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A B S T R A C T 

West Australian Petroleum Pty. Ltd., carried out a 
seismic survey in 1 9 5 2 - 5 3 over the Rough Range Anticline, near 
Learmonth, W. A. In response to an application by the company, 
the Bureau of Mineral Resources carried out a gravity survey over 
the seismic traverses to assist the interpretation of the seismic 
results. . . 

An elongated high anomaly was discovered parallel 
to the surface geological axis and about a mile to the east of it. 
It seems probable that this anomaly is associated with a high 
feature in Cretaceous sediments, or a buried fault upthrown on the 
eastern side. 

A negative anomaly slightly west of the surface 
geological axis is believed to be due to thinning of dense Tertiary 
sediments at the crest of the structure. 

Rough Range No. 1 bore was drilled on the western 
flank of the high anomaly and located o'il at a depth of about 
3 , 6 0 0 feet. 

(iv) 



DETAILED GRAVITY SURVEY OF ROUGH RANGE ANTICLINE 
NEAR LEARMONTH, WESTERN AUSTRALIA. 

1 . INTRODUCTION 

The Rough Range Anticline lies in the Carnarvon (North-West) Basin, near 
the south-western end of Exmouth Gulf (see Plate 1 ). Its position is approximately 
latitude 2 2 ° 3 0 ' S , longitude 1 1 U 0 0 0 ! E . 

The physiography of the Rough Range is an expression of the surface 
geological structure - an anticline in Tertiary limestones. The underlying geological 
sequence includes Cretaceous, Jurassic, Permian and Devonian formations of total thick­
ness greater than-10 ,000 feet. 

West Australian Petroleum Pty. Ltd., holds a "Permit to Explore" covering 
the Carnarvon Basin, and exploration has been carried out during recent years by the 
Company's geologists, in conjunction with geologists of the Bureau of Mineral Resources, 
Geology and Geophysics. The structures are described by Craig ( 1 9 5 0 ) , Condon, Johnstone, 
Perry and Crespin ( 1 9 5 3 ) , and Condon ( 1 9 5 4 ) . These reports contain references to earlier 
literature on the area. 

Geophysical techniques have been used as part of the exploration programme 
in the Carnarvon Basin. Between 1 9 5 0 and 1 9 5 3 , the Bureau of Mineral Resources carried 
out reconnaissance gravity surveys. The results of these surveys have been described 
by Thyer ( 1 9 5 1 b ) and Chamberlain, Dooley and Vale ( 1 9 5 U ) . Seismic and gravity traverses 
were surveyed across the Giral'ia Structure (Vale, 1 9 5 1 ; Thyer, 1 9 5 1 a ) . Later, West 
Australian Petroleum Pty. Ltd. carried out further detailed seismic work over the Rough 
Range Anticline, and in February 1 9 5 3 applied to the Bureau for a detailed gravity survey 
to be made over this structure to assist the interpretation of its seismic results, before 
selecting a drill site. The preliminary results were made available to the company early 
in 1 9 5 3 and a brief summary was included in the report by Chamberlain, Vale and Dooley 
( 1 9 5 U ) . 

2 . GEOLOGY 
The stratigraphy and structure of the area are described in detail in a 

report by Condon, Johnstone and Perry ( 1 9 5 5 ) to which reference should be made. Only 
those which are of specific interest in the interpretation of the gravity data are re- • 
ferred to here. 

The Rough Range Anticline is a symmetrical structure about 1 0 miles long, 
lying a few miles to the south-east of the Cape Range Anticline, from which it is separated 
by the Dingo Syncline. 

It has been mapped at the surface in Tertiary (Miocene) limestone in which 
it has a closure of about 2 0 0 feet. Beneath the Tertiary rocks is a succession of 
Cretaceous, Jurassic, Permian and Devonian sediments. The anticlinal structure probably 
persists throughout the sedimentary section, but this is by no means certain. Condon 
et al ( 1 9 5 5 , p. 3 8 ) list three ways in which the folding may have been produced in the 
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Cape Range Anticline. These are differential compaction, deposition over pre-existing 
hills, or vertical uplift due to fold or fault movement'in subjacent strata. With a 
favourable distribution of densities, any one of these could give rise to a gravity high 
over the anticline. 

Condon ( 1 9 5 4 ) suggests that the Rough Range Anticline may be due to a 
single high-angle up-thrust, but his later views (personal communication) favour 
deposition over a pre-existing erosional scarp. 

3. • DENSITIES 
The density log of Rough Range No. 1 bore, which was drilled on the anti­

cline by West Australian Petroleum Pty. Ltd., is shown on Plate 5 . 

The log can be divided roughly into three parts, with different average 
densities as follows :-

Depth (ft. ) * Average Density 
(gm/cc) 

0 - 3,500 
3,500 - 6,800 
6,800 -10,000 + 

2.0 ± 
2.45± 
2.7 ± 

The change in average density at 3 , 5 0 0 feet occurs within and near the 
base of the Cretaceous sediments. That at 6,800 feet probably coincides with the base 
of the Jurassic rocks. 

There is substantial variation within the zone from surface to 3 , 5 0 0 feet 
corresponding to various lithological units, but the changes in average density at 3 , 5 0 0 
feet and 6,800 feet are definite and quite remarkable. The density of the pre-Cambrian 
basement rocks is not likely to differ greatly from 2.7 gm/cc. The density changes in. 
the section which are most likely to affect the gravitational field are those at :-

(a) 3 , 5 0 0 feet - a local elevation in the denser 
sediments below this level, without change' in 
thickness of the sediments above, would produce 
a local increase in gravity. 

(b) 6 , 8 0 0 feet - a local elevation in the surface 
would, as in (a), produce a local increase in 
gravity. 

In addition to the above, variations in thickness in a dense Miocene lime­
stone near the surface (shown by the two high values at the head of the log) will produce 
local variations in gravity. 

k. OPERATIONS 
The gravity survey was carried out by one of the- authors (i.B. E. ) in March, 

1 9 5 3 , using a Worden gravity meter (No. 6 1 ) . A Landrover was used for transport, and the 
Company arranged vehicle servicing and camping and messing facilities. 
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Readings were taken at the seismic shot points, and as these had already been 
surveyed and levelled, the work proceeded rapidly. The progress of the survey was 
interrupted by the cyclone of 2 2 n d and 2 3 r d March, which destroyed the West Australian 
Petroleum Pty. Ltd's. camp and left part of the area unsuitable for traffic for some time. 
Because of this and owing to other commitments for the gravity meter, the gravity survey 
was not completed over all the seismic traverses. However, those omitted are not con­
sidered important for the interpretation of the results of the survey. 

The gravity readings were corrected for normal gravity and for elevation. 
The correction factor adopted for the elevation was 0 . 0 6 6 3 mg/ft. This was determined 
by a statistical method involving the correlation between elevation and observed gravity 
at several selected stations, after eliminating linear regional effects from both eleva­
tion and gravity. The factor chosen corresponds to a density for ,the surface material 
of 2 . 1 6 gm/cc 

The gravity readings were reduced to absolute values by reference to the 
1 9 5 0 regional gravity survey of the Carnarvon Basin (Thyer, 1 9 5 1~b), which was completed 
during 1 9 5 3 , and gave 978,818 . 3 milligals for the observed gravity at station 1 8 - 1 . 
The regional work is tied to the Bureau's pendulum stations at Onslow and Carnarvon. 

5 . RESULTS OF SURVEY 
The results of the survey are shown as a Bouguer anomaly contour map on 

Plate 2 . Plate 1 shows the results on a smaller scale, in relation to the regional 
survey in the North-West Cape Area. Plates 3 and U show gravity profiles along two 
cross-sections and indicate possible interpretations. 

In compiling the Bouguer anomaly map on Plate 2 , gravity values at several 
stations of the 1 9 5 0 regional survey have been used, as well as the readings taken at 
the seismic shot points during 1 9 5 3 . 

The feature of most obvious interest is the high gravity anomaly striking 
approximately north and passing through shot points A - 1 / 2 6 , A - 2 1 / 1 0 , A - 2 2 / 8 , A - 5 / 2 , 
A - 2 0 / 3 and A - 1 8 / 2 . There is a closure of about 1 milligal, and the highest value is at 
A - 2 2 / 8 . 

The coverage of this feature is not good. Owing to the limitations of time 
and surveying facilities, readings were taken at the seismic shot-points only. It would 
have been desirable to have two or three additional east-west traverses between lines 
A - 2 2 and A - 2 3 , and more stations are required to the east of line A - 2 2 to delineate the 
anomaly more accurately. Further traverses are required to the south of A - 1 to establish 
whether the anomaly extends beyond this line. 

Subject to- the above remarks, the anomaly appears as a long narrow feature, 
somewhat asymmetrical in that the fall in gravity is much larger to the east than to the 
west. The gradient on the east flank appears to be steeper than that on the west flank, 
although the control on the east flank is poor, except at the southern end of the anomaly. 

The axis of the anomaly is parallel to the surface axis of the Rough Range 
Anticline (Plate 2 ) , but is about one mile to the east. This suggests a considerable 
shift of the axis of the anticline with depth, or a displacement at an unconformity. 
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The position of the gravity maximum.in relation to the axis of the anticline 
is shown clearly on the cross sections on Plate 3 . It is interesting to note that when 
due allowance is made for a regional gradient to the east, there is a pronounced gravity 
minimum coinciding with the axis of the Dingo Syncline. There is thus close agreement 
between the gravity anomalies and the major tectonic features in the area. 

The regional map (Plate 1 ) shows a rapid increase in gravity to the north­
west of the Rough Range Anticline. To the south-east of the anticline the gravity . 
continues to decrease, and passes through a .minimum between Bullara and Giralia Home­
steads. No informa-tion is available to the east of the anticline, in Exmouth Gulf. 
The major component of the steep rise to the north-west has a deep-seated cause associated 
with the tectonics of the earth's crust. 

As the anticline lies in an area where there is a large regional effect, it 
is difficult to separate the local anomaly from the regional anomaly. However, an 
attempt has been made to do this, as shown in the cross-sections on Plates 3 and 4 . In 
Plate 3 , Pigs. 1 and 2 , two possible regional anomalies have been used for alternative 
interpretations of Section A-B, 

It is often helpful in assessing the results of a gravity survey over an 
anticline to assume that the gravity anomaly is due solely to the denser "core" which 
approximates to a horizontal cylinder. On this basis, calculations are made of the depth 
to the centre of the cylinder. If a density contrast is assumed between the material of 
the cylinder and the surrounding material, the diameter of the cylinder, and hence the 
depth to the top of the cylinder, can be calculated. These calculations tend to give a 
maximum depth to a major change in density in the sediments (Nettleton, 1 9 4 0 , p. 1 2 2 ) . 

Estimates for the maximum depth to the centre of gravity of the horizontal 
cylinder give values of 5 , 7 0 0 feet and 7 , 0 0 0 feet respectively for cross-section A-B, 
depending on which regional anomaly is adopted (the smaller "half-width" is used in each 
case). A similar treatment for the section along traverse A - 1 (Plate 4 ) gives a depth 
of 9 , 0 0 0 feet. The depths to the top of the cylinder would, of course, be less than this, 
and, assuming a density contrast of 0 . 3 between the hypothetical cylinder and the rest of 
the sediments, the maximum depths to the top would be about 3 , 7 0 0 feet and 4 , 3 0 0 feet 
respectively for the two interpretations of section A-B and about 5 , 0 0 0 feet for traverse 
A - 1 . If the density contrast is less than 0 . 3 then the maximum depths will be less than 
those calculated. 

These maximum depth determinations are useful only as a guide to the order 
of magnitude of depth to the higher density formation. Actual depths are considerably 
less than maximum depths calculated by the above method from anomalies' due to normal anti­
clinal structures, particularly when flank dips are small. For example, the maximum 
depth determination for Plate 3 , Fig. 1 is 3 , 7 0 0 ft; yet an anticlinal structure with its 
apex at a depth of 3 , 0 0 0 ft., 1 0 ° dips on either flank and density contrast 0 . 2 , would 
cause a similar anomaly. 

Information on rock densities, provided by West Australian Petroleum Pty. 
Ltd. , is shown on Plate 5 , which is a graph of density versus depth for samples from Rough 
Range No. 1 bore. The densities were determined from cores and ditch samples. 

The range of densities in the section from surface to 3 , 5 0 0 feet is large, 
and density contrasts exist within the formation. If the cause of the gravity anomaly is 
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an anticline, the above interpretations indicate that this exists at least within the 
Lower Cretaceous sediments and that the axis of the Lower Cretaceous structure is displaced 
to the east of the Tertiary structure. 

As the Trealla and Tulki limestones (of Tertiary age) are near the surface 
and are denser than underlying sediments, they complicate the gravity pattern in the 
Rough Range area, particularly at the crest of the structure where thinning of these rocks 
is presumably greatest, due to erosion and/or lensing. The thinning of these sediments 
would result . in a local gravity low, and the negative saddle on the Bouguer map, centred 
near station 7 on Traverse A - 4 , may indicate the culmination of the Tertiary anticline. 

In Plate 3, Pig. 3, an attempt has been made to obtain a gravity cross-
section in which the effect of the higher density Tertiary sediments is eliminated. The 
resulting profile (dotted) is an approximation only, and when a regional effect (the mean 
of those used in Pigs. 1 and 2) was applied, the maximum depth estimation of 5 , 4 0 0 feet 
implied a slightly deeper or broader higher-density structure than previous estimates. 
On this interpretation it would be possible for the cause of the anomaly to be an anti­
clinal feature at the base of the Cretaceous, corresponding to the density contrast at 
3 , 5 0 0 feet. This is hardly possible in the previous interpretations. The axis of the 
residual gravity anomaly is 1/4-mile east of the position indicated in Pigs, 1 and 2 
(Plate 3). 

The Rough Range gravity anomaly could also be caused by a buried fault with 
a throw of about 3,000 feet and with the eastern side upthrown, assuming a density con­
trast of 0 . 1 5 . The depth to the centre of the fault-plane would be approximately 5,000 
to 6,000 feet, and the fault would be almost directly beneath the axis of the surface 
anticline. The formations in which faulting may have occurred would presumably be pre-
Cretaceous (see footnote). 

NOTE: Since this report was-written, Mr. 0. A. Poirier, Exploration Superintendent 
for West Australian Petroleum Pty. Ltd. has advised that, on their' current interpretation 
of seismic data, an axial fault has been found, intersecting the structure east of the 
axis, with a down-throw of 1500 feet to the west in the pre-Cretaceous sediments. Owing 
to subsequent erosion, this has resulted in an abrupt thickening of the Jurassic from 
less than 300 feet on the east side to 2600 feet on the west side. Post-Cretaceous reverse 
movement occurred along the fault, up to 800 feet maximum. This would provide a reason­
able explanation of the gravity anomaly, with the main effect arising from the discontinuity 
at 6800 feet in Rough Range No. 1 bore. 

Plate k illustrates the cross-section along traverse A-1, which crosses the 
southern end of the North-West Cape Peninsula. It is noteworthy that the Rough Range 
Anticline still gives a large gravity anomaly as far south as this, although the surface 
geological axis is not shown continuing to the south (Condon et al, 1953). The traverse 
crosses the southern end of the Cape Range Anticline. There is a gap in the gravity 
readings across the axis of the structure from S. P. 5 8 to S.P. 70; however, there is no 
suggestion of a gravity high associated with the structure. ' The general impression is 
of a very broad synclinal feature. A gravity traverse across the Cape Range near the 
apex of the structure would be of considerable interest, and this would appear to be a 
useful step in any further exploration planned on this structure. 



It is interesting to compare the Rough Range gravity anomaly with the 
anomaly disclosed "by the detailed gravity traverse across the northern end'of the Giralia 
Anticline (Thyer, 1 9 5 1 a ) . There, seismic work (Vale, 1 9 5 1 ) disclosed an unconformity 
at a depth of about 3 , 0 0 0 feet, the upper phantom horizon being conformable with the 
surface anticline,, while the lower phantom horizon showed a syncline. The gravity 
results also showed a syncline, thereby agreeing with the geology below the unconformity. 
However, the gravity anomaly was much broader than the Rough Range anomaly and it might 
well have been directly associated with a deep-seated feature. 

6 . CONCLUSIONS AND RECOMMENDATIONS 
A gravity high anomaly has been disclosed with its axis parallel- to, and 

about one mile east of, the surface axis of the Rough "Range Anticline. It seems probable 
that this anomaly represents either a high feature in Cretaceous sediments, or a buried 
fault in pre-Cretaceous formations. 

A gravity low anomaly situated near the apex of the Rough Range Anticline 
is believed to be due to thinning of Tertiary sediments in this area. 

Rough Range Np. 1 Bore, which was drilled about one mile west of the axis 
of the gravity anomaly, discovered an accumulation of oil in the Cretaceous sediments. 
The relation between the gravity anomaly and the accumulation of oil discovered in the 
No. 1 bore is not clear at present. 

The detailed gravity survey has not been carried far enough to delineate 
the anomalies accurately. An extension of the survey to the south and east, and more 
detailed work over the axis of the anomaly would appear to be warranted. 
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