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Plate 1., Broken Hill Arcas major geological structures
(Draving Fo. H54/B1-2)

Plate 2. Contours of total megnetic intensity and
radiometric anomalies (H54/B1-3)

Airborne surveys wore made by the Bureau of Mineral Resources
in the Broken Hill district during 1957 and 1959 using magnetometers and
scintillographs. Some corrclation hetween magnetic features and
rceglonal geological structure is indicated.

Forty-one radicactive occurrcnces were also detvected.
These should serve as a guide in any further prospecting for radioactive
& N T 8 18
minerals in this arcae,



-’

1, INTRODUCTION

This Record describes the a2irborne surveys conducted
by the Bureau of Hineral Resources in the Broken Hill area, New
South Vales during 1957 and 1959. The Bureau had previously
conducted airborne surveys in this region in 1954 and 1955, primarily
as part of its programne of uranium search. The 1954 survey was 2
detailed magnetometer and scintillograph survey of the mining district.
In 1957 this survey was cxtended to the north and north-ecast. Some
technical difficulties were encountered in tying-in the 1954 mzguetic
results with those of the 1957 survey., To resolve these difficulties
it was considerced desirable to re-fly the 1954 survey area and this
was done in 1959,

The arcas covered by the 1957 and 1959 surveys arc shown
in Plate 2, The total area was approximately 2000 square milcs.
DC3 aircraft owned by the Burcau were uscd in cach survey, VH-BUR in
1957 and VH-LIN in 1959, ‘

The 1957 party comprised A.G. Spence (party lcader),

F. Jewell, R.M. Carter, M. Kirton, P. Gillespio, D. Upton, ¥, Spcnce,
M. Hazelbrook, P. Grimsley, F.G. Walker, C. Braybrook, and R. Joncs,
2ll of the Bureau of llincral Resources, and L. Evans, D. VWright, 2nd
I'. Macdonald of Trens-isustralia Airlincs. The 1959 party compriscd
A.G. Spence (party lcader), R. Vells, and C. Braybrook of the Burea
of Mineral Rescurces, and ¥.X. Pascoe, G.C. Greenc =and VI, Briggs of
Trans-Australia Airlincs.

2. METHIOD

The variations in total magnetic intensity and in gomma
radiation werc systematically recorded taroughout the arca with an
airborne magnectomcter and scintillographs respectively,

In the northern arca the navigation of the aircraft along
flight-lincs spaced 0.2 miles apart and thoe plotting of its position
were donc using a Shoran radio location system, In the scuthern area,
acrial photos were used for navigation along flight~lines spaccd 0,25

miles apnrty 35-mm verticel strip {ilm woas used in plotting the

aircraftis position. The height of the aircreft was mrintained at
500 £t (= 100 £%) above ground lovel,

Tie-lines werce flown to provide the information required
to reduce the resulis along individual flight-lines to 2 common dotum,

3. EQUIPMENT

Saturable core fluxgntc magnotometor, type MFS-4, woere
used on both surveys., Tho detector head in each installntion wes
mounted in a boom projecting from the toil so as to remove it as far
o8 possible from tho disturbing ficlds of the sircraft's cwn mognetism,
The output was recorded on a Speedomax recorder in cach case,



Two separate scintillographs were carried in each
aircraft. One wag nounted in the aircraft and consisted of two
MEL detectors, the combined outputs of which were fed into ‘a BMR-type
ratemeter a2nd recorded on one chamel of a cual-channel Recti-riter
recorder., The other scintillograph measurcd the radiation level at
a height that was about 300 £t below the aircraft. The detector in
this case was contained in a 'bird' which was towed by the aircraft
onn 500 £t of cable. The output of this detector was fed into an
MEL ratemeter and recsrded on the second channel of the dual-channel
recorder.

The altitude of the aircraft was continuously measurcd
and recorded by an STR30B radio-altimeter. The altitude profile
so recerded was used for correcting the radiometric data.

The Shoran radio navigation system consisted of an
AN/APN-84 sct installed in the aircraft and throe AN/CPN-2A ground
stations., The aircraft set was operated simultaneously with two
ground stations to give a continuocus triangulation fix of the
alrcraft's position. The ground stations were located on sites
chosen to give line-of-sight coverage over the arca being surveyed
and as far as possible verc established on surveyed triz stations,
The distances between aircraft and ground stations werc continuously
digplayced on two scts of mileage counters. One sot was used by the
pilots in navigating the aircraft and the other was photographed every
10 sec to provide data for plotting the aircraft's tracl.

In the photo-navigated earca an air-position indicator
was used to rccord the alr position of the aircraft. This plot
was subsequently used in conjunction with the vertical strip film
to assist the plotting of the flight-lines,

A fiducial merker system was employcd to correlate the
chart and film records,

4. QEOLOGY

The following brief notes arc bascd on King and Thomson
(1953). Plate III which accompanics their report represents the
most comprehensive mapping of the geology of the Broken Hill district
published to date.

The rocks arc almost entirely Precambrian of two ages,
the older Willyama Serics and the younger Torrowengee Serices, The
former occurs in a roughly triangular bloclz 70 miles in a northerly
direction by 40 miles acrsss the base and in an inlier to the north-
cast (Buriowie Inlier) about 50 miles long by 7 miles wide, The
Willyama and Torrowangee Series zrc separated by an unconformity.
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The Willyama Series consisted originally of thin bedded
argillaceous and arenaceous sediments, probably of Archaean age,
which were converted by regional metamorphism over most of the area
into sillimanite~biotite-garnet gneiss, and into sericite, andalusite,
and staurclite schist. In the extreme northern portion of the area,
the sediments are slightly metamorphosed and resemble Torrowangee
sedinents, In the Yillyama Series, there is a variety of igncous
rocks and metamorphic/metasomatic rocks - granitic gneiss, granulite,
aplite, amphibolite, serpentine and hornblendite, dolerite dykes,
granite bosses, and pegmatite. Stratigraphic correlations of the
Broken Hill district have been based mainly on certain distinctive
rock types such as granitic gneiss, aplite, garnct-magnctite and
quartz-nagnetite horizons, and amphibolites.

The Torrowangee Serics appears to be the equivalent of
the Mitcham, Sturtian, and Brighton stages of the upper scries of
the Adelaide System. The sedimonts consist of tillite and glacial
boulder beds, with quartzite and conglomeratc closc to the base of
the Series. The next rock type in the succession is flaggy sandstone
with shale and glacial erratics, followed by limestone with shale
and glacial erratics, cleaved shale or claystone with tillite, and
claystone with quartzite. The constituent rocks of the basal
quartzite are sedimentary in origin and are tightly folded within
underlying schist. This folding is presumebly related to the
overthrusting of Torrowangee sediments against the Willyama basement.
Silicification has taken place in the zone of overthrust.

The Willyama Series has been intensely deformed along
north-easterly axes, Folding in the mining area is deep and isoclinal,
and most anticlinal structures are tightly sheared, whereas the synclines
tend to be broad and open with well-rounded ncses, The main Broken
Hill lodes cecur on one of these anticlinal structures, rcferred to as
the Broken Hill Anticline.

Subsequent to the folding, major faults were developed in
three principal directions., All of these foults are crush-zones,
mostly marked by wide zones of schist. The most outstending of these
featurcs are probably the Vauxhall Crush Zonc ond the Thackoringa Fault.,
The Torrowangec Scrics, separated from the Willyame Scrics by on
unconformity, has becn deformed into a succession of gentle flat-
pitching folds with axes trending north to north-west.

5. RESUIS

The acromagnctic map may be divided into several zones
on the basis of the character of the observed magnetic patterns,

A central zone extending from the south-western corner
north-eastward tc Yanco Glen (Plate 2) is characterised by mony
isolated intense anomalies of circular to elongated form, superimposed
on a pattern of moderate mognetic activity. This zone roughly
corresponds with that of 'high-grade' metamorphism referred to in
geological reports of the district, IHany of the anomalies can be
correlated with outcrops of amphibolite or gquartz-magnetite.
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The area north of Yanco Glen is only slightly magnetically
disturbed over pegmatite and sillimanite rocks of the Willyama Series,
outcrops of Torrowangee sediments, and unmapped portions of the
Buriowie Inlier. Low-intensity anomalies are characteristically
developed over granite outcrops around CGairdners Tank. There is a
distinct lack of the intense elongated anomalies recorded in the
previously described area, Groups of small circular anomalies are
often associated with isolated amphibolite outcrops.

Two distinct zones of magnetic activity are indicated,
one north of Thackeringa and the other south and east of Balaclava,
Here the magnetic pattern is highly contorted in a maze of intense
anomaly forms, Generally these anomalies resemble in shape and
intensity the isolated anomalies in the central band south-west of
Silverdale, but show none of the north-east elongation of the major
anomalies surrounding the city of Broken Hill, It is not possible
at this stage to correlate these zones of intense magnetic activity
with particular rock outcrops because they occur in sand-covered areas
on the flanks of the Barrier Renge. The anomalies obviously originate
from magnetite-rich rocks, and it is not unreasonable to ascribe their
source to quartz-magnetite and amphibolite which are correlated with
intense anomalics in other parts of the district. The zones are
separated from the central metamorphic zone by distinct magnetic
gradients near Thackaringa and Balaclava, the intensity of which
suggests sharp contacts of considerable depth extent between the
weakly magnetic acidic rocks of the central zone and the strongly
magnetic basic rocks of the outer zones. The problem of the nature
of thesc basic rocks and their iron-rich origin in the pre-metamorpiic
history of this area requires particular attention in any future study
of the petrogenesis of the Broken Hill district.

Correlation of magnetic pattern with lmown structure

The following observations were made in an attempt to
correlate some of the major structures in the Broken Hill area with
the magnetic results, Plate 1 shows the major structures and is
reproduced from Figure 7 of King and Thomson (1953).

Broken Hill Anticline., A line of elongated magnetic
anomalies appears to correspond closely with the Anticline.
The line trends in a north-easterly direction from about
two miles south of Broken Hill and can be followed through
to a point about twe miles south-west of Mount Gipps.

The anomalies are probably due to the garnet-magnetite-
quartzite horizon (banded iron formeticn) which is an
important marker bed in this and other anticlines in the
Broken Hill district.

Broken Hill Basin, This is a broad syncline, the axis
of which extends from about one mile east of Vhite Leads
to the vicinity of the Flying Doctor base. The contour
map shows a magnetic anomaly which commences one mile east
of Broken Hill, strilkes east ocross the northern part of
the Basin then turns to the south along the castern boundary
of the southern half of the Basin., Surface geological
mapping shows amphibolite in the east-west arm of this
anomaly whercas its southern extension is covered by
alluvium, There appears to be no knowm structure
corrosponding to this anomaly,
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Rupee Anticline and Darling Range Basin. This
anticline lies on the eastern side of the Broken Hill
Anticline and passes through Thorndale and Rupee,

The Darling Range Basin is a complex syncline lying
about two miles south-sast of, and parallel to, the
Rupee Anticline, A broad complex magnetic anomaly
runs parallel with both these structures but its
relation to the structures is obscure, Its western
edge corresponds fairly closely to a known banded iron
formation and it covers an area in which amphibolite
crops out éxtensively.

Laurel Anticline, This complex anticlinal feature
extends from near Balaclava Tank castward to the old
Laurel workings, thence north-eastward to the vicinity
of the Roclwell Hotel. There is no well-defined magnetic
anomaly corresponding to this feature. However, the
general trend of the magnetic pattern conforms to that
of the observed structure and a fairly-well--defined
anomaly lies parallel to the Anticline and south of it.

Hanging Wall Basin, Hanging Wall Basin lies to the
west of the Broken Hill Anticline and is indicated by a
magnetic 'low' bounded on the west by an anomaly that
runs parallcl to the Broken Hill Anticline for some
distance.

Prominent lines of anomalies indicetive of structurc are
also recorded north-west of Stirlingvale, north-cast of Thackaringa,
west of Acaciavalc, and ncar Nine Mile, Quartz-magnetite deposits
near Lindsays Creek arc associated with well-defined anomalies.,

Faults and contacts

Generally the faulting is not clearly indicated by the
megnetic pattern, particularly in the case of faults that are parallel
to the strike of the country rock.

Scme expression of the Thackaringa Fault is to be found in
the magnetic contour pattern but it would be difficult to infer its
existence from magnctic evidence alone.,  Evidence of the Bast-west Fault,
Sentinel Fault, and Stephens Creck Fault 2lsc appears on the contour map.

On the nerth-western boundary of the Willyame block, the
Mundi~fiundi Fault is reflccted in the trend of the anomalics intersccted
by the Mundi-Mundi Creek and the Little Aller and Big Aller Crecks,
The anomalics on the western side of the fault are broader and have
somewhat lower gradicents than those on the eastern side.

Along the north-eastern edge of the Buriowie Inlicr there
is a bending of successive contours in a south-eastern direction along
a line conforming to the boundery of the Inlicr. Similarly the north-
castern cdge of the main Willyama bloclz is merked by o lince of anomalies
through Thompsons Tank. It will be noticed that the megnetic pattern
over Torrowangee scdiments esast and west of the Duricwic Inlier is
unmarked by intensc cnomealices,
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Radiometric resulis

Torty-one positions are indicated on the map where the
radiocactive intensity is substantially greater than the average
intensity in the surrounding area.

The occurrences do not appear to correlate with the
geology, except that generally the Torrowangee Series is less
radioactive than the illyama Series,

6. CONCLUSIONS

There is some correlation between patterns in the aero-
magnetic map and lmown geological structure in the Broken Hill district.
The map also indicates the existence and trend of strucitures not
revealed by geological surface mapping.

The source of the aeromagnetic anomalies appears to be
confined largely to two rock types, amphibolite and quartz-magnetite.
These rocks recur as important marker beds in the stratigraphy of the
Willyama bedsg this fact may make the magnetic map useful in futurc
assessments of the stratigraphic seguence in the various geological
gtructures of the district.

The aeromagnetic map has clearly indicated two large zones
of magnetite-rich rocks on the castern and western borders of the area
termed as one of high-grade metamorphism, The pre-metamorphic origin
of these iron-rich rocks (possibly amphibolite) is a problem to be solved
in determining the petrogenesis of the mining district.
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