for the
various geological sections using a variety of density values. No attempt
has been made to adjust the geological section in order to obtain a theoretical
Bouguer anomaly curve which corresponds exactly to the observed Bouguer
anomaly curve. This procedure was not justified because of the uncertainty
regarding the specification of the regional basement anomaly. A short
description of the method used in calculating the derived Bouguer anomaly
is given in Appendix E.
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Kimberley and Pilbara Blocks (Plate 6) 

Because of the lack of control the gravity pattern over these geologic­
ally defined Provinces i$ known only in those areas marginal to the Canning 
Basin and only from scattered ground traverses. The Pilbara Gravity Plateau 
(U) forms part of the Pilbara Block. Geologically, the Pilbara and Kimberley 
Blocks are considered to be areas which have been tectonically stable since 
the early Proterozoic. Further work, particularly aeromagnetic1 ' gravity 
surveys, and radioactive dating techniques, could alter or modify this concept. 

The following comments refer to units A and U: 

(1) Generally the anomalies are small and relatively intense, 
suggesting, as one would expect, large near-surface density 
variations. 

(2)' The relative 'lows' generally correspond to granite and 
granitic gneiss. (e.g. 2~ 5~ 6~ 7U1 9U, and possibly 1 U 
and IOU). 

(3) The relative 'highs' correspond to Lower Proterozoic meta..;.· 
morphicrocks. (e.g. 1~ 3A,4A,4U, 6U, and 8U). 

(4) Anom'alies 1U and IOU are possibly caused by Upper Proterozoic 
sediments or by granites. 

The Halls Creek Gravity Ridge (G) could be a component of the 
Kimberley Block. Here it is tentatively included within the Northeast Canning 
Basin Province. 

Stansmore area 

A large relative 'high' (6J) has been partly defined in STANSMORE. 
It is tentatively assumed to be connected with unit J around the eastern 
extension of unit I., The source of the anomaly is probably metamorphic rocks 
related to the Halls Creek Metamorphics. 

Billiluna area 

The Significance of the gravity pattern over the Proterozoic rocks in . 
BILLIL UNA has been discussed in Chapter 5. The relatively small intense 
anomalies in the eastern two-thirds of BILLIL UNA were interpreted as being 
caused by Lower ProteroZOiC, metamorphic, and granitic rocks. 

~1 



-32-

8. FITZROY BASIN 

The geology of the Fitzroy Basin has been described in recent years 
by Guppy et al. (1958), Brunnschweiler (1957), and Veevers & Wells (1961). 
The gravity Province which corresponds to the Fitzroy'Basin comprises 
five gravity units (B-F). 

With the exception of Unit E, the overall trend of the Bouguer anomalies 
is northwest. Unit E does not have a general overall trend and occupies a 
position which from consideration of the distribution of sediments, should be 
a part of Unit D. 

Density variations (see Appendix A) within the sedimentary column 
suggest that the major gravity 'lows' within this Province should represent 
the area of major Permo-Carboniferous sedimentation. 

Napier Gravity Depression (Unit B) 

The Napier Gravity Depression (Plate 6) flanks the northeast margin 
of the Basin boundary as an extensive narrow gravity 'low'. Northeast of the 
Oscar Ranges the Unit corresponds to a syncline in the Devonian Fairfield 
Beds. It is possible that the northwest continuation of this depression delin­
eates an axis of relatively thick sediments on southeast YAMPI. Plates 10 
and 12 show Bouguer anomaly cross-sections across the depression. Plate 10 
is a section across feature 2B of this unit on Y AM PI. 

With respect to the section in Plate 10, the following should be noted: 

(1) If the two positive culminations (lA and 3A) reflect near-surface 
basement and the negative feature 2B represents sediments, then 
a maximum of 10 000 ft of sediments could be present. The bas~ 
ment is assumed to be metamorphic with a density of 2.80 g/cm .3 
Sediments of Devonian age or older with a density of 2.6-2.7 g/cm , 
are assumed to be present. 

(2) If feature 2B represents sedimentary development, then the steep 
gradient on the northeast margin indicates that it is faulted. 

(3) By assuming a planar contact between bodies and by applying the 
analysis described by Bott (1962) to the second derivative curve it 
can be shown that the contact dips southwest. This in turn suggests 
that the major density discontinuity is between the basement and 
the sediments. 

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



-33-

(4) If thick sediments are the source of anomaly 2B they could consist 
of: 

(a) Relatively light Devonian offshore facies. 

(b) Other Devonian and Ordovician sediments. 

(c) Local thickening of Permian sediments. 

(d) A thick wedge of relatively light Proterozoic metamorphics 
such as quartzite. 

(5) Despite the fact that the second-derivative analysis (3 above) 
suggests a sedimentary source, the possibility of a non-sedimentary 
source cannot be eliminated. (see 4(d) above). 

Plate 10 shows a second derivative profile * based on accurate 
station values read at ~-mUe intervals. The reasons for preparing a second­
derivative curve are: 

(1) Maxima and minima on the CUl;"Ve can be used to denote points 
at which density discontinuity planes change direction (Bott, 1962). 

(2) Rapid fluctuations in value can be used to establish the presence 
of near-surface variations either of density or of density discon­
tinuityplanes. 

With respect to this curve it should be noted that: 

(1) The curve has a high frequency and the wavelength in places 
approximates the station separation. Very often only One point 
delineates 'highs' and 'lows' on the curve. It is evident therefore 
that closer station spacing would be needed to delineate fully 
some of these gravity features. 

(2) As noted above, the maxima and minima over the steep gradient 
suggests a plane which dips south at about 10 degrees. However, . 
two maxima and minima suggest complex faulting. . 

(3) The high frequency and amplitude in the second-derivative profile 
over anomaly2B suggest neaF-surface faulting and large lateral 
density fluctuations. . . 

* A short description of the method used in obtaining the second 
derivative is given in Appendix E. The method is based on one described 
by Bott (1962). . 

4-.1 
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(4) The curve shows smaller, low-frequency fluctuations over the 
extension of anomaly lA. This can be attributed to likely lower 
density variations within a basement ridge. 

(5) Plate 11 shows a second-derivative vertical profile along a short 
traverse at right angles to the profile on Plate 10 and within 
feature 2B. The curve is relatively fiat, as is the Bouguer anomaly 
curve, suggesting that any structural features are aligned parallel 
to this traverse. 

(6) Plate 12 is a cross-section near Napier Downs. In this area the 
sedimentary thickness could, on the basis of gravity data, be 
2000-4000 ft. A small 'low' occurs where the traverse crosses 
the Napier Escarpment. This is a topographic effect and a 
smoothed curve is shown. 

A water bore at Old Napier Downs struck basement at 1580 ft(Guppy 
et ai, 1958) and the gravity data suggest that it was drilled on a slight basement 
ridge which is an extension of the source of anomaly 4A. Anomalies 4B and 5B 
whi'ch are en echelon with 2B; lie southeast of this postulated ridge. Anomaly 
5Bis not mapped in any detail, but it is unlikely that its source is wholly 
sedimentary. Anomalies 4B and 5B, when compared with 2B,are Wider and 
smoother suggesting that at least part of the source of the anomalies origin­
ates from within the basement. On the basis of 6 mGal being attributable to a 
sedimentary source, then the thickness of sediments would not be more than 
5000 ft. 

Oscar Gravity Ridge (Unit C) 

The Oscar Gravity Ridge, shown in Plates 3 and 6, is a series of 
closed gravity 'highs' with a general northwest trend. Its southwest border is 
a gravity gradient which corresponds to the Pinnacle Fault (see Plate 2) and 
Derby Ram"p (Veevers &Wells, 1961). Precambrian rocks crop out at the" 
Oscar Range and Virgin HUls. "" 

There are eight major positive culminations along the ridge. They 
are anomalies Ie, 2C, 3C, 4C,5C, 6C, 7C, and 8C occurring in DERBY, 
LENNARD RIVER, NOONKANBAH, and MOUNT RAMSAY. Plate 13 shows an 
axial Bouguer anomaly profile along the ridge. The method of obtaining the 
best-fit curves is described in Appendix E. In the first-order approximation 
the negative gradient away from the coast is +.14 mGal per mile. This gradient 
probably represents the gravity effect of the increase in thickness of the 
crust away from the coast. The fourth-order curve, which would delineate 
only major density variations within the crust, shows a minimum feature (6C) 

i1", 
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which corresponds to outcropping Upper Proterozoic quartzite. This intra­
basement 'low'is probably caused by a deep-seated effect as well as an 
unknown thickness of relatively light Upper Proterozoic quartzite which is 
exposed at the Oscar Range. 

The source of the ridge is considered to be an igneous and metamorphic 
complex related to tectonic activity which took place in the Precambrian. 
Igneous activity of post-Cambrian age (Prider, 1960; WAPET, 1962a) is known 
in the Fitzroy Basin area, but its extent, intensity, and timing are not known; 
at present it is assumed that the source of the Oscar Gravity Ridge, a major 
gravity feature, originated during the Precambrian. 

Anomalies 2Cand 3C appear to have a composite source. In the 
Devonian, extensive reef development took place along an ancient submarine 
ridge which probably corresponded to the present-day Oscar Gravity Ridge. 
Density determinations on the resulting limestone and dolomite (Appendix A) 
suggest that a density reversal for the Devonian to basement discontinuity 
is possible in some areas. Meda Nos 1 and 2 were drilled on the culmination 
of anomaly 2C and encountered some 3000 ft of Devonian reef sediments. 
Feature 2C could therefore be partly sedimentary in origin. On the other hand 
features lA, 3C,and 4C, because they trend parallel to the basement tectonics 
of the area, probably have a basement source; the source is either basement 
topography or intrabasement density variations. The southern margin of the . 
ridge is an extensive Bouguer anomaly (9C), which corresponds to the Derby 
Ramp of Veevers & Wells (1961). This gradient also marks the southwest 
border of the Lennard Shelf (Playford & Johnstone, 1959). It is considered to 
be a zone where the basement dips gently towards the deeper parts of the 
Fitzroy Trough. On southeast NOONKANBAH the intensity of the gradient 
increases along the trace of the Pinnacle Fault. The gravity profiles (Plate 
14) across the Pinnacle Fault indicate that a considerable displacement of 
the Permian rocks has taken place. A Bouguer anomaly profile across the 
Pinnacle Fault will be discussed later in this chapter. . 

The overall intensity and width of the gradient vary greatly along its 
length. Table 3 summarizes properties of the gradient along its length. 

I~ can be seen that apparent displacement across the gradient varies. 
greatly from place to place. The variations in gradient along the feature 
suggest that the basement slope varies considerably. The most intense 
gradient is over the Pinnacle Fault, a well established geological feature. 
However, while it is known that at least part of the sedimeritary column is 
faulted, faulting in the basement has not been proved. Local intensification of 
part of the gradient south and southwest of the 67 mile bore and in northwest 
DERBY suggests that faulting or at least a steepening of the Derby Ramp 
occurs in these areas (see Table 3). . 

-+ '1.) 
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TABLE 3. (see also Plate 18) 

Location Width Gravity Gradient 
(miles) displacement (mGal/mile) 

(mGal) 

Prices Creek 3.1 30 9.7 

South of Oscar 3.2 12 3.8 
Range 

South of 67 mile 7.8 . 27 3.5 
bore 

South of Meda No.1 13.8 22 1.6 

Northwest DERBY 8.5 23 2.7 

Possible 
displacement 
(using plate 
formula * and 

l1fl= 0.1) 

23 500 ft 

9 400 ft 

21 100 ft 

17 200 ft 

18000 ft 

I 
I 
I 
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* In this report 'plate formula' refers to the general. formula I 
~g = 12.77 _ xLld.where~g = gravity displacement in milligals,.6.d.= density 
contrast_~_g/cm~, and L = displacement in kilofeet. 

The northeast margin corresponds to a gravity gradient (10C) which I 
varies in intensity along its length. Faults downthrown to the north are possible 
in places; e.g. the north~ast margin of anomaly 5C. I 

The southeast margin of the unit is in northwest MOUNT BANNERMAN, 
where it is bordered to the east and southeast by the Halls C reek Gravity Ridge. - I 

It is interesting to note that on NOONKANBAH several prominent -
geological and graVimetric features trend northeast, parallel with the I ' 
strike of the Halls Creek Gravity Ridge. 

Fitzroy Regional Gravity Complex (Unit D) I 
The gravity expression (Plates 3 and 6) of the Fitzroy Trough and the I 

Jurgurra Terrace (Playford & Johnstone, 1959) is a pronounced gravity 'low'. 
It is bounded to the northeast by featUre 9C and to the southwest by the gravity 
expression of the Fenton aD(~ Dampier Faults (12F, 13F & 14F). To the south- I 
east, the unit is terminated by the Mount Bannerman Gravity Depression (H), 

I 
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while to the northwest, near Broome, it narrows to a few miles in width. Except 
for one area, the anomalies have the following properties: 

(1) The Bouguer anomaly is low with respect to surrounding areas. 

(2) Regional trend is parallel or subparallel to the trends of the major 
fault systems in the' area. 

(3) On a reconnaissance scale the Bouguer anomalies do not exhibit 
sharp or sudden changes in value; gradients are low. 

Therefore the sources of the anomalies (see Chapter 4) in this area are: 

(1) Of low density 

(2) Deep seated and of relatively uniform density. 

In general the area of the depression is postulated to be one where 
extensive sedimentation took place during the Palaeozoic. Thick sequences of 
Ordovician, Devonian, Carboniferous, and Permian sediments have either been 
mapped on the surface or cut by the drill. No drill holes have penetrated to 
basement within the area. 

Density determinations, summarized in Appendix A, show that there 
is a major density discontinuity between the Permo-Carboniferous sediments 
and the Lower Carboniferous Laurel Formation. The 'nature of the basement 
is unknown, but it is assumed that a dens ity contrast aJao exists between the 
Lower Palaeozoic sediments and crystalline or metamorphic basement. 

The northwest and southeast margins of the Fitzroy Regional Gravity 
Complex are areas of unusual Bouguer anomalies. The northwest margin is 
the Yeeda Gravity Platform (E), discussed later in this chapter. The southeast 
part of the Fitzroy Regional Gravity Complex (60, 70, SO, 9D, 100, l1D, 120 
& 130) is an area in which the Bouguer anomaly does not exhibit a marked 
regional trend. In addition the individual Bouguer anomaly features are smaller 
and more intense than the Bouguer anomaly features found to the northwest. 

The Fitzroy Regional Gravity Complex consists of three major 
negative Bouguer anomaly features (20, 30 plus 50, & 40): 

(1) Feature 20 is a gravity 'low' which corresponds to the Jurgurra 
Terrace. Its source is a thick sequence of Devonian and perhaps' . 

~ 
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Ordo.vician sediments o.verlain by 1000-4000 ft o.f Permian sediments. 
The Upper Carbo.niferous Anderso.n Fo.rmatio.n is no.t present. The 
feature is bounded o.n the So.uth and so.utheast by relatively steep 
gradients (12F & 13F) which are the gravity expressio.n o.f subsurface· 
faulting (WAPET, 1961b & 1962b). 

(2) Features 3D and 5D are clo.sed negative Bo.uguer ano.malies adjacent 
to. the Fento.n Fault. Their so.urce is postulated to. be a large thickness 
o.f Palaeozo.icsediments. As no. bores have penetrated the Anderso.n· 
Fo.rmatio.n in this area, the thickness o.f Lo.wer Palaeo.zo.ic sediments 
is unkno.wn. Seismic data have sho.wn that the surface Permian 
structure do.es no.t persist at depth. The regiQnalBo.uguer ano.maly . 
feature do.es no.t co.rrelate with surface Permian structure, but can be 
co.rrelated with basement to.pography (Ferrand, 1963). Ho.wever, 
because the Permo.-Carboniferous sediments are co.nsiderably 
lighter than the o.lder sediments, the regio.nal 'lo.ws' sho.uld co.rrespond 
to. areas o.f thick sediments o.f Permo.-Carbo.niferous age. It is possible 
that the surface o.f the Upper Carbo.niferous sediments (i.e. the plane 
o.f tbe d-ensity disco.ntinuity) is no.t co.nfo.rmable with the surface Permian 
structure. 

(3) Feature 4D is a majo.r Bo.uguer ano.maly 'lo.w' in no.rth central 
NOONKANBAH.It o.c(fUpies a positio.n co.rresponding to. a majo.r 
embayment along the no.rthern margin o.f the Fitzro.y Tro.ugh. The· 
gravity expressio.n o.f this embayment is postulated to. have a 
sedimentary so.urce. Only o.ne relatively shallo.w bo.re (Co.ndo.n & 
Henderson, 19603.) has been drilled in this area • 

. The area in southeast NOONKANBAH, no.rtheast CROSSLAND, and 
no.rthwest MOUNT BANNERMAN has a relatively lo.w Bo.uguer ano.maly, but 
the pattern is so.mewhat disturbed. This zo.ne o.f ano.malies marks the co.n- . 
fluence of two. gravitY units, the Fitzroy Regio.nal Gravity Co.mplex (D) Which 
trends so.utheast and the Mo.unt Bannerman Gravity Depressio.n (H) which 
trends east in MOUNT BANNERMAN andno.rtheast in BILLILUNA. * 

Features 6D to. 13D appear to. be a co.mpo.site o.f the two. adjacent majo.r 
trends co.rrespOnding to. units D & H. The so.urce o.f these Bo.uguer ano.malies 
co.uld therefo.re be a co.mpo.site o.f the Palaeo.zo.ic sediments and structure 
asso.ciated with the Fitzro.y Trough and a possible Upper Proterozo.ic structure 
asso.ciated with the Mo.unt Bannerman Gravity Depressio.n. The sharpness o.f 

* Recent gravity wo.rk (WAPET, 1964d) has sho.wn that ano.malies lH and 
1S are mo.re appro.priately a part o.f unit D. This wo.uld imply that thick Palaeo.­
zo.ic sediments wo.uld extend so.utheast to. central CORNlSHand that extensive 
Upper Pro.terozo.ic sediments do. no.t extent farther west than central MOUNT 
BANNERMAN. 

\J.\o 
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the individual Bouguer anomalies suggests near-surface density variations. 
Since seismic data (Williams, 1955, 1956; Smith, 1955; Ferrand, 1963) indicate 
thick sedimentS (20 000 + ft) the density variations probably occur within the 
sedimentary colunm. The source of the variations could be: 

(a). Igneous tntrus ions 

. (b) Salt structures 

(c) Limestone reefs 

(d) Large density variations within the basement 

(e) . Juxtaposition of PalaeozoiC and Upper Proterozoic structure. 

Because 'of the !mown presence of Palaeozoic sediments in the Fitzroy 
Trough and suspected presence of Upper Proterozoic sediments within the area 
of the Mount ·Bannerman Gravity DepreSSion, (c) or (e) or both are considered 

"l to be the most likely source. 

The Pinnacle Fault has been mapped in southeast NOONKANBAH and 
southwest MOUNT RAMSAY and is represented by a steep gravity gradient. 
Feature 9C forms the southwest margin of the Oscar Gravity Ridge. This 
feature has been discussed in the previous section, and probably represents 
a prominent hinge-line; there is ·a considerable variation in width and slope. 

Plate 15 is a Bouguer anomaly profile across the Pinnacle Fault near 
Prices Creek. The readings were taken along seismic traverse A-A' (Smith, 
1955) at quarter-mile intervals. The following points are noted: 

(1) A regional (basement) gradient of 1 mGal per mile is assumed 
mainly on the basis of the slope of the observed profile from SP40 
to 68.· This regional gradient is considered to be a maximum value. 
While the regional anomaly as shown in Plate 16 drops 15 mGal in 
15 miles, it is possible that the variation is localized over a much 
smaller distance. 

(2) The second-derivative profile over the area of the Cadjeput and 
Pinnacle Faults.is very irregular. It shows a minimum over the 
surface trace of the Cadjeput Fault, and this suggests normal 
faulting. However, the surface trace of the Pinnacle Fault does 
not. c0ine-tie with a second-derivative maximum or minimu~. 
This fact, when considered in conjunction wiith the seismic 

11-
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data (Smith, 1955; Ferrand, 1963) suggests that the fault, as 
seen at the surface, does not affect the entire sedimentary 
column and is probably confined to the Permian sediments. 
The existence of prominent second-derivative maxima and 
minima south of the Pinnacle Fault suggests a basement 
configuration which approaches a monoclinal flexure with 
the steepest slope between station points 16 and 18. From 
SP 22 to 30 the·slope decreases and from SP30 onwards the 
s lope is constant and could vary between 0 and 5 degrees. 
to the south. 

(3) It is probable that lateral density variations (Appendix A) occur 
both within the basement, so causing the regional gravity 
variations, and within the sediments. A reduction in the overall 
density of the sedimentary column could be caused by: 

(a) a thickening of the relatively light Permian sediments 

(b) a basinward decrease in density of the Lower Carboniferous, 
Devonian, and perhaps Ordovician sediments. • 

(4) The geological cross-section in Plate 15 illustrates a possible 
basement configuration. No attempt has been made on the section 
to estimate thicknesses of the variationsous formations other than 
the Permian. 

(5) The anomalous disturbance shown on the derivative curves at 
S P 52 and 53 is probably related to near-surface effects, viz. 
variations in the thicmess of alluvium. 

(6) The calculated Bouguer anomaly profile shown in Plate 15 
deviates appreciably from the observed values north of the 
Fenton Fault; the calculated values are too low. It is assumed 
therefore that the positive culmination shown in Plate 15 is partly 
caused by a near-surface intrabasement body. A BMR strati­
graphic bore (Condon & Henderson, 196Ob) penetrated relatively 
dense volcanics and metamorphics in this area. 

(7) The 'possible regional' shown in Plate 15 probably reflects changes 
in crustal density; it was derived qualitatively. The usefulness of a 
qualitatively derived regional curve depends very much on the skill 
and experience of the person making the analysis. 'Possible regionals' 
are shown in Plates 15, 16, and 19. They have not been used for any 
quantitative analysis. 
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The Fenton/Dampier Fault system is the geological boundary between 
the Broome Swell and Fitzroy Trough._ It is represented by a 'steep continuous 
gravity gradient (12F, 13F & 14F). Five sections across the Fenton/Dampter 
fault system have been measured. The fault is expressed gravimetrically as a 
steep gravity gradient. Set out below is a table summ'ariztng the properties of 
various Bouguer anomaly profUes across the fault: 

TABLE 4 

Location Width AmI!Utude Gradient 
(mUes) (mGal) (mGal/mfie) 

20 miles southeast 6.0 22.0 3.7 Plate 17 
of Barnes Flow 

6 miles southeast 7.0 26.0 3~7 Plate 16 
of Barnes Flow ' 

4mUes northwest 7.4 21.5 2.9 
of Barnes Flow 

South of Nerrima 8.0 ' 21.0, 2.6 
No.1 

Near Babrongan 4.0 14.0 3.5 Plate 18 
No.1 

Two possible explanations of the fault and asSOCiated anomaly 
profiles are' given below: 

(1) The simplest explanation is that the major part of the gravity 
gradient is caused by displacement along the Fenton Fault. The 
high Bouguer anomaly values of the Broome Gravity Ridge could 
be caused by near-surface intrabasement effects plus deep­
seated basement effects. 

(2) Because part of the gradient cannot be attributed to change, in 
sedimentary thickness there is possibly a basement density change 
across the fault system. Plates 18 and 17 show that the gravity -
gradient imm'ediately on the upthrown side of the fault is either 
reversed or reduced. The profUes suggest that the steep part of 
the gradient is associated with the displacement of sediments, while 
the less steep gradient would be associated with'a basem'ent density 
change. -
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The gravity gradient (12F, 13F 81 14F) of the Fenton Fault is not
linear. Small changes in direction of the gradient coincide with changes in
direction of the surface expression of the fault. A directional changes is
usually associated with a change in amplitude and gradient. The Fenton
Fault is therefore probably a system of faults. It forms the northeast margin
of unit F from central east MOUNT ANDERSON to central CROSSLAND. A
reduced gradient continues southeast from this point to central CORNISH.

With respect to Plate 16, which shows a gravity profile across the
Fenton Fault 6 miles southeast of Barnes Flow, it is noted that:

(1) The surface trace of the Fenton Fault occurs at a point where there
is a pronounced change in gravity gradient.

(2) A pronounced second-derivative minimum coincides with the surface
trace of the fault.

(3) The second-derivative maximum associated with the fault is not sharp,
suggesting a variation in either the slope of the density discontinuity
plane or of the density contrast.

(4) The residual 'high' southwest of the Fenton Fault could be caused
either by a thinning in the Permian and Mesozoic sediments immediately
on the upthrown side of the Fenton Fault or by dense intrabasement
material injected . along the fault plane.

(5)^Seismic reflection data (Vale & Smith, 1959) were used as a guide in
drawing the geological section.

A second profile which crosses the Fenton Fault in southwest NOONKANBAH
is shown in Plate 17. On this profile the residual 'high' is more pronounced and
there is a second residual 'high' which coincides with the surface expression of
the Fenton Fault. The second-derivative maximum and minimum are more pro-
nounced than in Plate 16, suggesting in general terms that the structure of the
Fenton Fault is simpler in this area.

The Dampier Fault has been mapped seismically (WAPET, 1961b &
1962b). It is a subsurface fault which effects the Lower and Middle
Palaeozoic and possibly the Lower Permian (Grant Formation).

Plate 18 shows a gravity profile across the Dampier Fault northwest
of Babrongan No. 1 (WAPET, 1962b). The second-derivative curve across the
fault is irregular. The presence and position of several large maxima and
minima on the second-derivative curve suggest that:
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(a) because second-derivative culminations occur across the fault 
plane, consierable density variations could occur between the 
various sedimentary formations involved in the faulting. 

(b) because second-derivative culminations occur southwest of the 
position of the fault as defined by the absence of seismic reflections, 
complex faulting including reverse faulting could occur. 

Plate 19 is a Bouguer anomaly profile across the widest part of the 
Fitzroy Regional Gravity Complex from Barnes Flow to the Oscar Range and 
also shows the two important gravity ridges which border the Complex. The 
Complex is fault controlled along both margins (WAPET, 1962a). 

A regional gradient, probably caused by basement density variations 
~l near the gravity ridges, is shown. The slope of the regional within the Complex 

i is shown as .1 mGal per mile. The geological section shown in Plate 16 shows 
a th iclmess of 20 000 ft. 

If the sedimentary thiclOless under the McL§rty Syncline is 25 000 ft 
then the overall density contrast could be 0.08 g/cm and the contragt between 
basement and the Lower and Middle Palaeozoics is about 0.05 g/cm . 

As shown in Plate 18 the Dampier Fault has affected the Lower and 
Middle Palaeozoic rocks and a displacement of these sediments of at least 
6000 it is suggested from seismic reflection data. A throw in the Permian of 800 ft 
is suggested from seismic reflection data. Therefore: 

(1) The variation in the thiclOless of the Permian sediments would cause 
a 2.5 milligal variation. 

(2) A regional (basement) variation of 2 milligals across the width of 
the fault is assumed. 

(3) A throw of about 6000 ft in the Devonian and Ordovician is thus 
represented by a drop of 14 -3(2.5 + 2) = 9.5 mGal, which gives a 
density contrast of 0.12 g/cm . . . 

The above reasoning is based on several rather arbitrary assumptions, 
but nevertheless suggests that the basement to Lower Palaeozoic density 
contrast for the Jurgurra Terrace in the neighbOurhood of the profile is about 
double that for the same discontinuity within the Fitzroy Trough. The Devonian 
and Ordovician sediments of the Fitzroy Trough are assumed (Guppy et al., 
1958) to be of the deep-water type and of lower density than the shelf and reef 
sediments. However, it is possible that increased depth of burial has increased 

<I 
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their density. 

Feature 4D is an embayment southwest of feature 9C which occupies a 
position analogous to feature 2D. Because of this and its somewhat higher 
anomaly value it is assumed that the geological section in this area is similar 
to the Jurgurra Terrace because the Upper Carboniferous Anderson Formation 
is absent. 

The narrow 'low' (lD) which extends seawards near Broome is possibly 
caused by a narrow shallow trough of Permian sediments. Permian was absent 
in Barlee No.1 (WAPET,1962a) which is situated 20 miles north of lA. 

In summary, the Fitzroy Trough is bounded on two sides by steep 
gravity gradients. On its northeast margin there is surface faulting, which 
coincides with steep gravity gradients. In the area of steepest gradient the 
gravity data suggest that the surface faulting is confined to the Permian and' 
that the basement structure is a monoclinal fiexure. 

The Fenton/Dampier Fault, on the evidence of the illustrated gravity 
profiles, could affect both basement and sediments. The Fenton Fault is 
represented by a gravity gradient which in places is affected by basement 
density variations. It is possible that the Dampier Fault represents a linea­
ment along which the Broome Ridge was overthrust on to the Fitzroy Trough. 
The Fenton and Dampier Faults are offset from each other, and cross-faulting 
has been mapped by seismic methods. Strong 'poavity' gradients (13F) also 
suggest a cross-faulted connexion between the two fault systems. 

There is evidence that the basement density varies across both fault 
systems. It is suggested that the basement along the Oscar and Broome Gravity 
Ridges is metamorphic and that the basement within the Fitzroy Trough is 
granitic. Variation in sedimentary density is likely to be affected by at least 
two factors: 

(I) As noted in Appendix A the Devonian, Lower Carboniferous, and 
possibly Ordovician sediments are less dense within the Fitzroy 
Trough. 

(2) Increased depth of burial within the Fitzroy Trough is likely to 
increase the overall sedimentary density. 

No Lower and Middle Palaeozoic sediments have been cut by bores 
within the Fitzroy Trough. 
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Yeeda Gravity Platform (Unit E) 

Northwest of the Fitzroy Gravity Trough ~ a group of anomalies which, 
unlike surrounding Units, do not posseSs a pronounced northwest trend. The. 
overall trend is somewhat indefinite although some features sfrtke northeast. 
Features 1E, 2E, and 3E have relattvely high magnitude, and 4E and 5E 
constitute a pair of negative closed anomalies. Feature 6E,. a relative 'high', 
extends seawards and is only partly ~pped. 

Two deep bores, Fraser River No. 1 and Barlee No. 1 (W APET 1962a), 
have been drilled in the area. The geological information rN APET 1962a; 
Brunnschweiler, 1957; PlayfOrd" Johnstone, 1959) shows that: 

(1) The Mesozoic sequence is thicker here than within the Fttzroy 
Trough. 

(2) The Permian sequence is much thinner here than within the deepest 
parfof the Fitzroy Trough. 

(3) The base of the Upper Carboniferous Anderson Formation has 'not 
been penetrated by either bore. Tbe Anderson Formation is intruded 
by dolerite and gabbro which is therefore of Upper Carboniferous or 
younger age. Dolerite flows in the Upper Carboniferous were not 
detected in any deep bores drilled within the Fitzroy Trough. 

. Except for a small detailed survey near Barlee No.1 (WAPET; 1961a), 
no detailed or semi-detailed gravUy information is available for stu~. The 
following comments are based on a qualitative appraisal· of the data: 

(1) The relative 'high'(lE, 2E & 3E) is assumed to have as· its source 
bas ic igneous matertal. . 

(2) The absence on a regional scale of sharp gradients within this. 'high' 
suggests that the m·ajor part of the source is deep-seated. 

(3) The general level of the Bouguer anomaly value compared with that 
in the Fitzroy Trough suggests that the rise in gravity anomaly 'could 
be due to a disturbing (igneous) mass of such size and density contrast 
as to produce an anomaly of amplitude as high as 40 mGal. 

(4) However, thinning of~·the Permian to the northwest cQuId cause an 
increase in the Bouguer anomaly and be a partial cause of the rise in 
Bouguer anomaly. From Grant Range No. 1 to Fraser River No. 1 the 
thickness decreases by about 3900 ft caustngan increase in the Bouguer 
anomaly of 10 to 15 mGal. 
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Features IE, 2E, and 3E are therefore caused partly by heavy 
intrabasement basic igneous bodies and partly by thinning of the relatively 
light Permian sediments. Feature 2E is a relative 'low' and is possibly due 
to a local thickening in the Permian or to a variation in igneous effects. 

A major 'low' is formed by features 4E and 5E. Its" source could be: 

(a) A continuation of the sediments of the Fitzroy Trough including the 
Permlan, but without igneous intrusions. 

(b) A thick sequence of Mesozoic sediments. 

(c) A granitic batholith. 

(d) Upper Proterozoic sediments. 

It is considered that (a) above is the most likely because the 
resultant geological picture would be the Simplest.. Features 6E is not 
completely mapped. 

Broome Gravity Ridge (Unit F) 

The Broome Gravity Ridge is a southeast-elongated gravity 'high' 
extending from Broome to central CORN1SH. The shape and extent of the ridge 
in DUMMER and CORNlSH are not well defined because the station density is " 
low. 

The northeast margin of the ridge is a prominent gravity gradient 
representing the Fenton/Dampier Fault system (12F-15F), along which 
considerable sedimentary displacement has taken place. The southwest fiank of 
the unit is also a gravity gradient (16F & 17F) which is generally less intense 
than the northeast margin. 

The Broome Gravity Ridge probably represents a present-day basement 
ridge with a relatively high density. Therefore the gravity effect of the ridge 
could be a combination of two effects: basement uplift, and basement density 
change. 

The "gradient, 16F and 17F, like gradients 12F to 15F is considered 
to have two causes: a change in basement effect and a change in sedimentary 
thickness. The degree to which one cause rather than the other is dominant 
should provide the key to the interpretation of the anom"alies found on the 
Munro Gravity Platform. 
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Seismic (WAPET, 1964a) and drilling (WAPET, 1961c) results suggest
that the basement southeast of anomaly 1F in LA GRANGE dips regionally to
the southwest at a very low angle. Faulting across the southern margin has
been detected, but the displacement is considerably less than that along the
northern margin. The Broome Gravity Ridge probably represents a basement
ridge, with considerable displacement (6000 - 20 000 ft) across its northeast
margin and a small displacement (1000 to 10 000 ft) across the southwest
margin. The gravity gradients (12F-15F and 16F-17F) corresponding to
these margins are probably caused by sedimentary displacement and intra-
basement density effects. This is now regarded as the most reasonable
picture of the basement relationship for the Broome Gravity Ridge and the
Munro Gravity Platform. However, it must be emphasized that only two
wells in the area (Thangoo No. lA & Goldwyer No. 1) have drilled to
basement and that the seismic refraction results are not conclusive.

If it is assumed that the basement slopes to the southwest at a low
angle, then features 1F-10F could represent shallow intrabasement effects.
Irrespective of the basement configuration, the presence of a gravity ridge
in this area has a structural significance, which is discussed in chapter 4.

9. NORTHEAST CANNING BASIN 

The Northeast Canning Basin was first described by Casey & Wells,
(1960). The corresponding gravity Province consists of the following gravity
Units:

(1) Halls Creek Gravity Ridge (Unit G)
(2) Mount Bannerman Gravity Depression (Unit H)
(3) Stansmore Gravity Trough (Unit I)
(4) Billiluna Gravity Plateau (Unit J)
(5)^Thornton Gravity Ridge (Unit K)

The above Units do not form a coherent gravity pattern in that the
various Units are not aligned parallel to each other. Gravity coverage south
of latitude 20 ° is sparse. As discussed in chapter 4 the various trends are
probably related to Upper Proterozoic and Lower Palaeozoic sediments.

Halls Creek Gravity Ridge (Unit G)

The Halls Creek Gravity Ridge corresponds to extensive outcrops of
the Halls Creek Metamorphics and Granites. The ridge is associated with the

5-1C



-48-

Halls Creek Mobile Zone (Traves, 1955), and its southern margin marks the 
southern margin of a zone of tectonic activity. 

Recent mapping (Smith, 1963) of GORDON DOWNS shows the Upper 
and Lower Proterozoic to be faulted by the Old Halls Creek Fault. This 
fault cuts the Upper and Lower Proterozoic rocks. 

Regionally, the Halls Creek Metamorphics on west GORDON DOWNS 
are interpreted as forming an extensive northeast-trending anticlinorium. 
Granites of the Lamboo Complex crop out to the northwest of the anticlinorium in 
northwest GORDON DOWNS and northeast MOUNT RAMSAY. 

Correlation of gravity and regional geology is good .. The Lower 
Proterozoic anticlinorium occupies a relative 'high', while the granites occupy 
a relative 'low'. The regional Significance of the ridge is discussed in chapter 
4. 

Mount Bannerman Gravity Depression (Unit H) 

The Mount Bannerman Gravity Depression is an extensive gravity 'low' 
in southeast CROSSLAND, south MOUNT BANNERMAN, northwest BILLILUNA 
and south central GORDON DOWNS. The major trend is north-northeast in 
GORDON DOWNS while on MOUNT BANNERMAN it ranges from northeast to 
east. The extent of the feature to the northeast, in GORDON DOWNS, is 
unknown. 

In BILLILUNA the depresSion crosses the basin margin without any 
appreciable variation in the Bouguer anomaly. The major Gause of the anomaly 
is therefore not related to the Palaeozoic and Mesozoic sediments of the 
Canning Basin. The source may be expected to be either an extensive deep 
seated granitic batholith, or a thick sequence of Upper Proterozoic sediments. 

The second possibility is preferred, because: 

(1) From regional structural considerations, shelf sedimentation 
may be expected to have occurred in areas adjacent to the 
regional gravity ridges (G and K). 

(2) A gravity traverse (Plate 20) crosses the Old Halls Creek Fault 
at Ruby Plains Homestead. Halls Creek Metamorphics crop out 
on the upthrown (west) side, while Upper Proterozoic sediments 
are mapped on the down thrown (east) Side. 
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The measured thickness of the Upper Proterozoic is 7700 ft on the 
downthrown side of th§ fault (Smithl 1963) which implies a density 
contrast of 0.25 g/cm • This contrastl between Upper Proterozoic 
sediments and Lower Proterozoic ~etamOrphiCSI suggests a 
density of approximately 2.85 g/cm for the Lower Proterozoic. 

The profile across the Lower Proterozoic shows a value of about 
-20 mGal over the Olympio Formation (Lower Proterozoic), while 
a 'high' of amplitude 9 mgals occurs over the more basi.f Biscay . 
Formation (Lower Prsterozoic). A density of 2.95 g/cm (i.e. 
contrast of 0.15 g/cm ) indicates a thickness for the Biscay Forma-
tion, suggested by Smith (1963), of 5000 ft. . 

A Lower ~terozoic to Upper Proterozoic density contrast of 
0.25 g/cm is close to a maximum value and this density contrast 
implies that a thiclmess of 7700 ft is a minimum. The minimum value 
obtained within the depression is -60 mGals for ~atures 3H, 4H, and 
5H implying, for a density contrast of 0.25 g/cm , a minimum 
sedimentarythiclmess of 12000 ft. 

lt is possible that anomalies lH, 2H, 3H, and 4H have both Upper 
Proterozoic and Palaeozoic sediments as their source. The degree and extent 
of any post-Upper Proterozoic sediments is a matter of speculation. 

It is interesting to note that the s~imentary structure within the Upper 
Proterozoic sediments trends east-northeast. Feature 4H also trends east­
northeast. 

Stansmore Gravity Trough (Unit 1) 

A narrow north-trending gravity 'low' has been mapped in southwest 
BILLILUNA, west LUCAS, west STANSMORE, west WEBB, and north 
MACDONALD. 

This Unit is bounded on the west by the Thornton Gravity Ridge. The 
area is poorlyoutlinedl but it appears to be a narrow gravity trough fianked by 
'gravity 'highs'. The trend of feature 21 is not substantiated by adequate gravity 
data, and it may be a separate Unit from the Stansmore Gravity Trough. 

Plates 21 and 22 are profiles across the gravity gradient (41) which 
correlates with the Stansmore Fault in ST ANSMORE. The fault is ~dent1y 
nearly vertical and has a throw (for a density contrast of 0.25 g/cm )of about 
8000-10 000 ft. As this is estimated on a relatively large assumed density 
c.ont ras t it is cons idered to be a minimum figure. 
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In BLOODS RANGE, the Bloods Range Gravity Ridge is associated 
with Upper Proterozoic sedimentation: therefore the Stansmore Gravity 
Trough. which is connected to the Bloods Range Gravity Ridge, probably 
contains mainly Upper Proterozoic sediments, although faulting in the Permian 
across the Stansmore Fault suggests that movement along the fault ranges 
in age from Upper Proterozoic to Permian. 

Billiluna Gravity Plateau (Unit J) 

The geological Significance of the Billiluna Gravity Plateau is 
discussed in chapter 5. 

Thornton Gravity Ridge (Unit K) 

. The Thornton Gravity Ridge is not well mapped. It iscoimected to the 
Bloods Range Gravity Ridge and is interpreted as a zone of Proterozoic 
orogenesis (see chapter 4). 

10.· MUNRO GRAVITY PLATFORM 

The Munro Gravity Platform is an area of moderate Bouguer anomaly 
variation, bounded to the northeast by the Fitzroy Basin, to the southwest by the 
Anketell-Warri Gravity Ridge, and to the south by the Dummer Gravity Platform. 
The seaward extent of the Province is unknown. 

The Munro Gravity Plateau is composed of three major gravity Units: 

(1) La Grange Gravity Plateau (Unit L) which consists of five prominent 
linear gravity 'highs' and 'lows' trending southeast. 

(2) Oasis Gravity Depression (Unit M), a major gravity 'low' on McLARTY 
HILLS. 

(3) Joanna Springs Gravity Ridge (Unit N) which is an east trending 'high' 
in northeast ANKETELL, north JOANNA SPRINGS, and northwest 

DUMMER .. 

La Grange Gravity Plateau (Unit L) 

The area of the La Grange Gravity Plateau corresponds with the 
La Grange Platform of Veevers & Wells (1961). It consists of five linear 
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southeast-trending gravity lows and highs (lL, 2L, 3L," 4L & 5L). 

Geological mapping does not provide any information on subsurface 
structure. Flat-lying Mesozoic sediments crop out in the area. One deep bore, 
Goldwyer No.1 has been drilled on feature lL between two negative culminations.· 
Depth to basement was 4660 ft of which 1877 ft w3§ Ordovician. Basement 
density as determined from a core was 2.62 g/cm , which isrelaUvely low~ 
Analysis of "weathered basement for the entire basin gives an average v~ue 
of 2.73 g/cm . Therefore in summary: .. . 

(1) Goldwyer No. 1 was drilled on the saddle of a linear gravity 'low' (lL)~ 

(2) There is evidence to suggest that the basement density in this area is 
relatively low. 

Feature lL is probably caused partly by low-densitygbasement material. 
The density of the Ordovician ~es from 2.60 to 2.70 g/cm and basement 
density from 2.62 to 2.78 g/cm • There is thus overlap in.densities and density . 
reversal is possible. 

A BMR party carried out a reflection seismic survey near La Grange 
(Smith, 1960). The results indicate that the sediments are fiat-lying, and two 
possible basement depths of 4400 ft and 8000 ft are suggested. The figure of 
4400 ft is accepted by Veevers & Wells (1961) as being more likely from . 
geological reasoning. The Bouguer anomalies in the area show little variation 
and could be related to basement effects. 

A recent subsidized survey by WAPET (1964a) in east LA GRANGE 
suggests that sedimentary thiclmess is approximately 4000-5000 ft and 
increases to the southwest. There does not appear to be any correlation 
between gravity and geology in that the feature lL does not represent a 
major sedimentary structure. 

Drilling, seismic, and aeromagnetic data are all consistent with a 
uniform sedimentary thiclmess. If the sedimentary thiclmess is relatively 
uniform the observed features could represent basement density variations. 
The trend of these apparent density variations is parallel to the Broome and 
Anketell-Warri Gravity Ridges. It is reasonable to assume that geological 
events causing these anomaly variations are probably related to events that 
caused the two major gravity ridges (Broome and Anketell-W arri Gravity 
Ridges). 
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However, two closed features with relatively high negative amplitudes 
(1 L & 5L) could have sediments as their source. The basement to Lower 

, Palaeozoic density contrast is apparently low and therefore any thick 
accumulations of sediment of this age may have small ef~ct. The density 
contrast at Goldwyer No.1 is between 0.05 and 0.1 g/cm , and a variation 
in Lower Palaeozoic sedimentary thickness of 10 000 ft on this basis would 
cause a variation in Bouguer anomaly of only 6 to 12 mGa1~ Therefore the 
pattern produced by large horizontal variations in thickness should be of 
low order and difficult to separate from deep-seated effects. Geological data 
from bores, which are few and widely separated, suggest that in this area 
variations in thickness of the Permian and Mesozoic would not be great. 
From Goldwyer No.1 to Samphire Marsh No.1 the Mesozoic thiclaless 
increases from 1566 to 2258 ft while the Grant Formation thickens from 750 to 1811 
ft. Poole Sandstone (467 ft thick) is present in Goldwyer No.1 but is absent in 
Samphire Marsh No.1; variations in thickness of the Mesozoic and Permian do 
not appear to be great. 

Oasis Gravity Depression (Unit M) 

The Oasis Gravity Depression is a large gravity 'low' with two 
important culminations (1M & 2M) in south McLARTY HILLS. Gravity 
gradients within the unit are gradual. The northeast and southwest boundaries 
are fairly steep gravity gradients (16F, 5M & 5N). 

There is a single BMR aeromagnetic traverse extending southeast 
across unit M and additional aeromagnetic work has been done recently by 
WAPET (1964b). The BMR profile suggests a sedimentary thickness of less 
than 3000 ft over the Broome Gravity Ridge (F) and less than 10 000 eft over 
the Oasis Gravity Depression, While the WAPET data suggest thiclalesses 
of up to 12 000 ft. Bouguer anomaly variation between the ridge and the 
depreSSion is approximately 60 mGal. The basement density variation on the 
north Side of the Broome Ridge is postulated to cause a ivariation of 15 to 20 
mGal. A similar effect across the southern margin of til\) Broome Ridge 
could also cause 15 to 20 mGal of relief. The possible SO}lrces of the depression 
are listed below: 

\ 
\ 

(1) 
\ 

The anomaly variation from the ridge to the del f ression is caused 
entirely by variations in sedimentary thickness: If the density contrasts 
relative to basement for MesOZOiC, Upper Pala ~ )zoic, andfower 
Palaeozoic sediments are taken as 0.4, 0.25, an~ 0.1 g/cm respectively, 
the approximate maximum corresponding sedin ;,\ mtary thickness for the 
various ages assuming that all sediment was of '-he same age would 

I 

then be: . "\ 
I 

! 
I 

!So 
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Mesozoic^- 12 000 ft
or

Upper Palaeozoic^- 20 000 ft
or
Lower Palaeozoic - 40 000 ft

(2)^The sedimentary thickness, according to the figures obtained from the
aeromagnetic survey, has a variation of 7000 ft. The anomaly variation
would then be:

(a) Mesozoic sediments
Basement effect

or
(b) Upper Palaeozoic

Basement effect
or

(c) Lower Palaeozoic
Basement effect

35 mGal
25 mGal

22 mGal
38 mGal

9 mGal
51 mGal

But if, as stated above, a shallow basement effect of 20 mGal across
the southern margin of the Broome Gravity Ridge exists then there could be
a maximum sedimentary effect of 40 mGal. The Bouguer anomaly values show
a regional decrease (Plate 5) toward the southwest, and if a gradient caused
by crustal effects of 0.1 mGal/mile is assumed, then the total basement effect
over 100 miles could be 30 mGal with a maximum sedimentary effect of 30 mGal.
For the sediment to basement density contrasts mentioned in (1) the thickness
would be:

Mesozoic^ 5900 ft
or

Upper Palaeozoic^9400 ft
or

• Lower Palaeozoic^23 500 ft
and

Upper Proterozoic
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There is a possibility that the gravity variation lies wholly within 
the basement. The source of the unit M would then probably be a granitic 
batholith or similar structure. 

The possibilities described above refer to extreme cases, and the 
most likely situation is a combination of some of the possibilities described. 
The following points should be noted: 

(1) Basement depth calculations carried out on magnetic data suggest a 
variation in thiclmess of 7000 ft within the area. 

(2) Since at least 30 of the 60 mGal total contrast can be reasonably 
attributed to a basement effect, it can be assumed that 30 mGal of 
the anomaly difference is caused by sediments. 

I 
I 
I 
I 
I 
I 
I 
I 

(3) Boreholes in the coastal area have penetrated a maximum thickness I 
of 1500 ft of Mesozoic sediments, and it is suggested that this is a 
maximum figure for the area. 

(4) The thickness of the Upper Palaeozoic is assumed to range from I 
1500 to 7000 ft.. The average thiclmess of the Permian on the La 
Grange Platform (Veevers & Wells, 1961) is 1500 ft. The thickness of 
the Permian outside the Fitzroy Trough is nowhere greater than 7000 ft. I 
Up to 14 000 ft of sediments of this age could be postulated if the area 
was one of major Permo-Carboniferous sedimentation such as the I 
Fitzroy Trough. There is no direct geological evidence for the presence 
of Lower Palaeozoic and Lower Proterozoic sediments. 

The steepest bordering gradients of the feature extend generally east 
along the northern margin of the Joanna Springs Gravity Ridge (N). It is probable 
that the Joanna Springs Gravity Ridge represents an east-trending basement 
ridge and that extensive sedimentation within the area of the depression was 
related to tectonic activity along the ridge. No other major east-trending 
gravity features have been mapped in the Canning Basin. It is interesting to 
note that the Cambro.Ordovician and Upper Proterozoic sedimentation of the 
Amadeus Basin also trends east. This may be taken as weak evidence of 
related tectonism, thus leaving open the olight possibility of extensive thick 
sedimentation in the Lower Palaeozoic and Upper Proterozoic. 

(a) 

(b) 

(c) 

The following is a possibility: 
J 

Mesozoic 1500 r-t (Maximum from drilling data and 
I Veevers & Wells, 1961) 

Permian 1500 it (Maximum from Veevers & Wells, 1961) , 
Lower Palaeozoic and 
Upper Proterozoic 

\ 

12 000 ,t (Maximum to which Bouguer anomaly 
\ can be attributed). 
I 
I 

1 
I 

I 
I 
I 
I 
I 
I 
I 
I 
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This gives a maximum total thiclmess of 15000 ft. 

Joanna Springs Gravity Ridge (Unit N) 

The Joanna Springs Gravity Ridge is an east-trending gravity 
'high' extending from southwest MUNRO to northwest DUMMER. Gravity 
control for this feature is not complete except along its northern margin. 
Some of the individual anomalies (3N & 4N) are poorly defined and it is 
therefore impossible to detect any steep gradient anomalies. The gravity 
change from the Oasis Gravity Depression to the Joanna Springs Gravity 
Ridge is 20 to 30 mGal. The source of the ridge could be: 

(a) An intrabasement phenomenon. 

(b) A basement ridge with the absence of Lower Palaeozoic and Upper 
Proterozoic sediments plus a slight increase in basement density. 

The only other subsurface infonnation is a single aeromagnetic traverse 
which does not indicate any structural change. Case (b) is preferred because 
the steep gradient along the northern flank of the feature suggests a source close 
to the surface rather than density phenomena deep within the crust. 

11. ANKETELL-WARRI REGIONAL GRAVITY RIDGE 

The Anketell-Warri Regional Gravity Ridge is an extensive linear 
gravity 'high' trending southeast from the coast on MANDORA. It has been 
shown in some detaUto extend to the southern boundary of ANKETELL. Further 
mapping to the south of ANKETE LL has shown that it extends in length over some 
hundreds of miles. In this report the part fonningthe southwest margin of the 
Basin is discussed. 

Three gravity units within the ridge are recognized:- -

(1) Mandora Gravity Plateau (unit 0) 

(2) Rudall Gravity Plateau (unit P) 

(3) Patience Well Gravity Plateau (unit Q) 

The regional structural implications of this Province were discussed 
in chapter 4 in which it was stated that because of its large dimensions the 
ridge is postulated as marking the axis of a zone of major tectonic activity. 
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The ridge is bordered along both sides by intense gravity gradients. 
There is insufficient gravity detaU to determine the definite shape of the 
gradients, so speculation on the related rock and density discontinuities is 
very tentative. Plate 23 shows an east trending cross-section across 
ANKETELL. The section has the following properties: 

(1) The 'high' is bordered by intense gradients on both sides. 

(2) The crest of the 'high' is fairly fiat and there are minor anomaly 
fluctuations of relatively short wavelength. 

(3) The eastern 'low' which is a feature of the Ural Gravity Depression 
(1 T) is interpreted on aeromagnetic evidence as covering an area of 
considerable sedimentary thiclmess. 

The western 'low' has been incompletely mapped, and the nature of 
its source is conjecturaL 

\ 
Plate 24 shows a profUe across the ridge near the coastline. It should 

be noted that: . 

(1) The ridge is Wider here than in ANKETELL and is asymmetrical. 

(2) 

(3) 

(4) 

(5) 

(1) 

(2) 

There is a marked positive culmination associated with· the southwest 
margin of the ridge. 

The northeast margin of the feature is not prominent, but it is recognized 
as such by virtue of its continuity with the same gradient in ANKETELL. 

The Bouguer anomaly shows a regtonal reduction in value toward the 
north. The average gradient of the anomaly over this part of the proftle 
is 0.35 mGal/m'Ue. 

In Plate 24 the gravity variations are of relatively large amplitude and 
short wavelength, indicating near-surface sources. Therefore the 
northern part of the Province (10 to 80) can be divided into two parts: 

An intense gravity 'high' which could be caused by a dense intrusive 
body, possibly related to a fault line (See chapters 4 & 5). 

A wide zone in whteh the anomaly value is relatively high and wave­
length short. The anomalies in this zone exhibit a regional decrease 
to the northeast which is possibly of deep-seated origin. (See Plate 24). 
It is not possible to assign a probable geological source to the component 
features of this zone and in particular to differentiate between intra­
basement density variations and basement topography variations. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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According to Playford & Johnstone (1959) drilling and seismic 
data suggest that at least one of the 'lows', is of sedimentary origin. 

Despite sparse gravity data in PATERSON RANGE, RUDALL, 
TABLETOP, RUNTON, and MORRlS it has been possible to trace the southern 
extent of the ridge (unit P) from ANKETELL to W ARRI where it is continuous 
with the 'high' in WARRIt BROWNE, COBB and BENTLEY '(unit Q). 

Feature lQ is a gravity spur that appears to link the Patience Well 
Gravity Plateau with the Thornton Gravity Ridge, and this represents the probable 
southern margin of the Canning Basin separating it from the Officer and 
~~~Bas~. . 

12. SOUTH CANNING BMIN REGIONAL GRAVITY LOW 

The South Canning Basin Regional Gravity Low is bounded on all 
sides by prominent gravity ridges. The three major bounding gravity Units 
are the Anketell-Warri Regional Gravity Ridge (Units 0, P, & Q), the. 
Joanna Springs Gravity Ridge (Unit N), and the Thornton Gravity Ridge 
(Unit K). The southeastern end of the Broome Gravity Riclge(Unit F) forms 
a part of the northern m'argfn. 

The Province can be divided into three m'ain areas: 

(1) Dummer Gravity Plaiform (R) 

(2) Helena Gravity Shelf (S) 

(3) Ural Gravity Depression (T) 

The area is in general characterized by low Bouguer anom'alles. Bougu~r 
anomaly values away froDl the bordering ridges range from' -45 to -80 mGal •. 
Within the area there is a regional negative trend towards the southeast. The 
effect of elevation changes on this negattve trend is discussed in chapter 5. 

It is assumed that the source of the unusually low Bouguer anomalies 
is partly sedimentary. Surfacegeologtcal data are' sparse and the estimated 
maximum thicknesses are assumptiOns relating to relative contributions to 
the low Bouguer anomaly from' the crust and the sedimentary column. The 
gravity/aerom'agnetic correlation is reasonable and the maximum depth , 
suggested by the aeroDlagnetic evidence (WAPET, 1964b) of 30 000 it is 
consistent with the low Bouguer anom'alies and density assumptions. Asswntng, . 
that the g~ient away from the coast arising from deep-seated sources ,is 
0.14 mGal per mUe, then within the area, 5 to 30 mGal can be attributed to 
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near-surface (sedimentary and basement) phenomena. Using the average
density contrasts (Appendix A) the following source conditions could hold:

(a) Granitic batholith
(b) Mesozoic 1500 ft, Permian 5000 ft, Lower Palaeozoic and Upper

Proterozoic 5000 ft. Total thickness 11 500 ft.
(c) Mesozoic 500 ft, Permian 1500 ft, Lower Palaeozoic and Upper

Proterozoic 18 000 ft. Total thickness 20 000 ft.

While the aeromagnetic evidence favours thick sediments, it is
possible that the major source is a non-magnetic acidic granite. However,
of the three possible sources quoted above (c) is considered to be the most
likely for the following reasons:

(1) aeromagnetic data suggest 30 000 ft of sediments.
(2) as discussed in chapter 4 a gravity 'low' adjacent to a major

Gravity Ridge is likely to be caused by a considerable thickness
of shelf sediments.

The following are areas where sediments in excess of 20 000 ft are
more likely to occur:

(1) The central part of the Ural Gravity Depression
(2) Features 2R, 4R, 1S, 2S, and 35.

I
13. CONCLUSICNS

The following general conclusions hae resulted from a study of the
gravity data:

(a) The Canning Basin sediments, in par cular those of the South
Canning Basin, are separated from U Amadeus and Officer
Basins by basement uplifts which are 'narked by gravity ridges.
From a generalized consideration of Ile gravity ridges and
their structural significance, it is fu her concluded that these
ridges are related to ancient zones oltectonic activity and thus
divide from each other zones of diffe ant sedimentary
environments.



I-
I-
I 
1:1

• 
.; 

I 
I 

(b) 

-59-

The gravity results show that the Fitzroy Basin consists of a 
central trough, separated by faults and monoclinal flexures from 
two basement ridges. This is in agreement with the geology of 
the Fitzroy Basin (Veevers & Wells, 1961) as well as the 
seismic and aeromagnetic surveys of the area. Both marginal 
gravity ridges are of tectonic significance in that the Oscar 
Gravity Ridge is correlated with Proterozoic (Upper and u:>wer) 
tectonic activity and the Broome Gravity Ridge with Devonian 
tectonic activity. 

I The northwestern margin of the Fitzroy Trough is characterized by 
, Bouguer anomalies which are attributable to post-Carboniferous volcanic I activity. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
.1 

(c) Two major gravity 'lows' have been mapped within the Northeast 
Canning Basin. From consideration of gravity and geology these 
'lows' probably represent a thick sequence of Upper Proterozoic 
sediments. . 

" 

(d) The Munro Gravity Platform covers an area in which the sedimen­
tary thickness, from considerations of geology and seismiC, 
aeromagnetic and gravity results, is less than 10 000 ft. Bu~ two 
areas where thick sediments might occur have been delineated by 
the gravity data; one is localized and the other of regional extent. 
The southern margin of the Munro Gravity Platform isa basement 

, ridge repres ented by the Joanna Springs Gravity Ridge. 

(e) The Anketell-Warrt Regional Gravity Rtdge is a major gravity 
feature which probably spans the continent from northwest to 
southeast. Most of the individual anomalies which occupy the 
ridge are believed to be attributable to intrabasement phenomena 
and elevated basement topography. 

(f) An extensive gravity 'low', the South Canning Regional Gravity Low, 
corresponding to the South Canning Basin is caused partly by thick 
sediments. Despite the sparse gravity coverage two separate 'lows' 
have been delineated, an east-trending 'low' and a major northwest­
trending 'low' which borders the Anketell-Warri Regional Gravity 
Ridge. Because of the spatial relations of these 'lows' to the Joanna 
Springs and Anketell-Warri Gravity Ridges, the age of thick 
sediments could range from Upper Proterozoic to OrdoviCian. 

(g) An examination of the elevation-corrected Bouguer' anomalies suggests 
that, for the coastal areas at least, the Canning Basin ·is in regional 
isostatic equilibrium. 
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APPENDIX A 

I DENSITY OF ROCK FORMATIONS 

A considerable amount of density data on rocks from the Canning Basin has been collected. I 
Some density determinations have been made on surface samples. but the most important 
measurements have been made on cores from deep bores. Set out below is a table showing the 

I number of determinations made on various rock units: 

TABLE 1 

I 
Rock Unit Numherof Average Variation Comments 

determin- densisY (~tiYlgard 

I A!i2D! g/cm devia~Qn) 
g/cm 

Mesozoic 25 2.1 0.1 I 
Liveringa 
Formation 4 2.6 (0.2) 

I (Permian) 

Noonkanbah 
Formation 43 2.34 0.14 I (Permian) 

Poole Sandstone 56 2.28 0.12 
(Permian) I 
Grant Formation 131 2.44 0.04 
(Permian) 

I Anderson Formation 168 2.57 0.10 The data suggest a bimodal 
(Upper Carboniferous) (2.50) density distribution. 

I (2.65) 

Laurel Formation 18 2.65 Langoora No. I. Meda No. I. 
(Lower Carboniferous) HawkBtone Peak No.1 

I Devonian - noll-reef 57 2.63 0.08 M.linly determinations on 
formations Fairfield Formation and 

Clanmeyer Siltstone. I 
Devonian reef complex 85 2.70 0.1 Large densttyvariaUons 
(a) -Terrigenous facies 6 2.61 0.04 recognized within the complex. 

I (b) Porous dolomite facies 31 2~72 - 0.06 
(c) Reef complex 12 2.74 0.07 
(d) Back reef facies 27 2.71 0.07 
(e) Sandstone unit 4 2.55 0.04 I (f) Basal conglomerate 5 2.69 0.04 

Laurel Formation 13 2.55 0.04 Laurel Downs BMR No. 2 

I Fairfield Formation 5 2.57 Offshore equivalents of Devonian 
Virgin Hills Formation 17 2.51 reef facies found in Laurel Downs 
Gogo Form atton 5 2.51 BMR No.2 I 

0..V 

I 
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Rock Unit Number of Average Variation Comments 
dete.r.ml!l= ~~ (standard 
DUona g/em djtatlg.n) 

g cm 

? Virgin Hills Formation 7 2.71 Babrongan No. 1 

Goldwyer Formation 7 2.59 0.06 
(Ordovician) 

Thangoo Limestone 28 2.71 0.2 
(Ordovician) 

Lower Ordovician 9 2.60 0.06 
(Samphire Marsh No.1) 

All Ordovician 50 2.62 0.10 
(including surface 
samples from Prices 
Creek) 

Upper Proterozoic 2 2.60 Surface samples only -, sediments ! 

Gabbro and dolerite 5 2.93 0.02 
intrusives 

Leucitite lamproite 3 2.40 Th is value cons idered low as 
intrusives petrological examination 

suggests a basic parent- magma. 

Basement 15 2.73 0.06 
(all determinations) 

Granitic basement 1 2.70 Samphire Marsh No. 1 

Granitic basement 1 2.62 Goldwyer No. 1 

Slate & phylltte 4 2.74 Thangoo No. lA 

Biotite-chlorite- 2 2.85 Langoora No.1 
hornblende schist 

Metaquartzite 1 2.67 Hawkstone No. 1 

Schist and quartzite 3. 2.71 Meda No.1 

Lower Proterozoic 2 2.82 Surface samples 
metamorphics 

1'.'77 
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A major density discontinuity occurs between the Mesozoic and 
older rocks. However, the Mesozoic is not believed to be anywhere thicker 
than 2500 ft. A second discontinuity occurs between the Permian and older 
sediments while a third discontinuity is between the oldest sediments 
(Ordovician to Upper Proterozoic) and the basement. The table below 
summarizes the densities which may be considered appropriate for present 
analysis of the regional gravity data. It must also be remembered that 
important density discontinuities occur in the basement and that the del1$}ties 
within the Lower Proterozoic metamorphics range from 2.7 to 3.0 g/cm . 

Age of rocks 

Mesozoic 

Permian 

Upper Carboniferous 

Lower Carboniferous ) 
Devonian . j) 

. Ordovician .) 
Upper Proterozoic ) 

Devonian reef facies 

Basement (granitic) 

TABLE 2 

Basement (high-grade metamorpbics) 

Intrusives 

Gabbro 

Leucitite lamproite 

Density, g/cm3 

2.10 

2.40 

2.55 

2.60 

2.70· 

2.70 . 

2.85 

3.0 

? 2.4 

Important local density changes occur in the Devonian. Reef develop.. 
ment has taken plac§~ong the Oscar Ridge ~d the density of the reef complex 
averages 2.70 g/cm· • This high value of densIty means that reef development 
will probably show as a Bouguer anom·aly 'high' (or residual high). The 
Devonian rocks also show important horizontal density variations. Densities 
of the Devonian rocks cut in BMR 2, Laurel Downs, are considerably lower 
(Condon & Henderson, 1960a) than those to the -northeast on the Lennard Shelf. 
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Devonian sediments occurring within the Fitzroy T~hare likely therefore 
to have a density of approximately 2.50 to 2.65 g/cm • 

Devonian rocks sampled in Babrongan No.1 include a dolomitic 
formation which is probably equivalent to the Virgin Hills Formation. The 
density of this formation is relatively high. 

Basement rocks are broadly of two types: 

(1) High-grade metamorphics of Lower Proterozoic age which are 
intruded in places by basic igneous rocks. The overay dens tty of 
these rocks is high and probably averages 2.85 g/cm . 

(2) Granite and granitiC gneisses, which intrude the metamorphics but 
are assumed to be of Lower Proterozoic age. 

In this report the Upper Proterozoic sediments are considered to 
be a part of the sedimentary column. In places the sediments have been 
metam0I1>90sed and folded. The density for the unaltered sediments is 
2.60 g/cm ; wh§n mildly metamorphosed their density is likely to be 
about 2. 70 g/ cm . .. 

Other formations which exhibit horizontal density variations are the 
Anderson and Laurel Formations. 
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APPENDIX B 

CLASSIFICATION OF BOUGUER ANOMALIES 

Bouguer anomaly contours, which are used to illustrate the anomaly 
pattern over large areas, are presented on a map base at a scale of 40 miles = 
1 inch. For a station density of one station per 50 square miles or better, 
contours are shown at 5-mUligal intervals. 

Areas of distinctive contour pattern characteristics are recognized 
on the map and these features are clasSified according to size: 

(i) 

(ii) 

(iii) 

Gravity Province. Usually a large area over which the gravity 
pattern exhibits at least one characteristic property, such as 
trend, or where there is a clear correlation of a Bouguer anomaly 
with a major geological entity. Within the Canning Basin, the 
average size of a province is 24 000 square miles. 

Gravity Unit. A gravity unit is a major anomalous area but is 
smaller than a gravity province; the pattern exhibits at least 
one characteristic property, such as trend. The average size of 
a unit is 8000 square mUes. A province may contain one or more 
gravity units. 

Gravity Subunit. A gravity subunit is ~. single Bouguer anomaly 
feature; it is usually a 'low' or a 'higJ,' with at least one closure, 
a gradient, or part of a gradient. I 

! 

Characteristic properties of a Bouguei \1 anomaly feature are: 
I 

(i) Trend - The Direction of the cont!ur lines of the major gradient 
I 

is called the trend of a g1 avity feature. 
I 

(ii) Sign - Whether Bouguer anomaly f. ~ature has positive or negative 
closure relative to the bac) ~ ·;round value. 

I 

(iii) Amplitude - The value of a BougUt \. anomaly feature relative to 
the background value. \ . 

(iv) Intensity - The intensity of a Bougu \ ~ anomaly feature is defined 
as the ratio of anomaly (,mplitude to half-width. 

(v) Shape - The shape of an anomaly ca I be expressed as the ratio 
length of major axis to lell€ \ 1 of minor axis. 

\ ~~ 
I: 
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All of the above properties are capable of quantitative description. 
When gravity Provinces are recognized, the most important characteristic 
properties are trend and shape. 
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APPENDU C. DEEP BORES IN 'l'BK CAlINING BASIN 

6395 
8101 
3028 

10,144 

4003 

Devonian 

Upper Carboniferous 

Ordovicim 

Upper CarboD1rerous (gabbro in~rusion) 

Rock aalt (ege unceMain) 

7500 DevoniUl 

4720 PNcaabr1_ (QJ'Ul1te) 

12,915 Upper Carboniferoua 

1680 Pel'llliUl (Poole IIalIUtone) 

Preoambrim (Soh1~) 

4000 Devonim 

8809 PHoubrim (Sohiat) 
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2154 Perm18Z1 (Ol"Ult Formation) 
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Thickness penetrated (feet) 

lIleaosoio ~ ~ !:2!!!I. DevoniUl Ordovioim Cebriap 

1962 230 
1960 1562 
1956 1022 
1955-56 678 
1958 694 

1953 

1588 
4262 

1959 
1958 

176 3351 
1500 1217 
(Appro1. ) 

1954-?5 
1963 
1955 
1963 314 
1955-56 
1958 654 

1800 

151 
1600+ 
3729 

170 

3487 

1959 Bot available 

1923-25 Not available 

1955-56 6001+ 

Carbon- Carbon-
iterou. '1hrQua 

6507+ 

511;+' 

143 

734 

580 
1400 

548 

? Total Depth 1587 in ~br1Bzl 

1955 8010 1062+ 

1927-30 50~ available 

1922 • • 

4200+ 

1522 

3947+ 

2615 

370 
2390 
:U80 

403+ 

1747+ 
'(Rock Salt) 

1877 

694 Preoambri8Zl.(metamorphios and voloanics) 1956 680 
(Approx.) 

4000 Ordovician 
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.\aBociated Freney Oil P'ielda 9828 Devonian 
N.L. 
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5429 ?PreoambrillZl (plIylli te) 

2223 PreoambrillZl (granitio gneia.) 

- - - - - - - -

1533 

2224 

1781 

1811 

1956-57 500 4150 
(Approx. ) 

1906-10 

1958 1912 

- -

1000 
(Approx. ) 

1377 

234 

-

667 

1433 

- - -

659+ 

2141 

2318 

-

?4OO 

-

, 
I 
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APPENDIX D 

HlSTORY OF SURVEYS 

A history o.f the BMR geophysical Investlgatio.ns of the area is presented 
belo.w in tabular fo.rm. Much of the gravity field wo.rk was perform'ed by 
S. Waterlander and J.R.H. van Son • 

. So.me of the gravity data have been analysed in four.unpublished BMR 
reports (Wiebenga & van der Linden, 1953; Everingham, 1962; Flavelle & 
Go.o.dspeed 1962; Lonsdale & Flavelle, 1963). 

1952 

1953 ) 
) 

1954 ) 

1953 

1954 

1954 

1954 

1955 

1955 

1955 

1956 

1957 

1960 

1962 

~ 
(a) Gravity 

Semi-detailed gravity 

Semi-detailed gravity 

Remarks 

Studied the Nerrima Do.me and Fenton 
Fault •. Report by Wiebenga & van der 
Linden (1953). Altitudes by barometer and 
spirit-leveL 

Poole Range area and Pinnacle Fault. 
Altitudes by spirit-level and barometer. 
Report by EveriDgbaol(1982). ' 

Regional gravity Fitzroy valley area. Altitudes by spirit­
i level and barometer. 

Regio.nal gravity I As fo.r 1953 except that some altitudes 
o.btained by elevatio.n meter. 

Grant Range area. Spirit-level. 

Myroodah area. Spirit-leveL 

Christmas C reek area. Spirit level. 

Seini-detailed gravity 

Semi-detaUed gravity 

Semi-detaUed gravity 

Regional gravity \ Covered the inhabited area of the Basin. 

Detailed gravity 

Regional gravity 
1 Regio.nal gravity I' 

, f 
Reco.nnaissance gravity Ii 

Reconnaissance gravity \ 

Barometer and elevation meter. 

Broom'e seismic lines. Spirit. level. 

Canning Basin. Barometer. Two parties 

Helico.pter survey. Barometer 

Canning Basin. Barometer. Helicopter 
survey. 

South Canning Basin. Barometer. 
Helico.pter survey. 
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Year ~ Remarks 

(b) SeiSmic 

1952 Seismic refraction N errima Dome area. 

1953 Seismic reflection and Poole Range/Prices Creek area. 
refraction 

1954 Seismic reflection Poole Range/Christmas Creek area. 

1954 Seismic reflection Deep Well Anticline area. 

1954 Seismic refiection Broome area. 

1955 Seismic reflection Christmas Creek area. 

1955 Seismic reflection Langeys Crossing area. 

1955 Seismic reflection La Grange area. 

1955 Seismic refiection Barnes Flow area - study of the Fenton 
Fault. 

1955 Seismic reflection Broome area. 

1962 . Seismic reflection Poole Range area. 
and refraction 

In 1954 BMR conducted a regional aeromagnetic survey of the area 
(Quilty, 1960). WAPET has conducted gravity and aeromagnetic investigations 
over a large area of the Basin, and seismic surveys in areas of interest. At 
the present time, moat of the work done prior to 1960 has not been published. 
However, for the vicinity of Sisters No. 1 and Nerrima No. 1 WAPET has 
released gravity data on a 10 x 5 mile grid basis. Since 1960, most of the 
private c'ompany geophysical work has been subsidized by the Australian 
Government and has been made public. AsSOCiated Freney Oil Fields N. L. 
has done detailed gravity and seismic traversing, but the results have not 
been published. 

Reports on the geology of the area have been compiled by: Veevers & 
Wells (1961), Guppy et ale (1958), Brunnschweiler (1954, 1957), Traves, Casey 
& Wells (1956), McWhae et ale (1958), Playford & Johnstone (1959), Reeves 
(1951), and Teichert (1950). They have all been consulted in compilation of this 
Report. 

In recent years, a number of geophysical surveys by private companies 
and subsidized by the Australian Government have been carried out by Hawkstone 
Oil Company (1963), Oil Development N.L. (1963), and WAPET (1963a, 1963b, 
1963c, 1963d, 1964d). il\) 
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APPENDIX E 

COMPUTATIONAL METHODS 

.Most of the Fitzroy Basin has been covered by conventional land 
gravity surveys. However, an extensive part of the central and southern part 
of the Basin has been covered by helicopter gravity surveys. Station density 
for the helicopter surveys ranges from 1 per 50 sq. mUes with regular 
station spacing to 1 per 250 sq. mUes at irregular intervals. The helicopter 
gravity coverage to the south and southeast of the Basin is on a regular 
7 x 7 mile grid. 

The accuracy of the individual Bouguer anomalies ranges from 0.2 
mGal for detailed surveys to 2-3 mGal for regional surveys. The maximum 
error for the systematic helicopter survey stations is less than 2 mGal. 

Helicopter Gravity SurveyS 

When he1icopters'~ are used as transpOrt for the gravity meters the 
elevations are obtained by barometer. The resulting uncertainty in elevation 
is the major source of error in the Bouguer anomalies. The standard deviation 
of the elevation error is . close to 7 it. 

Automatic computing procedures are used for calculating the Bouguer 
anomaly from the raw data. The following corrections are made to the 
readings: 

A. Gravity 

(1) Correction for tnstruDlental drift 

(2) Correction for tnternalloop misclosures combined with 

. (3) Correction for ties to external fixed stations. 

B. Barometric 

(4) CorrectiOn for instrum'ental drift 

(5) Correction for diurnal barometric changes 

(6) Correction for air temperature and humidity 

(7) Correction for internal loop misclosures combined with 

f6 ( 
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(8) Correction for ties to external fixed stations. 

(9) Correction for isobaric gradient. 

C. Bouguer Anomalies 

(10) Correction for latitude (theoretical anomaly) 

(11) Correction for elevation (combined Bouguer and free-air correction) 

The Bouguer anomaly is not corrected for: 

(1) Near-surface geological phenomena such as variations in the 
th iclmess of alluvium. 

(2) Topographic effects 

Mathematical Techniques 

The 'possible geological cross-sections' presented were tested on the 
automatic computer. Each body was drawn in the shape of a polygon and 
assigned a density. The automatic computer was used to calculate a Bouguer . 
anomaly profile given the shape of the individual bodies and their densities. 
An exact correspondence with the observed Bouguer anomaly was not attempted. 

The recent horizontal derivative curves shown in some of the figures 
were calculated from the actual anomaly values recorded at closely spaced 
stations (1/2 or 1/4 mUe statton intervals). The resultant curve is most sen­
sitive to near-surface effects but in general (Bott, 1962) major maxima and 
minima points on the curve are caused by changes in direction of density 
discontinuity planes. 

The work was done on a Ferranti SiriUS computer operated by Monas! 
University. The programs have been described in detail by Bott (1962). 

l- __ .~-_ 
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