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ABSTLACT

The Fitgzroy Basin is situated south-east
of Derby in the Kimberley Division of Western
Australia, Fesults are given nf a semi-detailed
gravity survey which was made of the portion of
the basin between longitudes 123°40' and 124°30!
and latitudes 18°05' and 18°40",

The survey disclosed a large basin
structure at least 7,000-8,000 feet deep and a few
minor anomalies which may prove important. It is
not known whether the higher density formation at
7,000-8,000 feet depth in the basin represents
Pre-Cambrian basement or sediments of Devonian or
Ordovician age. Ihe position ~f, and displacement
on, the Fenton Fault system were indicated,

A detailed gravity survey of the Nerrima
structure confirmed the existence of faults which
had been mapped by the Bureau's geological and
seisnic parties, but was unable to determine the
depths to which these faults penetrated,

Seismic refraction work and test drilling
are recomnended south of the Fenton Fault, between
Barnes' Flow and Mt, James, to disclose the nature
of the higher density formation. Fecommendations
are also made for an extension of the detailed
gravity survey to areas in which anomalies were
revealed by the semi-detailed survey.,
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1. INTLODUCTION

The Fitzroy Basin is situated to the south-east of Derby,
in the Kimberley Division of Western Australia (Flate 1).

This Basin is one of several in Australia 1n which the
search for oil has been carried out intermittently over a
number of years. The Freney Kimberley 0il Co. N.L., holds
three leases in the Basin and the West Australian Petroleum
Pty. Ltd. holds the remainder of the area under an authority
to prospect for oil.,

In 1939, the Freney Kimberley 0il Co. started drilling
the Nerrima No.1 bore, at a site selected by Dr. A, Wade, on
the Nerrima Dome, As a result of the Japanese entry into
the war in 1941, drilling was stopped at a depth of 4271 feet,
Operations were resumed after the war, but ge»#¥in drilling
difficulties were encountered and the hole was finally abandoned.

During 1951 and 1952, negotiations took place for the
resumption of drilling operations on the Nerrima structure, the
cost to be divided equally between the Commonwealth Government,
the Western Australian Government and the Freney Kimberley 0il
Co.N.L. -Because geophysical investigation in the Carnarvon VT
(or North West) Basin, Western Australia, had shown that some
structures mapped on the surface did not persist in depth, and
were therefore unsuitable as drilling targets, it was considered’
essential that similar investigations be carried out on the
Nerrima structure before further drilling was undertaken. It
was also considered that if the geophysical survey proved that
the structure persisted in depth, it would assist 1in determin-
ing the most favourable drilling site for the second bore.
Accordingly, seismic and gravity surveys were commenced in 1952,

The Bureau began a geological survey of the Basin in 1948,
continuing the work during succeeding field seasons., The
Nerrima structure has been mapped and described in detail by
Guppy, Cuthbert and Lindner (1950).

This report describes the results of the gravity survey,
which was confined to that part of the Basin around the Nerrima
Dome. The area covereg by the -survey 1is locaged between
latitudes 18°05' and 18%40! and longitudes 123°40' and 124° 30!
(Plate 2). Field operations began on the 10th July, 1952, and
ended on the 10th October, 1952.

The programme of gravity work proposed for the Fitzroy
Basin consisted of:-

(a) Eegional Survey. Fegional gravity surveys are an
important tcol in the geologicel appraisal of large
areas, The regicnal survey was started in the 1952
field season and continued during the 1953 season.
Although the results of the regicnal survey are not
included in this report, a section on hegional’
Gravity is included in order to give a general
indic~tion of the regional trend over the Fitzroy
Basin.

(b) Semi-detoiled_Survey. During the 1952 se¢ason, a
semi~-detailed survey was made over 1,800 square miles,
station intervals along survey lines belng about one
mile, The results of such a survey enable areas to
be selected which warrant further investigation by
deteiled gravity and/or seismic methcds,
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(c) Detgiled Survey. A detailed survey was made in 1952,
mainly.to determine whether or not a grovity high
exists under the Nerrima structure, and to assist the
seismic survey in the investigaticn of the fault and
fracture pattern of the structure. The station
intervel along the survey lines ranged from a quarter
to a helf-mile. :

- The divisions betweer the three tvpes of survey are not
always clearly defined, as each type tends to merge into the
others, However, the broad classification outlined above is
useful in the discussion of results. :

2, GEOLOGY
The Fitzroy Basin is bounded by twc major fault systems,
the Pinnacle and Fenton Feults (Plote 3), = The geology of the
basin has been described by wWrde (1936), Teichert (1949),
Guppy et 21 (1950), Schneeberger (1950. 1952) and Guppy (1953).

(a) Stratigraphy.

The Fitzroy Bassin conteins Ordovicisn,.Devonian and
Permian sediments, and in some ploces hesozoic sediments, The
basement is of Pre-Cambrian rocks (Plate 3).

Fossiliferous rocks of Ordovician sge were discovered
for the first time in Western Australia in 1949 (Guppy and Opik,
1950). They 2re confinecfto a small area of =bout 12 sq.miles =
near Price's Creek, and 1% is not known whether they attain
regional significance witain the bssin, or whether they occur
only as erosional remnants preserved in local cepressions in
the basement floor, ; ’

The Devonian rocks crop out extensively along the

. north-eastern mergin of the Basin and may extend under cover of

Permian sediments over a lerge part of the basin,

Permian rocks extend over the grecater part of the
Basin and attain 2 meximum thickness of approximately 7,000 ft.
They consist mainly of sandstones, siltstones and tillites,
including the Grant Formation, Poole Sandstone, Noonkanbah and
Liveringa Formations. The Nerrima No.1 bore, which commenced
in the Noonkanbah Formation and was drilled to 4,271 feet, did
not reach the base of the Permian, which js probobly at a\depth

of not less than 5,700 ft. be;ow surface,{ o¥ ,ﬁ«JA@<ﬁ,Qxy/

A general columnar section of tne sediments in the
Fitzroy Basin 1s reproduced in Plate 4.

. A st anfs Dt

The Devoniesn sediments ere mainly limestones,and are
overlein by the Permian, with an angular unconformity. Theyf7
are considered as one of wue most impo:tant formations in thc}.
oil exploration programme,; as. they contain likely source,
reservoir znd cap rocks in the correct succession. * The
Ordovician rocks also contzin likely source and reservoir rocks,
and are known tc contain traces of oil. It is believed that
corzl reefs were formed in the Devonian seas at the higher parts
of the sea floor or along the shore lines. As the coral lime-
stones may be reservoir rocks and_ perhrps source rocks, the
detection of such higher levels is of great Iimportance. Moreover,
these Devonian righs may result in structures in the overlying
beds through differential compnction. There seemed to be a
reasonable possibility that the Nerrima LUome wes such a structure,

K
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(b) Structure.

The area covered by the semi-deteiled gravity survey
contains the following important geological structures:-

(1) The Fenton Fault.

(11; The Nerrima Structure (Nerrim= Dome).

(111) The Myroodah Anticline (Deep Well Anticline).

(iv) A long, well-marked syncline between (ii) and (i11).
(v) The Myroodah Syncline. _

(vi) A syncline north-east of Mt, Jeomes. ®

In investigating the structure of the Fitzroy Besin,
it:'1s importsnt to consider how the Devonizn limestones and the ‘
Permian sandstones will behave under stress. Szndstones near '
the surface will probably be fractured and faulted, while Aahlﬁ
limestones at depth under higher pressures and temperatures.——— 07{ f1¢°
will probably undergo plastie deformetionyr ~ThESE conditions & ™/~
mzy ceause the structure pattern near the surfrce to be differcnt ™
from that at depth (Sec Appendix 1).

3. GLAVITY LETHOD
(a) Applicability of the Method.

- The grevity methcd depcnds on density contrasts and
may be used in the investigstion of sub-surfacc structure if
the density contrast between the different sub-surface roecks
is great enough. The method hzs no great resolving power,
‘In general, the interpretation of the results improves in . e .
proportion to the amount of informetion available from bore~holes ‘
and the knowledge of the geology of the =re=m, Dota obtained by
other geophysical methods, particularly the seismic refraction
method, may be used as controls. ‘ _

The log of Nerrime No.1 bore shows a density brecsk at
2,200 feet, Densities were determined in the laboratory from
dry cores (Guppy and Lindner, 1953). The average densities
are 2,3 from surface to 2,200 feet and 2.55 from 2,200 feet to
4,271 feet, To allow for the weter content of the rocks
underground the above densities are assumed to be 2.4 and 2.6
respectively. These flgures give a density contrast of 0.2 at
a depth of about 2,200 feet, This contrast is sufficient to
enable the interpreter to detect from a detailed gravity survey
the fault pattern of the Nerrima structure and to estimate the
throws of faults as low as 200 feet with = fair degree of
reliability., For the interpretetion of the recsults of the
semi-detailed and regional surveys it 1is assumed that the effect
of this near surface density contrest is constsnt, unless the
contrary 1s shown, :

. Schneeberger (1952, p.11) cstimates thot 2 minimum of ,@wwﬁ
an additionzi 1,500 fcet of Grant Formation exists below the

bottom of the Nerrima No.i bore. If ths Permizn section is

assumed to consist of about 2,000 feet of rocks with density

2.4 and 4,000 feet of 2.6, then the aversge density of the

Permian section is about 2,53. The density of the Prc-Cambrian o o4 pe
‘basement 1s probably between 2,7 and 2.8, and adopting a value ., few os
of 2.75, the density contrast betwecn the Permian and the Pre- 1-6%
Cambrian will be -~bout 0,22,

_/“

The density of limestones similsr to the Devonian and
Ordovician limestones 1in this region usunlly rsnces from 2.6 to v
~ 2.8, If the Pevonian or Ordovician limeston® is present,
the density contrast between the sedimentary s.ction and the
basement will depend largely on the density of this limestone.

e F
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If the average density of the limestone section 1s the same as
that of the Pre-Caembrian besement, the two will be indis-
tinguishable by gravity methods. For the purpcse of inter-
pretation of the gravity results, this has been assumed to be
the case and the section below the Permian is referred to as

the "higher density forma*ion'". It ic shown in a2 later section
that the use of a density controst of about 0.22 betwecsn the
Permian rocks and the higher density formation yields results

in good agreement with those of the rcfraction seismic survey.

One of the nain problems of the detailed gravity
survey was to determine the structure in the deep sediments
underlying the Nerrime Domne, It has been indicrted 1n the
previous paragraph that Devonian and Ordovician limestones, if
present, may have the same averege density as the Pre-Cambrien
basement rocks, and mey therefore be indistinguishable from them
by gravity methods. On the other hand, the density contrast
between the Permian and the underlying rocks, whether the latter
are Devonian, Ordovician or Pre-Cambrian, might be expected to
provide a means of mapping the structure at the base of the
Permian, 1.e. at a depth of approximately 6,000 feet below
surface, The density contrast within the Permlﬁn ‘at a depth
of about 2,000 feet provides a means of mapping faults and
determining their displacement at this depth in the Nerrima
structure. Bt

S

Another important problem‘for the gravity method weos
the mapping of the Fenton fault or fault system ond the deter-
mination of the mz2gnitude of the verticael displacement on 1it,

It was considered thot the regional and semi-detailed
surveys would indicete the thickness of the sediments in various
parts of the basin and thus reveal thc broader structural
features,

L e o,

%
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The results of regional surveys generclly include
trends in the gravitotional field which are due to changes in
thickness of the granitic and basaltic layers deep in the
earth's crust, or to other deep-seated density changes. These X

e

reglonal trends have to be mensured and their effect eliminated CoT
from the results of detailed and semi-detailed gravity surveys : "
before the effects of the sedimentary loyers cen be correctly 3
evaluated. 4 -

(b) Elevation Correction Factors.

In the area of the Nerrima structure, elevation "o
differences generally sre smell and therefore elevation correc-
tion factors are not very critical. The "3-point method". was
-used in the determination of an elevation correction factor.
This is a statistica’ method, hased on the relation between the
variations in height and prnvity at a number of selected groups
of three -cllinear stations. The fector was calculated as
about 0.73 G.U.X per foot of elevation for the detailed survey,
which corresponds to a density of 1.6 tc 1.7. This low density i
surface layer presumably corresponds to the low velocity, . !
weathered layer found by the seismic survey. The thickness of
the weathered layer ranges from 10 to 80 feet.

For twe detalled survey an elevation correction factor ‘-
of 0.70 G.U. per foot was used, as it wes considered that the
calculated factor of 0.73 was slightly kich. Few 3-point
groups were suiteble for calculation of the factor and the
result is not therefore very accurate,

¥ The pravity unit (G.U.) = 0.1 rniilligal,
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For the semi detailed survey an elevatlion correction y
f?ctor of 0.66 G.U. per foot (corresponding to a density of 2.2) éo¢?7
was used, . o de

4. FIELD WOLK

() QOrganisation.

The gravity perty consistcd of two eeophysicists, one
of whom was the party lender, two surveyors, four assistonts,
one cook and one nechzanic, The two surveyors were m~de avail-
able by the Commonwealth Department of the Intericr. The
ccmplete party operated a2s 2 single unit, toth zeophysical and
topographical work being controlled by the party leadsr., This
was an inportant factor in . . co-ordincting field operations
in 1naccessible and rough =zrees,

The notor vehicles used>comprised one 3-ton w.l.
4 x 4 Ford, one 5-ton Internationsl truck ard three Landrovers.
Later in the survey one jeep was adced to the party's vehicles.

(b) Topographical Survey.

The positions and elevetions of most of the gravity
stations in the semi-detailed survey were deternined by compass
traverses and levelling. The levelling instrument was also
used as a tacheometer, The end stations of compass traverses
were fixed by reference to trig. stetiuns. The averege output
of the surveyors was about 3 miles per surveyor per day, i.e,

30 miles Po“ the 2 surveyors per week.

. The elevations of the gravity stations used in
reducling the gravity values were all referred to the provision-~
ally adopted datum of 255 feet for Station G118 at kyrcodah
homestead, A levelling traverse completed subsequently in the
1953 season showed that G118 is 177 feet above sea level, As
a result of this error of 78 feet in the assumed datum elevation,
all the Bouguer anomalies shown in the plans of this report are
uniformly 51 G.U. too high,

Whereer po3dsible, station positions were marked on

aerial photographs, the scale of which is/1.27 inches = 1 wmile, 7&Lf»
' 0n a few occasions, photographs and Askania barometers

were used durine the semi-~detailed survey becouse sufficilent

surveyed stations were not available to permit the crevity meter

te. be fully occupied. |
The stations in the detailed survey were nmostly at

seismic shot points, whic.. were locatc¢! by theodolite traverse.

Some compass and level traverses were a2lso used.

(¢) Gravity Survey.

The gravity survey used in the seni-detalled and
regional work was that commonly known as the "repeat method".
The readings at some stations 1in each run were repeated to
establish the drift of the readings. In the detziled work,
well-established gravity stations were vsed as bases to
Cetermine the v-olues of numerous statiorns within a relatively
small aresz,

The accaracy of the reduced Bouguer znomalles depends
on the accuracy oi gravity, elevation and latitude determinations.
The stenderd deviations of these factor: in the semi-detailed
survey are estimated at about 0.8, 0.4 #nd 0.3 G.U. respectively,
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The total estimated accuracy 1is therefore the root mean square
of these values, i.e. approximetely ¥ 1.0 G.U. In detailed
work the accuracy is slightly better.

The gravity meter used during the survey was a Worden
instrument, with a celibration factor fcr the small dial of
C.758 G.U, per division.

The observed gravity values were tied by a regional
traverse to the Pendulum Station at Derby.

5. LEGIONAL GIAVITY

As the recional traverses commenced 'in 1952 require
some additional field work for their completion, the results
from the traverses are not included in this report. However,
‘the data from two pendulum stetions, rne at Hell's Creck east
of the area and the other at Derby, together with the Nerrima
erea results, gzive a general indieetion of the regional trend
over the Fitzroy Besin,

The data of the pendulun stations are tabulated

below:-
Derby rfall's Creek

Latitude 17022, 7! 18014 0!
Longitude 123939, 2! 127940, 4!
Elevation 22 ft. 1410 ft.
Theoretieal Gravity 978‘5086 gel. | 978.5533 g=a
Observed Gravity 978.5188 " 978, 4607 "

{ Elevation Correction 0,0021 " 0.1326
Free Air Anomaly +12. nga2l. | +40.0 mgal.
Bouguer Anonmaly +11. " - 8.7 "

Hayford Anomaly (Isostsz flc) -
Depth of comanSﬂflon 56.9 kn. +13.4 neal.| +31.8 "

80.0 kn, +11.8 " +28.8 .
N n 1 96.0 knm, +10.6 1 +26.7 "
u " A 113.7 kn. + 9.5 " +24.5 "
1 Alry Anomaly (Isostatic) - '

Thickness of Crust - 20,0 kn. +15.2 " +33,1 "
moooww 30.0 ki, | +14.3 " +30.5 "
1t " l n 40,0 kn. +13.3 " +27. 5 "
h " 1" 1" 60.0 kn. +11.4 1" +22,7 n

The average Bouguer anor~1ly resultins from the semi-detailed
survey of the Nerrima area is approx1mauely -25 milligals.

Laree repional trends are ceaused by deep-sected
changes in the earth’s crust, and to ob:ain a truc representation
of such trends, the Bouguer rnomalies shiould be correccted fer
any nenr-surfoce structure showings apprecinble deviation fron
the adopted density of thie bascrent rocks, These corrections
are usually called "peological corrections'", and the corrected
Bouguer anoralies may be called "nornmalised Bouruer anomalies',
An attempt hes been mecde tco estirmeate the geologicol corrections
for Nerrina and Derby, At Hall's Creeck, the¢ surface rocks
are Pre-Cambrian and no geolorical correction is necessary.
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From gravity and seismic evidence to be discussed in a
later section of this report, it is estimated that the thickness
of sediments in the basin at Nerrima is at least 7,000 feet. If
. these sediments are replaced by basement rocks with a density
contrast of 0.22, the Bouguer anomaly will be increased by about
.20 milligals, giving ageclogictaillycorrected (or normalised)

value of -5 milligals. : :

At Derby a water bore reached a depth of 2,371 feet in

Noonkanbah sandstone. IZ sediments to this depth are replaced
by basement rocks, the Bouguer anomaly must be increased by

.7 milligals to give +19 milligals. However, it is possible

that the basin depth is considerably greater than 2,371 feet. In
the area between the Fitzroy River and the Fenton Fault near
Nerrima, the Liveringa-Noonkanbah junction is between +200 and
-500 feet elevation relative to kK.S.L., whereas at Derby this
junction was shown to be at a depth of 1,860 feet., If it is
assumed that the Permian section below the Liveringa-Noonkanbah
junction is not greatly reduced in thickness towards the coast,

a basin depth at Derby greater than 7,000 feet does not seem
improbable, A geological correction based on a minimum basin
depth of 7,000 feet and a density contrast of 0.22 would increase
the Bouguer anomaly at Derby by 20 milligals to +32 milligals,
The same increase applied to the isostatic anomalies at Derby
would bring them into closer agreement with those at Hall's Creek.

, The estimated normalised Bouguer anomalies are
- therefores-

Hall's Creek - Approx. -8.7 mgal.
Nerrima area - Approx. -5.0 "
Derby - >+19,0 "

These results indicate a regicnal rise in the Bouguer
anomaly between Hall's Creek and Derby which can be attributed
to changes in the deep-seated structure of the earth's crust
- betwee %ﬁerrima area and Derby.

The regional gravity data are not yet complete enough
to enable the gravity maps of the Nerrima area to be corrected
. for regional effects, The factors outlined above should be
considered when interpreting the results of the regional survey.

6. RESULTS (F SEMI-DETAILED SULVEY

(a) General.

_ The semi-detailed gravity map (Plate 5) shows a deep
minimum of which the northern boundary is formed by the Fitzroy
River, the western boundary by Geeguli.e Creek and the southern
boundary by the Fenton Fault, The ninimum appears to continue

south-east beyond the surveyed area.

Another minimum with a N.W. axis is indicated near
Station B316 (IL.oebuck Branding Yards) on Geegullie Creek.

_ At surface, the Fenton Fault is easily traced geologic-
ally from lit. James, in a north-westerly direction towards lit.
Arthur, lMoularmen Hill and Charley's Knob, On the gravity map
the same zone is characterised by very steep gravity gradisnts,
which show that the south-western block is upthrown in relation
to the north-eastern block. The gravity pattern shows no
evidence of the e:*istence of the Fenton Fault zone near Geegullie
Creek, ,
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In acddition to the above major gravity anomelies,
several small anornalies were recorded, and their relaticn tc the
surface features is discussed in detail later. There is no
indication that the Nerrima Lorne is underlain by a basement high,
as might have been expected from surface evidence, The lMyroodah
Anticline may be indiceted, but it is doubtful whether the
gravity anomaly near Station B197 really has any relation to it.

(b) The Larcer Features of the Gravity Pattern.

Plate € shows the geological s*ructures at the surface
superimposed on the Bouguer anonaly nap. The large gravity
rminirum in the centre of the map coincides approximately with
the synclinal structure between the Myrcodah Anticline and the
Nerrima Structure, There is also a gravity minimun which
coincides approximately with the synclinal structure north of
Mt. James, Two possible explanations are advanced for the
coincidence of the gravity minima with the synclinal structures:-

(1) General synclinal folding may have acconpanied
.sedimentation, threough greatest cormpaction of
the sediments cccurring in the deepest part
cf the basin, The axes of such folds would
ccincide with the deepest parts of the basin,
where gravity minima weould also be expected.

(i1) The configuraticn cf the basin may predeternine
the locaticn of large but gencvle fcelds arising
fror the effect of laterzl pressure or sinilar
couses subsequent tc sedimentation. The axes
of such fclds would nct necessarily celncide
exactly with the deepest parts of the basin,
but a coincidence in positicn in a regicnal
sense night occur.

To test the possibilities of a relationship between
geological structures near the surface and Bouguer anonalies,
a statistical investigation was made of the correlation between
the elevation of a near-surface geolegicael horizen and the
Bouguer anonaly. For this purpose the Liveringa-Noonkanbah
junction was chosen because 1ts approxinmate pesition can be
determined from infermation from the many water beres in +the
Basin,. A compilaticn of data from these bores was made by
the Bureau's geological party in the Fitsroy Basin. The data
used for correla*tion were drawn from thic compileticn, anc ave
listed in the tahle on the following page.



TABLE SHOwING ToE AFrhOXIBATE ELEVATION OF ThE LIVERINGA-NUOUNAsIBaD

-

DISCONTINUITY AND THE BOUGUEL. ANOMALY AT DIFFERENT BOLES

Corrected‘

Depth Surface Elevation { Bouguer | correction Correctéal Correction
Station| Liv/Noon.} /Elevation Liv/Noon. | Anomaly | for surface B.A. i for surface B.A,

lame of Bore No. from rel. to Discont'y G.U, layer on (G.U,§ i layer on (G.Ues 5

_ : surface 1.S.L, B.A.,(G.U.); P EAL,(G.U D! |
- (Feet) (Feet) (Feet) Ao =0,2 ; L0 =0,2 1 Ao =0,3 1 iff=033

LTy Corher G181 | -1040 326 710 ~206 418 188 | +27 ~179 !
Watson G188 - 760 247 ~510 -220 | 413 ~207 | +20 200
liebster G201 AN 284 -440 -208 +11 - 197 +17 -191
Bambe G141 - 600 292 ~310 121 + 8 -113 ! +12 ~109
Deep Well B195 - 670 352 -320 -187 + 8 ~179 112 - -175
Waterford B 68 - 600 383 ~-220 -144 + 6 -138 + 8 -136
YcLarty G 30 - 450 343 ~150 -144 + 4 - 40 + 6 -138
vilndbag G218 - 360 240 -120 - 86 + 3 - 83 + 5 - 81
l.yy oodah Woolshed B182 - 350 255 -1C0 - 79 + 3 - 74 + 4 - 75

Tutu G 72 - 400 298 -100 -228 + 3 -225 + 4 -224 |
Eicdorado B 64 - 240 300 + 60 -133 ! -2 . -135 ~ 2 -135
Nerrima H.S. G 17 - 200 283 + 80 -139 -2 -141 -3 -142
Four Mile G114 - 230 288 + 60 - 84 -2 - 86 -2 - 86
Nci.lear B 86 - 310 465 +160 - - 48 - 4 - 52 -6 - 54
Lake Daly - -. 40 210% +170% -110 - 4 -114 -6 -116
. Victory B119 - 60 292 +230 - 62 - 6 - 68 -9 - 71
‘N= 16 3= -139 o | y=-134 7=-132
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The Bouguer anomalies are corrected for the assummtion
that ‘the Liveringa Formation has a lcwer density than the unoer-
lying formations in the basin. The corrections are computed fer
density differences (A) of 0,2 and 0,3.

In the following statistical results, Y indicates the
corrected Bouguer anomaly end X the elcvaticn of the Liveringa-
Noonkanbah junction.

ForAv= 0,2, the correlation coefficient is 0,67 ¥ 0.14,
and the regression equaticns are:-

Y 0.134X - 115 39 G.U,
and X = 3,36Y + 312 ¥ 192 feet,

Ford¢= 0.3, the correlation coefficient is 0.64 ¥ 0.15,
and the regression equations are:-

+ 1+

nu

Y
and X

0.122X - 115 & 38 u.U.
3,37Y + 306 % 200 feet.

, By applying a significence test to the correlation
coefficients calculated above (Weatherburn, p.192), it is found
that the possibilities cf X and Y being uncorrelated are less
than 1%. The statistical anclysis indicates therefcre a signi-
fiecant relation between the elevaticn of the Liveringa-Noonkanbah
junction and the Bouguer anomaly, or, in other words, a probable
relaticn between the depth cf the junction 2nd the depth of the
basin,

It 'is considered that this relation is due mainly to
differential conmpaction cof the sediments in the basin. The
decresse in the Bouguér anciiely in going from a basin depth of
1,000 feet to a basin depth cof 7,000 feet may be shown, by the
foregcing equaticns, to correspend to an increase of 8do * 270
feet in the depth of the Liveringa-NoanEBbah juncti??.o This
could be expleined by a conpacticn cof —10%7) t —19%

P y P 655 (=10%) to Z555 (=19%) .
This ccnpacticn is prcbably neerer 10% than 19%. That ccnpac-
tions of this order are within the range of pcssibility rmay be
shown by using the fermula (1-3p)dq=dp, in which

p = linear ccmpacticn ratic
d4= rock density after compacticn
dp= " before "

Assurming d4 = 2.7 and dp = 1.8 (values which could be
reascnably expected), p = 11%.

It s of interest to consider what dips are likely tc
be produced in the sedime °ts by diffe.sntial cempaction of this
order cf ragnitude, Fror: the tecpography of the basenent as
inferred frem the Bcuguer ancmalies, and assuning compacticn of
10%, it is estimated that the dips resulting froen differentisl
compaction will nct exceed 14% in the a‘ea cf the gravity survey.
However, Wade (1936) shows dips up te 8 in the synclinal area
around Tutu bcre. Steeper dips such as these nust be as sociated
with fclding cr faulting. :

Although acccrdinz to the abeve analysis, diffe:rential
compaction probably plays a part in the structu-cal relati cnships
of the besin, it does not acccunt for the dips cf sedimen ts
exceecding twco de.rees, It seems .likelv therevore that t.he
sedinents have undergone gentle felding which is superimpircsed on
the effects cf Jifferential ccrmpacticon,




4100
*50
0
g |
- 50 - 300 G.U.
g
-100 1
I——— < —r
~180 . S
BOUGUER GRAVITY PROFLE THROUGH ~a .
B4. AND MTJAMES OVER FENTON FAULT : ——= 1
FIGUARL ILLUSTRATES POSSIBLE INTERPRETATION OF FENTON FAULT 3 i
DIP OF FAULT APPROXIMATELY 6O® TOWARDS NORTH EAST g
ESTIMATED VERTICAL THAOW 2:2 MILES
=== CONSTAUCTED CURVE WITH DENSITY CONTRAST OF O-23 l
FIG. N°I.

6188
+50 4

(L] ey o,
N

-w -
%
vo- l
- ———— e —— S " —_——e e — = I
§ REGIONAL DIP OF DISCONTINUITY
APPROXIMATELY 400 FEET PER
BOUGUER GRAVITY PROFLE THROUGH £ MAE TOWARDS NORTM-EAST
GISS. AND G30 OVER FENTON PRAULT S T
FIGUAE ILLUSTRATES POSSISLE INTERPAZTATIONS CF FENTON FAULT o
O OF FENTON FAULT APPROKIMATELY 60® TOWARDS NORTH EAST
ESTIMATED VERTICAL THROW 126 MRES o
M) === CURVE WITH DENSITY CONTRAST OF O-20 .
(V==: CURVE WITH OENSITY CONTRAST OF 0-23 e AW iBenge
N Scaes \ WWLES ; GEOPHYSWCISTS \ )
VERTICAL ‘Eﬁo ' S FIG. N*2.

Gegphysal Section, Burea of Mvesd Resources, Geokgy andl Geaphyskss. GiS-23




0

A\
BOUGUER GRAVITY PROFILE THROUGH *A
G.ISS AND G.30 OVER FENTON FAULT %
PIGURE ILLUSTRATES POSSIBLE INTERPRETATIONS OF FENTON FAULT

_OMRVED GRAVITY

‘\'

\
o
L al
L THROW

DIP OF FENTON FAULT APPROXIMATELY 60® TOWARDS NORTH EAST \\ /
26 MILES REGIONAL DIP OF DISCONTINUATY

k1= —: CURVE WITH OENSITY CONTRAST OF 020 APPROXIMATELY 300 FEET PER
=== CURVE WITH DENSITY CONTRAST Of 0-23 MILE TOWARDS NORTH EAST

CSTIMATED VERTICAL THROW:

S oGy

-150

-200 i

BOUGUER GRAVITY PROFILE THROUGH

G.I74 AND MTDENSITY OVER

FISURE ILLUSTRATES POSSIBLE INTERPRETATIONS OF FENTONM FAULT

ESTIMATED VERTICAL THROW ABOUT

FIG N?3.

"RESIDUAL ANOMALY  PERHAPS
- CAUSED 8Y SURFACE STRUCTURE

_OBSERVED GRAVITY

-A_____Z

Wl AtuBeega
/‘(, s Lo

SOPHYSICISTS

FENTON PRAULT

I MILES

ASSUMING OINSITY CONTRAST OF O-23

THE LOW ORAGIINT NDICATES A FAIR DEPTH (SAY & nuiLe) SCALEY
OF DISCONTWUITY SOUTH OF THE FAULT womzontar A ° - wats
W — - CONSTRUCTED GRAVITY SECTION WITH A TS R . 2 unts
OENSITY CONTRAST OF O 33 AND DiP OF )
FAULT O O OF FAIRT COWMLD BE LORER

FIG N®4

P Oty Sechan, Bined O Mool Rrsoancs, (el S aeaiysk s Giis-24




I ——— I
0 .
- SOUTH WEST OF /
E] FENTON FAULT —
[ .
cao0{ 3
a8
z'z
it
&< noxms et or 7
0000 4 = é FENTON FAULT
H<
g sl
SCALES
L—‘ 4 ] 4 MLES
= ot g#
VERTICAL
] 5000 5000 FEET
2 .
=
10000
é GRAVITY SURVEY, FITZROY BASIN,
g KIMBERLEY DIVISION, WESTERN AUSTRALIA.
z
2 THROW OF FENTON FAULT
s000 F , AND THE DEPTH OF THE - HIGHER
g‘ - DENSITY FORMATION BETWEEN
& - MTJAMES AND MTARTHUR
g -
-
T 1 1 o
Wil A
£ s ; 3 sl
wSE 2 "
8o% g GEOPHYSICISTS
28y = 2 : s
= FIG. N°5
- x
APPROXIMATE SEISMIC DEPTH_OF VELOCITY LONG.
FORMATION THICKNESS 1N DENSITY | REFRACTOR | o3 S ooy | WAVE IN F7/sec.
WEATHERING LAVER 50 - 100 e vo 5250
80
NOONKANBAH Vi 8450
21
NOONKANBAH 242 ve 9100
1100
POOLE ) 11550
TABLE ILLUSTRATING THE CORRELATION
UNCONFORMITY 2 2600 BETWEEN GEOLOGY, SESSMIC REFRACTION
GRANT 2 va 12650 DATA AND DENSITIES FOR THE
& | 35002 264 NERRIMA AREA
DISCONTINUITY BETWEEN VA AND V5 NOT FOUND EAST OF 4200
SP95, POSSIBLY TILLITES
GRANT ' Vs 14500
UNCONFORMITY 1500
UPPER DEVONIAN
21-28 ve 16000
DEVONIAN OR 4000 +
PRE-CAMBRIAN
BASEMENT FIG. N°G
Gegotysical Seckon, Burew of Miversl Resources, Geolyy ¥ Gegohyseis. NS -27




-11=
(¢) The Fenton Fault.,

- The gravity date gives clear evidence that the Fentcn
Fault is downthrown on the north-eastern side relative to the
south-west., This is contrary to the geclogical interpretation
held formerly (Schneeberger, 1952), but it is understood thet
more recent geclogical evidence supports the gravity findings.,

By using the gravity data at the Fenton Fault zone,
it is possible to estimate the depth in the basin to the higher
density formaticn underlying the Permian. The pcsition of the
zone of maximum gravity gradient relative to the fault trace con
the surface indicates that the fault plane dips to the north-
east, This agrees with the geclcgical evidence disclosed by
the Bureau's geclogical party, which found that the dip was
probably between 55° and 600 to the north-east (oral information,
Lindner, 1952).

. It has been shown (p.3) that the average density of
the Pernian is about 2.53. A density of about 2.75 is assuned
for the formaticn underlying the Permian (whatever the formaticn
ney be). If the density contrast and the dip cf the fault
plane are reasonably well known it is pcssible by a process cof
curve fitting to estimate the depths on either side of the fault
to the higher density fcrnmaticn and hence the throw, Figures 1,
2, 3 and 4 show such curve fittings with an assurnied dip cof the
fault plane of 60 and density contrasts of 0.20 and 0.23.

-+ The computed ve_ tical threows are abcut 12,000 feet
near kt, James, 7,000 fect near Barnes' Flow and abcut 6,000
feet at Mt, Density. These estimeted tThrows are prcbably

slightly high because no allowance has heen made for the fact
that the density of the Permian sediments increases with depth
and consequently the averege density of the Permian ncrth-east
~of the fault will be slightly less than tc the scuth-west where
the upper, and therefore less dense, pcorticn of the Pernian has

been eroded,

The estimated depths of the high density formaticn
are given in the following tables-

Location Depth of high density formaticn
Ncrth-east of Scuth-west of
Fenton Fault Fenton Fault
lit, Janmes : 12,000 ft.,- | DNear cr at surfece
Barnes' Flow 7,000 U 500-1,000 ft.
Between Barnes! Flow
‘ and Lt. Arthar 8,000 3,000 "

The accuracy cf the estimates is nct better
than ¥ 10%.

, The results cf the teble are zlsc sheown on the diagram
of Figure Nc,.5, Extrapclaticn of the cdiagranm to the north-west
seems to indicae a fading cut of the fault at - peint abeout 3°
riles north-west of Mt, Arthur. This appears tc be in azreement’
with the findings of the Bursau's geological perty that ths.
Fenton Fault is a hinged fault with the hinge scnewhere ncar L.%.
Arthur. (Oral infcrmation, Lindner, 1953).
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| Both gravity and geological evidence suggest a :
- schematic sub-division of the Fenton Fault zone into the follow-
ing three sectionss-

(1) A section from Mt. Fenton, via lt. James, Bernes'
Flow and Mt. Density to Mkt. Paul. The strike of
this section is north-west and¢ the throw of the
fault decreases to the north-west until it fades
out completely north of Mt. Arthur.

(41) A section from Mt. Paul, via I.t. Arthur, to a point
: 3 miles west of Mt. Arthur, The strike is west.

(iii) A section from a point 3 miles west of Mt. Arthur to
the north-west via koulamen Hill and Charley's Knob.
- The fault gradually fades out between Charley's hnob

and Geegullie Creek, :

The Fenton Fault has been described in some detail
‘because (i) its nature has an important bearing on the general
structure of the Fitzroy Basin, and (ii) by analysis of the
gravity anomaly produced by the fault, it is possible to make
fairly reliable estimates of the depth to the higher density
_formatlon.

(d) The Higher Density Formation.

: The problem remains of finding with which formation
or. formations of the stretigraphic column the higher density
formation can be correlated,

There 1s fairly strong evidence that the higher density
formation is the same as the high speed refractor detected by
the seismic refraction survey (Vale, Smith and Garrett, 1953).
~ This refractor, denoted by V6, appears to have a ve1001ty between
' 16,000 and 17,000 feet per second. Its depth is of the same

order as that estimated for the higher density formation on the

‘basis of a density contrast of 0,22, North of Barnes' Flow the

depth of the higher density formation is about 7,000 feet and

. the :Bouguer anomely ~150 G.U. Near S.P.95 on the refraction

. seismic traverse D, the gravity anomaly is about -195 G.U.,

~ which corresponds to a depth of about 8,600 feet.  The depth of

. the V6 refractor near S.P.95 was estlmated from the seismic

results to be about 7,500 feet, The accuracy of the depth

estimates from both selsmlc and gravity surveys is not better

than. 10%. ~ If it is assumed that the V6 refractor is the same

as the higher density formation, the seismic data give an

indication of the probable density contrast between this formation

‘and the Permian, that agrees very closely with the w.dopted

figure of 0,22, At the western end of traverse D near S.P.95

the high speed refractor .s about 1,250 T 250 feet lower than

‘at-the eastern end near S.P. 57. The gravity difference between

~these points is about 35 G,U. The density contrast computed

from these figures is _35 that is, 0,22 * 0.05.
0.13 (1250 + 250)

Hence there is satisfaectory agrecment between-the. selismic and

graV1ty data if the high density formation is identified with

the V6 -refractor,

‘ At present it is impossible to Jjudge whether the
ation at 7,C00-8,000 feet. which is characterised by high
-and high velocity, represents Pre-Cambrian basemen? or
tion between the Pre-Cambrian and the Permlan, €ogn

tan or Ordoviciane. The stratigraphic column of the area
(Plate 4), shows that the Devonian and Ordovi:ian sections are
‘mainly limestones, ‘Such limestones may have densities of the
same order of magnitude as the Pre-Carbrien basement. Llso,
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the speed of the longitudinal waves in limestone, as would be
shown by a seismic refraction survey, will probably be of the
same order as that in the Pre-Cambrian basenent, Because of
serious technical difficulties it was not practicable for the
seismic party to determine whether or not important discontin-
uities are present below the 7,000-8,000 ft. level,

Further gravity work in progress may reveal infornm-
ation concerning the contrest in density, if any, between uhe
Devonian and/or Ordovician and Pre-Cambrian basement, Further
seismic work may give information on the seismic velocities
assoclated with these rocks of different ages., On the basis
of present knowledge, however, it seems unlikely that either
~the gravity or the seismic method will differentiste between
the Pre-Cambrian basement and Devonian or Ordovician rocks if
present.

(¢) The Smaller Anomalies.

If at some later phase in the exploraticn, the
presence of Devonian or Ordovician rocks belcw Permian could be
proved, then the small ancmalies in the basin, as disclosed by
the semi-detailed survey, may be significant for the fcllowing
reasonss- .

(1) The Devonian and Ordcvician systems are considered
by the geclogists who studied the stratigraphy of
the Fitzroy Basin as the mecst pronising for cil
exploraticn. They can include both source and
regerveoir rocks. Coral reefs are present in the
Devcnian,

(i1) The small anomalies may indicate higher levels of
the basenent, Higher levels of the Pre-Devcnian
basement wculd be favourable for ceoral reef forn-
ations, as coral reefs ave generally formed in
shallow parts of the sea or alcng sheore lines,

(i11)  Structures in the Devonian may have been forred by
gentle folding or differential ccmpaction and may
be indicated by small gravity anomalies.

' In the following list, the anomalies are menticned in
the order of their believed importance:-

(1) The ancmaly near Staticn B197, that is, about 1 mile
north of the Myroodah (Deep Well) Anticiine as observed on the
surface (See Plate 5). The megnit "2 of the ancmely is 5-10
G.U,5 its axis strikes approximetely west and the width is
estimated at 1 to 2 niles. Additicna. detailed wcrk 1s necess-
ary to investigate the relsticnship between the ancmaly and the
Myroodah Anticline, .

(2) The ancmaly lccated near the centre of the gravity
minimum in a line from G79 via Webster Borée and Mill Bore to
Howard Bore (Plate 5). The length of the ancnaly is at least
10 niles, the width about 2 niles and the magnitude 5-10 G.U.
It requires further devailed wcrk.

(3)  An ancmaly indicated between Sandfly =nd Windbag
‘bores on the fringe of the large gravity ninimuan (Plate 5).
The delineation cf this ancnaly requires mcre cetailed worlk,
The relatively small negative Bouguer values 1idicate a shallow
basin depth which makes this anomaly particularly attractive for
testing by a scout drili.
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(f) The Nerrirma Structure.

- One of the objects of the gravity survey was to
determine whether the HNerrima Dome napped at the surface per-
sists in depth and, in particular, whether the dome 1s situated
cver a basement high. Tre¢ density contrast between the Permian
and underlying high density formation provides 2 mneans of nmapping
the configuration cf the base of the Pernian at a depth of
6,000 feet or more. If the Permian section to this depth wsre
conformable with the structure at the surfece, a gravity high
viould be expected colnciding with the Nerrira Dcne. The map
(Plate 5) showing results of the semi-detailed survey shows
however that the axis of a large gravity mininum extends acroess
the Nerrina structure, It can be inferred therefcre that the
base cf the Pernien 1s probably synclinal and not donal. This
interpretation is supported 1n part by the results of the seismic
refraction survey. For exanple, the seismic results on traverse
D, which runs approximately E-W along the axis of the strueture,
show a rise in the refracteors from west to east which corresponds
to an observed decrease in gravity 1n this directicn. Calcu-
lations based on & density contrast cof 0,22 between the Permian
and underlying rocks indicate that the thickness cf the Permian
sediments renges from 7,000 to 8,000 feet within the area occu-
pied by the Nerrima Done,. It can therefcore be inferred thet
the domal structure 1s prcbably not present at this depth, end
consequently that the Nerrima structure does not present a
suitable target for further drilling. However, 1if petroliferous
sedinents, such as Devoni~-n or Ordovician, are proved to exist
within the area, some of the faults indicated by the detailed
survey and discussed in the next section nmay warrant further
investigaticn, as they ray hoave acted as fault treps.

In the scuth-eastern corner of the surveyed area, anc
within the lease of the Freney Kirberley 0il Company, the seni-
ceteiled gravity survey indicates a sacdle between the two major
ninima. It 1s situated irnecdietely tc the scuth-east of the
Nerrima Structure and 1y incdicate a basement high cr dceme. The
gravity pattern is nct well defined because of insufficient
cata an¢ niore detailed werk 1s required befeore it can be deter-
nined whether or nct a structure favourable for the accunulaticn
of o0ll-ccincides with this saddle. If additional detailed
gravity work indicates the presence of such a structure, further
seisnic work would be neeced tc ccenfirm the gravity results,

7. RESULTS OF DETAILED SULVEY

(a) The Fault Pattern.

A detalled gravity survey was carriec¢ cut in the area
previously surveyed by the scismic party. The results show
that the grzvity method can supplerient the work cf the seismic
party in detecting tke fault pattern, The ninor unconfornity
at 2,200 feet between the Poole and Grant Fernaticns, as shcwn
by the log of Nerrima Nc¢.1 Bore, gives a density break of
0.20 - 0,25, The interpretaticn of the detailed gravity map
is based on the assumption thet sudden changes in the gravity
.gradient indicate faults, a zravity chenge of 10 - 12 G.U,
correspcnding te a fault with a throw cf about 00 feet. The
detailed gravity map and its interpretation are shecwn in Plate 7.

It shculd be borne in niind that on the gravity map
nany effects are superimposcd. Nevertheless, tne interpretationm
on Plate 7 shcews ialr agreenent with the faull pattern mapped Dby
the geolcogical and seisric surveys., In this area the thrcocw of
ncst faults dces nnt exceed 1,000 feet.



(b) Correleticn with Seisrnic end Gedogical Dota.

An interesting anomaly is indicated ncrth of Nerrime No.1
Bere, extending from S.F.3 via S.,P.5 and S.,P.10 towards G,10.
The gravity map shows a feult with the eastern sicde upthrown
relative to the western side, The seismic party found evidence
on treverse D of a feult near S.P.5 at a depth of 7,000 feet,
also with the eastern sice upthrcwn. Ne seisrmic dota were

~reccrced for shallcower levels, Previcus geological repping

(Guppy €t 21, 1950, Plates 3 =nd 4, Secticns A-B and E-F) shrws

~a fault (indicated as ABC con Plate 8) which ccincides with, and
~is therefore presumably the sarme fault as, thet indicated by the

gravity results. However, the throw indicated by the geclcgicel
nepping is reversed frem that indiceted by the gravity results.
The geolcgical interpretaticn is based ca the reletive pesition
of the marker beds on an anticlinel structure, Hewever, it is
believed that both gecphysical ancd geclecgical cdata can be
reccnciled by assuning thet faulting teck ploce uncder conpress-
icnal stress, as shown diasgranatically in Plote 8. The lateral
ncvenent weuld have reversed the relative pesiticons of the marker
beds preccduced by the vertical throw,

In the eastern part of the area, ancther interesting

feature is indicated near S.P.54, The grevity pattern suggests
-a hinged fault, the hinge being not far ncrth of S.P.54,

(c) Féult§ as 0il Traps.

Feulting is an wnpertant focter in the localising of
0il depcsits, as it can lead tc the formation of traps, especially

- 1f the faultc are forred by cempressicnal stresses. Clay forned

by the pulverising cf the rocks at the fault ney seal off reserveir

‘reckss However, when faults and fractures are fcrned by tensional

stresses, as at the 'summits cof anticlines, then instead cof sealing
off reservcir rocks, they ney feorm natural cutlets feor fluids.

As explained previocusly, -ccnecnic oll cdepeosits are

" pcssible in Devenien or Ordevician rocks, and these nay be present

at a cdepth belew 7,000 feet, In the Nerrina area, it is inpcrtant

te deternine whether the faults penetrate intc the zcnes belcw this
depth.

v Frem the gravity results alcne, it is nct pessible to
determine the depths tc which the faults pencetrate. Hcowever, the
seisnic survey alcns traverse D indicates that scne of the faults
shown on the gravity nap may have reached a depth greater then

- 7,000 feet, These heve ncrtherly or north-easterly strikes and

cress traverse D at S.P.100, S.P.79, S.P.62 and S.P.54, If, in a
later phase of the explcreticn, the existence cf cilil-bearing strata
can be preved benecth this area, these faults nay =2ct as trars, and
the fcllewing could be consicdered as turzet areas:-

(i) The area between Staticns B160b, B161A, S.P,167,
o B18 and 8.P.170,
(ii) West of the fault between S.P.>2 and S5:P.149,

(iii) VWest cf the fault between 5.P.5 and S.P-13,

8. THE CONTI.OLb

In the interpretaticn of the gravity Jota meny results of

geolegical and selsnic refracticn werk have been used as controls,

It seems-oppreopriste tr list these contrels (sce alsc the table en

Figure 6) 3-
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(1) Stratigraphical Section of th2 Desert Basin
(Plate 4),

(11) Log of Nerrima No.1 Bere (cCepth 4,271 feet). The
log indicates the unconfornity be%ween the Boole
and Grant Forme*ions at about 2,200 feet, corres-
poncing to a censity discontinulty anc the top of
selsmic refractor V4, A locally higher density
layer between 3,600 and 3,700 feet is seisnically
inportant (V9 refractor).

(111) Tabulatec data of water bores in the Fitzroy Besin,
compiled by the Bureau's Geolo>gical Party.

(iv) The exact position of the Fenton Fault at the
surface and the north-easterly dips of the fault
plane (55-60 cdegrees).

(v) Seismic refraction work showed the depths to
different refractors anc the velocity of the longil-
tudinal waves., By comparison with the geological
results the refractors could be icdentified with
geological formations and the V6 refractor could be
correlated with the higher-density formation of the
gravity interpretation.

9. CONCLUS IONS AND PECOWLENDATIONS

Conclusions.
1, The gravity results are believed to incCicate mnainly

variations in thickness of the Permian sediments, Near the
Nerrima structure these sediments -appear to range 1ln thickness
from 7,000-8,000 feet. There is no evidence that the Comal
structure mapped at the surface persists to this cdepth. On

the contrary, there 1is reasonable cvvidence that a trough under-
lies the Nerrima structure and forms th¢ south-eastern extrenity
of an extensive basin. Innediately to the south--east of the
Nerrima structure, but at depth, there is a saddle which appears
to separate two basin structures anc¢ which nay possibly
correspond to a structure favourable fo:' the accunulation of oil,
However, further geophysical work wotiid be necessary to deter-
nine this,

2 The area between the Fenton Fault and the Fitzroy o
Liver, covered by a sermi-detalled gravity survev, shows a basin N
struc%ure extending from the viecinity o7 Luluigul Honestead to

a point about 6 niles south of Nerrima Homesteac.  There 1is

sone evidence of a second basin situated further to the south-

east and separated by a saddle from the first basin.

3e Unlerlying the Permian sediments is a higher cdensity
formation, corrasponcing with the refractor V6 of the seismic
refraction survey. This higher density formation could be
either Pre-Cambrian basement or Devonian {or Ordeovician)
seCinents.

4, The tarow cf the Fenton Fault scuth-east of Mt. Arthur
shows an incresse to the south-east. At Mt, James a downthrow
to the north-ea=t ig estimated at 11,000-12,000 feet.

5e South ¢f Mt. Janes and Barnes:- Flow “he higher d2nsity
formation mentioned under 3 will probably be found within +,000
feet of the surface.
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e, Near the lyroodah Anticline an anoraly which night
correspond to a favourable structure is indlcatcd but has not
vet been mapped in sufficient detail.

7. A correlation between the elevation of the Nconkanbah-

Liveringa junction and th~ Bouguer anciily or depth of the basin
could be explained by differentiel compuction cf the sedinments
~n the b351n.

8. The ds talled gravity work coniirms the €x1stence of

faults on the Nerrima structure mapped by the Bureau's Geolcgic-
al Perty and by the Seismic Perty. If it carn be shown that
oill-bearing strata are present, scme cf these faults may act as
oil traps.

Lecorniendations.

1, A regional gravity survey should be extended over the
whole Fitzroy Basin. Special attention should be given teo the
Pinnacle Fault and the ccntinuation cof the Fenton Fault south-
cast of Mt. Janes. Traverses across these large fault systemsé;~4-puii
will facilitate estimates of density contrasts and render it Ah?wVJNEQ
possible to rake estirates of the depth of the Fitzroy Besin,.

2. The main question concerning the area covered by theA
serii-detailed gravity survey 1s whether the higher density v, -
formation is Pre-Cambriar basenent or Devonilan.. The higher
density fernation ccnes near the surfrnce (possibly within 1,000
feet) south of Barnes' Flow and Mt. Jancs. This should be
checked by a seismic refracticn survey, followed by test drill-
ing. Test drilling scuth of Barnes' Flow and kt. Jomes would
disclose the nature of the higher density fcrreticn at these
places, If this should prcve tc be Devonian cr Ordcvician

the chances of similar rocks occurring thrcughout the basin are
considerably increased.

3. It is suggested that the areca between Watson Bore,
Tutu Bore and Four lNile Bore be covered by a detailed gravity
survey to delineate the znormalies fcund by the seni-detailed

Eravity survey. The possibility exists that the lyroodah
nticline will show up as a well deflned anonaly.

4, It is suggested that the area between Luluigul Hore-
stead, Eldorado Bore and Sandfly be covered by a detalled
gravity survey. The gravity pattern suzgests an east-west
anonaly near Windbag Bore, The srmall 3ouguer values indicate
a relatively shallow, high density " rmaticn which cculd be
interpreted either as Pre-Cambrian or Devonian. This anonely
would be a good target for the scout drill. '

-9 It is suggested'that the arc: north-east of Barnes'!
Flow (around licLarty's Bore) be covered by a detailed gravity
survey to H“""lose tae structure of the saddle in the grbavity
pattern,

6. For the bernefit of future exploration work it is
suggested that no detoiled seisric exploration work be carried
out in an area until it has been cover:=d by a seni-detailed

and possibly « detailed gruavity survey. In rany places such
gravity survey. have provided targete and data for seismie work.
The use of gravity surveys nay result in a large saving in
e¢xpleration costs, For exa.iple, at Nerrime the gravity survey
1ight have given the seiznic party the follewig informaticu:-
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(1) The critical mapping horizon is most likely
7,000 - 8,000 feet deep.

(11) The Nerrima structure probably does not exist
at 7,000 - 8,000 feet, at least not in the
same form that it was mapped =t the surface.

(111) With more detailed work the gravity survey
might have indicated alternative targets.

, In general, seismic traverses for detailed work can be
planned more efficiently when both geological and gravity
information is taken into account,
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APPENDIX 1. -
SKINFOLDING L. Tuf FITZI.OY BASIN,

: Skinfolding is a type of folding by which, under
tangential stress, the surface layers are sheared from the
underlying formations and are compressed into a series of
more or less symmetrical folds. (In German: Epldermis _
Faltung). The idea of skinfolding as a mechanism origin-
ated in Switzerland where Albert Heim and Buxtorf in <thelr
classical studies of the Jura mountains found that surface
formations were sheared from older formations on a contact
forned by a formation of rocksalt, The rocksalt served
as a lubricant between the surface and older fornations.
Under tangential stress the surface formations were folded
into anticlines and synclines. :

The Fitzroy Basin between the Fenton Fault end
the Pinnacle Fault, north of Mt. Jemes, shows a series of

~anticlines and synclines.. (Guppy et al.; 1950, Figure 2).

On purely geologlcal grounds Dr., Schneceberger. "onsidcred
skinfolding in the Fitzroy Basin as a possibility because
the Fitzroy Basin is a large basin whose sediments, wedged

~between two major fault systems, contrast in strength and
elastic properties with the basement rocks. (Personal
‘conmunication, Lindner,  1953).

Gunn (1937) developed 2 fornula in which the wave
length of surface folds *s. expressed as a function of

‘tangential pressure, the thickness of the sedinentary

section subject to skinfolding and the density of the e,
underlying fornmation. - In the application of the fornula, o~ S
it 1s considered that the effective rigidity of the surface
rocks 1s decreased by the development of nunerous frectures
and the liniting condition is assumed in which the rigidity
is gero, or what amounts to the sane, Youngds moduius E
equals zero. This condition is probably valid for the
fractured and faulted basin rocks ‘n the Fitzroy Basin,

The fornula is (Gunn, 1937, p.33):-
' A =27 (sT/dg)Z,

in whioch:~

A =lwavelength surface fold in cn.

é = stress in dynes/cm2° .
T = fhickness of folded rocks in cny )
d = density of underlying formation.

g = gravitational constant in cm/secz.

hg stress S 1s considered to be of the order of

109 dynes/cm s which hos been determined as the nost probable

breaking stress of most crustal rocks.

A, reasure¢ fron the geologicel map north of the
Fenton Fault ot Barnes' Flow is approxi.iatelv 13 niles or
21 kilonetres.,

For d = 2.5, T =3 x 1017,

{

ifor S 109-dynes/cm .

5 -

T 3 x 107en = approximately 10,090 fecw.

Thus, theoretical rcasoning shows skinfolding in the



Lo

Nelw aig arsn to ve lipited to a sedimentary, sectian of- about

10,000 fect, Teklng into account erosion since the Yoldlasz

tuﬂx nloce, it may be seid thet it corresponds in crder of
agnitude WLth the thickness of the sedimentary sectiqn

(/ 000-8,000 fect) above the higher dtnSlty formaticn as

found by geophysical netheds.,

Skinfolding inmplies that surface structure in tae
besin has 1litcle relation with the deeper sub-surfacc
structure. This lack. of correlntion betweén surface

structure and the deeper forrations 1s exzctly what has been
‘fcund vp-te-date frem the results of the gravity and qeisnéc:
surveys in the Nerriia area The. above evidence shows tha»

- skinfolding nay be an 1rportant rechanwisn in the Fitzroy -
basinol

Thesc results should be - considcred 31gn1fic<nt.
because they show that:- . .

(2) Structures rnapped by geological nethods at the:
surface will not be a reliable guide in the
detection of deep sub-surface structures by
other nethods.

(b) Geophysical methods‘shpuld be used in the
_ .search fcr deep sub-surface structures.

%
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