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ABSTRÀCT

The Broken Hill- Block is a complex and abundantly minerarized
Proterozoic metamorphic province, which Íncrudes the worrd
class Broken HilÌ silver-Lead-zinc mine. As part of a

cooperative geological mapping and interpretation effort, the
Regional Geophysical Study, presenbed herein, was carrÍed out
based Iargely on BIvtR airborne magnetic surveys and supported
with broacily spaced gravity data.

The aeromagnetic data defines quite clear cut boundaries of the
Broken HiIl Block which \^/ere previously poorly mapped and
poorly understood. An extensive magnetic complex, apparent at
the margins of the Block, is interpreted to be basal to the
main Broken Hill sequence and distinct from it.

This basal complex can be traced from the aeromagnetic data
over much of the unexposed areas southeast and west of Broken
Hilr, downgrading these areas as possibre hosts to Broken Hitr
type mineralization.

Within the main BH seguence, discrete, linear magnetic
anomalres predorninate and these have been grouped into four
separate geographic domains, baseci on anomary ampritude and, to
a lesser degree, strike trends. using these subdivisions, ancl
the work of the NSW geological survey, which provided a

comprehensive geological interpretation and which demonstrated
that the main linear magnetic horizons were due to
stratigraphically bound magnetite bearing horizons, a
generalized stratigraphic interpretation of the magnetic data
was effected. Magnetic horizons were found to be concentrated
within the same stratigraphic interval- in all domains but the
abundance of magnetite within this stratigraphic interval was
founo to vary considerabry between the domains. since the
magnetite is, in al-most alI cases, related to chemically
precipitaEed sediments, the variation in rnagnetite abundance
can be interpreted as reflecting original sedimentary
environment differences between the domains.



Whil-e no geological subdivisions correlating with the domains
have been recognised to date, it is notable that the Broken
HiII lode horizon, a chemical sediment genetically related to
the magnetite rich horizons, follows a similar pattern of
distribution and abundance to that of the magnetic horizons.
On this basis the "Centra1 Domain", which is clearly the zone
where magnetite is most abundant in the Broken Hill sequence,
is interpreted as representing the depositional environment
where Broken Hill type mineralization is most likely to occur.

Implementation of "traditions" interpretation techniques, such
as anomaly source rnapping and modelling, in selected areas
demonstrated that reliable information on structural continuity
and gross dip could be readily extracted from the airborne
magnetic data.

Although the available gravity data contributes
detailed interpretation, it reinforces the broad
subdivisions.

Iittle to the
magnet ic

In particular, the correl-ation of extensive gravity lows with
the "BasaL Magnetic Complex" supports the interpretation of the
Iatter as a distinct entity, separate from the main Broken Hill
sequence. Regional gravity highs in the southern parts of the
study area and around Broken HilI itseLf cannot be readily
explained in terms of observed geology. It is suggested that
their sources are deep seated (although their depths are poorly
resorved in the existing data) and that an understanding of
their nature may contribute greatry to the understanding of the
tectonic framework of western NSW.
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I INTRODUCTION

Broken HilI

UnIike most mineral-ized provinces,
dominated by one huge deposit. The

I.I

Broken HilI is unique. In the I00 years since the Broken
HiIl mineralization was discovered, it has been the heart
of Australia's mining industry.

The mine financed the tsHPrs successful establishment of
steelmaking in Australia which expanded to ship buildì-ng,
coal mining anci eventually the discovery of oil and gas in
Bass Strait. It continues to fund the exploration efforts
of CRA which have yielded such mines as !ùeipa (Bauxite) ,

Hammersley (iron), Bougainville (Copper) and Argyle
(diamonds) .

Broken HiIlrs contribution to mining extends beyond
Australia. Over a period of several years, the flotation
process of mineral separation was invented and developed by
the Broken HilI companies. The process is stilI widely
applied and without it, many of todays great sulphide mines
may not have been developed.

Above aII, Broken Hill is famous (or infamous) as a union
town; a centre where determination and resolve forged a

pattern which has had far reaching ramifications in
Australian Índustrial- history.

WhiIe Australia owes much to Broken HitI, the future of the
city is in some doubtr with only twenty years of mining
remaining in the ore deposit. This thesis forms a srnall
part of a renewed, cooperative exploration effort which
reflects the urgency for the discovery of new mineable
deposits in the Broken HiIl- region.

The MMA Project

the Brol<en HiLl Block is
Broken HilI orebody

L.2
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r.3

originally contained in excess of 200 mil-Iion tonnes of
high grade lead, zínc and silver mineralization, three
orders of magnitude greater than its nearest rival in the
region. This glaring imbalance in the distribution of known
rBroken Hil-l-' type mineralization has persisted over the
century of mining at Broken HiIl despite sustained
exploration efforts involving a wide spectrum of personnel
and a great deal of expenditure.

Following the important contributions toward the
understanding of the geology of the Broken Hill mines due
IargeJ-y Èo company geologist,s (Radmanovich, 1968) the
Broken Hill Mine Manager's Association (MMA), in 1971,
initiated a major research project aimed at elucidating
some of the fundamental geologrcaÌ aspects of the area
which were either poorly documented or subject to spirited
controversy. The main studies were on the genesis of the
orebody, the regional structure, the stratigraphy and the
metamorphism of the area. The project involved academic
institutions (mainly Adelaide University, Monash University
and the University of N.S.W.) and has been complimented by
an intense lithogical mapping program carried out by the
Geological Survey of N.S.W. The work presented here began
in L975, in the latter stages of the MMA project and so in
many ways, reaped the benefits of the resul-ts of the
various participants.

The Geological Probl-em

Although the Broken Hill region, and particularly the
orebody itself, has attracted a great deal of attention in
the geological literature, until recently, the regional
geology was poorly unoerstood. WhiIe this has undoubtedly
been due to the combination of complex folding, high grade
metamorphism and poor contlnuity of outcrop, rt would
appear that a disproportionate amount of time and effort
had been expended in detailed studies of the orebody
rtself. King (1968) used the analogy of the six blind men

and the eJ-ephant (Fable I) to describe the various
conclusions, from different Iines of evidence, of the
different workers who have studied the orebody.



Foble (from King,1968 )

'ilrE Ûl.tNt) ÑltiN AND 'ruF] Et.Iil¡ltAN't.r

It was six men rrf tnrlosl¡rn
'l o lc:u ning rnrrcl¡ inr-linctl,
Wlto wcnt ltl sce lhc rle phlrnt
(ÏÏorrgh ¡rll <.¡l rhcnr werc ltlinrl),
'l lr¿rl clcl¡ by olrscrvirtitln
Might sutisly his n¡inrl.

'l'he fìrst approachctl the clcphant,
Ântl hitnpcnillß lo f:rll
Aglinst his bro¡rd trntl slurtly sidc,
Âl r¡ncu hcgirn lo b¡¡wl:
"(iotl blcss rncl-bul tlre elcplr;rnt
ls very lile a wlll!"

'ì he secorrtl fccling of thc lrrsk,
('ricrl: "llt¡! wlllrl h¿¡ve wr l¡rre
So vcry rotrntl ¡rnd slnootlt and shurpl'lil lrrc 'lis rrrighty clelr
'l'his wor¡tlcr of an clc¡rlrlnl
ls vcry lilc u spetrl"

I'hc thirtl u¡rproachcrl thc unimal,
Anrl happerring lo t:rke
'l-lrc sr¡rrir rning lnrrrl within his hunds,
'l'lrt¡s lrultlly up and s¡ruke:
"l sec", t¡rroth lre, "tlrc clcplrirnt
ls,vcry liLe u sn¡rkel"

'f he fou¡ th rclchcd orrt his cagcr lrantl,
Anrl fclt aborrt tlrc lncc,
"Wlrirl lrrosl tlris wonrlrrlus betrst is likc
ls rrrighty plirin", <¡uotlr hci
" "l is elc¡rr cnorrglr tltc clt'¡lrirnt
ls very liIc ¡r trcc!"

Thc fifth, who cltlrrcctl to loue h the elrr,
S;ritl: "Fen llrc bli¡rtictl nriur
C¡ìn lcll wl¡¡tt llris rcsclnblcs nrost;
l)eny llrc ll¡cl wlro c¡rn,
-l his nllrvcl of an clc¡rhant
ls very likc a fun."

The sixtlr n() so()ncr harl bc¡¡urr
Âhoul tlre hci¡sl to gt ope,
1-lrun scizing rrn thc swirrging litil
'¡ lì¿rt fcll witlrin his scope,
"l scc", c¡trollt lre, "lhr: elcphirnt
ls very like u ro¡rc!"

Antj so thcse men of Irrtftrstitn
l)isprrtetl luu<l irnrl lrrng,
l'l¿clr in his own opinion
lìxccctlirrg stil[ anrl strtrng,
1'lrorr¡¡lr eireh w:rs plrtly in thc righl
AntJ ull werc in llrc wrong.

llloRAt_: ,

Srr, ofl in theolt¡giq r,r'¡¡¡g
'l he rlis¡rrrtirrrls, I wcell.
R¿ril 0n irr ultcr ¡ßn()Itnce
()l wlltt c¡rch othcr r¡¡c¡t¡¡
Ârrtl ¡l ltc irhorrl un clc¡rltirnt
Nt't 1¡¡" <.¡f lltc¡rr hrs sccn.

I A frm¡¡u¡ llir¡¡lu f¡Llc by J C S¡xc.
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The analogy of the elephant to Broken HiIl research in
general is probably no longer appropriate because the
recent studies have consolidated and reinterpreted earlier
work and have based their conclusions on data covering most
of the Broken HilI Block. The fact that the different
studies were carried out simultaneously has led to
interaction between workers and consequently the recent
generalized geological interpretations (e.g. Stevens et â1,
L979 and Glen et aI, L977) are quite comprehensive. The

controversy over the origin of the orebody has abated with
the majority of workers (e.9. Stanton, L976, Both and

Rutland, L976) regarding the orebody as stratiform, being
produced by exhalative sedimentary processes.

With comprehensive interpretations of the stratigraphy,
structure and metamorphism of the Bl-ock available and
general agreement on the volcano-sedimentary nature of the
Broken HilI sequence, the value of a regional geophysical
study might be regarded as questionable. Regional
geophysical surveys are most commonly thought of as
pre-cursors to geological exploration in large and

relatÍveIy unexplored areasr and in this capacity, (e.g.
Emerson, L973, (Western Australia) and Hunting Surveys
Ltd., L962 r (Uganda) ) , they provide a broad framework on
which ground geological- investigations can be based.
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In areas such as Broken HilI, where geological mapping is
at an advanced stage, the contribution of geophysical
surveys is Iess predictable, but commonly the value of
geophysical datar âs m€âsured by its ability to extend
geological understanding, increases as more geological
knowledge is obtained.

Boyd (L967) cites examples from Europe where airborne
magnetic surveys reveal major basement fractures not
apparent from extremely detailed geological mapping.
ClearJ-y, aeromagnetic surveys may also be useful in tracing
magnetic horizons or boundarÍes across poorly exposed

areas, thereby providing structural information. WhiIe the
extra information provided by aeromagnetics in particular,
in exposed areas cannot normally be anticipated, the fact
that a uniform coverage of an area in one characteristic of
the rocks (their magnetite content) is achieved, often
provides a useful- basis for correlating widely separated
areas.

At Broken HilI, several magnetite bearing rock types
(banded iron formation, quartz-magnetite, amphibolite and

several varieties of gneiss) had been documented prior to
the earLiest aeromagnetic surveys and since some of these
rocks hrere known to have cLose affiliations with the Broken
Hilt orebodyr the applicability of aeromagnetic surveys to
exploration in the area, in retrospect, seems obvious.
However, depsite the availability of good quality
aeromagnetic data over most of the Broken HiII Block since
the 1959 B.M.R. survey, no interpretive account of this
data prior to the MMA project is known to exist. This is
probaoly due in part to the dearth of geophysicists in the
Australian mining industry during that period, but also
probably reflects a lack of understanding, on the part of
explorationists, of the range of geological information
contained in aeromagnetic maps. Forwood (f968) in
reference to the aeromagnetic data states "This information
so far uninterpreted, is an important addition to the
geological- knowledge of the area".
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1.4

1.5

Aims

The main ai.m of
contribution to

this thesis was to make a useful
the future exploration at Broken HiII.

Specificallyr the purpose of this work was to provide an

interpretation of the largely pre-existing geophysical
data. The primary task was to reLate the observed
aeromagnetic and gravity variations to the mapped and

interpreted geology on a broad scale, encompassing the
whole Broken Hill BIock. Apart from this regional scale
correlation, the possibility of extracting structural
information from the prominent Iinear magnetic anomalies
apparent in the area was also to be investigated.

Surprisingly few such interpretations are contained in the
geophysical- literature, particularly in Proterozoíc
provinces which are not only widespread but also usually
contain an abundance of magnetic rock units. In Australia,
Proterozoic provinces such as the Mount Isa Block (QLD) ,

The Eyre Peninsula (S.4. ) and Tennant Creek (r\.T. ) are
examples of mineral-ized areas which, like Ëìroken HiIl have
had aeromagnetic data avaiLable during periods of intense
geological study. Despite limited outcrop in aII of these
provinces none of them has an available interpretive
of the aerornagnetic data.

(e.
aÃount

A secondary aim of this thesis was, therefore, to provide a

model on which magnetic data in geological provinces
simil-ar to Broken HiII coul-d be interpreted.

Scale and Philosophy of Study

Owing to the size of the study area (over I0,000 km, see
fig 1.1) the interpretation presented here is, necessarily,
generalized and recourse to detailed geological and
geophysical maps has rarely been attempted. In most cases
the maps used for this work ranged in scale from 12250r0000
to l:25,000 with the greater part of the analysis being
carried out with 1:I00,000 scale maps.
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Since a large part of Èhe data set presented here existed
prior to the inception of this project, only a small
proportion of field data was collected by the writer. From

the outset, the gravity data in the region was regarded as

having secondary importance to the aeromagnetic data
because of the coarse sampling and the corresponding
generalized nature of the measured fieId. The gravity
surveys carried out by the writer were planned to provide
extra information in areas of very poor outcrop, that is,
to provide additional geophysical control where geological-
control was lacking.

It is perhaps worth restating that this work has benefited
greatly from the results of both geological and geophysical
workers invoLved in the Ml4A project. In particular, the
work of the N.S.W. Geological survey (Stevens et al, :.-979

and McIntyre, L979) has allowed geological significance to
be attributed to what would otherwise have been
predominantly geophysical observations. WhiIe the
significance is, in part, conjectural, the approach adopted
in this thesis has been to speculate, in an objective way,
rather than to simply present observations. That is, the
primary objective of this work has been to provide an

interpretation of observations which can be tested by more
detailed investigation.

Author I s Note

A quick reference system for localities has been

incorporated in the main geological map (Map 2) . In most
instances, local-ities referenced in the text are LabeLled
on Map 2 but where absent the alphanumeric system gives the
general position.
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2 THE GEOLOGY OF THE BROKEN HILL BLOCK

In order to place the study area into geological
perspective, the recent works of Stevens et al- (19791 , Glen
et al (L977) and Thomson (L976) have been summarized.
While these works are, themselves, interpretive, they are
based on comprehensive field studies and Èake account of
the large volume of geologÍcal data that has accumulated in
the 90 years since the discovery of the Broken HiIl mine.

2.L Regional Setting of the Willyama Complex

The Broken HilI Block is one of three subdivisions of the
Willyama Complex which is a highly deformed and
metamorphosed Lower Proterozoic inlier situated in western
N.S.w. (Fi9. 2.L).

The other components of the Willyama Complex are the OIary
Block to the west and the Euriowie Block to the east. The
younger sedimentary domains surrounding the Willyama
Complex range in age from Upper Proetozoic to Recent.

2.I.L Adelaidean

Southwest of the Willyama Complex lies the extensive area
of the Adelaide Geosyncline which contains over 5 km of
sediments deposited during a large time interval inferred
by Thomson (1970) to be 1400-600 Ma. This time interval
covers the Upper Proterozoic era and is locally known as
the Adelaidean.

Adelaidean sediments unconformably overLie the Willyama
southwest of Broken HiIl while further to the west in the
OIary region, steep Palaeozoic reverse thrusts and shears
separate the Willyama from the Adelaidean. Sediments of
Adelaidean age also unconformably overlie the Willyama
north and northeast of Broken HiLl. The Adelaidean rocks
are maÍnly continental and shallow marine sediments which
are relatively unmetamorphosed and normally only gently
folded.
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The western boundary of the Broken Hill Block is the
prominent Mundi Mundi scarp which separates the Willyama
from the Cainozoic and older cover of the "Frome Embayment

Region" (Thomson, L976) . While Pre-Cambrian outcrops are
absent in this region gravity and magnetic data (see

Chapter 4) indicate that Adelaidean rocks are probably
present at reLatively shallow depths beneath the
unconsoliciated cover of Tertiary rocks.

2. L.2 Pal-aeozo ic/Mesozo ic

East and southeast of the Willyama outcrop area superficial
cover obscures most of the pre Tertiary rocks but the
presence of sedimentary basins, partly evident from outcrop
is firmly established from oi1 exploration drilling and

from gravity data.

East of Broken HilI, the Bancannia Trough is associated
with a NNW trending gravity depression of some 35

milIigals. The trough contains largely Devonian sediments
to a depth, inferred by Mclntyre and Wyatt (1978) from
aeromagnetic data, of more than 7000 metres. The driII
hol-e Bancannia South No. I intersected a thickness of over
3000 metres of PalaeozoÍc sediments.

The Menindee Trough Iies south east of the Willyama Complex

and is defined by a NE trending gravity depression of more

than 40 milligals. While the area of low gravity values is
covered by Tertiary and Quaternary sediments of the Murray
Basin, drill holes in the northeast (Blantyre No. I,
Stackl-er and Brunt, L961) of the trough indicate more than
a thousand metres of Devonian sediments overlain by
relatively thin sequences of Carboniferous, Permian and
Tertiary sediments. The depth to Pre Devonian rocks has
not been established in either hole but is known in both
cases to exceed 2000 metres. Mclntyre and Wyatt estimate
the depth to magnetic basement within the Menindee Trough
to be around 7000 metres.
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2.L.3 Regional Gravity Data

Owing to the extensive areas of Cainozoíc cover it is
necessary to consider the regional gravity data in order to
appreciate the gross geological structure of Willyama
Complex ano its environs.

As mentioned, the Pafaeozoic sedimentary basins east and SE

of the Vrlillyama Complex are clearly def ined in the region
gravity map (Fig. 2.2). The Willyama Complex itself is
generally associated with higher gravity values than
adjacent areas particularly in N.S.W. The Adelaidean
usually shows a smal-I but discernable decrease in gravity
compared to neighbouring Willyama rocks. The Olary Block
gives rise to considerably lower gravity values than those
oþserved on the Broken HiIl and Euriowie Bl-ocks. The cause
of this has not been studied but it is possibly due to the
greater proportion of quartz and feldspar rich gnersses and

migmatites in the OJ-ary province (GIen et aI , L977) .

The gradual decrease in gravity westward from the Broken
HÍIJ- BIocK is in marked contrast to rapid decrease in
gravity associated with the Palaeozoic basins to the east
and south. Al-though quite pronounced negative anomalies
are observed they are broad features and coincide in part
with WiJ-Iyama Complex outcrop. They therefore appear to be

relateo more to density changes in the WiJ-lyama rocks than
to thickness of younger cover, although the Iatter probably
contributes to some degree.

The high gravity region associated with the Will-yama
Complex is part of an arcuate belt which extends for
hundreds of kilometres both t.o the north and southwest of
Broken HiLl. The Willyama Complex is one of the few areas
along thls belt where Pre-Cambrian rocks outcrop; the buLk
of the features coincide witn the areas of Tertrary and

Quaternary cover. Several authors have suggested that
Wrtlyama CompJ-ex or equivalents may oe the prime cause of
thrs gravity feature (e.g. Tucker anci Brown, 1973; Thomson,

L976). The gravity data is dtscussed in more detarl in
Chapter 7.
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2.L.4 The Subdivisions of the Willyama Complex

The Willyama Complex comprises three "Blocks" of EarIy to
MiddIe Proterozoic metasediments and metavol-canics. The

OIary Block, lying almost entirely in South Australia is
distinguished from the Broken HiIl Block by its greater
abundance of rbasal gneisses' and by mrnor drfferences in
the stratigraphic sequences. GIen et al (L977) deduced
that although the sequences in the two Blocks are
comparable and suggestive of fairly shallow water
deposrtion, the Broken HilL sequence represents a more

ciistal- envj.ronment than the OIary sequence.

Since the two Blocks are effectively separated by a zone
where outcrop is either sparse or absent the boundary
between them has never been formally defined and usually is
taken arbitrarily to be the SA/NSW State border. There is,
however a prominent geophysical boundary separating the two
Blocks (see Chapter 4)..

The Euriowie Block lies to the east of the Broken Hill
Block and is separated from it by a linear NNW trending
bel-t of Adelaidean (Torrowangee series) sediments. The

rocks of the Euriowie Block are of lower metamorphic grade
and structurally less complex tnan tnose of the Broken HilI
and Olary Blocks, and TuckwelL (1978) has inferred that the
greater part of the Euriowie Block lres at a higher
str at rgr aph ic leve.L than the Broken Hi 1l- BIoc l< .

Because of these differences between the Broken HilL and

Euriowie Bl-ocks the latter has received much Iess attention
in academic and exploration studies. Newmont Pty. Ltd.,
(CIarke, J-977 ) have however identified Broken Hi1Ì type
lode horizon in the Euriowie Block but failed to locate
signif icant mineralization.

The Broken HilI Bl-ock contarns all- but the highest parts of
the Wil-lyama stratigraphy and contains the greatest
proportion of pelÍtic metasediments and "Mine sequence,,
which lie in the middle part of stratigraphic succession.
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The Broken Hill Block

The Broken Hill Block is best exposed in the Barrier Range,

a prominent topographic feature which extends from the
Thackaringa area northward for a distance of over
60 km (Map 1). The western margin of the Barrier Range is
the Mundi Mundi fault scarp which elevates both Willyama
and Adel-aidean rocks 2O0 to 300 metres above the level of
the Mundi irtundi plain. Topographic trends in the Range are
predominantly NNE, paralleling the Proterozoic structural
trends and the greatest relief NW of Broken HiII in the Mt.
Robe area where peaks rise more than 300 metres above the
plain level.

To the south and southeast of Broken Hil-I, relief becomes

progressively more subdued and consequently outcrop areas
become more sparse. The area is deeply weathered and
because of the low rainfall (around 250 mm per annum)

weathering products are relatively immobile so that good

exposures are largely confined to the higher topographic
areas. Quaternary sand cover is present in the plain areas
south of Broken HilI and driIl holes in these areas show

that the depth to relatively fresh rock may be over I00
metres.

2.2.I Rock Units and Rock Types

The Broken HiIl BLock is largely composed of recognizable
metasediments with ]esser but substantial- amounts of
quarEzo-feldspathic and basic rocks of probable volcanic
origin. Minor rock types such as the zinc, iron and
manganese rich "lode" rocks are distributed sporadically
throughout much of the Block. Younger intrusive rocks
include granites which occur largely in the north,
pyroxenite plugs and dolerite dykes; the basic rocks being
confined to the southern hal-f of the Block. A brief
description of the major rock types is given here following
the scheme of Stevens and Willis (in prep) which has been
designed to represent the rock units encountered in the
course of the N.S.W. GeoJ-ogical Surveyrs I:12r000 scale
li.thological rnapping project.
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Metasediments

The metasediments consÍst of a variety of pelitic'
psammopelitic and psammit,ic rocks which are commonly
interbedded. The original sediments corresponding to the
pelit,es vrrere mudstones and shales while the psammopelites
were derived from clayey sandstones, siltstones and from
lithic santlstones. The psammites lack clay minerals and

are assumed to be derived from sandstones and siltstones.
The more pelitic and psammopelitic rocks units are far more

abundant than the psammites.

Composite Gneisses and Migmatites

The classification of these rocks is based on the relative
porportions of mobile material (showing features
attributable to melting or solution) and immobile material,
and the nature of the immobile material.

Composite gneisses are defined as those rocks containing
between I0 and 508 of pegmatitic or granitic material
alÈernating in Iithological layers with metasedj.mentary
and/or metamorphic textured quartzo feldspathic material.

In the Migmatite units, mobile, medium to very coarse
grained quartz feldspar material comprises more than hal-f
of the volume of the rock and the layering within the
immobile component is more extensively disrupted.

The composite gneisses and migmatites are divided into
metasedimentary and quartzofeldspathic types depending on

the nature of the immobile component. The
quartzofeldspathic types contain a substantial proportion
of Ieucocratic and/or biotite rich quartzo feldspathic
material which Stevens et al (1979) regard as possibly
being of volcanic origin.



Quartzofeldspathic Gneisses

There are two main varieties of
gneisses. Common to both are a

and a content of mafic minerals
exceeding IOt.
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quar Ezo- feldspathic
well developed gneissosity
greater than 5E and usually

The more common variety is essentially
guartz-feldspar-biotite gneiss displaying a wide range of
grain sizes. The very coarse types often include well
developed augen of feldspar. These have previously been
called "granite gneisses" and "augen gneisses".

The Iess common variety differs from the above in that it.
contains essential garnet, sill-imanite and/or magneÈite.
The garnet rich variety known locaIly as "Potosi Gnei.ss"

has a close spatial relationship with the Broken HilI
orebody (Johnson and Klingner, L976) and is a

characteristic component of the "mine sequence".

The Quartzofeldspathic gneisses are interpreted by most
recent authors (Johnson and Klingner, Stevens et aI,
Stanton I L976) to be of volcano-sedimentary origin.
Although on compositional grounds they may be consÍdered as

intrusives or aLtered sediments, the combination of
composition, internal structures (e.g layering) and gross
relationships to neighbourÍng formations suggests that they
are most readily Ínterpreted as extrusive igneous rocks.
Stevens et aI regard the "granite gneissesrr as rhyolitic to
dacitj.c ashflows or lava flows while the "Potosi" type
gneisses are considered to be Rhyodacitic airfall tuffs.

Leucocratic Quartzpfeldspathic Rocks

The leucocratic quartzofeldspathi.c rocks contain Iess than
I08 (and usually less than 58) of mafic minerals. These

include pegmatites and mixtures of pegmatite and quartz and

feldspar rich rocks. The "aplites" referred to in older
literature (Map 1) belong to this group but these are
preferably called quartz-albite rock in the scheme of
Stevens and WiIIis.



A volcano-sedimentary origin
rocks, the progenitors being
tuffs.

L4

is also favoured for these
acidic ashflows and airfall

Basic and Ultrabasic Rocks

l4ost of the basic rocks within the Broken HiIl BIock are
concordant with and have suffered the same metamorphism as

the metasediments. They mainly exist as amphibolites or
basic granulites with varying mineralogies. Layered
calc-sil-icate rocks occur in the west of the Broken HilI
Block and these are regarded as being derived from
caLcareous sediments. Chemical analyses of Binns (1964)

demonstrate a consistently basaltic composition which
favours an igneous origin for the greaÈ majority of the
basic rocks as sills, flows or tuffs (e.g. Edwards, 1958,
Vernon, L969, Stevens et aI) .

Small- basic and ul-trabasic plugs are found chiefly in the
southern haLf of the Block and since these lack high grade
metamorphic textures, they post date the deformation and

high grade metamorphism which affected the Vtillyama
sequence.

Dolerite Dykes, commonly trending NW and rarely exceeding a
few metres in width are also found in the southern half of
the Broken HilI Block.

Post Folding Granitic Intrusives (Mundi Mundi Granites)

Virtua}ly undeformed bodies of microadamellite outcrop
mainly in the Mundi Uundi (I5) and Brewery WeII (Ca¡

areas. The emplacement of these granites cfearly post
dates the major metamorphic events and the presence of
boulders of the granite in basal beds of the Torrowangee
series (Adelaidean) indicates a pre-Torrowangee age for the
Granite (Leslie and White, 1955).
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Zinc, Manganese and Iron Rich Rocks

These are granular and/or layered rocks and are commonly

associated with sulphide mineralization. Although they
occur in minor amounts they are widely distributed within
the Broken HiIl Block.

The zinc rich rocks contain quartz and gahnite with or
without feldspar and garnet. Quartz-
gahnite rock is typically associated with the Lead zinc
sulphide mineralization in the region.

lvlanganese garnet rich rocks are al-so usually associated
with the sulphide mineralization and range from a fine
grained garnet sandstone almost wholly comprised of garnet,
to medium and coarse grained varieties with quartz more
abundant than garnet.

The main iron oxide and iron sulphide rich rocks are banded

iron formations (BIF) , which are finely layered fine
grained magnetite-garnet rocks, and medium to coarse
grained granular quartz magnetite rock (a¡l). BIF and QM

are generally accepted as metamorphosed chemical sediments
(Stanton , L97 6) .

The quartz-magnetites appear as pods and Ienses with widths
in the order of l0rs of metres while the BIFrs rareJ-y
exceed 1 metre in width and always have considerable strike
extent.

Sulphide Mineralization

Lead-zinc-silver mineralization is widely distributed
through the Broken Hill Block. Apart from the Broken Hill
orebody many much smaller uneconomic or abandoned deposits
are known (Barnes, I979) and are classified in two
categories; the Broken HiIl type and the Thackaringa type
(Both and Rutland, L976).
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The Broken HiII type is characterized by apparent
conformabÍ1ity of the mineralization with respect to the
foliation of the enclosing rocks and have a very complex
mineralogy. Broken HiIl type mineralization is associated
with "lode horizons" which in the absence of lead-zinc
sulphides is recognized by the presence of the
characterist,ic mineral assemblages contained in the
previously discussed quartz-gahnite rock, manganese garnet
and iron sulphide rocks.

The Thackaringa type deposits are veins occupying minor
gently dipping fractures commonly associated with
metamorphism retrograde and are inferred to have formed
late in the geological history of the Willyama Complex;
probably as a resul-t of remobilization of base metals in
the Willyama rocks (Both and Smith, 1975). The major
commodities produced from these deposits were silver and

lead, the extreme surface enrichment in silver in many of
them being responsible for much of the early development of
mining in the Broken HilI District. The main producers
\¡/ere the Umberumberka (J4) , Pioneer and Gypsy GirI (N3)

mines which yielded 40r000, 20r000 and 10r000 tonnes of ore
respectively in the late l-800's (see I'lap I for mine
Iocations).

2.2.2 Stratigraphy

A comprehensive stratigraphic intrepretation of the Broken
HilI Block has been compiled by the Geological Survey of
N. S.lrl. workers (Stevens, Stroud, Wil-lis, Bradley, Brown and
Barnes, L979) on the basis of extensive detailed
lithological mapping. The interpretation and the
nomenclature proposed by these workers is closely followed
herein. Their stratigraphic frâp, presented in Map 2, has
been supplemented with outcrops, from the Broken Hill
district map in areas not covered (at the time of writing)
in the Geological Survey's mapping programme. Map 2 has
been used as the main geological base in this work.
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The stratigraphic system consists of seven metamorphic rock
suites (Fig. 2.3) which can be broadly divided into three
groups. The lowest three suites consist largely of quartz
and feldspar rich rocks with minor amounts of pelitic
material and amphibolite. Suite 4 contains significant
proportions of pelite, quartzofeldspathic gneiss and

amphibolite and is characterized by the presence of "Broken
Hill type" mineralization. The upper three suites are

composed entirely of metasediments.

Suites l, 2 and 3

Outcrop of suite I (the Migmatite suite) is restricted to
isolated anticlinal to domal cores in the central and

western parts of the Block. The predominant rock unit is a

migmatite or magmatic composite gneiss, with extensively
disrupted'Iayering' of various quartzofeldspathic
metamorphic lithologies. Minor amounts of amphibolite are
present in thin l-enses. The top of the migmatiÈe suite is
defined by a relatively abrupt transition to a

metasedimentary composite gneiss of maj.nly psammitic to
psammopelit,ic character.'

The Composite gneiss suite (suite 2) generally overlies
suite )- but may in part be latera1ly equivalent to it. The

main rock unit is a metasedimentary composite gneiss
comprising interlayering psammite and psammopelitic along
with abundant pegmatitic to granÍtic segregations which are
commonly associated with bedding disruption. Amphibolite
makes up around IOt of the suite and narrow horizons of
iron rich rocks (particularJ-y quartz-magnetites) are common

minor constituents.

The transition from suite 2 into suite 3 is signified by

different rock type changes in different areas and, as with
the suite l,/suite 2 boundary' somê degree of lateral
equivalence is considered possible.
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Suite 3 (the Quartzofeldspathic Rock Suite) comprises
composite gneisses and various metasediments with major
proportions of leucocratic quartzofeldpathic rocks and

quartzofetdspathic gneisses. AmphiboLite again comprises
about I0B of the suite. Suite 3 contains most of the
granitic aneiss bodies of the Broken HilI Block including
the augen rich varieties" Discontinuous quartz-magnetite
quartz-pyrrhotite and quartz-garnet horizons are common but
very minor constituents.

The suite 3/suite 4 boundary may Þe marked by the incoming
of typical nine sequence or by the upper surface of a large
mass of quartzofeldspaÈhic gneiss or quartz-al-bite rock.

Suite 4z The Mine Sequence Suite

Suite 4 is termed the "mine sequence suite" because it
contains the Broken HiIl orebody and the associated mine
sequence, and all of the known "Broken HiIl type"
mineralization in the region. It is a highly variable
group of rocks which has great lateral- continuity being
absent only in the area north of Brewery Well (C8). Over

most of the Broken Hill Block, suite 4 is characterized by

one of two distinctive rock type associations or by a

combination of these.

(i)
(ii)

amphibolite- "Potosi type"
amphÍbolite-quartz albite

- quartz-gahnite
quar tz-magnetite

gne rss
roc k

rock
rock

Amphibolite is always present and accounts for around 15?

of the suite.

Other rock types within suite 4 are quite variable.
Metasediments usually predominate but the proportion ranges
from 80å to IOE. Rock types such as granite gneiss and

layered calc-silicate rock form important components in
IocaLized areas.

The top of suite
distinctive rock

4 is defined by the phasing out of the
types of associations (i) and (ii¡.



19

Suites 5, 6 and 7

The upper three suites are composed almost entirely of
metasediments. Suite 5 is relatively widespread but suites
6 and 7 are confined to the northern parts of the Block.
Suite 5 (the Pelite suite) overlies suite 4 and differs
markedly from it in that amphibolites and

quartzofeldspathic rocks are virtually absent. The suite
consists almost wholly of weII bedded pelites and

psammopelites interlayed wiÈh very minor psammite.

Suite 6, the graphitic metasediment suite, is characterized
þy tr^ro distinctive types of graphitic rocks intercalated
with units of psammopelitic schist. Layered calc-silicate
rock is also a characteristic component.

Suite 7 (the quartzite Suite) is very limited in exposure
and is composed entirely of metasediments; mainly fine
grained psammitic types.

The Redan Gneisses

Not included in the above stratigraphic seguence are the
important Redan Gneisses. This group of rocks is isolated
from the rest of the Broken HiII Block' outcropping mainly
in the neighbourhood of Redan (R14) and Farmcote (NI5)

homesteads.

The rocks have been described by Rayner (I949) and by

Àrchibald (f973) as quartzo feldspathic gneisses with minor
quantities of mica (usualIy muscovite) with magnetite (up

to 4Z by volume). In the same area, interlayered with the
Redan Gneiss are sill-imanite and sericite schists' abundant
amphibolite, guartz-magnetite and very minor occurrences of
quartz-gahnite rock. This assemblage of rocks lies in a

distinctive magnetic anomaly zone quite different tc that
associated with the mapped suites L-7. Raynerr on the
basis of the magnetics and his own mapping, grouped them

into one unit caLled the Redan Gneisses. They are regarded
by the writer, on geophy.sical groundsr Eìs a probable
separate entity from the main Broken HilI sequence (see

Chapter 4r.
I
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Compared to the other areas of the Broken HiIl Block the
Redan area has not been studied in detail, so thaÈ its
relationship to the rest of the Bl-ock is uncertain. GIen
et aI (L977) , on the basis of aeromagnetic comparisons
suggested that the Redans possibly represent an older
reworked basement complex similar to that observed on the
Olary tsIock.

Mapping in progress, at the time of writing (Corbett, pers
comm), suggests that the Redan gneisses may be subdivided
into two main units. The more widespread unit is
apparently readily correlable with suite 3 but the second
unit, a hornblende rich quartzofeJ-dspathic Aneiss, has no

equivalent in suites I to 7.

The stratigraphic position of the Redans is discussed in
Chapters 7 and 8.

DepositionaL History

The depositonal history
concisely summarized in

as interpreted by Stevens et aI is
Fig. 2.3.

The significant features are the rapid increase in shaley
sediments in suites 4 to 6, the absence of volcanics in
suites 5 to 7 and the rel-atively high proportion of
volcanic rocks in suites 3 and 4. The volcano-sedimentary
nature of the Broken HiII sequence, although not
established beyond doubt, provides a relatively
straightforward explanation of the observed metamorphic
rock types and their field relationshipsr ând consequently
most contemporary authors e.g. Johnson and Klingner (I976),
Stanton (:-.976) , Both and Rutland (L976) and Stevens et aI
(1979) subscribe to this theory.

Both and Rutland, in their examination of the origin of the
Broken Hil-1 orebody, concluded that the most reasonable
interpretation of alL available geological data on the Lode

is that it is a stratiform deposit produced by exhalative
sedimentary processes.
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Stanton, in particular, relates the lode to emanations into
the sedimentary environment during and related to l-ate
stage acid volcanism.

The important features from the geophysical viewpoint are
the proportions of sandy and shaley sedimenÈs and the
relative abundance of basic and acidic volcanics which

suggest systematic changes in density and magnetite content
may be observed between the suites. Section 3.3 examines

the expected gravity response of the suites while their
magnetic characteristics are discussed in Chapter 5.

2.2.3 Metamorphism and Geochronology

The metamorphism of the Broken Hill Block has been studied
by Binns (1964) and later by Phillips (1977). Binns
recognized a major prograde event (the willyama
metamorphism) and severaL subsequent retrograde events.
Binns deduced that the grade of metamorphism produced by

the prograde event increased from NI^I to SE and regarded the
metamorphism as a high temperature, low pressure (800

degrees, 10 kb) type.

Subsequent work by Phillips (L977) resulted in a

modification of the prograde metamorphic zones proposed by

Binns but reiterated the increase in grade to the SE (Fig.
2.4) .

Retrograde metamorphism is widespread, particularly in the
northern parts of the Block. In the more southerly parts
retrogression is largely manifest as distinct planar
retrograde schist zones ( "shear zones" ) such as the
Thackaringa-Pinnacles shear (N5) and the Apollyon VaIIey
shear 1tt7). Displacement along these shear zones is often
þut not always evident.

RB-Sr dating by Pidgeon (L967) and Shaw (1968) indicated
that the Willyama metamorphism occurred at around 1700 Ma

providing a younger limit for the age of the main Willyama
sequence. Pidgeon also dated the emplacement of the Mundi
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Mundi granites at around 1500 Ma and this intrusive phase

is generally regarded as signifying the end of the main

deformation of the Willyama Complex.

Analysis by Richards and Pidgeon (1963) show that the total
rock system become cLosed at around 500 Ma. GIen et aI
(L977) correlate this most recent isotopic event with the
cessation of ductile movement on the retrograde schist
zones coinciding with the end of the Cambro-Ordovician
Delamerian or ogeny, during which the Adelaidean and

Palaeozoic sediments in the Adelaide Geosyncline and

Kanmantoo Trough $rere folded.

2.2.4 Structure

DetaiLed and extensive structural studies were undertaken
by the University of Adelaide as Part of the MIvfA project.
The results are documented in Marjoribanks' GIenr Laing and

Rutland (1980) and a summary of the very regional scale
structure and stratigraphy is presented in GIen, Laing,
Parker and Rutland (L977). The following summary is based

very largely on these works.

The Broken HilI Block has suffered three major
deformational events, the first of which was by far the
most intense, producing regional isoclinal folds and

dominant high grade fabric of the rocks. Subsequent events
modified these earliest recognizable tectonic structures
and the features associated with the later deformations
indicate that they \^rere of lesser intensity. In contrast
to the first deformation, the effecis of Iater episodes
were somewhat localized.

First Deformation

The first deformation was characterized by large scale
isoclinal folds which were in part recumbent. Although
only two 1'FIrr fold closures have been positively
identifieci. The continuity of bedding and the consistency
of stratigraphic facing over large areas, combined with the
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recognition of macroscopic domains of upward and downward

facing beds indicate the presence of Fl folds. The

Stephens Creek fault (JIO) separates the major domain of
downward facing beds (to the south) from a domain of upward

facing beds. Figure 2.5 shows the major sÈructural
elements of the Broken HiII BLock. No differentiation
between Fl, E2 and F3 folds is indicated since no concensus
has been reached by the various interpreters. The

structures north of the Stephens Creek fault are those
inferred by Stevens et al and their interpretation has been

adopted in this area partly for the sake of consistency and

party because their conclusions are based on a broader set
of field observations. It should be noted however, that,
in this northern area, the antiforms discussed in the later
parts of this texÈ have, in many casesr been interpreted by

Marjoribanks et aI as synforms and vice-versa.

Second and Third Deformations

The second deformation produced large scale folds only in
the high grade rocks and mainly south of the Stephens Creek
fault. The major structures in the vicinity of the tsroken
HiIl l{ines, i. e. Broken HilI synf orm, Broken HiII antif orm,
Hanging WaII synform are F2 structures.

The third deformation produced large and smaII scale F3

tolds which refoLd FI and F2 structures in high grade rocks
and FI structures in the medium and low grade rocks in the
north and NE.

Figure 2.6 il-Iustrates the complexity
Sundown-Broken HiLl-RockweII area and
of the first and second generation of
by Marjoribanks et aI.

of folding in the
shows the development
folds, as envisaged

Shear Zones

The "shear zones" in the Broken gill Block are linear zones

of retrograde schists and are more correctly described as
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Figure 2.6 Ittustrotions of structuro[ cornptexity
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"Retrograde Schist Zones". They commonly represent zones

of lateral and/or vertical displacement and for simplicity
will be referred to in this text as "shears".

They fall into three main orientatÍon groups. An ENE

trending set with inferred dextral- movement includes t,he

Globe-Vauxhall- shear (K10) in the Broken HiIl mine area,
Èhe Apollyon Valley and Mt. Franks shears (16) in the NW

and the Hillston fault (R3) in the SW. A north to NNhI set
having sinistraL movement includes Èhe British and De Bavay
shears (L10) in Èhe mine arear the Northern shear (M7) in
the Stirling Vale area and the Rockwell shear (N12).
According to Both and Rutland (1976):-

"These two sets are approximately symmetrically oriented
with respect to the NNE trending fold system so that both
the fold systems and the conjugate retrograde schist zones

can be related to an ESE trending maximum principal stress".

The third "shear zone" system trends al-most at right angles
to the fold system, i.e. approximately ESE and includes
such major features as Èhe Stephens Creek faultr the Pine
Creek shear (L5) and the Thackaringa-Pinnacles shear.
NearIy aII of the features in this set show evidence of
substanÈial displacement, the most outstanding example

being the Thackaringa-
Pinnnacles shear with a dextral dÍsplacement of "several
kilometres" (Both and RutIand, 1976).

Structural Subdivisions

The Broken Hill Block can be broadly
strucÈuraI entÍties bounded by major

divided into four
shear zones and faults.

As mentioned, the Stephens Creek fault separaLes a zone of
upright Fl folds to the north from a major zone of
recurnbent. FI folds. This northern area is dominated by

Iong linear FI structures including the Mt. Vulcan Antiform
(J13) , the Stephens Creek Antiform (II1) and the ALlendale
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structure (G9) which on stratigraphic and minimal
structural evidence appears to be antiformal.

The area between the Stephens Creek

Thackaringa-Pinnacles shear is also
linear NE trending structures.

fault and

dominated
the
by long

West of the Apollyon Valley shear relatively small scale
dome and basin type structures such as the Mt. Rober Eldee,
EttLewood ano Lakes Creek structures (Stevens I L979) are
found. This is also the lowest metamorphic grade area in
the Broken HilI Block. The structure and metamorphic arade
characteristics suggest that the Apollyon Valley shear has

been a structure of considerable influence on the area.

The area south of the Thackaringa-Pinnacles shear is also
characterized by small dome and basin type structures with
a much lower proportion of the long linear features which
oominate the area north of the shear. No change in
metamorphic grade is apparent across the inferred
structural boundary in this case.

Although the Broken HiIl region is clearly very complex the
recent studies have resul-ted in comprehensive
interpretations of the stratigraphy. structure and

metamorphism which, although probably requiring refinement,
are accepted in general terms by company, academic and

government geologists alike.

This sound geological base materialized largely in the
middle to latter stages of the writer's project and enabled
considerable geological significance to be attached to
observations which had previously been predominantly
geophysical.
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3 MAGNETIC AND GRAVITY DATA IN THE BROKEN HILL REGION

Geophysical investigations in the Broken HilI area date
back to the late 1940's and since that time a considerable
amount of data has been collected. e significant
proportion of the geophysical work has involved electrical
and electromagnetic techniques but since these have
generally been localized surveys they are outside the scope

of this thesis and have not been considered for
interpretation. Existing airborne radiometric data has

been interpreted by authors such as Mclntyre and Wyatt
(1978) and Khan (1978) , and will not be considered in any
detail in this work.

Magnetic and gravity surveys cover the entire Broken HiII
BIock in varying amounts of detail. This chapter outlines
the sources of these data and the sampling detaiLs, and

briefly presents the major results of authors who have

interpreted parts of the data set.

3.1 Magnetic Data

Aeromagnetics

Nearly all of the outcrop area of the Broken HilI Block has

been covered wÍth detailed aeromagnetics. Most of the
coverage is by Èhe BMR, with companÍes contributing surveys
in particular areas of interest. The locations of the
surveys used in this project are illustrated in Fig. 3.1
and the details of the surveys listed in Table 3.L. Other
aeromagnetic survey are known to exist in the area but
these are not presented here either through confidentiality
or because they exist in areas adequately covered in the
surveys listed.

The surveys 1, 3 and 5 were flown with proton precession
magnetometers sampled every second. The BMR 1975 surveys
(2 and 3) used a fluxgate magnetometer sampled at 0.2
second intervals and were digitally recorded. To

facilitate the production of contour maps by computer, the
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l,ct
data from surveys 2 and 3 were resampled aL y6 second aryA4
second intevals respectively, prior to contouring. A1I of
the surveys measured total magnetic intensity to + l- nT.

Surveys I, 3 and 4 cover over 90? of the outcrop area of
the Broken HÍII Block in detail and have foimed the basis
for the aeromagnetic interpretation. A comPosite map

including Èhese surveys is presented at a scale of
I:250 r 000 in Map 3.

The coarse contouring interval in survey I causes a quite
significant loss of detail. This is evident from a

comparison between surveys I and 3, since survey 3 covered
the northern half of survey I. Where extra detail was

required in this study reference was made to the original
profile data (avail-able as analogue records on 16 mm film)
of survey I. Survey 6 became available near the completion
of this project and has not been fully Íntegrated into the
interpr etat ion.

Ground Magnetic Data

Isolated ground magnetic traverses have been conducted by

Mclntyre (t979), Roberts (f97f) ' Wood (L972) and Jenke
(L972) to establish the causes of particular aeromagnetic
anomalies. Unpublished vehicle-borne ground traverses
recorded by J.I. Mclntyre of the N.S.V{. Geological Survey
in February, L97 t have also been made available for this
work. The locations of the ground traverses are shown in
FÍg. 3.2 and t-he results of the above authors are discussed
in Section 3.3. A significant amount of company ground

magnetic data is known Èo exist in the Broken HiIl region.
The data available was generally too detailed to be

Íncorporated into this thesis, and no interpretive accounts
of the data were available to the author.

susceptiþiIity Measurements

7

Roberts, Wood and Jenke all-
suscepuiþil-ity measurements

carried out magnetic
to aid their ground magnetic
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v¡ork. EverIe (1973) studied the susceptibility variations
of amphibolites using exclusively drill core from the mine
area.

Some isolated measurements have been made on core from the
Galena Hil-I area (P9) (Anderson, 1975) and by the writer on

samples of "Redan Gneiss" supplied by Dr. G. Corbett of the
N.S.W. Geological Survey. Susceptibility values of the
magnetic rocks encountered are summarized in Taole 3.2.

No systematic study of the magnetic properties of the
common rock varieties has been undertaken to date.
Proprietary studies were however being carried out by both
of the major mining companies at Broken Hillr ât the time
of wr it.ing.

3.2 Gravity Data

The Bouguer Anomaly map of the BH Region (Map 4) has been

compiled from several sources. The distribution of gravity
data within the study area is extremely variable. South
and SE of BH quite adequate regionaì- coverage exists
whereas, to the north and west, coverage is rather poor.
The main contributions to the existing gravity data have
been as follows:-

CRAE

Conzinc Rio Tinto AustraÌia (Exploration) (CRAE) made

avaiLable plans from the detailed gravity survey carried
out by Weiss (1940) for the then Zinc Corporation.
Approximately 3000 stations were established, mainly in the
vicinity of the BH mine. The extent of E.he survey is
evident on map 4 as the area of 0.5 mGal contouring. The

station spacing was 30 metres along Iines 300 metres
apart. The data is avaiLable only in graphical form and

the precision of the survey is not documented. Ho\^/ever, it
is known to have been optically levelled and the plotted
profiles show a "noise level" of less than 0.05 milligals.
The data has been graphically incorporated into the Bouguer
arromaly map.
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ALLIANCE OIL N.L.

Geosurveys established around 380 gravity stations in the
SE part of the study area during the course of a major oil
exploration programme for AIIiance OiI (Stackler and Brunt,
L967l, . Stations were levelled by Èheodolite along major
roads and tracks aÈ spacings typically around 1600 metres.
The precision quoted was + 0.06 mgal.

PECANEK

Pecanek (I975) contributed 500 stations with varying
spacing and precision. Three optically levelled traverses
$rere conducted with stations at L2O metre intervals. The

remainder of the statÍons $rere read along major roads
approximately every I600 metres with one roving barometer
as the height control. While the accuracy of the detailed
Iines was + 0.04, uncertainities in the barometric heights
along the regional traverses possibly exceeded 5 metres
yielding a corresponding uncertainity in tsouguer Anomaly

values of around I mGaI.

BMR

In L973 the BMR surveyed the BH and Menindee I:250000 sheet
areas using a helicopter for transportation. The station
density was 1 per 50 square km on a roughly square grid
pattern. Microbarometers were used as height control; the
precision of heights normally given by BMR for this type of
survey being + 5 metres giving approximately + I mGal

uncertainity in the Bouguer Anomaly values. 520 BMR

stations exist within the study area and 37 of these are
Iocated at NSW Lands Depart.ment bench marks.

The BMR has an

and aII of the
station.

IsogaI station
surveys Iisted

at BH airport (No. 649L.024L)
here have been tied to that
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within the study oreo (see rnop4 )
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I SLES

The writerr âssisted by many colleagues' established I280

stations. 440 of these $/ere optically levelled (Bouguer

Anomaly + 0.06 mGal) the remainder being leveLled using
mrcrobarometers. Owing to the presence of height control
(Iarge1y in the form of NSW Lands Department bench marks)

the barometric data was found to be accurate to within + 2

metres so that the overall uncertainity in the Bouguer

gravity was limited to a 0.4 mGal. Standard surveying and

reduction procedures were used and these are described in
Appendix I.

NORTH BROKEN HILL PTY. LTD.

Three traverses across the Mundi l,tundi fault by North
Broken Hill Ltd., (Leyh, I980) were incorporated
graphically into the Bouguer Anomaly Map.

The distribution of regional gravity data from the four
main sources is illustrated in Fig. 3.3. A formal listing
of the principal facts of all gravity stations used in the
compilation of the gravity map is given in Appendix V. The

company data of CRAE and NBH Ltd. is not listed here
because it was not available to the author in numericaL
torm.

Addit,ional localized gravity surveys by Healey and Webster
(1968), Day (1966) and Anderson (1975) were aimed at
locating small features and were not tied to the AustraLian
gravity network. Because of the small areas covered in
these surveys no attempt was made to incorporate them into
the Bouguer anomaly map.

Major Results from Previous Geophysical Work

l"lagnet ic s

The regional scale aeromagnetic surveys were interpreted by

Mclntyre and Wyatt (1978) whose work served to define the
major bounding features of the Willyama Complex.

3.3
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Ground magnetic work by Roberts (197I), Jenke (L972) and

Wood (L972) was carried out to determine the causes of
particular aeromagnetic anomalies and to examine the
continuity of magnetic anomalies with respect to geological
structures. Based on Iimited numbers of traversesr these
workers were unable to produce positive interpretations
regarding geological structures, but aII found that strong
magnetic anomalies stemmed from a wide variety of sources.
Magnetite rich horizons were observed in sillimanite
gneisses (mainly occurring in suites 4 and 5), granite
gneisses (suite 3), amphibolites (suites 3 and 4) and in
pegmatite (suites 3 and 4). Susceptibility measurements
from driIl core (mainly from the mine area) confirmed that
most of the major rock types could contain enough magnetit,e
to generate magnetic anomalies.

EverIe (f973) studied the magnetic characteristics of the
amphibolites in the mine area and found that the main

"footwall" amphibolite consistently showed high
susceptibilities while the "hanging wall" amphibolite
horizon varied from highly magnetic in parts to
non-magnetic. The highly variable susceptibility in
amphibolites has also been observed by Mclntyre (I979) in
the tlt. Vul-can Antiform area (J13) . EverIe suggested that
the rapid variations in magnetite content of the
amphibolites and al-so their changes in width along strike
could both be explained by considering them as originally
being J-ayered basic tuffs. The view that the amphibolites
\^/ere originally of basaltic composition has been put
forward from geological observations by several authors
(e.g. Edwards, 195B) and is generally accepted. Stevens et
aI (L979) interpret the amphibolites as basaltic lava flows
or ashflow with the possibility of some bodies of the layer
being airfal-l ash.

Susceptibility measurements in core from the Galena HilI
area (Anderson, L975) showed the same features observed in
the mine area. Amphibolites were found to be highly
variab.l-e and magnetic horizons were found in a variety of
rock types.
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The susceptibitities of the main magnetic rock types
encountered in the above works are listed in Table 3.2.
Although this collection of measurements is far from being
systematic, it demonstrates that most of the major rock
types oþserved in the Broken HiIl region may contain
significant amounts of magnetite whiIe, as shown by

Roberts, all- except the BIFrs are commonly non-magnetic or
very weakly magnetic.

Mclntyre's Work

Mclntyre (L979) conducted detailed ( 5 m station spacing)
ground magnetometer traverses in four areas representing
the different aeromagnetic anomaly types observed in the
area covered by survey 3 (Fig. 3.1). This work was in
areas where the NSW Geological- Survey had detailed
J.ithologicaL mapping available and the aim was to establish
the causes of aeromagnetic anomalies using the mapped

geology, the ground magnetics and in situ susceptibility
measurements.

This work produced two results crucial to the
of the magneÈic variations in the Broken HiII

under standing
area.

I The major aeromagnetic anomalies investigated were
found to be caused by magnetite in metasediments.
Some minor (aeromagnetic) anomalies were found to be

due to acid igneous rocks (interpreted as volcanics).

Although amphibolites in some places generated large
peaks, in no cases could they be directly correl-ated
with the major observed airborne anomalies. Shear
zones, with amphibolitesr had previously been
associated with many of the major aeromagnetic
anomal-ies (e.9. Roberts, I97I) but although shear
zones do sometimes coincide in position with magnetic
anomalies, Mclntyre has shown that the magnetite is
contained within the pre-existing rocks which have
been retrogressed and/or sheared. Furthermore, he

observed that the shear zones often correlate with
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magnetic lows, and suggested the magnetite had been

destroyed either by the retrograde metamorphism or by

deep weathering within these zones.

The magnetic horizons within the metasediments are not
confined to one lithology but are certainly confined
within mapped stratigraphic l-imits.

In the two prominent Iinear anomalies investigated
(Areas A and C, Fig. 3.2) the magnetite rich horizons
were found to form "anastomising branches" within a

stratigraphically bound envelope consisting of a

variety of rock types. Individual magnetite rich
Ienses were found to be no different in lithology to
adjacent non-magnetic rocks except that they contained
I or 2Z magnetite. Mclntyre explained this in terms
of mixing of sedimentary detritus with chemically
precipitated iron formations such as BIF,
quartz-magnetite or sillimanite-magnetite rock, which
can usually be found along strike from or in the
neighbourhood of the magnetic metasediments.

From these results he inferred that the anomalies
investigated outline persistent stratigraphic marker
horizons, and as such can be used to delineate large
scale structures. In aLl of the four areas studied
the magnetic interpretation has made significant
contributions to the understanding of the structural
geology.

Gravity

Regional Surveys

The regional gravity work by Geosurveys for Alliance Oil,
although concentrated in the Palaeozoic/Mesozoic basin
areas to the east and south of the BH Block extended well
into the Willyama outcrop areas. The interpretation report
(Stackler and Brunt, L967) related the major gravity highs
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to the Pre-CambrÍan (Adelaidean and/or Willyama) basement,
and outl-ined the boundaries between these "basement" rocks
and the younger sediments.

The BMR helicoper survey b/as carried out as part of the
general gravity coverage of the continent (BMR, L976) and
has been used by Mclntyre and Wyatt (1978) in the course of
their regional geophysical interpretation. Extending the
work of StackLer and Brunt, this work outlined the major
boundaries between the various Pre-Cambrian and Phanerozoic
provinces to the east and southeast of the BH Block (Fig.
2.2) .

Pecanekrs Work

The aims of the study by Pecanek (1975) were to establish
facts about density variations in the Broken Hill mine area
and to determine the likelihood of detecting "Broken Hil"l
type" mineralization from detailed gravity surveys. To

this end, he used the detailed gravity data of CRA (Weiss,
L949) in the mine arear and generated theoretical gravity
models to match this data, based on interpreted geological
sections and approximately 3000 density measurements.

Pecanek chose to model gravity profiles coinciding with
geological sections which were welI controlled by
dri11ing. His density measurements urere carried out on

drill core from each sectÍon and sor with good control on

both the geometry and the density of the rock unit within
each section, he was able to clearly recognize their
contributions to the overall gravity profile. Using the
measured densities, and with only minor adjustments to the
geometries obtained from the geological sections, close
agreement was obtained between the observed and calculated
gravity.

He concluded that "the detection of the Broken Hill orebody
by a residual gravity anomaly would have been unlikely ".
Although the orebody itself is denser than its immediate
host rock, it is significantly less dense than
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the amphibolites which abound in the mine area. Since the
vol-ume of amphibolite in the mine area greatly exceeds the
volume of the lode, the prominent gravity highs were found
to be due to amphibolites or amphibolite rich sequences.

Figure 3.4 shows the gravity response of the lode horizon
on one of geoJ-ogical- sections and the density model deduced
by Pecanek for that section.

Pecanek's work also included some broadscale regional
gravity andr oD the basis of the limited coverage available
at that time, (his own data, CRAE datar and the Geosurveys
Data) he suggested that the major regional gravity highs
reflected the presence of large volumes of pelitic and/or
amphibolite rich rocks.

Wood (I972) and Jenke (I972) analysed the CRAE data from
the "Hanging WaIl Basi-n" and the "Broken HiIl Basin"
respectively. These structures appear to consist of basin
shaped masses of granitic aneiss (Suite 3). Both authors
deduced gravity models which matched the observed data and
h¡ere consistent with the known geology and measured
densities in the respective areas.

Density Measurements

The main results of density measurements used by Pecanek,
!{ood and Jenke are reproduced in Table 3.3. Measurements
on rocks from outside the Broken Hill mine area (from
various sources) are listed in Table 3.4.

Using these densities and the relative abundances of the
various rock types within the metamorphic rock suites (Fig.
2.3) , approximate bulk densities can be estimated for each
of the metamorphic suites. Table 3.5 shows the results of
these calculations and Figure 3.5 il-lustrates the gravity
response of a hypothetical slab consisting of blocks with
widths and densities estimated for the metamorphic suites.
The diagram is meant to convey the relative differences in
þouguer gravity which might be expected between areas of
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differing stratigraphy. Considering the structural
complexity of the area and variability in thickness and

composition of the suites, this diagram serves as a guide
to the expected gravity responses of the suites. However

the simple form of the variation of density with
stratigraphy suggests that regional gravity data should
reflect the major large scale strucÈures within Èhe BH

Block.

In particular, high gravity values would be expected
associated with large accumulaÈions of SuÍte 4 and 5

to be

rock s.



TA3L.E ff A\.€RAG€ BI-JI-K E¡ISTTY tr BOO(S FFO.i TI€ 8BO€N HILL

L.M SE¡fNCE

ÌABLE 3.2

'IAGNEIIC 
SUCEPTIEILITY ITEASUREñENTS FROI IHI SROKEN HILL AREA

Sourceg and locations of galpl¡s

O.lr.
Tinc

Ê. J. W.

UofA
G. P. J.
UafA

B.B
N.B.

il)
(2t
(3)
(4t
(5)

H.T. P.
LJofA

Roberts (!971)..,,..,.Noptherr rine ¡rca
Jerrhe (19721,,.... , ,Rupee arrà
tlood (19721.... .. ..Palne¡ I e¡ea
AnderÉ0n(1975)...,,.,.6¿ler¡a Hill årea
Isles ...,,..,Redan are¿Flock T/pe L. A. F,

r{.E.r.c

2.7¿

Z,-ó!1

2.V3

4.m

for 56

for ôf
for ?O

ior 53

for -tè

P; Lod¿

Zn LooÉ

En velcpi.ng
GneisE

Z hc Lol¿
ñJrLZOTt

3rae, ite
Gnelss

S:I1 iren:te

T non oal¿

Alphi)cl- ite
FegEtite
Poto:i Gneiss

Apl ite
û3neÈ-
r3ea3iite

Dol-e:ite

Gamet S/S

Snears

Lode

(t):.ta s-1.,3
(t) z.ec g./"-3
(z) ;.n s,,/.r3
(e) z.ez s.,/"n3
(:) z.eo e.7.'3

2.80-?.n 2.89
Sillr¡eni¡e enei5s 4or5

Potosi Bneis5

Prob ab I e

Sur t€

Grarrite srreiss

AñPhibolite

3or4

3or4

Roclt Tv¡e

Feerat i te

EIF

Sillrra¡iie sneiss
AüPhibolite
PÈsr!t ¡ te
Schist
0u e ¡b urd Ê n ( 9eå t h e ¡e d rock)

Red¿¡ area...

Redan gneiss

0t:-f el d:-¡agneti te rocli
0t r-¡e I d s-honr'ò I rr¡d e-¡as

SuscePribilities
( x10-G cas )

t?75 ,8700,3700
800, r 520
2500
1 5,2500

Source

East ?.6 3 O0

2.?>2,4O

?.?'>?.83 2.43-2.4O

1t-?îi ?r-??

3.38

2.81 elso
2.92

aol

4 3950, 2990
r 1000

I
2
3
4

I
32,72

2.AO

2.?a

z.-ta (t)

".8a 
(?)

2.n

[Í:3s Ii]
207 ,8500

t 4700, il0.1 8400, 547
t70, t 30,7800.4050
75,5S30, t 400,40

8000
g75ti)

5(10

14, 2300

I
4

I
3

t
4

q

5
Red¿r, gr¡ei:s
lio¡r'ùlênde Redan en€iss

6tl0
{000, I ?0

3. OO:

3. 06

readrn9s

reaCinos

readi-ngs

reac !ng:

with E s',.

wi.th a st.
with e st.
ritl¡ e st.
wiÈt a st,

0.u44

0.095

0.069

o.15
o.o5

IABrE 3.1

DENSITY ñEASUREñENTS FROI1 OUISIDE THE EROI(EN HILL ñINs AREA

ûalena Hill are¡ Anderson(1975)

Rocl: TyPe Densitv (s/cc) No. sameles

ô vÊrãJ e

e Jera,Se

a veraSe

a Jerag€

BVera3E

dev

dev

dev

dev

dev

2 9A<

2.7t)

2 .55

1B

L?
I
l7
5

Isles

67

67

2

2

Toble 3.3 Densities of lithologies in the mine oreo
(ofter Peconek,1975 )





37

4 THE MAGNETIC SUBDIVISIONS OF THE BROKEN HILL BLOCK

The subdivision of aeromagnetic maps into zones of
characÈeristic response is a common initial approach in the
qualitative interpretation of such maps (e.g. Boyd, L967,
Emerson, 1973). These zones may be defined by the
abundance of anomalies, by their shapes, preferred strike
dÍrections, by changes in the magnetic 'backgroundr or by
many other subt,le, systematic changes in the magnetic
contour pattern. Magnetic zones may correspond to major
changes in rock type or may simply reflect changes in the
magnet,ite content within an otherwise runiformr rock type.
Volcanism or regional metamorphism may exert strong
influence on the distribution of magnetite over large areas
and Èhese effects can impose a zoning on the measured
magnetic intensity.

In the Broken Hill region, clear cut subdivisions are
apparent in the aeromagnetic maps (Fig. 4.1). The

differences Ín magnetic response between these zones are,
in most cases, profound and the boundaries between zones
are normally abrupt. Although the geological significance
of the zones has not been est,ablished in all cases,
(IargeIy due to absence of outcrop in critÍcal areas) it
seerns very likely that the magnetic zones represent
distinctly different geological provinces.

4.1 Definition of Magnetic Zones

4.I.I Broken HiII Magnetic Zone

Over 90t of the outcrop area of the BH Block shows a

single, characteristic magnetic response. This area is
termed the Broken HiII Zone (BHZ) and features a relatively
Iow gradient background variation on which are superimposed
discrete predominantly Iinear anomalies, trending NE in the
southern parts of the Block and more to the North and NNW

in the northern parts. The Iinear anomalies commonly have
amplitudes between 200 and 500 ñT, widths of around 500

metres, and near surface sources.



\ Figure 4.1 Composite oeromognetic map showing interpreted subdivisions
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The background changes from a persistent gradient of around
50 nT/km (increasing to the SE) in the south, to a smoothly
undulating variation in the north. The 'average' IeveI of
magnetrc intensity r^rithin the BHz is signif icantly Iower
than that of surrounding zones (see frontispiece and Fig.
4.2) which Mclntyre and Wyatt (1978) attribute to "major
changes in magnetic properties through a considerable
proportion of the earth's crust".

V'Iithin the BHZ, the Mt. Vulcan area is conspicuously out of
character. It shows a generally high magnetic intensity
and extreme variability in response having more in common

with the highly magnetic zones to the west and SE of the
BHZ. Because the Mt. Vulcan area occupies a relatively
small- area and is enclosed by the BHZ it ts here initrally
treated as part of the BHZ.

The magnetic features withrn the BHZ are stuciied in oetail
in Chapter 5.

4.L.2 Redan Magnetic Zone

South and east of the BHZ lies a complex magnetic area
called the Redan Magnetic Zone (R¡,lz). The RMZ is an area
of high magnetic intensity level containing very steep
gradients generated by an abundance of closely spaced
anomalies, typically with peaks around 800 nT above the
local- background l-evel-. AJ-though individual magnetic
sources are difficult to decipher from the complex pattern,
very strong trends are observed in the contours. The

trends are dominantly ENE with some NE trends and two or
three prominent EW trends.

WhiLe outcrop within the RMZ is very lrmited, most of the
exposures are cl-assified as "Redan Gneiss". As previously
dÍscusseci, tne Redan Gneisses are generally classified
aparÈ- from the other Willyama rocks and since they are
known to be very rich in magnet:.te (Rayner, l-949) there is
iittle doubt that the observed rocks are the prime cause of
the complex magnetic pattern of the RMZ.

. / t)r : , r. ,_ ,a/^ç
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4.I.3 Peak HiIl Magnetic zone

The Peak HilI Magnetic Zone (PHZ) iies west of the BHZ in
an area almost entirely covered by unconsoli<lated Cainozoíc
sediments of the Mundi ¡,tundi plain. The PHZ displays high
gradients and peaK anomaly amplitudes similar to those of
the RMZ bui shows some markeo oifferences to the RMZ.

Thè background intensity level within the PHZ is very low
since it. Iies largely within the regional magnetic low
outlined by Mclntyre and Wyatt. In addition to this it.
contains large areas of dominantly negative anomalies
separted by generally sinuous positive peaks, contrasting
the RMZ where relative magnetic highs cover most of the
area. These differences are illustrated in the profiles of
Figures 4.2 and Map 7, and in the coloured magnetic contour
map (frontispiece), and possible reasons for the
differences are discussed in Chapter B.

The dominant trend direction of the contours is WNW with
some strong NE trends also present. Depths to magnetic
sources beneath the Mundi Mundi plain are commonJ-y between
I50 and 200 metres (see Map 5). An exploration oiamond
orrIl hole (by BH South) into a circu.Lar magnetic anomaly B

km NW of Silverton (map 5) intersected an intrusive
pyroxenrte at I90 metres beneath the l4undi Mundi plain.

4.I.4 Mundi Mundi Magnetic Zone (MMZ)

North of the PHZ the Mundi Mundi magnetic zone shows an

al-most complete absence of near surface magnetic sources.
A few, isolated anomalies are present which give some

information on depth to magnetic 'basementr but the nature
of this basement is uncertaÍn. Mclntyre and Wyatt (1978)

found that source depths increase to the north from around
500 to over 1200 metres, and inferred the presence of
AdeLaidean and possible Palaeozoic sediments beneath the
Cainozoic cover.
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4.1.5 Torrowangee Magnetic Zone (TMZ)

The Adelaidean 'rTorrowangee Series" sediments Iying in a

narrow belt along Èhe NE margin of the BH Block are clearly
recognizable from their magnetic response. The

Torrowongees generate a quite uniform pattern of low
amplitude (Iess than I00 nT) anomalies having small areal-
extent and normaLly trending ttNW. This noisy, weakly
magnetic pattern Ís readily distinguishable from the more

smoothly varying non-magnetic areas of the WiIlyama complex
to the east and west, but is similar to the Willyama
patterns associated with suites 6 and 7 in the far north of
the study area.

Although the anomalies have low amplitudes, pêÍsistent
horizons can be seen outlining major folds in the
Adelaidean sediments (see Map 3, Fig. 4.1).

In the far northeast of the study area a small area of
AdeLaidean sediments from the "Caloola Synclinorial Zone"
(Mclntyre and Wyatt, L978) is covered by the aeromagnetic
survey. This small- area shows very similar characteristics
to the TMZ.

4.1.6 Euriowie Magnetic Zone (EUz)

The Eurowie BIock, although part of the !{illyama complex,
is considered to be a separate entity from the Broken Hill
Block (Stevens et al, L979) , and is generalJ-y regarded as a

horst block bounded by the Corona fauLt to the west and an

unnamed fauLt to the east (e.g. Rose, 1968). The magnetic
response associated with the Euriowie Block bears Iittle
resemblance to that of the major pârt of the BH Block.
Very patchy anomalies are distributed irreguJ-arly
throughout the zone. There are no persistent Iinear
anomalies although there is an apparent preferred Nlrl trend
in the magnetic contours. In the NE part of the BH Block
in the Yanco Glen-Allendale area, geological and magnetic
trends bend to the NW and the magnetic pattern becomes
irregular. In terms of magnetic response, this area is not
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unlike the EUZ so that although the BHZ and the Euriowie
BIock are seen geologically as separate tectonic units,
there are some grounds for correlating the northeastern
parÈ of the BH Block with the Euriowie Block.

Newmont Pty. Ltd. (Clarke, L977) reported BH type Lode

Horizon in the southern part of the Euriowie Block. No

detailed aeromagnetic data is available in this area.

4.L.7 Eaglehawk Magnetic Zone (EHZ)

Southeast of the RMZ the aeromagnetic data (Map 3,
Fig. 4.f) shows an area of quite outstanding NE

trending Iinear anomalies with source depths in the
range 100 to 700 metres.

The boundary between the EHZ and the RMZ is very sharp and
has a very pronounced magnetic low associated with it. The

boundary has been considered by authors such as Rayner
(l-949), Archibald (I973) and Mclntyre and !{yatt (1978) to
represent a major fault (the Redan Fault), with substantial
downward displacement in the SE side. This idea has rarely
been questioned siþe the magnetic feature called the "RedanI
fault" approximately marks the most southerly margin of
Willyama Complex outcrops. (There are certainly no Ln-o",^

Willyama outcrops SE of the "Redan Fault"). Gravity
however suggests that the Redan Fault is not a normal
fau1t. A detailed interpretation of this area is presented
in Chapter 7.

Magnetic Zone Boundaries

4.2.I Northeastern Boundaries

The Corona fault marks the SW boundary of the Euriowie
tsIock, separating it from Èhe Adelaidean sediments of the
Torrowangee zone. The fault is clearly recognizable from
the aeromagnetics as a lineament across which a marked
change in magnetic response occurs. The southern limit of
the fault is difficul-t to pinpoint because of a gap in the

4.2
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detailecl aeromagnetic coverage. It is probable that the
Corona fault extends SE to intersect t,he Redan fau1t.

The NE boundary of the BHZ paraIlels the Corona fauLt but
is an unconformity between the Willyama and the younger
Adelaidean cover. The unconformity is marked by a distinct
change in magnetic character and by a group of anomalies,
north of Yanco Glen which run parallet to the unconformity
and lie very close to it. Apparent continuÍty of some of
these anomalies across t.he mapped position of the
unconformity implies that the anomai-ies stem from sources
within the [,tillyama rocks which underlie the Adelaidean at
shallow depths beneath a shallowly dipping unconformity.

That the anomalies from within the nfillyama parallel the
unconformit.y is probably a consequence of the change Ín
regional structural grain in Èhe NE of the BH Block from NE

to NNW. The Torro$/angee zone, although having major
Adelaidean fold axes running generally NS is bounded by
features which paraIleI the olcier Willyama structural-
trends (see Glen et al, L977, for a discussion of regional
pre Cambrian r-ectonics of the Willyama Complex) .

IÈ is possible, however, that the magnetic anomalies lying
on the Adelaidean side of the unconformity are generated by
the basa.l- Torrowangee beds. In the Brewery WeÌI (CB) area,
metamorphosed basic material whrch has been interpreted as
basal- Adelaidean lava flows unconformably overlying the
Willyama (Laing, L969) , produces strong magnetic anomalies
aJ-ong the Torrowangee unconformity. T. Dickson (pers.
comm., I978) has suggested tnat the Torrowangee anomalies
may be due to magnetite in the basaL Adelaidean sediments.
Observationsr ât a more detailed scale than the one used
here, are required to resolve this question.

The trace of the unconformity vanishes from the
aeromagnetic map south of Yanco GIen where, although major
(BH Zone) NE trends are greatJ-y attenuated, continuations
are seen to persist beneath the mapped Adelaidean cover,
suggesting that the cover is very thln in this area.

'rnQ
tl.i t:1 3
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4.2.2 Western Boundaries

Although geologically (and also topographically) the
Intestern limit of the Broken HilI Block appears to be a

simple fault, the aeromagneÈic data shows that it is a very
complex boundary. The Mundi Mundi scarpn assumed to be a
fault despite debate about the absence of direct geological
evidence of faulting, extends north from around Thackaringa
homest,ead for a distance of around 60 Km h¡here it appears
to be offset slightly by the Kantappa lineament (Rose,
1968) . Although the Mundi Mundi fault can be traced, for
most of its length from the aeromagnetic map, its effect on

the magnetic pattern varies from south to north (see Map 3

and Map 5).

Southern Parts of the Mundi uundi Fault

To the south, the MundÍ Mundi fault, although
topographic expression, becomes subsidiary to
boundary between the PHZ and BHZ.

retaining its
the magnetic

In the Peak HiIl (L4) and Umberumberka (J4) mine areas, two

major shear zones cross cutting the Mundi Mundi fault
coincide precisely with the abrupt boundary between highly
magnet.ic PHZ rocks and less magnetic rocks of the BHZ.

Attempts to model these segments r¡rere unsuccessful due to
the noisy magnetic response and the strong regional
gradient seen in the BHZ. However, the very steep
gradients and the absence of a pronounced negative
component in the magnetic anomal-y suggest that the boundary
dips steeply to the east with a thickness of magnetic
material Iike1y to exceed 3000 metres.

South of Peak HilI the PHZ/BHZ boundary is extremely well
def ined and the aeromagnetic data (Fig. 4.I) of S.A. D.M.E.
(L977 ) shows thaÈ it continues southward before being
terminated by the MacDonald shear zone, which is the major
boundary between the Willyama complex and the Adelaidean
rocks in South Australia. The data here suggests that the
PHZ is part of the Olary Block and hence the PHZ/BHZ
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boundary is proposed as a destinctive boundary between the
Olary and Broken Hill BIocks.

Between Peak Hill and the MacDonald shear (Fig. 4.I) zone
the PHZ boundary is segmented by WNW trending features
which generally coincide with recognized shear zones (e.g.
Thackaringa - Pinnacles and Pine Creek Shears). The

aeromagnetic pattern suggests that there may have been
substantial movement along these zones although it has not
been possible to differentiate lateral and vertical
movement from the aeromagnetics. Both and Rutland (1976)

refer to a dextral movement on the Thackaringa - Pinnacles
Shear of "several kilometres". There is an apparent
dextral- dj.spJ-acement of around seven kilometres in the NE

trending PHz/BHz boundary across the Thackaringa -
Pinnacles shear near the S.A./N.S.W. border.

Between the Umberumberka Mines (.fa¡ and MundÍ Mundi Creek
(F5) Lhe PHZ/BHZ boundary becomes harder to trace but is
visible from a distinct change in background gradients (see

Fig. 4.2, profile 42601. This section of the boundary
coincides with the King Gunnia shear zone (I5) (Stevens,
1979) but is broken by a discordant magnetic feature which
trends EW, cross cutting observed geological trends and
surrounding magnetic trends. This is interpreted as a

subsurface body of intrusive rMundi Mundir granite. The

discordant pat,tern of the magnetic contours here is similar
to the effect caused by the large Mundi l{undi granite body
at Brewery Well, although the latter body intrudes into
very weakly magnetic rocks. Quite substantial amounts of
Mundi Mundi granite have, in fact, been mapped (Stevens,
I979) within the area of the proposed intrusive body.

The area between the Mundi Mundi fault and the King Gunnia
schist zone (the Umberumberka area) and the outcrop area
west of Peak HilL almost certainly expose the highly
magnetic rocks of the PHZ. Whiì-e precise depth
determinations withj.n this compJ-ex magnetic area are
difficult, the steep gradients observed suggested that
magnetic sources are very close to the surface if not
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outcropping. The mapping of Stevens shows the Umberumberka
area to comprise a complex assemþIage of quartz and
feJ-dspar ricn rocks which are not readily correlated with
maln BH Block stratigraphy. Stevens groups together in one

complex zone rocks which he possibly correlates with suite
I, 2t 3 ano 4, whereas WilLis (1979) in the Peak HilL area
interprets the rocks inferred here to be part of the PHZ as
suite I or possibly suite 3.

Common to both areas are an abundance of quartzofeldspathic
rocks with much pegmatitic and/or migmatitic material and
the aerornagnetic data suggests that the rocks are
moderately to strongly magnetic.

West of the Mundi Mundi fault depths to magnetic sources
generally lie between 150 and 200 metres. A drill hole þy

Broken HilI South Limited centred on an outstanding
circular magnetÍc anomaly encountereo pyroxenite at around
190 metres (McIntyre and Wyatt, 1978) . A reconnaissance
gravity line traversed the magnetic anomaly ano showed a

"coincident" high of around 5 mill-iga1s. The geophysical
oata indrcate a plug-Iike form for the pyroxeni.te, and it
is related to the exposed post Willyama basic intrusives
which are common in the southern part of the BH Block.

North Mundi Mundi FauIt

North of Mundi Mundi Creek the fau1L clearly coincides with
a marked change in magnetic aradients. West of the fault
much lower gradients are observed, the main features being
two discrete anomalies which yieJ-d source depths of 900 and
I050 metres (map 5) from simpJ-e 2-D modelling. The deeper
of these sources follows a trend continuous with the
strongly magnetic Diamond Jubil-ee Structure which consists
of suite I type WilJ-yama rocks. It is inferred that the
deep magnetic sources in this area beneath the Mundi Mundi
plain are from Willyama rocks.
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A gravity traverse was conducted across the fault in the
vicinity of Mundi Mundi Creek to further investigate the
nature of the non magnetic material within the MMZ. Figure
4.3 shows the profile and a simple rnodel computed to fit
the data. The results show the Mundi Mundi fault, as

apparent from the topographic scarp, to be associated with
a steep change in gravity of four milligals which can be

explained by a density contrast of O.S]Á,cc and a vertical-
throw of 200 metres, A further gradual westward decrease
in gravity is modelled as a thickening ot the low oensity
cover to around 350 metres. Models with smalL density
contrasts and larger thicknesses were found incapable of
mat.ching the observed data.

The implication of the gravity interpretation is that there
is relatively unconsolidated material to a depth of no more
than 350 metres beneath the Mundi Ivtundi plain leaving a

"gap" of around 700 metres between the depth to "basement"
inferred from gravity and that inferred from
aeromagnetics. That is there is a thickness of some 700

metres of relatively non magnetic material overlying the
inferred WilIyama magnetic sources. This material has,
however, a density close to that of the WilJ-yama. On the
basis of Tucker's (1973) density measurements and the
proximity of Adelaidean rocks to the north (see map 2), it
was considered J-ikely that the denser non-magnetic rocks
underlying the unconsolidated sediments of the rYundi Mundi

¡:Iain were Adelaidean sediments.

SubsequentJ-y, North Broken Hill Pty. Ltd., explored for
þase metals beneath the Mundi Mundi pJ-ain. Three gravity
traverses \^¡ere carried out which showed the Mundi À4undi

fault to be quite uniform in gravity response. One diamond
hole was drilLed on each gravity line. Maps 4 and 5 show
the location of the holes and figure 4.4 shows how they
relate to the gravity profiles. The northern hole
(WiIlangee, A7) confirms the existence of Adelaidean rocks
beneath Cainozoic clays and sil-ts þut, in the Eldee hole
(86) inf erred Vrlillyama rocks were encountered. Hov/ever no
definite Willyama rocks were identified as W. Leyh's (1980)
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remarks on the driLl log indicate - "Hole intersected
interpr e ted highly decomposed schist of Willyama Complex
from 2I5 - 229.5 m" (bottom of hole). The Belmont (I4)
hole also intersected schists of proþable Willyama origin.
This is consistent with the magnetic interpretation of
WiJ-Iyama (PHZ) rocks beneath the plain in the Bel-monr area.

PHz/IfiMZ Boundary

The boundary between the PHZ and the MMZ is seen in the
Regional BMR aeromagnetics and in the S.A.D.M.E. surveys
west of the N.S.W./5.e. state border. It is difficult to
precisely define because the magnetic material associated
with the PHZ is evident at moderate depths (c. 500 metres)
for a distance of at least t0 km north of the EtV faulL
(proposed by Mclntyre and Wyatt) which marKs the northern
Iimit of shallow magnetic sources beneath the Mundi I'Iundi
pLain). The magnetic source depths (map 5) suggest a

gradual deepening of PHZ rocks north of the proposed
faul-t. A simple interpretation of lJne PHZ/MI4Z boundary is
an unconformity between PHZ and Adelaidean rocks.

Summary

The aeromagnetic and gravity data, therefore yield a

complex picture of the Mundi Mundi fault (Fig. 4.5). West
of the observed scarp a relatively uniform thickness of
150-200 metres of Cainozoic cover is inferred from gravity
(north) anci magnetic (south) data and this is confirmed
from driì-ling. Depths to magnetic basement, however,
suggest a "displacement" of around 1000 metres in the north
which is not apparent in the souÈh where magnetic features
actually cross the scarp (Fig. 4.f). The highly magnetic
PHZ rocks appear to directly underlie the cover in the
south and are inferred to outcrop in the Umberu¡nberka and

Peak Hill- areas east of the fault scarp. The large (c. 800
metres) thickness of non-magnetrc material lying between
probable BHZ rocks anci cover in the norl--hern Mundi Mundi
plain is almost certainly preciominantly Adelaidean, since
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Adelaidean rocks are present immediately north of the
Kantappa fault, and have been encountered in a drill hole
(Willangee) south of the Kantappa faul-t.

Fig. 4.s
and MMZ,

illustrates the relationships between the PHZ, BHZ

in the NW of t.he study area.

4.2.3 BHZ/P.ÙIZ Boundary

The boundary between the BHZ and the RMZ (Fig. 4.1) is very
distinct and extends from SIlf of the study area in S.A.
north east to the Corona fault zone where it fades,
presumably due to deepening Adelaidean cover in the area.
The boundary consists of J-ong linear segments except in the
Farmcote (N14) area where its trace appears to be strongly
influenced by the neighbouring BHZ fold trends in the
Rockwell ([,1I3) area. In the Farmcote area magnetic trends
within the RMZ also paralIel the Rockwell structures
inferring that the RMZ have been folded in the same manner
as the BHZ.

The boundary is exposed in the Oakdale-SentineL (54) area
where it marks a change in stratigraphy from suite 4 (tvline

Sequence) to inferred suite 3 rocks which l-ie within the
RMZ. In this area, the boundary lacks the abruptness seen
to the northeast which may indicate that it is partly
covered by non-magnetic BHZ rocks. That this area is not
typical of the BHZ/RMZ boundary is alo evident around
Oakdale where two magnetically rflatr areas occur within
the RMZ. These are the only flat-magnetic areas within the
extensive RMZ and they display contour trend directions
quite different to those seen e.l"sewhere in the RMZ (Map 3,
Map 5) . As discusseo in Chapter 7, this area is also
anomalous in its gravity response.

The boundary is also exposed in the Farmcote area but no
detailed mapping is available from this area.
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In the Balaclava area (P7) and at Quartz Reef (Mf6) the
P.JvIIZ/BHZ boundary is sufficiently isolated from interfering
magnetic sources to facilitate modelling. Models for both
areas have been computed using the data from BMR (survey
No. 6). In both areas the models suggest that the RMZ

rocks dip at moderate angles beneath the BI{Z (Fig. 4.6) .

This is a significant result because it implies that the
highly magnetic RMZ rocks physically underlie the BHZ over
a large area. The models also suggest that Èhe vertical
thickness of the RMZ rocks is at least 4r000 metres, that
is, in the same order as the estimated thickness of the
similarly magnetic PHZ rocks.

East of QuarÈz Reef a broad oblong NS trending anomaly is
interpreted as a continuatÍon of the RMZ, although it lacks
the extremely variable pattern seen in the Rl'12 to the SW.

Ifodels for this anomaly suggest it is caused primarily by a

prism shaped body at a depth of 500-600 metres below the
surface. This is evident from the simple 2-D dyke model-s
shown in figure 4.7. Clearly there are shallower sources
associated with this anomaly and, to account for these,
simplistic 2-D Tal-wani models were computed for lines 4660

and 47L0.

Considering the crude nature of the model, quite good

agreement was achieved between Èhe observed and computed
data. The shallow sources integrated into the basic model
extend to within L50 metres of the surface. No attempt has
been made to match the fine detail of these profiles but
clearly sources shallower than those indicated in the
Talwani models exist. RuIe of thumb (Peters Length) depth
estimates on the sharpest peaks suggest that many of Èhe

sources are within 50 metres of the surface. There is
however, no outcrop mapped in the area.

Geologically, the source of thrs anomaly is grouped
the RMZ rocks because of its simiJ-arity in magnetic
rntensity and gravity "response" (see Chapter 7).
the apparent magnetic susceptibil-ity evident in the
of Þ-ig. 4.7 are of the same order as those used for

with

Notably,
models
the
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RIIIZ/BHZ boundary models (Fig. 4.61 . On the broader scale,
the coloured magnetic map (frontispiece) shows no

signficant break in continuity or general response between
the two areas. Likewise, the gravity variations over this
magnetic feature show a dominant low encLosing subordÍnate
highs: similar to the pattern oþserved in the RMZ area to
the sw.

4.2.4 PÙIZ/EHZ Boundary "The Redan Fault"

The striking "step-1ike" magnetic feature termed the Redan

FauLt (Rayner, L949) marks the ooundary between the RMZ and

the EHZ. The geophysical interpretation of this feature
has a large bearing on the geological nature of both of
these magnetic zones since there is no pre Cainozoic
outcrop along the Redan Faul-t or to the SE of it. While
the magnetic profiles across the "fault" and corresponding
computer models (fig. 1.8) suggest it is a simple steeply
dipping boundary with a later/aI magnetic contrast over at
Ieast 4 km of depth, gravity variations in this region
paint a quite complex picture. For this reason the
interpretation of the Redan FauLt and the EHZ is presented
wÍth the interpretation of the regional gravity data in
Chapter 7.
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5 THE BROKEN HILL MAGNETIC ZONE

The Broken HiII magnetic zone covers around 90t of the
exposed area of the Broken HilI Block. It is typefied by
discrete and commonly Iinear rnagnetic anomalies which
closely follow structural trends. The det,ailed work of
Mclntyre (L979) has shown, in four of the more prominent
magnetic areas of the BHZ, that anomal-ies are due to
stratigraphically bound magnetite rich (f or 2È) horizons
which may be used as stratÍgraphic markers. Comparisons on

a regional scale of the metamorphic suite rnap (Map 2) with
the aeromagnetic map (¡{ap 3), described in this chapter,
show that magnetic anomalies rarely cross interpreted
st,ratigraphic boundaries and furthermore, nearly alI of the
prominent magnetic anomalies appear to be caused by rocks
Iying within a quite narrow stratigraphic interval-. With
the exception of suite 2 whichr âs mapped, is magnetically
heterogeneous, the metamorphic suites display
characteristic magnetic patterns. In addition to the
systematic distribution of magnetic horizons through the
stratigraphy the abundance of magnetite within these
horizons is controlled by a weLl defined spatial zoning
which forms the basis for a subdivision of the BHZ into
four magnetic "domains" (Fig. 5.1).

Although these magnetic domains do not conincide with any
recognized geological subdivision they are interpreted to
reflect subtle differences in rock compositions which may

be related to different depositional environments.

5.r Central Domain

The most highly magnetic of the BHZ subdivisions is centred
around Broken HiIl city. It is dominated by strong and
persistent linear anomafies with amplitudes normaliy
between 300 and 600 nT. The southern boundary of this
"CentraI Domain" is the Thackaringa-Pinnacles shear, south
of which magnetic anomalies lack the linear continuity
evident in the Central- Domain and are much lower in
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amplitude. The northern boundary is marked by an EW

trending feature along which several major magnetic
horizons terminate (Fig. 5.1).

The major structuraL features in the Central Domain are
clearly outlined by magnetic horizons. Comparison of the
stratigraphy and aeromagnetics has been carried out in
three sub areas of the Central Domain which broadly
constitute structuraf subdivisions.

5.1. t Sundown Broken Hilt Rockwell Area

This area is dominated by large scale downward facing
struct,ures such as Èhe Sundown Antiform, the Broken HiII
Synform (Majoribanks et aI, L977 ) and the Little Broken
Hill Fold (Brad1ey, L979') . The major antiform in the
Clevedale-Thorndale (tI2) area is regarded by Majoribanks
et aL as the centre of generation of the Fl (first phase)
folds (see Fig . 2.6) .

The Broken HiII synform is outlined by two prominent
magnetic horizons (fig. 5.2). The horizon in the Rupee

area marks the cLosure of this structure and although the
rnagnetic anomaly Iies close to mine sequence rocks (suite
4') it appears to be largely if not whol-ly generated from
suite 5 rocks close to the suite S,/suite 4 boundary. This
foLded horizon either terminates or is greatly attenuated
in the vicinity of the North mine where it meets the de

Bavay shear. It is bounded to the west by the Rupee shear
zone.

Magnetic horizons in the same stratigraphic position occur
on the western limb of the Hanging WaIl synform and further
west in the Sundown antiform.

The other prominent horizon
metasedimentary gneisses in

synform l-ies in
part of suite 3.

in the BH

the upper

The Thorndale Magnetic Complex in the Thorndale-Clevedale
area immediately east of the BH synform outlines the FI
anticlinal structure regarded by Majoribanks et al (L977)
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as the central- zone of deformation in the Sundown-Broken
Hill-Rockwell area (Fig. 2.6). The antiformal core of the
anticline is formed by suite I migmatite rocks which are
moderately but quite uniformLy magnetic. The interpreted
gentle plunge to the north of the antiformal core north of
Clevedale (Bradley, J-979) is supported by the continuation
of the "suite I" magnetic anomaly beneath non-magnetic
suite 2 rocks. The core to the south of Clevedale is
interpreted by Bradley to plunge steeply to the north and

this is also evident from the magnetic anomaly which
t,erminates ablrupt.ly.

In the southern part of the Thorndale Complex the bottom of
suite 2 is marked by a very strong magnetic horizon which
occurs only on the western side of the anticline. On the
eastern side the mapped equivalent suite 2 rocks are non

magnetic and the change from magnetic to non magnetic
within these rocks occurs at the nose of the anticline.
Several other mangetic horizons mapped on figure 5.2 occur
on one limb of major folds. It is noteworthy that three
outstanding suite 3 'chemical sedimentr horizons mapped by

Bradley (L979) similarly '1ens outr at anticlinal noses
(see FIg. 5.21. This may be a consequence of an original
elongation of the sedimentary horizons in the present
strike direction. Both and Rutland (L976) have noted this
physical characteristic in the tsH orebody itself.

The suite 3 horÍzon seen in the BH synform is also present
on both sides of the Thorndale Complex, where again it lies
close to the suite 3,/suite 4 boundary. Magnetic horizons
of variable intensity in this stratigraphic position can be

found throughout most of the Sundown-BH-Rockwell area.
Where this magnetic hor izon is absent garnet quartz and
quartz surphide rocks are found in a similar stratigraphic
position. It is quite possible that these represent non
magnetic stratigraphic equivalents of the magnetite bearing
hori.zons (Stanton , I97 6\ .

The Thorndal-e
the Elf shear,

Magnetic Complex terminates in the south near
but whil-e the horizons within the complex
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attenuate rapidly they do not appear to be truncated by the
EW shear. There is an indication that t,he suite 3 horizon
continues to the south of the Thorndale Complex, bending to
the west and running parallel to the EW shear. Outcrop is
very poor in this area and the magnetic anomalies present
are in some cases discordant with interpreted geological
trends. In the RockweII-Copper Blow area (PII) magnetic
horizons are again quite predominantly in suite 3 rocks and

close to the suite 3,/suite 4 boundary. A prominent beLt of
anomalies extends from east of Copper BIow northeast for a

dÍstance of around 10 km. The peaks in the south of this
belt are irregular and, in part, appear folded. These

anomalies are located at Èhe bottom of suite 4. The

northern part of this belt contains very high amplitude
peaks which are al-most certainly due to the outcropping
post Willyama serpentinite intrusives. There are several
small basic intrusive bodies scattered throughout the
southern parts of the BH block and without exception these
give rise to high amplitude magnetic anomalies (see Maps 2

and 5).

In summary, the Sundown-Broken Hill-Rockwell area contains
rocks of suites I to 5. The suite I rocks are, without
exception, moderately to strongly magnetic. Suite 2 is non
magnetic except for one very strong quartz magnetite
horizon in the Thorndale Complex. There is a major group
of persistent magnetic horizons near the suite 3/ suite 4

boundary. Most of these appear to be located in the upper
part of suite 3. The lower part of suite 5 contains
magnetic horizons which generally produce lower amplitude
anomalies than the suite 3/suite 4 group but are equally
persistent Iaterally. Figure 5.3 illustrates this
"magnetic stratigraphyrr . *

* The term "magnetic stratigraphy" is used to describe
distribution of magnetÍc horizons through the various
stratigraphic (metamorphic) suites.
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5.L.2 Stephens Creek-Mt. Vulcan Area

The Stephens Creek fault system is a major geological break
separating the complex "overturned" structural area of the
Sundown-BH-RockweII area from a domain of relatively broad
upward facing structures whose geometry is controlled
Iargely by uprigtrt Fl folds (Marjoribanks et aI, L977). No

geologicaL features span the Stephens Creek fault and it is
conspicuous in the aeromagnetic map as a narro$, zone where
many prominent anomalies are truncat.ed (Fig. 5.4) .

The area north of this fault is dominated by two broad
structures interpreted by Stroud (L979) to be north
plunging antiforms. These structures expose Iargely suite
2 and suite 3 rocks and are separated by a synform
containing rocks of suites 4 and 5.

The Mt. Vulcan antiform area has been studied by l"lclntyre
(I979) who found that strong magnetic anomalies were
broadly conformable with the mapped structure in the core
of the antiform but were markedly discordant to the NE. He

interpreted the discordant anomaly as being due to an

underlying antiformaf core (Fig. 5.4) and proposeo a minor
synform between this structure and the Ivlt. VuIcan antiform.

The magnetite bearing rocks in the core of the Mt. Vul-can

antiform lie in the lower parLs of
suite 2. The very sharp boundary between highly magnetic
and non magnetic composite gneisses on the western l-imb of
the antiform is not recognized in any form as a geological
boundary. This can be explained by the observed abundance
of quartz magnetites in the core of the antiform and the
absence of QMr s in the west. The magnetic boundary must
then be regarded as a major stratigraphic 'liner above
which no QM's are present and below which they are common.

The overall magnetic nature of the composite gneisses in
this area has been regarded by Mclntyre as an effect of
their deposition in an 'iron richr environment
characterized by the development of quartz-magnetites (see
liclntyre , L979)
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East of the Mt. Vulcan antiform a braod NE trending shear
zone is clearly seen as a magnetic low, within a generally
complex magnetic area. East of this shear fairly simple
dome and basin structures are interpreted from the limited
outcrop but the magnetic contours show Iittle
correspondence with interpreted structural trends. The

magnetics show a moderately intense and noisy pattern
throughout suggesting t.hat the area is dominated by the
magnetite rich composite gneisses of the Mt. Vu1can area
and by suite I rocks which are characteristically
associated with a moderate magnetic response.

In marked contrast to the Mt. Vu1can area, the Stephens
Creek antiform occurs largely in non magnetic rocks but the
anomalies present are clearly conformable with the mapped

structure. The core consists of sillimanite-quartz-
feJ-dspar rocks which Stroud places in suite 2. These
generate a smooth magnetic anomaly. The eastern margin of
the magnetic anomaly associated with these rocks is
remarkably straight, suggesting that the boundary between
the magnetic and non magnetic rocks (suite 3) is quite
planar and near vertical. A much Iess rapid decrease in
magnetic intensity to the west is strongly suggestive of a

moderate dip in this direction (Fig. 5.5.)

While the surrounding quarEzo-feldspathic gneisses are non
magnetic these suite 3 rocks are fringed by continuous and
highly magnetic horizons lying in the lower parts of suite
4. The western horizon, "PE" Iies entireJ-y in pelitic
metasediments (anomaly rAr of Mclntyrêr 1979) and detailed
modelling of this horizon (see Chapter 6) yields a

consistent dip of around 70 degrees to the west. The

eastern horizon is closely linked with the Razorback
quartz-magnetite belt. In the vicinity of the QM's,
magnetic anomalies in excess of 2000 nT are recorded but
these quartz magnetic horizons proþably grade into
magnetite rich metasediments because anomaly amplitudes
drop considerably (to around 500 nT) along strike from the
QM's and particularly to the west.
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The Razorback area is interpreted by Stroud as the synform
complimentary to the Stephens Creek and Mt. VuIcan
antiforms. Quartz magnetite rock outcrops only on Èhe

eastern side of the synform, very close to the suite
3,/suite 4 boundary, but similar high amplitude peaks on the
western side may be simply interpreted as the equivalent
magnetite rich horizon on the western limb of the synform.
Detailed sÈudy of the area magnetics (Chapter 6) suggests
that the western horizons dip moderately to the west while
the eastern horizons appear to be near vertical with some

suggestion of dip to the east.

The Stephens Creek antiform is bounded to the north by the
EW feature which marks the northern limit of the Central
Domain. There is, however, some suggestion in the
aeromagnetic map (Map 3) that the suite 4 horizons which
border this structure to the east and west converge north
of the antiform. They ffiây, therefore, be lateral-
equ ivaJ-ents.

Fig. 5.5 shows an aeromagnetic profile across
a generalised interpreÈation of the structure
Stroud's mapping and the inferred dips of the
units.

The ParneII-StirIing Vale area (Fig.
western part of the Centra.L Domain.
fault persists through this area but

the area and

based on

magnetic

of
seen

the

The distribution of magnetic horizons in the Stephens
Creek-Mt. VuIcan area show marked differences to that
the Sundown-BH-Rockwell area. The prominent horizon
in suite 3 in the Broken HilI area is not strongly
developed and the suite 2 rocks, normally-magnetic in
Thorndale area are extremely magnetic here.

The magnetic stratigraphy of the Stephens Creek-Mt. Vulcan
area is shown in Fig. 5.3.

5. I.3 ParneIl-Stirling Val-e Area

5.6) covers the
The Stephens Creek
its effects become
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less pronounced to the west. Although its mapped extension
is present as f.ar west as the Apollyon Valley shear it is
considered by the writer to have only minor, if any,
displacement in this area because it is crossed by a

remarkably continuous linear magnetic anomaly (PB) which
extends from the Pine Creek shear (L5) for 25 km to the
north where it terminates at the northern margin of the
Central Domain (Fig. 5.ó). This anomaly lies within suite
3 rocks and retains essentially the same magnetic character
over its entire Length. Modelling of this anomaly (see

Chapter 6) yiej-ds a steep dip to the east.

The northern part of the anomaly PB shows a complex pattern
of separate magnetic horizons which appear to converge
toward the main anomaly. The detailed structure of the
area is not known but the magnetic horizons resolved in the
airborne magnetic data give the impression of tight
foJ-ding. Apart from the major horizon there is at l-east
one and possibly two other horizons which coincide with
interpreted suite 3 rocks. These may be folded equivalents
of anomaly PB.

!{est of these horizons the prominenÈ anomaly PA coincides
precisely with a Potosi gneiss unit and hence lies in suite
4 (see McIntyre, L979, Fi9. 5).

East of anomaly PB two major structures occur. The

Allendale antiform comprises a core of very weakly magnetic
and non magnetic composite gneisses fringed by a small
thickness of rocks interpreted as suite 3, which coÍncide
with strong magnetic anomalies (PB and PC). These suite 3

rocks lose their magnetic character at the northern
boundary ot the Central Domain, although they are mapped as

being continuous across this boundary, closing around the
AIIendaIe antiform about B km south of the Allendale Mine.

Bet$/een this antiform and the Stephens Creek antiforn the
presence of the Parnell synform is inferred by Bradley et
al (L979) supporting the earllier interpretation of Rutland
(1973). Within the Parnel,l synform Iinear magnetic
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anomalies are observed but they vary greatly in amplitude
along strike and it is difficult to establish continuity of
particular horizons. The horizons occur in the rocks of
suite 4 and suite 5, Iargely concentrated near the suite
4/suite 5 ooundary. The southern part of the Parnell
synform is an exceedingly complex structural area which
extends through the Southern Cross, Centennial and Great
Western Mine areas (KB) and is centred around the Stephens
Creek fault. Very disjointed magnetíc anomalies are found
in this area, in which only suite 4 rocks are mapped.

Further south the structural pattern is less complex but is
still- noÈ well understood. Marjoribanks et aI (L979) and

also Brown (L979) have inferred the presence of an (F.2)

synform in the Stirling VaIe area (NB) and both regard this
fold as being overturned, making it analogous to the
Hanging WaIl synform in the mine area.

Brown has noted that the distribution of rock units about
t.he axis of the Stirì-ing VaIe synform is not symmetrical
and this observation can also be made from the magnetics.
The western limb contains a strong and broad horizon lying
in suite 4 rocks but this horizon is absent on the eastern
Iimb. A more narrow, weaker horizon does appear to close
around the synform and this horizon lies close to the suite
3/suite 4 boundary, probably in suite 3.

The Stirling Vale synform is cut obliquely by the Northern
shear and this feature clearly truncates both magnetic
horizons on the western limb of the synform.

Southwest of this feature lies another suite 3 magnetic
horizon which is separated from anomaly PB by the Pine
Creek shear and is also segmented by a subsidiary shear
zone to the south. This horizon may represent the southern
extension of anomaly PB.

The magnetic stratigraphy in the Parnell-StirIing Vale area
(Fig. 5.3) closely similar to that of the Sundown-Broken
llill-RockweLl area.
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Mayflower Zone

The Northern Domain (Fig. 5.7) is separated from the
Central Domain by a broad (q km wide), dominantly EW zone
of disruption in the magnetic contours which extends right
across the Broken HiII Block through Mt. Franks, Mayflower
and Yanco Glen areas.

It is termed here the Mayflower zone and it bears striking
simil-arities to the Thackaringa Pinnacles shear. Both are
þroad (3-5 km) zones of disturbance in the magnetic
contours at which major continuous magnetic horizons either
terminate or are greatly attenuated. Both zones are
roughly perpendicular to the regional strike, but
structural trends in the vicinity of these features
commonly change direction tending towards the direction of
these magnetic boundaries. Major folds commonly close at
or cl-ose to both features.

The Thackaringa-Pinnacles shear is, however, recognized as

an extensive and wide retrograde schist zone whereas the
Mayflower Zone does not coincide with any mapped continuous
geological feature. WhiIe there are some small faults
mapped in the neighbourhood of the Mayflower Zone major
rock units, particularly those within the Allendale
antiform, are mapped as crossing the zone without any major
changes, ID contrast no major structures cross the
Thackar inga-Pinnacles shear.

Possibly the most significant geological change across the
Mayflower zone is the abrupt change in regional strike
which occurs at the northern margin of the zone.

Inspite of
Mayflower
of shears
r eg ionaJ- strike and are spread throughout the Broken Hill

the absence of direct geological evidence the
zone is interpreted here to be related to the set
and faults which run perpendicular to the

Block (e. g. It{acDonald, Thackar inga-Pinna
and Stephens Creek, see Fig. 4.1).

fuu."=, Pine Creek
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Northern Domain

The Northern Domain is bounded by the Apollyon Valley
shear r the Mayflower Zone and the Adelaidean (Torrowangee)

unconformity unit is characterLzed by a patchy distribution
of predominantly linear buÈ relatively low amplitude (Iess
than I50 nT) magnetÍc anomal-ies. These anomalies trend NNE

to NNW and are commonly truncated at the northern limit of
the Mayflower Zone.

It is difficult to rel-ate the magnetic horizons to the
stratigraphy in this area partly because of the sma1l

number of persistent horizons but also because the
stratigraphic boundaries are not weII defined. This is
apparent from the query marks on the interpreted rock suite
numbers (Map 2 | Fig. 5.7) .

In particular the boundaries between suites 2 and 3 and

suites 3 and 4 appear difficult to define.

The most prominant anomaly within the Northern Domain Iies
at its northern Iimit, whoIly within pelitic metasediments
(suite 5). Most of the other horizons lie in interpreted
suite 4 rocks with small scattered horizons in suite 3 and

possibly suite 2. Local, Iow amplitude anomalies also
observed in Suite 6. At least one horizon transgresses
stratigraphic and structuraL trends. This horizon is
located 5 km NE of the Mayflower mine (Fig. 5.9) and cuts
across the interpreted boundaries between suites 2 and 3

and suites 3 and 4.

Although the distribution of magnetic horizons through the
stratigraphic succession in the Northern Domain lacks the
clarity of those previously discussed, the horizons are
concentrated in the same stratigraphic interval, ví2. upper
suite 3 - lower suite 5, as those in the Central Domain.

The mapping of Braoley et al (L979) shows that the rock
units in the Northern Domain are basically the same as

those south of the Mayflower zoner so that, Èhe absence of
magnetic horizons cannot be attributed to major changes or
rock types with the metamorphic suites.
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The Northern Domain is then an area of relatively low
magnetite content with rocks known to have high magnetite
content in the CentraL Block. The preferred explanation
for this observation is discussed in sections 5.7 and 5.8.

Southern Domain

The Thackaringa-Pinnacles shear marks Lhe boundary between

the CentraL and Southern Domains. It is the most

outstanding retrograde schist zone in the Broken Hill- Block
and has had a profound influence on neighbouring
structures. To the east it truncat,es NNE structures
whereas in the west fold Èrends run parallel to it. It is
discernible from the aeromagnetic map as a set of parallel
Iineat,ions in Èhe contour pattern and from the termination
of magnetic anomalies, both to the north and south (Fig.
s. B) .

The magnetic contour pattern south of the
Thackaringa-Pinnacles shear is marked by a deficiency of
prominent anomalies relative to Èhe Central Domain. The

magnetÍc anomalies which are present in the Southern Domain

have irregular shapes and smalL (c. 2 square km) areal
extents. There is only one notable linear magnetic anomaly
which occurs in a non outcropping area 5 km west of
Balaclava.

The irregular shapes of the anomalies appears to be a

consequence of the structural geology of the area. The

Southern Domain is dominated by smal1 dome and basin type
structures and the magnetic horizons, being
stratigraphically bound, foIIow the trends of these
structures. The overall deficiency in magnetite in this
area is, however, not easy to explain. Most of the rock
types and stratijraphic intervals seen in the Central
Domain are present in the Southern BIock but they are
clearly poorer in magnetite in the Southern Block.

The magnetic
concentr ated

anomalies
in two NE

in the Southern Domain are
trending belts which 1ie largely in
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areas of poor outcrop. Wit,hin the Sentinel-Pinnacles belt
patchy outcrop suggests that the anomalies lie in suites 3

and 4. The NW limit of this belt coincides with the
Hillston fault.

The Angus-Himalaya belt similarly has magnetic sources
concer¡trated in suites 3 and 4 with a very weak horizon
possibly present in suite 2.

In the Coultra Hut area (T2\ a broad magnetic rise is
observed which encloses some quite prominent peaks.

Although outcrop is largely absent in this area the
anomalies appear related to suÍte 3 and suite 2 rocks. It
is possible that this magnetic feature is part of the Redan

Magnetic Zone but detailed aeromagnetic coverage ends

immediately to the southr so this cannot be stated with any
certainty.

Despite the limited outcrop and the small number of
magnetic anomalies, the stratigraphic distribution of
magnetic horizons in the Southern Domain shows the same

concentration of horizons in suites 3 and 4 that is seen 1n

INthe Central Domain. Although the observed horizons Iie
much the same stratigraphic positions' the southern
horizons are very weak by comparison with those of the
Central Domain and thus, as hras found to be the case in
Northern Block, the southern block constitutes an area
where suites 3 and 4 of the Broken HiIl Block sequence
reLatively poor in magnetite.

the

are

Northwestern Domain

The Apollyon vaIley,/l,tt. Franks retrograde schj-st zone

system marks a profound change in regional geological
conditions. East of this system¡ long Iinear structures,
such as the ALlendale antiform are dominant whereas to the
west in the area defined as the "Northwestern Domain" (Fig.
5.9.) much smaller scale dome and basin type structures are
present (e.g. Eldee and Ettlewood structures of Stevens,
1979). In addition to the change in structural sty1e, the
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Apollyon Valley shear is a major prograde metamorphic
boundary separating higher grade rocks in the east from
lower grade rocks in the west. The NorÈhwestern Domain

lies in PhiIlips' (L977) Andulusite and

Sillimanite-Muscovite zones while east of the Apollyon
VaJ.ley shear Garnet k-feldspar and Granulite zones
predominate (Fig. 2.4) .

The Apollyon Valley and Mt. Franks shears are clearly
defined lineations in the aeromagnetic map (Fig. 5.1 ). In
particular the lt{t. Franks shear can be traced from the
northern limit of the study area to the Umbererberka area
and may even extend through the PHZ.

The Northwestern Domain is bounded to the north by the
Kantappa fault and to the south by a complex system of
schist zones. It is an area of good outcrop which exposes
large amounts of the metasedimentary suites (5r6 and to a

Iesser extent 7, . Suites 3 and 4 are also wel-l represented
here with minor amounts of suites I and 2 occuring in
antiformal structures in the Diamond Jubilee and Mt. Franks
ar eas.

Magnetic horizons are distinctly zoned through the
stratigraphy. The linear antiformal- core of the Diamond

Jubilee structure consists of highly magnetic suite I
rocks. lrlclntyre (L979 ) has inf erred from airborne and
ground magnetics that this core plunges to the north and

that the overlying suite 2 composite gneisses are
completely non magnetic. Along the eastern edge of this
structure narrow tracts of suite 3 and suite 4 are
associated with a strong magnetic anomaly. The Diamond

Jubilee and Mt. Robe structures are both bounded to the
south by a very abrupt and possibly unconformable
J.ithological change. The mapping by Stevens in this area
suggests that this very straight feature is not a fault
alihough the magnetics indicate that the rocks to the north
terminate very rapidly at this boundary, i.e. they do not
persist to the south.
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In the Mt. Robe structure a generally magnetic core of
suite 3 is surrounded by a non magnetic and extremely
amphibolite rich sequence of suite 4 rocks. l"lagnetite in
the suite 3 rocks occurs in discontinuous schistose
hor izons within interpreted ac id metavolcan j.cs (Mclntyrê,
I979) and these generate irregular aerornagnetic patterns
from which individual horizons are not easily discernable.

This aeromagnetic anomaly pattern persists in the Eldee
Structures (G6) where narrow outcrop of suite 3 and suite 4

rocKs coincide with a zone of moderately high and noisy
magnetic response. Although the more magnetic parts of the
Eldee Structures lie in suite 3 the area as a whole appears
magnetic and it is difficult to isolate sources from
individual outcrops of the metamorphic suites. This noisy
magnetic area is bounded to the south by the Mayflower Zone

where a much less intense and more regular magnetic pattern
is observed. In the East Eldee Structure, horizons can be

recognized here from suites 4 and 3 with an extremely weak

horizon evident in interpreted suite 2 rocks.

The Ettlewood structure (H6) to the south contains a

prominent magnetic horizon in suite 3 and one in suite 4.
This structure 'closes' at the southern margin of the
Mayflower Zone.

Between the Mt. Franks and ApoJ-Iyon VaIley shears Stevens
has mapped the Lakes Creek Structure (J6) as a dome like
Èorm exposing suite 3 rocks fringed by a broad amphj-bolite
rrch sequence J.ying in suite 4. These suite 3 and suite 4

rocks cannot be separated on the basis of magnetic
signature. The whole structure is charcterised by a broad
rise in magnetic intensity with several strong NS peaks
superimposed. This magnetic feature persists to the north
of the mapped structure where it broadens indicating a

probable northerly subsurface extention. At the eastern
and western margins of this structure, prominent linear
anomalies coincide with mapped suite 4 rocks.





The Lakes Creek

complex zone of
Apollyon VaIley
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structure is terminated to the south by a

retrogression in part related to the
shear.

5.6

The metasediments of suites 5, 6 and 7 which are well-
represented in the Northwestern Domain do no generate any
strong magnetic anomalies. The persistent suite 5 magnetic
horizon present in the Central and Northern and Southern
Domains is very poorly developed here.

Apart from this the stratigraphic distribution of magnetic
horizons closely follows that of the Central Block.

Generalized Magnetic Stratigraphy

Comparisons of the aerornagnetic map with the detailed
geological interpretations in separate areas yield a

coherent pattern of distribution of magnetic horizons
within geologically interpreted stratigraphy.

While the magnetite content, inferred from the intensity of
anomalies varies considerably between the various magnetic
subdivisions of the Broken HiIl Block, the stratigraphic
positions of magnetic horizons appear to follow the same

pattern throughout the Block. The only exception is the
metamorphic suite 2 whichr âs mapped, is, magnetically,
quite heterogeneous.

Suite I is
everywhere

the only metamorphic suite which is magnetic
it is mapped in the area.

Suites 6 and 7 may contain some very weakly magnetic
horizons, but they do not generate any well defined
magnetic anomafies.

While most of the lithologies of suites 3 to 5 are commonly
non magnetic, they contain the magnetite rich horizons
which appear to IÍe in a narrow stratigraphic interval from
upper suite 3 to lower suite 5.



Figure 5 11 Generolized Magnetic Strotigrophy
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Fig. 5.tI shows the magnetic straÈigraphy observed in the
various subdivisions of the BHZ. From this diagram it is
suggested that there are three main stratigraphic intervals
in the Broken HiLl Bl-ock which contain magnetic horizons.
The lowest interval includes suite I and possibly parts of
suite 2. Most of the major persistent horizons observed in
the BHz lie in suite 4 and upper suite 3. This interval
also includes most of the Broken HilI type mineralization
and the related chemical sediments (Barnes' I979, Fig. l)
suggesting a relationship between the developments of
magnet.ite and mineral-ization in the rocks. This
relationship has been studied by Stanton (1976) and is
discussed in the next section.

The highest stratigraphic
in significant amounts is

Ievel where magnetite
in the lower parts of

is present
suite 5.

5.7

I{hile these results are generalized and certainly require
detailed study to refine the stratigraphic positions of
horizons within suites and to establish the lateral
continuity of horizonsr the simple pattern which has
emerged from this study suggests that magnetic horizons may

serve to clarify stratigraphic boundaries in areas where
either outcrop is poor or where definition of suite
boundaries cannot be easily made on the basis of rock type
assoc Íat ions.

If this is to be attempted much better definition of
magnetic horizons is required than that which can be

obtained from the aeromagnetic contour map - regardless of
the scal-e at which it is presented (see Chapter 6) .

Significance of Domains

The spatÍaJ- zoning of strong magnetic anomalies which has
been used as the basis for subdivision of the BHZ is not a

subtle feature. The differences in magnetic
characteristics of the Domains are profound and the
boundaries between them weIl defined. It seems surprising
then that the Domains do not readily correlate with any
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recognized geologicaL subdivisions. The same basic
stratigraphy prevails throughout the BHZ and although there
are locaI differences in rock type associations
characterizing the suites and locaI difficulties in
defining suite boundaries, the overall- stratigraphic
interpretation is confidently presented.

Mclntyre's conclusion, developed from studies in four
representative areas, that magnetic horizons are confined
by stratigraphic intervals rather than being controll-ed by

rock type appears to have wide application in the BHZ

because the distribution of magnetic horizons through the
stratigraphic sequence shows a remarkaoly consistent
pattern in both highly magnetic and weakly magnetic areas.

The magnetic "Domains", in the simplest sense, represent a

zoning in t,he abundance of magnetite through an otherwise
uniform stratigrpahic sequence.

There are three events in the geological- history of the
Broken Hill region which coul-d possibly have produced this
observed zoning in magnetite abuhdance.

t. Deposition

The relative abundance of magnetite in the Central and

NorÈhwestern blocks may reflect depositional or
possibly diagenetic environments which favoured the
development of magnetite.

2. Prograde Metamorphism

Rocks with essentially the same rmagnetite producing
capabilityr may have been subjected to different
prograde metamorphic temperatures and pressures. Ivlore

magnetite might be expected to develop in the higher
prograde metamorphic areas.
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3. Retrograde Metamophism

The relative
and Southern
of magnetite

deficiency of magnetite in the Northern
Domains may be related to the destruction
which can occur during retrogression.

The Northern and Southern blocks would then be areas
which have been much more severely retrogressed than
the Central and Northwestern Blocks if this is the
cause.

Prograde Metamorphism

The prograde metamorphic zones of Phillips (L977) and the
earlier, more approximate zones of Binns (1964), show some

correlation with the magnetic subdivisions. The Central
Domain lies almost entirely within PhilIipsr granulite zone

while the Northern and Northwestern Domains Iie in Lower
grade zones (Fig. 5.L2r. The Northern Domain includes
rocks of the three lower grades but there is no

rel-ationship apparent here between anomaly amplitudes and

metamorphic Arade.

The Northwestern Domain conspicuously coincides with the
area of lowest grade (PhiIlipsr SilLimanite-
Muscovite and Andalusite Zones).

The Southern Domain lies within the Granulite zone and

although Phillips' investigations do not cover the Oakdale

area, Stroud (1976) regards this area as being "granulite
f acies".

The existence of strong magnetic anomalies in the
Northwestern Domain which lies in the lowest metamorphic
grade area, and the absence of strong anomalies in the
Southern Block which is in the granulite zone, are evidence
contrary to the interpretation of the magnetic zoning as a

result primarily of prograde metamorphism. However, an
association between metamorphic zone boundarÍes and

magnetic domain boundaries is apparent in the northe.rn part
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of the tsHZ. The Mayflower Zone rnarks the northern limit of
the granulite zone and the Apollyon Valley shear, apart
from constituting a major structural boundãEy, marks the
eastern l-imit of the Northwestern Domain and also bounds

t,he lowest grade metamorphic zone.

Although the magnetic zoning may not be caused only by

prograde metamorphism a Iink between the two is suggested
by the associations between magnetic and metamorphic
boundaries in the northern part of the Broken HiIl Domain.

Retrograde Metamorphism

There is very littLe detailed information available on the
distribution of retrogression in the Broken HiIl BIock. In
view of the fact t.hat retrograde metamorphism is regarded
by geologists as a nuisance which camouflages prograde
mineralogies it is perhaps not surprising that it has
received IittIe attention in the Iiterature. Referring to
Binns' prograde metamorphic zones, Both and Rutland (I976)
state:

"Retrograde metamorphism is particularly wÍdespread in
the northern part of the Willyama Block (i.e. within
zone A area). In the southern part (zones B and C)

retrogression is most conspicuous in association with
distinct planar zones referred to in the literature as
ttshear zones" ¡ ttcrush zonestt , ttf aultstt and, more

recently "retrograde schist zones". There is
also widespread, but very patchy retrogression outside
the retrograde schist zones. "

In the Thackaringa area WilIis (L979) refers to "pervasi.ve
retrograde metamorphismr pârticularly in schist zones"
while further south in the Oakdale area, Stroud (1976b) has
observed "very extensive retrograde metamorphism.

Within the Central
Stroud (1979a) aIl
being widespread.

Domain, Bradley (L979) , Brown (1979) and

refer to retrograde metamorphism as
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The fact that strong magnetic anomaLies occur in the areas
where retrogression appears to be most widespread
effectively rules out the possibility of this being a major
influence on the magnetic zoning.

Depos itional Environment

Since the processes of metamorphism can be discounted as

the principal cause of the zoning of magnetite rich rocks
within the BHZ it would appear that the zoning was

established prior to metamorphism and, if this is the case,
then the Domains defined on the basis of magnetite
abundance most probably represent areas of different
depositional environment.

It is noteworthy that Stanton (1976) has suggested that
metamorphic facies may stem significantly from sedimentary
fac ies.

He states: -

"The distribution of rocks of particular (metamorphic)
facies and consequent !isograds' at Ëìroken HilI may

well be a subtl-e consequence of patterns of clay
sedimentation as defined by variations in original
clay mineralogy, and this principle may weII be of
wide application. "

This could explain the relationships between magnetic block
boundaries and metamorphic Arade boundaries observed in the
north of the BHZ. Ho$rever, it should be stated that
Stantonrs ideas on the deformation and metamorphism of the
BH Block differ widely from those of most other workers
(see Chapter 2).

Mclntyre (1980) has reviewed the processes which control
magnetite development in metasediments. He states "The
development of magnetite in metasediments is primarily
controlleo by: -
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(a) bulk composition and

(b) the oxidation state (Fe

of the original sediment

As these two factors are often unaffected by metamorphism,
the capacity for magnetite development is chiefly inherited
from the original sediment. The met,amorphic process is
Iike photographic development - certain variations in a

sediment sequence may be magnetically "visible" by the
metamorphic process. "

and further:
"Where bulk composition is fairly uniform throughout a

sedimentary sequence I variations in the r.3 / 1re3 +
')Fe-) ratio of the original sediment will determine

the stratigraphic magnetic patterns developed in the
metasediment. The re3/ (r'e3 + Fe2) ratio is a

function of the oxidizing potential of the sedimentary
and diagenetic environments. "

If the observed magnetic "Domains" are to be attributed to
changes in sedimentary or diagenetic environments then the
nature of the boundaries between these Domains must be

examined.

Two of the three boundaries are now manifest as prominent
shear zones (Thackaringa-Pinnacles and Apollyon VaIIey).
Although the shear zones in the BH Block are generally
regarded as late stage (i.e. post F3) features, Glen et al
(L977) suggest that they may have been active during the
third folding episode.

The Mayflower Zone does not correlate with any single
geologicaL feature but it is a zone of rattenuation' of
many major structures. Both the Stephens Creek and Mt.
Vulcan antiforms are interpreted to close to t.he north in
the vicinity of the Mayflower Zone as are the East Eldee
and Ettlewood structures which are actually separated by
the Mayflower Zone in the Northwestern Domain. While in
the Allendale Antiform, the continuity of rock units across

21 2r ar'' / (Fe''+Fe"') ratio)
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the Zone is firmly established (Bradley et aI | 1979) . ENE

trending faults such as the Holder fault occur ren echelonl
across the Mayflower Zone in a similar fashion to the
segments of the Stephens Creek fault. Perhaps the most
significant geological- feature associated with the
Mayflower Zone is the change in regional strike from NNE to
NNW which occurs aÈ the northern margin of the Zone. There
is, therefore, substantial evidence to support the
contention that the Mayflower Zone is a zone of significant
geological as well as geophysical change.

The abruptness and linearity of the Domain boundaries is
difficult to reconcile with the proposition that they
represent changes in sedimentary environment. The dramatic
folding episodes, particularly Fl and F2, would be expected
to have deformed any original geometrically simple boundary
between different environments.

If the domain boundaries are to be interpreted as such they
must be regarded as features which have not only controll-ed
depositional environment but have al-so exerted a strong
influence on the subsequent deformational events. There is
evidence both on the local scale and the very regional
scale which supports the concept of 'recurring influencel
or rreactivationr of primary tectonic features in the
Broken Hill Block.

On the local scale, Laing et al (1978) have shown that the
British and De Bavay shears coincide with culminations in
the Fl- fold pattern which cannot be attributed to F2 or
younger 'refolding' of the FI Iineations. This indicates
that these shears, now manifest at least in part as faults
in the BH mine area were present in some form during the
first deformation.

On the regional scale it is evident that the structural
control-s in force during the deformation of the Willyama
Complex have been active through the subsequent geological
history of surroundÍng younger provinces. The close
reltionship between structural features in Willyama,
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Adelaidean and Palaeozoic rocks is seen northwest of BH

where all of these features trend NNW and to the south and

sout,hwest where they trend NE (for a detailed account of
these relationships and the regional t.ectonics of the
Willyama Complex the reader is referred to GIen et aI,
L977). Vüithin the BH Block this change in geological trend
oirection occurs across the Mayflower Zone.

SimilarIy, the Thackaringa-Pinnacles and Apollyon Valley
shears also represent structural boundaries. The Southern
Domain and particularly the Northwestern Domain are
characterized by small scale dome and basin like structures
in marked contrast to the long linear structures which
dominate the Central and Northern Domains.

Rutland (pers comm, L979) has suggested that the Mayflower
Zone and the Thackaringa-Pinnacles shear may represent
boundaries separating an originally more positive
structuraf zone (the CentraL Domain) from more negative
zones (Southern and Northern Domains) , since this broad
structural form is observed in the present day relationship
between the positive Broken HiIl- Bl-ock and the rnore

negative Adelaidean areas to the NE and SW (see GIen et aI,
L977).

The proposition that the magnetic Blocks within the BHZ

represent different depositional environments and the
accompanying requirement that the Bl-ock boundaries have

been tectonic boundaries active during the deposition and

deformation of the Willyama Comp1ex, is broadly compatible
with the interpreted structural history of the region. The

testing of this proposal requires detailed stratigraphic
comparisons between the Domains and a detailed examination
of the Domain boundaries both of which are beyond the scope
of this thesis.

Hence, despite the Iack of direct substantiating evidence
the interpretation of the Domains as areas of different
depcsitional environment appears to be the most consistent
with the availaoLe geological data.
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Nature of Environments

The nature of any change in depositional environment with a

relatively uniform sequence can only be firmly established
þy detailed geological studies. However, considering that
a broad scale and generalized comparison of aeromagnetic
data with interpretaÈive geology has suggested that such

changes occur, it is possible to use these data to give
some indication of the type of environmental variation
which may be involved.

Clearly t,he 'magnetic' interval from upper suite 3 to lower
suite 5 is much richer in magnetite in the Central Domain

than in either the Nort,hern or Southern Domains. The

Northwestern Domain, although it lacks a strong horizon in
suite 5 has a magnetite abundance more in keeping with the
CentraL Domain than that of the Northern or Southern
Doma ins.

The origins of the magnetite rich metasediments and the
'iron formations' (mainly BIF and QM) in the Broken HiII
BIock have been discussed by McInÈyre (1979) and Stanton
(I976) respectively.

In reference
invest igated

to
by

the prominent magnetic horizons
himself, Mclntyre states:-

"These magnetite bearing markers are generally similar
to surrounding rocks except that they include minor
Ienses of rocks of unusual composition, viz.
quartz-magnetite, sillimanite magnetite or banded iron
formation. These unusual rock types are inferred to
be chemical precipitates. The lower concentrations of
magnetite distributed throughout the marker horizons
may be of similar origin, and may have been diluted by
mixing with sedimentary detritus. "

Stantonrs btudy was concerned Iargely wíth Èhe

relaLionships between BIF, QM and stratiform mineralization
in the BH district. He concludes:-
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The similarity yet dist,inctiveness between the two

iron-rich units (BIF and QM) may be due to
their having two quite distinct volcanic affiliations
- the QM with an earlier Keratophyric phase, and the
BIF with a Iater calc-aIkaIine, rhyodacitic phase.

The Broken Hill orebody and its related smaller
analogues appear to rePresent and episode of int,ense
hydrothermal emmission during rhyodactic volcanism and

the BIF a later, dying phase of this activity."

The greater abundance of magnetite in the metasediments of
the Central and Northwestern Domains implies a greater
abundance of these iron rich chemical precipitates within
these Domains. The mapping presented by Stevens et al
suggests that this is certainly the case in the Central but
not necessarily in the Northwestern Domain.

The Central Domain contains nearly aII of the major

developmenÈs of BIF, QM and the related rocks. The

abundance of these appears to'decrease at the Northern and

Southern Domain boundaries. One striking example of a

'lensing' out of one of these units is seen in the
geological- map of the Southern Cross-Brewery Well Area
(Fig. 5.13). Here a thin unit described as "fÍne grained'
granular garnet and quartz (+ magnetite + iron sulphide
rock) " Iying in probable suite 3 rocks is continuous in the
Champion Mine area but loses continuity to the north and

dies out within the Mayflower Zone. While this unit does

not have a strong magnet,ic response it is genetically very
closely related to the BrF and QM and this can be cited as

direct evidence of change in geological conditions from the
Central to the Northern Domain.

There appears to be no major developments of BIF or QM ln
the Northern Domain. This, however, also appears to be the
case i-n the Northwestern Domain where Mclntyre (f979) has

found that magnetic anomalies associated with suite 3 rocks
in the Mt. Roþe Structure stem from proOable metamorphosed

acid volcanics. The suggestion that the prominent magnetic
anomalies in suites 3 and 4 of the Northwestern Domain may
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be largely due to magnetite in acid volcanics and not due

to magnetite in metasediments, provides a simple
explanation of the presence of magnetic anomalies and the
absence of BIF and QM. It also suggests that the
depositional environment in the NVü Domain differs markedly
from the east of the BH Block.

In the Southern Domain one major quartz magnetite is
present (the Sentinel) in suÍte 3 but no other developments
of BIF and QM have been mapped.

Lode Horizons

Since Stanton has shown that the BIF and, to a lesser
extent, the QM, are stratigraphically reLated to the
stratiform mineralization at BH, it would appear that the
Central Block, being the area by far the most abundant in
both BIF and QM, should be more likely to contain such

mineralization than the other Blocks.

Barnes (L979) has produced a map of BH lode and related
rocks (Fig. 5.14) which includes the BIF, QM and other
chemical precipitates. The relationship between this
distribution and the magnetic domains is very strong. The

Central Domain is outstanding as the area of greatest
concentration of "Iode Horizon" and the
Thackaringa-Pinnacles shear defines a clear break south of
which lode horizon is much more sparsely distributed.

The Northern Domain which contains fewer and much weaker
magnetic anomalies than the Central BIock shows the same

trends in development of Lode Horizon.

The Northwestern Domain is particularly poor in lode
horizon so that the presence of strong magnetic anomalies
in the suite 3-suite 5 interval here does not herald strong
development of "Iode horizon" as it does in the Central
Domain. As mentioned, this may be due to the magnetite
being largeJ-y in metavolcanics in the NW Domain whereas it
is primarily contained in metasediments in the Central
Doma i n.
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5.9 Summary

Within the BHZ a systematic distribution of magnetic
horizons is observed both in a spatial and stratigraphic
sense. The lowest part of the stratigraphy, suite I is
quite strongly magnetic wherever it is observed, while the
upper metasedimentary suites appear everywhere to be either
very weakly or non magnetic. NearIy aII of the major
magnetic horizons outside of suite I lie in a narrovr

stratigraphic inteval from around the middle of suite 3 to
the lower part of suite 5. The horizon(s) within suite 5

appear distinct from the suite 4 and suite 3 horizons which
are seen as one magnetite rich interval which in different
Iocalities may include horizons in suite 3 or suite 4 or in
both suites. This latter broad horizon spanning suite 3

and suite 4 appears t,o correlate with a period of intense
acid volanic activity during which aLl of the Broken HiIl
Type minera.l-ization in the region was rdepositedr .

Apart from this stratigraphic zoning of magnetic horizons
which persists throughout the tsHZ there are four spatial
subdivisions of the BHZ which display quite different
concentrations of magnetite, particularly within the suite
3-suite 4 stratigraphic interval. These magnetic 'Domains'
are interpreted as effects of different depositional
environments and their boundaries are regarded as primary
basement features which have influenced both deposition and
subsequent deformation of the Willyama Complex.

Of prime importance is the Central Domain which apparently
constituted an environment highly favourable for the
development of chemicalJ-y precipated iron formations and
the related stratiform Lode rocks. The Northern and

Southern Domains are by comparison, much poorer in
magnetite bearing rocks and lode horizon.

The Northwestern Domain possibly derives its magnetic
character largely from acid volcanic rocks in contrast to
the Central Domain which is dominated by metasedimentary
magnetic horizons. The possibl-e implications of this
interpretation are discussed in Chapter 8.
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6 STRUCTURAL INFOR1UATION FROM THE AEROMAGNETIC DATA

The linear magnetic anomalies in the Broken HiIl magnetic
zone have been interpreted as stratigraphic markers and

therefore probably contain valuable structural
information. WhiIe this information would primarily be

concerned wj.th the lateral continuity of individual
horizons, defining strike directions, fold closures' etc.,
dips of horizons may also be obtainabLe from the
aeromagnetic profiles. This chapter examines the degree of
continuity apparent in some of the main magnetic horizons
within the Central Domain and explores the possibility of
extracting useful dip information from the aeromagnetic
profiles. The Parnell--StirIing Vale area and Razorback
areas were chosen for this study because they contain
continuous magnetic horizons whj.ch are associated with
Iarge geological structures and are therefore more

consistent with the scale of investigation in this thesis
than some of the more localized structures containing
magnetic horizons. This area $ras also considered suitable
because the aeromagnetic data was available in digital
form, allowing flexibility in data presentation which
greatly streamlined the interpretation process. The

detailed surveys to the south and east of BH were not
digitally recorded.

It is stressed that the aim of the analysis in this section
is not to produce detailed structural interpretations of
the areas but rather to extract all of the valid structural
information contained in the magnetic anomalies and to
present it in a form readily useable by the Ínterpreter of
structural geology.

CJ-earIy, the available aeromagnetic data can only hope to
resolve gross structural trends but in areas such as Broken
Hill where structural complexity on the scale of a few
metres (or Iess) tends to mask the broad scale structural
pattern, such 'coarse' magnetic data provides a useful
overall picture.
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The "Magnetic Horizon l4aps" produced are therefore not
structural maps in the strict sense but represent the
structural information contained in the aeromagnetic data.

Resolution of the B¡4R (1975) Detailed Survey

This survey (No. 3, Fig. 3.I' Table 3.f) was flown at a

nominal height of 100 metres, sampling total magnetic
intensity 5 times per second. This sampling interval, in
terms oÉ distancer âv€rages around Il metres and is
certainly adequate to resolve sources I00 metres below the
detector. However, to reduce Èhe volume of data at the
processing stager Èhe BMR averaged every 5 samples to
produce a $rorking data base with I second (c. 55 metre)
sampling interval r and all data published by B[4R was based
on this averaged data set (!ùyatt, L979).

Prior to gridding and contouring the data was further
"desampled" by extracting data samples at 3 second

intervals (c. 165 metres) from the 'averaged' I second data
set. This r^ras considered appropriate to the Iine spacing
(300 m) and the scale of presentation of the contour maps.

For practical presentation purposes and for generalized
interpretation (as presented in Chapters 4 and 5) the BMRrs

processing procedures are entirely adequate. However, for
detailed interpretation, particularly computer modeÌIing,
the loss of detail from the original data set was

considered undesirable and consequently the original data,
in the form of edited field tapes was obtained from BMR.

Figure 6.L illustrates the effects of the desampling and

averaging processes applied by BMR to the the original
data. The }ine is from the Razorback area. The 0.2
second data clearly indicates two distinct magnetic sources
whiLe the I second data gives no real suggestion of the
minor source on the eastern (right hand) side. The 3

second samples, on which gridding and 
.contouring of survey

3 was basedr give a reasonable estimate of the position and

amplitude of the "anomaly" but otherwise the feature is
poorly resolved.
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A brÍef modeJ- study was conducted in order to test whether
or not the 0.2 second samples could resolve two steeply
dipping, closely spaced bodies. Fig. 6.2 shows two bodies
separated by 25 metres with centres I00 m apart, dipping in
opposite direction (profile in magnetic E-W). The two

sources are in fact resolved in the 0.2 second data but not
(visually) in the I second data. No attempt was made to
quantify the differences in resolution of the two data seÈs

- Figs. 6.1 and 6.2 were deemed to provide sufficient
evidence, both measured and computed, of improved
resolution t,o warrant processing the f iel-d tapes.

6.2 Magnetic Hor ízon Mapping Procedure

Flight path maps of the area studied $rere produced at a

scale of L¿25r000, since the aeromagnetic contour maps were
produced at this scale and it is al-so a scale commonly used

in regional geologicaL mapping.

Profiles of the original field data were then plotted at
approximately the same scale (scaling of the magnetic data
was based on time and not distance). Individual magnetic
sources were then visually identified from peaks or
inflexions in the profile data and manually located using
the fiducial numbers.

The central position of each source was defined as the
fiduciaL number at the peak or inflexion. Approximate
maximum widths were estimated as the distance betweeen the
maximum gradients on either side of the peak. l'ühere this
\"ras not possible due to closely spaced sources, the widths
were taken to be equal to the flying height, (c. I00 metres)
since this is the minimum width which can be confidently
resolved from aeromagnetic data (see KouLomzine et aI'
1970, Fig. 6). Fig. 6.3 shows an example of sources
selected along a typical flight Iine in the Parnell area.

With the positions of sources established along the flight
Iì-nes, correlation of "horizons" across Iines was attempted
using the following criteria:-
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Strike trends from correfations on previous Iines
Anomaly shapes
Along line associat,ions between groups of anomalies
Anomaly amplitudes

This magnetic horizon mapping procedure is a simple and

weII established interpretation technique' its main
disadvantage is that it is very laborious. Recent efforts
to automate this procedure rely heavily on signal
enhancement filters which map the inflexion points in the
magnetic profiles as "sources". In particular second
derivatÍve filters have been applied by Stewart and Boyd

(L977 ) and Mclntyre (1979 and 198f) to map linear magnetic
horizons automatically from the digitally recorded data.
While these authors have demonstrated the effectiveness of
this method, the correlation of 2nd derivative peaks across
Iines in complex magnetic areas is, in the opinion of the
writer, subject to greater uncertainty than the across Iine
correlation of the measured magnetic field. The main
reason for this is that second derivative procedure very
strongly discriminates against anomaly shaper ârr important
criterion avail-abIe for correlating the measuring fieId.

However r the results obtained by I{clntyre are quite
impressivet particularly consÍdering his use of the I
second sampled data to obtain his second derivative maps.

The advantages of his technique are that it rapidly,
objectively and precisely (in true position) displays the
fine detail in a large amount of data. While the loss in
resolution (due to the coarser sampling) and the
presentation of filtered rather than measured data may make

correlation of anomalies across lines subject to greater
uncertainty, it must be conceded thaÈ Mclntyrers technique
would be appropriate is most situations owing to its
"automationtt.

Considering the aim of the work presented here was to
extract the maximum amount of structural information from
the data, including dip information from computer
modelling, the "manual" approach was regarded as preferable.



6.3

B3

A comparison between the two techniques is presented in
Figs. 6.5 and 6.6

ModeIIing Procedures

Examination of the rar¡i magnetic prof iles in the two areas
chosen for sÈudy revealed that around 508 were conducive to
simpler single body modelling. Due to time constraints,
modelling was restricted to the more persistent horizons
although many of the smalIer, less continuous horizons
could equal-Iy well have been modelled.

Modelling was carried out on a desktop computer with an

accompanying plotter using straightforward but flexible
programs written by the author (Appendix 3). Prior to
modelling, depths and dips of anomaly sources vrere

estimated. Dept,hs 'ôrere calculated using the "straight
slope" method while dips h/ere estimated visually by

comparison with type curves constructed for the magnetic
latitude of Broken HiIl (e.9. Fig. 6.4). Subsequent
modelling of these anomalies generally produced dips within
20 degrees of the initial estÍmates. The simpler, "single
source" anomalies typically required 4 or 5 "iterations" to
produce a satisfactory match between observed and computed
curves. More complex anomalies showing evidence of
interfering sources occasionally required more than 10

iterations (Each iteration involved about 5 minutes work).

Usefulness of Modelling Parameters

Of the parameters deduced from modelling results,
r^rere most likely to be usef uI in the "structuraf "

the dips
sense.

In most cases the anomaly sources were founo to be within
50 metres of the surface so that the magnetic horizons
could be inferred to exist in outcropping or subcropping
formations. The widths and susceptibilities resulting from
modelling are most probably generalized values which
actually represent an internally heterogeneous "envelope"
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containing many magnetite rich lenses (see Mclntyre,
1979). Susceptibility values are therefore unlikely to be

representative of measured susceptibiities.

The cal-culated dips are interpreted to represent the dips
of the magnetite rich envelopes and thereby give a measure
of the regional dip of these inferred stratigraphic markers.

Validity of Dip Information

Regardless of the quality of the match between computed and

observed data, dips inferred from modelling may be

considerably differenÈ from the true dips of the magnetite
horizons. The most likely cause of this error is an
incorrect assumption regarding the direction of
magnetization within the source. In all of the models the
direction of magnetic polarization has been assumed
paralleI to the earths ambient fieId. Limited
susceptibility and remanent magnetism studies by Wood

(L972) and EverIe (L973) suggest that remanent magnetism is
rarely significant in the Willyama rocks so that the above

assumption is lilcely to be valid in the majorit,y of cases.

Bearing in mind the sedimentary nature of most of the
magnetic horizons in question, and the subsequent
metamorphism, both prograde and retrograde, it is
considered unlikely that a systematic remanent component is
present. A possible exception to this may be the massive
quartz magnetite rock which occurs throughout the CentraL
Domain and is clearly the most magnetic rock type in the
Willyama sequence, producing anomalies of up to 4000 nT.

Demagnetízabion effects may also be present in the QM's.
While a systematic study of magnetic properties of the
magnetite rich horizons would be highly desirable, it would
effectively be a major study in itself and was considered
to be outside the scope of this thesis.

An empirical test of the validty of the dip
provided by magnetic modelling was possÍbIe

i nfo rmat io n
due to the
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availability of field measured dips either coinciding with
or very close to the interpreted position of some of the
magnetic horizons.

Recent mapping by Laing (pers comm, 1979) shows that the
major "suite 4' anomaly (PE) on the western margin of the
Stephens Creek antiform is associated with sources which
dip to the northwest at around 75-80 degrees, the dips
being generally shallower in the north. The models deduced
f or this anoma.J.y (see section 6.6) consistently show dips
to the NW of between 50 and 85 degrees with a mean of
around 70 degrees and a noticeable trend for dips to become

shallower in the north.

In addition the Razorback quartz magnetite horizons are
depicted on Map I as dipping at 85 degrees to the east and

the dips resulting from modelling of these horizonsm are in
close agreement with this figure, ranging fom 70 to 99

degrees.

In the light of the comparisons the dip data inferred from
modelling these magnetic horizons may be regarded as
reliable to within about +I0 degrees and therefore
certainly constitute ueful structural information.

The following sections present the main features of the
magnetic horizons in the two areas studied. Some general
comments are made on possible sÈructures outlined by these
horizons but it is suggested that the geological
i.nterpretation of these magnetic horizon maps is the
province of the geologist mapping the particular area.
!úithout geologicaL control these maps, it used without due

consideration to their limitations, may be misleading.

The main limitation is, of course, that these maps show

only magnetic rocks units. In areas where thse are sparse,
structural information from magnetic maps will be

correspondingly sparse.
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The Iine spacing and flying height aLso place limitations
on the amount of <letaiL obtainable from the magnetics.
Mclntyre (L979) has suggested that in particular "problem"
areas in the Willyama Complex, Iine spacings of I00 metres
with detector height of 30 m wouLd be feasible and would
resolve complex structures. It is apparent from Mclntyrers
work and the maps presented here that the 300 metre line
spacing and 100 flying height make the magnetic horizon
maps most appropriate to medium scale (1:25r000 to
l:50,000) geological interpretation.

The Parnell-Stirling VaIe area

North of the Stephens Creek fault, between the Apollyon
VaIIey Shear and the Stephens Creek antiform is a zone of
very striking conÈinuity in the magnetic horizons. Five
particularly strong magnetic anomalies (PA-PE, Fi9. 6.5)
have been modelled in this area and all except one show

very consistent dips. The major structures interpreted by
Stevens et aI in this area are the A1lendale antiform and
the Parnell synform.

The Al-lendale antiform is defined largely by outward
stratigraphic younging at the boundaries of the very broad
composite gneiss unit, (see Stevens et aI, p. I04) . in a

zone of upward facing structures. Although symmetry about
this proposed structure is usually well developed in terms
of the suites, the strong magnetic horizons which border
the antiform are not necessarily correlable. The major
anomaly on the western side of the antiform (Anomaly PB)

shows remarkable conÈinuity and Ís a reLatively broad
horizon which appears to be entirely contained within suite
3. Ground investigations in the north of this anomaly zone
by Mclntyre (1979) show the sources to be in
metasediments. Anomaly PC l-ies on the eastern side of
antiform and appears more closely related to a Potosi
gneiss unit, which lies in suite 4t than to the adjacent
suite 3 rocks. However both in PB and PC horizons lie
close to the suite 3,/suite 4 boundary and may therefore be

correlated in a þroad sense as part of the "magnetite rich
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interval" found in this stratigraphic position throughout
the BHZ. l4odelling of these horizons in both cases
indicates a steep dip (around 70 degrees) to the east. A

deep (400-500 metres) magnetic source is evident
immediately to the east of PB (Fig. 6.5) over a strike
distance of around 15 km. This may be due to a structural
repetition of Èhe PB horizon or may even represent an

underlying magnetic core in the Allendale antiform.

To the west of PB a diverging pattern of magnetÍc horizons
is apparent in an area where the structure is not weII
known. The anomaly PA correlates precisely with a mapped

Potcsi gneiss unit and the magnetic models indicate that
this unit dips to the east at roughly the same angle as the
PB horizon. Although this unit has been interpreted by

Mclntyre (1979) to die out to the south, there is some

suggestion that it may continue as an intermittently
magnetic horizon along most of the strike length of PB.

The magnetic modelling results from anomalies PA, PB and PC

are presented in Fig. 6.7 and Table 6.1

The Parnell synform is characterized by a set of magnetic
horizons which show positive indications of closure to the
south. The axis of this structure appears to be well
mapped out by the closures of the magnetic horizons and

there is some indication of refolding of these horizons.

East of the Parnell synform the mapping of Stevens et al
and Majoribanks et al suggest structural complexity. This
is reflected in the disjointed nature of the magnetic
horizons¡ âDd no coherent pattern is evident. Horizons
such as PD show little or no evidence of fold closures.
Modell-ing on anomaly PD yields dips partly to the east and

partly to the west, which may indicate structural
complexi ty.

The anomaly PE extends along strike for a distance
around 15 km, between the Stephens Creek fault and
Mayflower Zone. Investigations by Mclntyre (1979)

north of Èhis anomaly show that it lies in suite 4

of
the
in the
close to
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a Potosi gneiss unit which is non magnetic. The magnetic
horizons here l-ie exclusively in rnetasediments. Apart from
its striking continuity, modelling of anomaly PE yields a

very consistent dip to the west of around 70 degrees.
Although the dips are variable (50-80 degrees) they appear
to be more shallow in the north. This compares very
favourably with the dips observed by Laing (pers. comm. ) in
the field. The models for anomalies PD and PE are
presented in Figure 6.8 and Table 6.2

The continuity of this feature is broken at flight Iine
4150 r south of which it broadens and subdivides a number of
þranches. The dips calculated, are the same as in the
northern section supporting the contention that both
sections are part of the sarne stratigraphic horizon. The

dips on the anomaly PE are consistent with its mapped

structural position on the western limb of the north
plunging Stephens Creek antiform.

In the vicinity of the Stephens Creek fault both the
structure and the distribution of magnetic horizons are
complex. Map 5 shows the interpreted dislocation of many

magnetic anomalies across the fault.

In the Stirling VaIe area south of the Stephens Creek fault
(Fig. 6.lo) only the anomaly PB is readily "modelable".
Significantly it yields the same range of dips as the
northern section and is therefore inferred to be

stratigraphically and structurally the same as the northern
section despite the presence of the Stephens Creek fault.
A weak horizon is intermittently present around 500 metres
west of the PB horizon and this may be a lateral equivalent
of the PA horizon found to be associated with a Potosi
gneiss unit to the north.

East of anomaly PB wide tracts of suite 4 rocks are mapped

(rYap 2) but the structure is poor Iy understood.
Distinctive magnetic horizons are absent in tne area
between PB and the Stirling VaIe synform although some

continuity in broad groups of horizons can be inferred.
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The Stirling VaIe Synform is outlined by a broad suite 4

horizon which is very conspicuous on the western side but
is narrower and less continuous on the eastern side. A few
estimates of dips have been obtained from modelling and

these generally show the synformal nature of the structure
(Fig. 6..9.,, Table 6.3). AtÈempts to model the synform as a

whole using two depth limited dyke models (fig. 6.f0, Line
4600 and 4615) produced reasonabLe fits to the observed
data but showed no consistency in dip direction. The shape
of the model anomalies was found to be greatly modified by

Iimiting the bottom depth and therefore it is likely that,
despite the "quality" of the match between the observed and
computed data, the model is inadequate and the dips are
probably unreliable.

The Razorback Area

The Razorback area (Fig. 6.I1) is mapped as a relatively
open synform (Stroud, L979a) . It is characterized by
narrow quartz-magnetite horizons, which are inferred to
grade laterally into magnetite rich metasediments (see
Chapter 5). Where the quartz magnetites outcrop they dip
very steeplyr the Razorback itself (Horizon D, Fig. 6.Il)
having a measured dip of 85 degrees to the east (Map 1).

Simple magnetic models (Fig. 6.L2, Table 6.4) are in
agreement with this figure showing dips to the east of
between 70 and 87 degrees with a mean of around 81

degrees. The assumption of induced magnetization in the
models appears to be justified on this basis despite the
extremely high apparent susceptibility (around 0.05 cgs).

Four main magnetic horizons have been identified in this
area, but the relationships between these horizons are not
cIear. The Razorback (D) appears separate from horizons A,
B and C which show some evidence of fold closure and may

represent one continuous, but tightly folded horizon.
WhiIe the magnetic anomaly associated with horizons A and B

is a composite feature (see Fig. 6.L2) the rather broad
gradient on the western side of horizon A strongly suggests
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a shalLov¡ dip to the west. This is consistent with
Stroud's interpretation (Fig. 6.1I) of these horizons lying
on the eastern limb of a broad synform, but the internal
complexity suggested from the magnetics is not evident in
Stroud's mapping. The geological interpretation shown in
Figure 6.1I infers that there are three separate parallel
quartz-magnetites within a suite 4 unit which shows little
regional structural complexity.

Comparisons between this geology and the traced magnetic
horizons suggest that a reinterpretation of the mapped

geological information (the area in question has about 30å

outcrop) using the magnetics woulo be invaluable.

General Comments

It has been shown that careful manual correlation of
anomal-ies across flight Iines and some simple modelling can
greatly extend the amount of useful geological information
obtained from an aeromagnetic survey. In particuLar, the
limited amount of modelling attempted suggests that
reliable dip information can be obtained where anomalies
are sufficiently isolated from neighbouring sources.
Comparing the magnetic interpretations from the contour map

(Map 5) and from Mclntyrers second-derivative map (Fig.
6.6) to those from the more detailed analysis presented in
this chapter, it is apparent that each is appropriate to a

particular scale of investigation. The 1:I00r000 scale
contour interpretation provides a solid but generalized
view of the region as a whole and allows rapid visual
comparison of widely spaced areas. As Mclntyre (L979) has
pointed out, however, the contour map is of limited value
at the more detailed scales (say L225r000) because fine
detail is lost and therefore comparisons with detailed
geological mapping ar rather vague.

Mclntyrers (1981) second derivative approach greatly
improves the resolution of magnetic data and is amenable to
presentation at both regional and detailed scales. A minor
drawback with this technique is that in some cases it is
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easier to visually correlate measured magnetic intensity
profiles across Iines than the second derivative profiles
because the Ioss of the shape characteristics.

The det,ailed "manual" approach adopted in this chapter is
only appropriate for small areas because it is Iabour
intensive. Ho$rever, in the context of mineral- exploration
where, in the State of N.S.hl., a typical exploration
licence is 16 km x 16 km, the extra effort involved in
manual interpretation is certainly warranted. Indeed, it
is the writer's contention that this approach is essential
to gain t.he maximum amount of information from a detailed
magnetic survey. !ùhile in the theory' this laborious
process could be automated with the use of "anomaly picking
algorithms" and refined inversion procedures, the writer
knows of no case histories where these have been
successfully applied to give information of equivalent
detail to that derived manually.

For future exploration in the Broken Hill area, the
interpretation method used here could be readily applied
over most of the Broken HiIl Block. The two areas studied
in this chapter were selected because they contained the
most (visually) prominent anomalies. CIearIy, throughout
the BHZ, magnetic stratigraphic horizons are sufficiently
abundant to provide useful structural information through
aeromagnetic data. In the less complex areas, which
include most of the northern and central Domains, the
available BMR data with 300 line spacing and t00 m altitude
is considered adequate. In other areas, particularly in
the Southern Domain where magnetic horizons are far more

"curvill-near", a small Iine spacing and Iower altitude
would be necessary to give worthwhile results.
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7 GRAVITY DATA AND THE REGIONAL GEOLOGICAL INTERPRETATION

The purpose of this chapt,er is to study the regional
gravity variations in relation to the magnetic
interpretation developed in the preceeding chapters. The

distribution of gravity daÈa in the study area is sparse
(see chapter 3) and its interpretation is limited to the

broad scaIe. Geological features with dimensions Iess than
a few tens of square kilometres are unlikely to be

represent.ed in the gravity map, regardless of their density
contrast. In terms of this thesis, the gravity data has

been used to compliment the aeromagnetic interpreÈation by
assisting in the delineation of the major geophysical
subdivisions within the study area. However, as might, be

expected, the gravity data shows the Broken HilI region in
a different light to that of the aeromagnetics because its
emphasis is on the gross density properties of the upper 5

to I0 kilometers of the crust, whereas the aeromagnetics
emphasise the specific susceptibilit. y variations in the top
one or t,wo km. This is aLmost whol1y a consequence of the
different intensitites of sampling of the two data sets
rather Èhan any inherent difference in the nature of the
gravity and magnetic potential fields. Indeed, the very
detailed gravity data collected by CRÀE in the Broken HiIl
mine district shows variations on a scale which can be

directly correl-ated with magnetic horizons. In general,
however, it is not feasible to collect gravity data with
comparable sample spacing to aeromagnetics.

7.L Major Gravity Subdivisions

Figure 7.L, a l:Ir000r000 gravity composite of the study
area and its surrounds shows six major subdivisions. These

are, in a broad sense, compatible with the gravity
variations "anticipated" from the surface geology.

7.1.1 The Barrier Gravity Zone

The BGZ includes
Adelaidean rocks

outcrop areas of both Willyama Complex and

and Iargely coincides with the topographic
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high belt known as the Barrier Ranges. It is an area of
generaJ-Iy higher gravity val-ues than those areas adjacent
to it and this is consistent with the geological fact that
the WilÌyama and Adelaidean form a massif around which
younger, Iargely sedimentary provinces have developed.

7.L.2 The Frome Gravity zone

The Frome Gravity Zone is defined as the area of lower
gravity values immediately west of BARRIER ZONE. It is
Iikely that the prime cause of this westward decrease in
gravity is the thickening of sedimentary cover of the

"Frome Embayment Region" (Thomson, L976) . The boundary
between the BARRIER and FROME regions is, in part, the
Mundi Mundi Fault. Drilling by North Broken HiIl Pty. Ltd.
(Leigh, 1981) shows that in this area the thickness of
Cainozoic sediment is around 200 metres and has an

associated drop in gravity of around 5 milligals with
respect to the Willyama outcrop areas. Figure 4.+ shows

the gravity profiles and drill results of NBH and Figure
4.3, the earlier data collected by the author in order to
estimate the cover thickness west of the fauIt. Companion

of the gravity and magnetic profiles shown in Maps 6 and 7

suggests that the more magnetic basement material (of the
"PHZ'r) has an associated negative gravity effect.

Consideration of the profile data of Maps 6 and 7 and the
composite comparison maps of Figure 7.2. suggests that the
PHZ and the Frome Gravity Zone are largely coincident and

occupy a considerabl-e proportion of the outcropping OIary
81ock.

Together Èhe gravity and magnetic provide a strong case for
regarding the Broken Hill Block and the Olary Block as

distinctly different entities. The boundary between the
Olary BIock and the Broken HilI Block is then conveniently
and quite precisely defined by the PHZ/BHZ magnetic zone
boundary.
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The Frome Gravity Zone is therefore due in part to the
lower density, highly magnetic Vùillyama rocks of the Olary
Block and partly to a westward thickening of younger
sediments over the WiIlyama rocks.

7.I.3 The Bancannia and Menindee Troughs

The Bancannia and Menindee Troughs are fil-led with clastic
sediments of Devonian and younger age and, as might be

expected, show marked gravity lows. They occur to the NE

and SE of the Broken Hill Block respectively and follow the
structural trend directions of Èhe northern and southern
parts of t.he Willyama Complex respectively.

7.L.4 The Scopes-Eaglehawk Zone

The Scopes Range, although exposing relatively young
(Ordovician) sedimentary rocks, has an associated gravity
high which trends NE forming a ridge between the Bancannia
and Menindee troughs. This Scopes Range graviEy high has
associated magnetic anomalies which extend to within the
Eaglehawk Magnetic Zone. The EHZ is characterized by high
amplitude variations in gravity with strong NE trending
Iinear highs and lows. Since there is no distinct break
between the Scopes and Eaglehawk areas they are here
cl-assif ied as one (gravity) zone. The initial
int,erpretation of this gravity zone as being due to
V'liIlyama or older rocks directly beneath Cainozoic Cover
(Isles, L979) has since been shown to be incorrect with
younger basic and inÈermediate volcanics within a

sedimentary sequence, of probable post Adelaidean - pre
Delamarian a9êr being intersected in mineral exploration
driII holes by Mobil (f980) and BHP (1982). However,
considering the partly sedimentary nature of the "Eaglehawk
Sequence", the thickness of unconsolidated cover overlying
it and its proximity to the vast mass deficiency of the
Menidee Trough, it seems unusual that the Bouguer gravity
values within the Eag.Lehawk Zone are generally higher than
those on the exposed Broken HiIl Zone (see Map 71. An

attempt to resolve this problem by computer modelling is
presented in Section 7 .3.
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7.I.5 The Wonaminta Ridge

A similar interpretation problem is presented by the
Wonaminta Gravity Ridge which coincides with the Wonaminta
Block (Fig. 2.L). GeologicalIy, the Wonaminta Block is
mapped as post-Willyamar pre-Adelaidean low grade
metasediments and as such woul-d not be expected to have an

extremely high bulk denisty. The l¡{onaminta BIock, being
flanked by Devonian Sediments of demonstrably low density,
would be expected to have an associated relative gravity
high. However the Bouguer gravity values on the Wonaminta

Gravity Ridge are significantJ-y higher than on the Broken
Hill Block, peaking at around 35 milliga1s compared to
around 22 mgals in the BHB. This points to the existence
of a body of high density material beneath the V{onaminta

Block whose effect is not generally apparent beneath the
Broken HiII and Euriowie Blocks.

Gravity Subdivisions of the Barrier Gravity Zone

AII of the outcropping Broken Hill Block lies within the
'rBarrier Gravity Zone" and hence the more detailed gravity
variations within the BGZ are of prime interest.

7 .2.L WiIliyama Adelaidean ConÈrasts

Density determinations by tucker (1973) on the Adelaidean
rocks (mainly in S.A. ) suggest that they should show only
minor contrasts with the WiIlyama compJ-ex.

In particular the lower density suites in the Broken HiII
Bl-ock have been inferred (Chapter 3) to have bulk
densitites around 2.7 g/cc, roughly equivalent to density
of the Adelaidean metaseoiments inferred by Tucker. The
presence of higher grade and amphi.bolite rich metamorphic
rocks within the Willyama suggest that it should have
slightly higher gravity values than the Adelaidean rocks.
This is evident within the study area as shown in Map 6.
In the NE of the area Bouguer gravity values on outcropping
Adel-aidean areas are, in some cases higher than on Willyama
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outcrop areas but the profiles
be a "regional" effect due to
source.

suggest this more likely to
an unexposed high density

7 .2.2 Correlations with l,,tagnetic Subdivisions

The Torrowangee magnetic zone comprising Adelaidean
sediments concides with a quite well defined gravity low,
while the adjacent Euriowie Magnetic Zone has an associated
linear gravity high (Figs. 7.3, 7.4).

The most striking correlation between the magnetic and
gravity subdivisions within the Broken Hill Block is the
close spatial relationship between highly magnetic rocks of
the Redan and Peak HiIl magnetic zones and strong gravity
Iows. The profiles of Maps 6 and 7 illustrate this
clearly. The rocks of the RMZ are, Iike the PHZ, are
therefore significantly different in density, as well as
magnetization, to the Broken HilI Zone Willyama rocks. It
would appear likely then that the two rock provinces are
quite distinct geologically. The implications of t.his are
discussed in Chapter 8.

The Mundi l,tundi magnetic zone is non descript in its
gravity response, suggesting that the non magnetic material
which abuts the PHZ rocks at relatively shallow depths
(around 200 metres) beneath the Mundi Mundi plain is of
similar density to the PHZ. Either the Adel-aidean or the
upper sedimentary Willyama suites would fit into this
category. DriII holes by North Broken Hil-I (Leigh, I9BI)
suggest that the former is more likely although their hole
MMP2 (Fig 4.4) is interpreted to have intersected Willyama
rocks. An interpretation of this is shown in the profiles
of Map 6.

Within the Broken Hill- magnetic Zone, the interpreted
magnetic domains appear to have some expression in the
gravity field. The Apollyon Val1ey - Mt. Franks schist
zone system which separates the Northwestern Domain frorn
the Northern and Centraf Domians is related to a linear
zone of higher gravity gradient, decreasing to the west
(map 6) .
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The Mayfl-ower (magneÈic) Zone which trends EW, separating
the Northern and Central Domains is a zone of northward
decrease in gravityr but Èhe gravity lineation along which
this decrease occurs is inclined Nhl rather than EW (Fig.
7.3,7.4).

SimilarIy the Thackaringa-Pinnacles shear, the bounding
struct,ure between the Southern and Central Domains shows a

generaÌ decrease in gravity southward. In this case the
gravity and magnetic trends are more closely related
spatia j-ly.

The Central Domain remains therefore as the areas of
highest gravity values within the BHZ. Within the BHZ two
areas have Bouguer values exceeding 15 milligals. The

weaker closure of the two, in the Parnell arear Ray well be

reLated to the outcropping thick synformal sequence of
suite 4 and suite 5 rocks.

The larger feature, the "Broken Hill Gravity High",
more difficult to explain, despite the fact that it
area where data is most abundantl

IS

is
much

the

7.2.3 The Broken HiIl Gravity High

The Broken HilI Gravity High is here defined as the area
immeoiately east of Broken HilI enclosed by the 15 milligal
Bonguer Gravity contour. The profiles 4460 (Map 6) and

L2B0 (Map 7) show how the high relates to the other areas
on the BHZ.

As shown in Figure 3.5, the highest gravity values in the
Broken HiIL Block woul-d be expected to be associated with
thick sequences of suites 4 and 5. Reference to the
Geolog ical- Maps of the area (see ttap 2 | Fig. 5.2) shows

clearly that the area of the BH gravity high in fact is
dominated by the lower density suites 2 and 3.

Within the BH

between mapped

gravit,y high
geology and

there is excelLent agreement
the loca1 scale gravity
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variations evident from CRAETs detailed data. The Hanging
WaII Synform and the Broken HiIl Synform, both comprising
suite 3 quartzo feldspathic Aneisses coincide with welI
defined gravity lows while the areas of suite 4 and 5 rocks
are associated with higher gravity values. In particular,
the Rupee Antiform which is mapped as a tightly doubLed

thickness of t"line Sequence rocks (Bradley L979) produces a

prominent l-inear gravity high (see Pecanek (1975), Wood

(I972) , and Jenke (L972) for discussion of gravity models
in this area). This agreement between observed and

theoretical gravity (based on mapped geology and density
studies) suggests that the densitites assigned to the rock
suites (Figure 3.5) are broadly valid.

If this is the case, the observed geology on the broad
scale would infer that the area contained within the BH

gravity high should in fact show generally lower gravity
values than its surrounds, particularly to the west. To

illustrate this, the geological section shown in Figure
2.6(b) has been converted into a density model and its
gravity response computed. The resulting values, ât 1 km

intervals have been subtracted from the observed gravity
along the same traverse (Figure 7.5). While small
modifications to the density model could certainly produce
a better match on the l-ocal scale the fact is that on area
dominateo by relatively low density rocks produces a

relative gravity high.

The residual anomaly should therefore be due to sources not
includeo in the subtracted density model. This Ieads
directJ-y to the conclusion that there exists an unexposed
high density rock formation beneath the "Broken Hill
Gravity High". The nature and signficance of this
formation is not known but its position with respect to the
Broken Hil-l ore body raises tne question of a possible link
between the two. However it is outside of the scope of
this thesis to speculate on relationships between graviÈy
anomalies and the metalJ-ogeny of the Broken HiIl- orebody.
To investigate this possibl-e relationship, a detailed study
of the density and gravity variatj.ons, extending to outside
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the Broken HiIl Gravity High, would be of great value.
Much of the basic data necessary for this study already
exists in the form of CRAETs detailed gravity and wealth of
drilI core accessible at Broken Hi11.

7.2.4 Post Willyama Intrusions

Post Willyama basic intrusions are common in the southern
part of the Broken Hil-I Block and four of these have an

expression in the gravity map. The pyroxenite plug 7 km NI,{

of Silverton and 190 metres beneath the Mundi Mundi plain
was traversed by one of the authors regional gravity
traverses and produced a 5 milligal anomaly, while Èhe

northern part of the Little Broken HilI Gabbro (Stevens et
aI. L982) is covered by the CRAE detailed data where it
shows a 2 milligal anomaly. Smaller bodies are evident in
the regional data south and east of Broken HilI.

The Oakdale Eaglehawk Area

The linear gravity highs and lows trending ENE in the south
of the study area are a most striking feature of the
Gravity Map (Map 4). The "Oakdale - Eaglehawk area"
includes the Redan Magnetic Zone and all of the area SE of
the Redan fault. The only outcrop in the area is either
within the RMZ or in the far SW where Adel-aidean sediments,
including the Hawson's Knob iron formation are exposed.
The east of the area is obscurred by unconsolidated
Cainozoic sediment. In order to resolve some of the
uncertainties in the positions of geophysical features
gravity traverses erere conducted by the author in
conjunction with J.I. Mclntyre of the NSW GeoJ-ogical Survey
who measured ground magnetics along the same traverses
using a vehicle borne magnetometer. The data shown in
Figure 7.6 compliments the more generalized profiles shown
in Map 7.

7.3.1 The Redan Magnetic Zone
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While the RMZ is an area of very complex magnetic
variations as evident in Figure 7.6 and Figure 7.7 , when

viewed in the light of the variations in gravity, two
features become apparent.

r) There is a zone of lower "background" intensity,
around 5 kilometres wide, extending along the SE

margin of the zone. In the profiles of Figure 7.6 it
is apparent as a change in background level of around
1500 nT while in Figure 7.7 it is seen as a distinct
zone of "cooler" colours. There is no apparent change
in the nature of the shallowest magnetic sources,
since the amplitudes and depths of individual peaks
remain essentially the same. No systematic changes
are evident in the few rock exposures (Corbett pers.
comm. ) . This area of reduced background intensity
coincides with a stronq rise :-n gravity values.

2) In the Oakdale area magnetic contour trends in the RMZ

change abruptly from NE to a circuLar pattern rimming
a magnetically
coincides with

flat area. This maqnetical- ly flat area
the peak in the gravity values and the

gravity contours follow the same circular trend as the
magnetic contours. The few outcrops within the flat
magnetic areas have been mapped by Stroud (1979) as
Suite 2 composite gneisses.

Because of the poor exposure and deep weathering in the
Oakdale-Eaglehawk area, it does not lend itself to detailed
density and magnetization measurements on rock samples.
The Redan Gneiss samples provided by G. Corbett of the NSW

Geological Survey showed little variation in density (Tab1e
3.4) and hence there is no evidence to suggest a rise in
gravity within the RMZ. The magnetic profiles of Figure
7.6 themselves suggest Ehat there is no signficant change
1n the magnetization of the Redan Gneiss.

The most straightforward interpretation of this data is to
infer the presence of a high density, relatively non
magnetic formation beneath the Redan Gneiss.



7 .3.2 The Redan Fault

The Redan fault exhibits a remarkably uniform magnetic
profile over a distance of more than 70 kilomeÈres. its
trace in plan is overall relatively straight but closely
spaced aercimagnet,ic data (BHP, L982) shows it to be sinuous
in detail.

The computer models of Figure 4.8 show the magnetic feature
to be explained by a steeply dipping boundary with a depth
to bottom at at least 4 kilometres. Mode1s computed with
depths to bottom of less than 4 km simply do not fit the
data. The dip inferred from modeling is, in most cases to
the SE but this assumes that the magnetic material(i.e. the
Redan Gneiss) is, when considered as a whoIe, inductively
magnetized. Since the area has been subjected to regional
high grade metamorphism it is possbile that a block the
size of the RMZ could have attained and retained a uniform
remanent magnetic component. At the time of writing North
Broken Hill Pty. Ltd. h/ere undertaking systematic
magnetization measurements on Redan Gneiss through D.

CIarke at the CSIRO Mineral Physics laboratory in Sydney.
The wri.ter had no access to this data, so the dips quoted
on the models of the Redan Fault must be regarded as being
conditional on the results of CIarke's study.

The gravity profiles across the Redan È'ault shows it to be

commonly associated with a northward decrease in gravity.
This, however, could be interpreted as a regional effect
and when all profiles are considered it can be stated that
there is no uniform sravitv feature coincidinq with the
Redan Fault. However in a gross
associated with the RMZ are lower
with the Eaglehawk Magnetic Zone
material beneath the cover of the
density contrast compared to the

sense the gravity values
than those associated

(EHz) implying that Èhe

EHZ has a net positive
material beneath the RMZ.

7.3.3 The Eaglehawk Magnetic Zone

The

BHZ

similarity in magnetic style
Iead two mineral- exploration

between the EHZ

companies (BHP,

and the
L9B2 and
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MobiI, 1980) to driII exploratory holes within the EHZ.

Both holes were located on gravity highs because the
shallowest magnetic anomalies are associated with the
higher gravity (see maps 4 and 5). The hole in the
Wil.Leila area (UlB) intersected a steeply dipping sequence
of basic volcanics anci clastÍc sediments at B0 metres and
u/as still in this sequence at 400 metres. The hole in the
EagJ-ehawk area entered a sequence of dominantly Andesitic
vol-canics with minor sediments, also steeply dipping at 100
metres. The age of these rocks is uncertain but the fold
patterns evident from the magnetics are consistent with the
ma:.n Broken HiIl deformations and the Delamerian orogeny
(Cambro-Ordovician) suggesting that they are at least
Cambrian in age.

The existence of basic igneous rocks beneath the EHZ

suggests a possible source for the high gravity values
present, but no information ts availabLe on the buLk
density of rocks intersected. The gravity lows can be

readily explained in terms of younger (probably palaeozoic)
depressions which may have developed at the same time as
the Menindee Trough.

Depths to magnetic sources within the gravity lows range
from 400 to 600 metres whereas the depths on the higher
gravity areas range between B0 and 300 metres (see Map 5).
These inferred depressions are bounded by very steep
gravity gradients the gravity lows themselves being in the
order of 12 miLliga.Ls.

There remains, however, a major interpretation problem in
Lhe RYLZ/EHZ geology and gravity. The root of the problem
is that the gravity high, inferred in section 7.3.1 to be

caused by a dense formation beneath the Redan Gneiss, in
fact crosses the Redan Fault near "Kanbara" and actuatly
lres witnin the EHZ southeast of "Recian" (see Figure 7.8).
If the younger depressions are ignoreo, the southern part
of the RMZ and EHZ in fact could be interpreted as one
larger Çenêrêtly EW trending high.
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It would appear that the high density formation beneath the
Redan Gneiss also exsits at some depth beneath the
volcano-sedimentary sequence of the EHZ.

7 .3.4 Model-s

Simple two dimensional models r¡¡ere computed to investigate
this hypothesis. While the "final" models (Fig. 7.9) agree
reasonably well with the observed profiles, the shape of
the computed curve was found t,o be extremely sensitive to
the density constrasts chosen for the overlying
unconsolidated sediments. These contrasts were much

greater than the 0.I glcc chosen for the basement contrast.

An attempt was made to constrain the model using the
magnetic data but no single geometric shape could be found
to simulataneously match the gravity and magnetic data. In
the absence of any useful data on the density and

magneÈLzaLion of the formations invol-ved it was considered
that recourse to more complex forms of modelling would not
provide a solution to the interpretation problem.

Whj.Ie the gravity modeLs are not def initive,
that the form of interpretation envisaged by
not inconsistent with the observed daÈa.

they do show

the writer is

7.3.5 Discussion

The more local scale gravity variations in the study area
are readily correlable with known geological and or
magnetic provinces. The larger scale features, in
particular, the regional gravity highs are much more
difficult to explain in terms of ourcropping rocks. There
is really no alternative but to imply the existence of
"unexposed high density formations" knowing that there is
insufficient data available (both density data and gravity
measurements) to aIlow one to usefully interpret these
highs.
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This problem is not pecfutiar to Broken HiII. Unexplained,'/
unexposed gravity highs bound Proterozoic provinces such as
the King Leopold Mobile Zone in the south Kimberleys, the
Mount Isa Block and the Eyre Penisula (BMR, 1976b).
Modelsr such as those developed by Rumph (L976) on Èhe Mt.
Isa Block give a useful starting point for elucidating the
crustal structure of these provinces. A great deal more

interpretive work along these lines is required if the
t,econic history of our continent is to be understood.
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8 CONCLUDING DISCUSSION

A composÍte interpretation of the aeromagnetic and gravity
data on the Broken Hil-I Block is presented in Map 5. The

greater part of the Block coincides with an area of
relatively uniform magnetic response (the BHZ) which has
been divided into four magnet,ic domains. The domains are
defined on the basis of the abdundance of magnetite with
the narrow stratigraphic intervals to which the magnetic
horizons in the BHZ are largely confined. The relative
abundances of magnetite are attributed to conditÍons
prevailing in the depositional environment, and the
conditions which favoured magnetite development appear to
have also favoured the development of the Broken HiII type
mÍneralization. On this basis, the Central Domain is seen
as the area most likely to contain Broken HilI type
minerali zat ion.

PHZ and RMZ

To the west and SE of the BHZ very different magnetic
provinces exist. Both the PHZ and the RMZ are highly
magnetic in an overall sense and this characteristic led
Glen et aI . (1977') to correlate the two areas which Èhey
suggested might, represent a "rekrorked older basement
complex".

The work undertaken in this thesis certainly supports the
correlation of the two areas. Both the PHZ and the RMZ

cover large areas and are clearly very strongly magnetic.
Both areas are associated with gravity lows and modelling
of both gravity and magnetic data suggests that both zones
of highly magnetic, low density material extend to depths
of at least 4 km. Limited outcrop reveals that both zones
are characteristicall-y dominated by quartzo fetdspathic
rocks, in contrast to the BHZ which contains considerably
hrgher proportions of pelitic and basic rocks.

The differences between the PHZ and Rrt{Z are relatively
minor. fn detail the PHZ and RMZ show distinctly different
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magnetic characteristics. the PHZ is dominated by large
areas of low (but very variable) magneÈic anomalies with
narrow, sinuous highs. Conversely, the RMZ lies at a much

higher magnetic intensity level and has a much higher
proportion of relative magnetic highs. The differences are
apparent in Figures 7.7 and Map 7.

While this may signify differences in the magnetic
character of the original rocks, it may also be an effect
of metamorphism. The rocks in the RMZ have been subjected
to different metamorphic conditions than the Peak HiII
rocks and it is possible that magnetite development has
been more widespread in the Rtvlz. It is also possible that
remanent magnetism, present in one of the zones, could
account for the dissimilarity in magnetic character.
Mutton and Shaw (1979) have observed aeromagnetic zoning
due to remanent nagnetism in Proterozoic Aranulites in the
Arunta complex in the Northern Territory. The differences
in the magnetism of the PHZ and RMZ do not preclude their
cor relat ion.

Returning to Figures 4.I and 7.2 it can be seen that the
PHZ is best cLassified with the Olary Block, on the basis
of aeromagnetic and gravity response and hence the PHZ/BHZ

magnetic boundary represents a logical boundary between the
Broken HilI Bl-ock and the Olary Block.

Stratigraphic Position of Magnetic Complexes

The suggestion that these complex magnetic zones represent
a re$rorked older basement is also compatible with the
geophysicaL observations. In particular, magnetic
modeJ-Iing indicates that the RMZ rocks dip relatively
shall-owLy beneath BHZ rocks in the Balacl-ava and Farmcote
areas (Fig. 4.6)'. Both the RMZ and PHZ repeatedly
correlate with inferred basal units. In the Peak HiLI (t3)
and Umberumberka (L4) areas, the exposed PHZ is
geologically napped as the lowest part of the stratigraphic
sequence. The Peak Hill rocks are classified by Willis as
suite Lt while Stevens groups the Umberumberka rocks into

I



one "complex zone" of quartzo- feÌspathic rocks which
apparently difficult to correlate with other parts of
Broken HIIJ. sequence.

r07
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The simplest interpreÈation of the magnetic complexes

appears t,o be as correlatives of the lowest magnetic
interval found in Broken HiII Block stratigraphy, which
includes suite I and possibly parts of suite 2 (Figure
8.1). This is termed the Basal Magnetic Complex in
preference to basement because a degree of parallelism is
apparent between the trends these rocks and the higher
parts of the stratigraphic sequence. This is evident in
out,crop in the Peak Hill and Oakdale areas while in the RMZ

fold trends discernable from the aeromagnetics are very
similar in style to those in the BHZ. In the
Rockwell-Farmcote area particularly, the boundary between
the BHZ and RMZ is smoothly folded and magnetic trends on

either side of the boundary run parallel to it.

If the correlation of the PHZ, RMz and Suite I rocks in the
tsHZ j.s validr the Basal Magnetic Complex covers a vast area
compared to the higher stratigraphic units and so is
probably best regarded as a separate entity from Èhe main
Broken HilI Sequence.

The main objection to this interpretation comes from recent
mapping in the Redan area (Corbettr pêrs. comm. ) which
indicates very strong associations between the Redan

Gneisses and the Suite 3 tsHZ rocks. The suggestion that
the Redan Gneisses could simply be the suite 3 rocks which
have developed more magnetite through higher metamorphic
temperatures is apparently feasible on petrological grounds
(McIntyre, 198l). Under this interpretation, however, two
rmportant geophysical- observations rernain unexplained.

The boundary between the tsHZ and the RMZ is extremely
abrupt. It seems likely that a "metamorphic
temperature boundary would be relatively gradational.

I.



PEAK
H ILL

DIAMOND
JUBILE E

3

;TEPHENSMTVULCANTH)RNDALEREÐAN
CREEK

33

a/

3 3

/

\1

N\AGNETIc

\
\

eÞ9Ñ
COlulpLEX

Figure 81 Relotionshìp between the Bosol mogne tic complex ond

the metomofphic suites of stevens el of .

2



108

2. The gravity low associated the RMZ suggests that it
almost exclusively comprises low density rocks which
persist to depths of around 5 km over most of the
RMZ. Such large volumes of Suite 3 are not observed
in the BHZt where the true thickness of Suite 3 does
not greatly exceecl 1500 m.

Bearing in mind the difficulties cited by Stevens et aI in
differentiating suites L, 2 and 3 from one area to another
it, seems reasonable to suggest that quartzo feldspathic
gneisses (which typify Suite 3) may also occur in large
amounts lower down in the stratigraphic succession.

Gravity Highs

A rigorous study of the nature of the "unexplained" gravity
highs at Broken HiII itself and to the east and south of
Broken Hil-l is beyond the scope of this thesis. Knowing
that present day continental margins are rimmed by gravity
highs (Karner and Watts, 1982) and given the post Willyama
Tectonic history of Western NSW (Scheibner, L976) it is
very tempting to suggest that the highs are associated in
some way with an ancient continental margin.

However, without a great deal more gravity and density
i.nformation and many hours of interpretation this must
remain pure speculation. A study of this nature into the
cause of these gravity highs is highly recommended as an
avenue for further academic research. fn particular, the
existance of one of these highs in close proximity to the
Broken HilI orebody may have implications for mineral
exploration in the Broken HiIl and other areas.

Concluding Remarks

The study undertaken has reveal-ed profound geophysical
subdivisions many of which have not been recognised as
geological subdivisions. The significance of the
geophysical- interpretation in terms of its contribution
the understanding the geology and the metallogenesis of
Broken HiIL BIock wiII be tested with time.

to
the
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It is suggested that a reappraisal of the current
geological interpretation in the Iight of the geophysical
observations shouLd be carried out.

It is stressed that the interpretation presented here
represents a st,arting point for further geophysical and
geological interpretation, a framework on which a more
comprehensive understanding can be developed. !{hen the
hundreds of man years spent in the study of the geology of
Broken Hill are compared to the 15 or so geophysical man

years spread between the writer, McIntyre, Pecanek, Wood,

Jenke and Tucker it can be readily seen that there is ample
room for further fruitful and innovative geophysical work.
In terms of the aims of the study, the development of a

comprehensive regional scaLe interpretation has been

accomplished and it is hoped that this provides stimulus
for further analysis and interpretation of Broken HiIl
data. In particular, mineral exploration groups who wi11,
as time passes, increasingly rely on an understanding of
regional tectonics for their suc/cesses should f ind that
studies, such as this one provide them with a rapid insight
into the gross structure of an area.

Whether nor not the ideas and "mechanical" interpretation
procedures employed here are appropriate to other
metamorphic terrains remains to be seen. However, if this
work stimulates a similar study on the Mt. Isa Block, the
Eyre Peninsula, the Tennant Creek Block or the Nabberu
Basin, all- of which have geophysical data of similar
quality to Broken HiIlr practically uninterpreted, it wiJ-I
have achieved perhaps its most important aim.
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APPENDIX I AQUTSITION AND COMPILATION OF GRÀVITY DATA

I SURVEY PROCEDURE

Levelling

The greater part of the gravity work was planned as semi

detailed coverage at spacings of 500-I000 metres. Traverses
v/ere conducted by vehicle along easily negotiable tracks and

fence Iines to provide speed of operation and to faciliÈate
position fixing.

Levelling along the vehicle traverses was carried out with
"Baromec" digital microbarometers using the "single base"
configuration (HamiIton et âI., 1957) . In most cases'
traverses could be carried out between two points of known

height, since major roadsr Eâilways and trig points with height
control are quite plentyful in the study area. Where height
control- was not available at both ends of a traverse, spot
heights from preliminary I:50r000 topographic maps were used to
check tne barometric heights.

The accuracy of the barometric heights v/as tested by running a

traverse in the Adelaide Hills reading the barometers at bench
marks vrith known heights. Table A-l shows the results of these
traverses and demonstrates that, given height control at both
ends of the traverse an uncertainty of less than + 2 metres can
be expected. Without this control however the uncertainty may

vary from around + 5 metres in mild weather, to rnore than + I0
metres in adverse weather conditions.

Detailed traverses with stations spaced at 200 metres or Iess
vùere carried out on foot and were optically levelled. Most of
these stations $rere surveyed with a "Sokkisha" automatic level
on single runs wÍth an uncertainty on each station of Iess than
+ 5 cm. A "Wil-d" self reducing tachaeometer (kindly loaned by

S.A.I.T.) was used in some of the more severe terrain. The

uncertainty on these heì-ghts rangeci from + 50 cm on steeper
slopes to less than + 5 cm on gentle slopes.



TABLE A-1

EAROIIETRIC LEVELLING TESTS

Storrevfell to |lt. Loftv vÍa Greerrhill Road

Date
lJeather

30/9/77
fine

30tg/77
fine

4 /?t76
hot

DiFferences
reg adi

?B/ t t7Ê
hu¡lid
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unsettled

Bench
Hanli
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* denotes base Etation location
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Lnown he ieht

t



Gravity Meters

About 702 of the stations r¡rere established using a Lascoste and

Romberg (Model G37) gravity meter. The drift rate of this
instrument lvas generally less than 0.003 mitligals/hour so that
reoccupation of the base station was only required every 2 or 3

hours. The reading accuracy of the Lacoste and Romberg meter
is t 0.001 milligals.

A Worden (model- 368) meter h¡as used for the remainder of the
readings. This meter is of the "prospector" type and has a

very narrow (80 mgals) reading range. I^iith a drift rate of up

to 0.J- milligals/hour, very frequent drift checks were
necessary and were usually effected at least every hour. The

Wordenrs reading accuracy is + 0.02.

Despite the shortcomings of the Worden meter, very good

agreement between the two meters r^/as observed in the f ield.
Ties between pre-existing BMR gravity stations were in
agreement to within + 0.04 milligals.

II POSITIONING

While occasional recourse to air photographs r^/as necessary to
locate station along Èhe detailed traverses the preliminary
I:50,000 topographic maps (compiled by the NSW Lands
Department) were generally sufficient to locate stations with
an accuracy of I00 metres.

Precision of Bouguer Gravity Values

I. Optically Levelled Stations

observed gravity adjusted for drift
height error - 5 cm, density 2.67
position error - 100 cm at 32 degrees

- + 0.05 mgal

- + 0.0I mgal
- + 0.07 mgal

Total precision + 0.008



2. Barometric Stations

gravity
he ig ht

and positionÍng
errors _ + 2m,

uncertainty as above

density 2.67 - + 0.4 mgals

ToÈal Precision + 0.41



APPENDIX II COMPILATION OF THE BOUGUER GRAVTTY MAPS

Observed gravity, Australian map grid coordinates (digitized
from topographic maps) and station heights (datum - AHD) were

digitized and Bouguer Anomaly values computed using the
Standard International Gravity Formula (1930) and Bouguer

,/elevation correction formuLa (Dobrin, (1976) .

The computer program designed for this task converted the input
grid coordinates to geographic coordinates and output the raw

data in the format used by BMR. The program then drew a

specified base map and plotted the stations within the area of
the map, annotated with their Bouguer values. The maPS plotted
corresponded to the Standard I:50'000 topographic series sheets
used for positioning.

Contouring v¡as carried out by hand on these I:50r000 sheets and

the contoured sheeÈs were photographically reduced to the
compilatÍon scale (t:126,720Ì'. A base map with station
Iocations was drawn at this scale by the computer and the
reduced contoured segments were manually draughted onto this
base. The map was reproduced photographically at I:I00r000,
l:250,000r I:500,000 and 1:Ir000,000 scales.

The principal fact,s of the gravÍty data' excluding the NGH Pty.
Ltd. and CRAE company datar ârê presented on a microfiche card
in Appendix V.



APPENDIX III MAGNETIC DATA

for surveys L and 4 (Tab1e 3.1) was available in
form only. Occasional recourse to microfilmed
was made in some areas south of Broken Hil1.

Surveys 2 and 3 and to a lesser degree 6 were made available in
the form of magnetic tapes by the BMR shortly after the data
was published. Software for reading and processing the data
tapes was developed by the author with assistance from the
Adelaide University Computing Centre Staff.

Survey 5 consisted only of isolated hand drawn profiles.



APPENDIX IV MAGNETIC DATA PROCESSING AND MODELLING

I FL]GHT PATH MAPS

The program written to prepare the flight path maps (maps 6,7
and B) is a FORTRÀN program which uses the Universityrs CYBER

173 processor Iinked on Iine with a Calcomp drum plotter. The

program reads the coordinates of each position fix from
magnetic tape and draws the map consisting of the specified
flight paths, fiducial marks and geographic reference points
with appropriate labels. The program code and a sample run
hrere stored under the name "PALINT" on "GEOPHYSICS LIBRARY"

which is available through the Department of Economic Geology
at Adelaide University.

II PROFILES

Copies of the original aircraft tapes from the BMR survey 3

(Figure 3.1) were transcribed onto tapes in a form convenient
for reading on the CYBER I73. The program written for this
purpose and a description are stored under the name AIRTAPE on

the GEOPHYSICS LIBRARY.

The CYBER tapes $/ere used to plot aeromagnetic profiles using a

program called 'TMAGIC" (also documented on (GEOPHYSICS

LIBRARY) . The program IIÍAGIC draws the prof iIe segments
(specified by Iine and fidicial numbers) using fiducial
intervals for distance scaling and selects a scaling factor for
the magnetic val-ues based on the maximum anomaly amplitude.

III MODELLING PROGRAIUS

Most of the magnetic model-Iing carried out in this work used a

simple program called MAGMATCHER which bras written in BASIC

language for a Hewlett-Packard desk top computer (ModeI 98304),
with a small flat bed plotter (Model- 98624). The program
computes the totaL magnetic field of the following bodies:



DYKE (ref. Reford and Sumner, l-964)

Depth Limited DYKE (as above)
STEP (ref . Grant and úrlest, l-965)

SPHERE (equations derived by author)
Infinite vertical PRISM (Bhattaeharyya, L9641

Limited vertical PRISM (As above).

The desired amplitude of the model curve is input and the
apparent susceptibility of the body is computed to mat,ch thÍs
amplitude. The effects of several bodies can be accumulated to
form a composite model profile.

The gravity and magnetic models
shape were caLcul-ated using the
written for the HP 9830.

for 2-D bodies of arbitarary
"Talwani" method with programs

The gravity program (GRAVE) was written by the author using the
equations of Talwani et aI. (1959) and the magnetic program was

modified and converted from a FORTRAN program written by Dr. L.
Thomas, Melbourne University, after Heirtzler, Peters, Talwani
and Zurfluch (1962).

These programs use a

accumulating routine
amplitude matching and body

of I,IAGI4ATCHER.

s imiLar
to that,

The Hewlett-Packard programs reside on cassette tapes and lists
are available through the Department of Economic Geology at
Adelaide University.






