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The rocks of the Wipersmmingn Hill ares are metasediments
and granitic rocks of the Willyama Complex. They have
undergone metamorphism to upper amphibolite grade. The
rocks of the area arec predominantly mica schists, cnlc-
silicates and granite gneisscs. Associated with the
metamorphism was a phasc of isoclinal folding (Group 1) which
resulted in a schistosity (S4) being developed mostly
parallel to layering, No fold hinges of this phase werc
seen in the arca (i.c. no occurrcnces of 5S4 not parallel to
layering).

The generally ELNLE. trending ond stecply dipping S
and layering arc deformed by a sccond more open phase of folding
(Group 2). A second schistosity Sp is developed axial planc
to these folds. Ih sone locations 9> replaces 81 as the
dominant schistosity.

The area has undcrgone a later retrogressive phasc of
grecnschist facies mctomorphisn. Also at o quite late stage
albitization and related breccintion of some calc-szilicate

rocks took place.
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INTRODUCTION Y T

The arca studied is situated about 20 niles NL,N,E. of Olary in
South Australia at about longtitude 140° 30' latitude 320 Q0. The
area lies in Boolcoonmata Station near the bbundary with Binbowrie
Station and is approxinately 4 square niles in area. :

The search for ninerals in the Olary region began in the 1860's
and reached its peak in the 1880's at the time of the discovery of
the Broken Hill silver lead deposit. Geological work was donc by
Mawson including investigontion of chiastolite occurrences at
Binbowrie (1911)and of the Dome Rock Copper Mine, The scarch for
uraniun and the development of the Radiunm Hill uraniun deposit in
the carly 1950's gave a further inpetus to gcological investigation
and the Olary Province was napped by Canpana of the S.A, Departnent
of Mines., The arca is at present beinz recnovped by the S.A.
Departnent of Mines for the production of a 1:250,000 Qlary shecct,

The rocks outecrop in a range of low hills running east-west in
a flat alluvial plain. The clinate in tho arca is seni-arid and the
vegetntion, cxcept after good rains, consists of salt-bush, bluebush
and sparse low scrub. The land is used for the grazing of shcep.
The relicf in the area is fully nature but the outcrop is generally
good because of the harsh naturc of the climate.

The project was originally intended to be prinarily a study of
the structure of the arca. However, because of the nature of the
area, enphasis on the petrology was incroascd, The work was carried
out in co-operation with the S.4. Departnent of Mines with A.J. Parke:
napping an adjacent area. Detailed napping was Jonc using Lends
Dept. photographs enlarged to 1:16,000. Sanples were taken in the
arca and about 70 thin sections were cut, 16 dcscriptions of which
appear in this thesis,

REGIONAL .GEQLOGICAL, SETTING

The rocks in the arca studied belonsg to the Preconbrian
(Mctanorphic age 1700 n.y. (Pidgeon, 1967) ) Willyana Conplex which
stretches from the Broken Hill region to west of Weekaroo, Also
in the Olary region arc the Protorozoic Adclaide Systen rocks which
lic unconfornably on the crystallinc bascnent rocks of the Willyana
Conplex. (These do not occur in the area napped), Mawson called
the boundary betwesn the two the "Grand Unconfornity",




The bascment rocks have undcrgone metamorphism to upper
amphibolite grnde and multiple deformetion. Hobbs (1966)" from
work at Broken Hill suggested that the deformation inv&lved/a phase
of isoclinal folding resulting in the layering being mostly parallel
to the axial planc schistosity and later refolding of the leyering
and parnllel schistosity.  Talbot (1967) also proposcd this kind
of deformational history at Weckeroo, The rocks arc overprintcd
by a later phase of grecnschist facics metamorphism,

Large areas of granitic rocks occur in the basement rocks.
Compana and King envisaged these arcas as contres of "granitization"
with anatectic granites in the centre grading outwnrds to miguntites,
gneisses and foldspathized schists and then to "uncontaminated
metascdiments. A large mass of granitic rocks occurs in the old
Boolcoomata~Bimbowric arca which lies to the south-west of the orea
studied.

Talbot proposcd a stratigraphic sequence for the bascment rocks
at Weckeroo, The sequence was loucogneiss, migmatitic schist,
gronitoid gneiss, laycred gneiss, Bthindna colc-silicotes group,
rmica schist, boedded mica schist.

Pitt (1971) of the S.A. Dopartuent of iines generally agrecs
with this sequence,



PETROLOGY .

The rocks of the Willyoma complex are considered to have
undcrgone metamnrphism to upper amphibolite grade, contemperancous
with the dcformation and o later phasc of retrograde grcenschist
facics metomorphism (Binns 1963, 1964). The rocks of the
Wiperaninga Hill area conform to this view.

In the arca continuity of lithologics along strike gencrally
secns to be poor, The more massive rock types, quartzites and
calc silicates, mostly occur as discrect outcrops (apparently as
boudins) surrounded by schists,

Schists arc the most abundant rock type in the area. Of the
differcnt voricties of schist only the chicstolite schist, which
is casily rccognized in the ficld, was mapped as o scparate unit.

Quartz nica schists which arc the nost common varicty of
schists in the arca gencrally have rather subducd outcrop. The
quartz nica schists nre usually fine grey fissile rock weathering
to a brown colour. Sonctimes they have o "gilky" ocppearanco
(cspeecially in the region of shears). Occasionally they are norce
coarsely crystalline with muscovite or rarcly sillinonite visible.
Lithological laycring is counonly difficult to discern in the
outcrop.

In this scction thesc rocks arc characterized by the anount
of nicnceous minerals usually with o foirly strong preferrcd
oricntation (sometines with 2 preferred oricntotions). Biotite
is obundont ond is usually of o fairly even grain size. It is
present as tabular crystals or as rogged shreds but only rarcly os
larger porphyroblasts. Occasionally the biotite is partly replaced
by nwuscovite., Muscovite content is nore voariable than biotite,
being ninor or chsent in sone schists and as high as 50-50% in
others. It occurs as very fine single graoins, sericitic
aggregntes, tabular crystals of the sanc size as biotite or as
porphyroblasts.,

Muscovite crystals are sonetines found truncating tobular
biotite crystals, suggesting a tine rclationship of nuscovite later
than biotite, The preferred oricntotion of nuscovite crystals is
usually weaker than thoat of biotite.

In sone cascs it is apparvnt that nuscovite or scericitic



or sericivic/ : b
aggregates have replaced pre existing porphyroblasts. The large
chiastolite crystals are usually partly replaced by sericite,
Two occurences were found of roughly sphericl crystals 4 « 2 c.m,
in size, in schists. When thin sections were cut of these, they
were found to be completely replaced by muscovite. e

The quartz content of these schists is usually 40 - 50%. The
anhedral quartz grains are often elongated parallel to the schist-
osity. Some quartz (and some feldspar) grains are polygonal
indicating recrystallization. Some grains show undulose
extinction, Occasionally very fine quartz and sericite is
present as a matrix for the larger grains. In some schists there
is minor subhedral to anhedral hornblende parallel to the mica
preferred orientation. Other minor minerals present are
tourmaline, as euhedral priamatic to rounded grains, fine opaques
including graphite, anhedral epidote grains and enhedral to
subhedral garnet of wvarious grain sizes.

Up to 5 ~ 7% sillimanite was present in a few thin sections
studied. It is present as find ncedles, as inclusion in quartz
grains or as discreet massecs. In some occurrence the needles are
oriented parallel to the schistosity in the rock, in others they are
arrangced in radiating aggregoates.

Chiastolite schists as shown on the map, occur in a band
passing through Wiperaminga Hill and in a large irregularly shaped
area in the cast-central arca of the map. The irrcgular shape
of this arca could in part be due to structural features, and in
part to the lack of continuity of occurrence of the chiastolites
along strike. The chiastolites are megacrysts of andalusite
with a characteristic black cross of carbon concentration.in cross
section. The chiastolite prisms are 1 - 3 c.m, in width and up
to 15 c.m. in length, They generally have a good preferred
orientation. The chiastolite schists often have bold outcrop
with the concentration of large crystals giving them a rather
spectacular appearance. (Sce Plate 1).

In this section the matrix for the chiastolitc porphyroblasts
is found to be biotite and muscovite (with a poor preferred orient-
ation parallel to layering), sericite, well deformed quartz grain
(elongated parallel to layering and with undulose extinction) and up
to 10% of fine anhedral graphite. The graphite gives some



5.
gives sonc/

of the chinstolite schists a dark carbonaceous appearance in hand
specinen., The layering which is defined by different concentrat-
ions of graphite is bent around the chiastolites.,  The
chiastolites arc found to be partly replaced by sericite.

Feldspathic schists occur extensively in the arca. They
usually occur in areas near granitce gneiss or pesmntite
occurrencae. This suggests thot o process of feldspathization of
the schists related to the nasnatic acitivity is involved. Both
X feldspar (nicrocline twinning) and plagioclase feldsper is found
in the fcldspoathic schists. The plagioclasce conposition in onc
sanple was deter.:ined as Ab 67 (by the WMichncl-Levy ncthod). The
feldspar concent of these schists vories fron 50-80% with = qu-rtz
content 2f up to 10%, The feldspar groins arce anhedral, have o
fairly ¢ven grain size and arc often clongated parallcel to the
folintion dircction. The fellsprr srains coz:only contain
nuicrous inclusions of quortz, cpidote and opoagues. This fcaturc
tenls to support the iden of feldspathization of guartz-schists.
The other featurcs of the fellspathic schists, aos regnrds nicaccous
ninerals cte., are os lescribed for quartz schists.

Rocks broadly classificd os cal-silicates occur in the south-
west of the arco, just north of Wincronings Hill, in 2 band in the
west-contral section of the arca ~nd nlss scattered 2lons the south-
castern cdge. They »ocecur as larse uassces, isolated boulins
within schists or in onc ~rea, os shown on the nap, interlayered
with schistosc rocks. This last occurrencc is aplorcnt on acrial
photozraphs as an arca of very obvious layering,

The rock types involved arc hornfols, cpidote hornfels and
cpidote quartzites.

The changes between those differcnt rock types arc gradational
and they nay be Aifficult to distinguish in the ficld.

The¢ calc-silicates arc fine grained, fairly aassive and boldly
outcropning. They are nost comuonly dark ~reen in colour, soile-
tines with good layering visible,

Along the south-ecastern edgec of the arca and in a couple of

Y



couple of/

outcrops north of Wiperaninga Hill, a light coloured feldspathic
rock with proninent dark bands of anphibole is found. In the
outecrops to the north of Wiperaninge Hill, a couple of sonples werc
found with apparent sedinnentary cross~bedding (giving a facing to
the south). "However, these samples could not be regarded as
conclusive.,

In thin section the rocks senerally have granoblostic textburce,
They contain  hornmblende fron 0 to 25% (average 10-15%).  The
horneblende is anhedral to subhedral prisnatic, sonetines with a
weak preferred orientation. Epidote content varies from 1-2% to
15-20%. It is present ns very snall anhcdral grains or as
poikilitic porphyroblasts. In o few sanples clino-pyroxene grains
were found associcted with the hornblende grains or as reaction
rins around the horneblende. In one thin section only clino--
pyroxene (20% of rock) and no horncblende was prescnt.

Bquigranular fcldspar nmakes up an avercge of about 80% of the
rock, The feldspar is nost comionly K feldspar with snaller
anounts of plagioclase, both souetincs contain a nunber of
inclusions,

Biotite and a miall miount of nuscovite is present in sone
sonples., Minor ninerals include tournaline, opaques, sphene, and
in two,cases, calcite crystals,

The layering in thesc rocks is defined by concentrations of
horneblende and epidote, Weak preferred orientations of biotite
and horncblende are sonetines obscerved.

A thin section of a sanple fron the large nass of fine grainecd
hornfels oubcropping south of Wipcraninga Hill showed it to consist
of about 50-60% K feldspar with 20-25% cpidote and about 20% biotite
grains with no preferrcd orientation. Horneblende content was only
ninor. Also in this area is a rock with strong epidote layering
with o profusion of ninor folds. In this section this rock was
found to contoin about 50% anhedral cpidote, 40% quartz and only
a snall anount of feldspar.

A calc-silicate rock with quite en unusal nineralogy also
occurs in this area, It is o well layered rock with boudinaging



with boudinaging/

developed. The boudins consists of concentrations of piednontite
and garnet and the outer laycrs are finer grained epidote, feldspar,
quartz and abundant opaques.

In the extrene south-east corner of the area an epidote garnet
quartzite occurs. Like most of the other cal-silicates it occurs
in large isolated outcrops rather tha) in continuous layers. The
rock is nassive in outcrop with a blotchy appearance given by the
dark ninerals it conﬁains. In this scction 25-30% each of coarse
anhedral brown garnet and yellow-green cpidote was observed, The
rest of the rock was quartz as inclusions in and natrix for the
cpidote and garnet.

Albitized Rocks.
Along the southern cdge of the are therc arc sceveral

occurrences of albitized rocks with a breccinted appearance, (See
Plate 2), These rocks scen closely related to the light coloured
feldspathic rock with anphibole laycering already nentioncd above.
It seens reasonable to suggest thet tho layercd feldspathic rock
is the sane rock type as that albitized. The two rock types
alternate in a scrics of outcrops scattered along strike in the
south-cast corner of the arca, There arc nineralogical and
textural sinilarities betwecn the unalbitized rocl and layered
blocks in the brececiated albitized rock.

The unalbitized rock has proninent dark layering. In thin
section it is found to congist of 75-85% feldspar, nost of the
twinned grains being K feldspoar with a snall anount of plagioclase
present, There is about 10% anhedral to subhcdral " hormblende,
3-5% clino-pyroxene and ninor epidote in the roclk, The layering
is defined by concontratisng of .-hornblende, clino-pyroxcne and
epidote, at%lso present are a few grains of calcite.

The stabiTized rocks arc fairly nassive in outcrop with a
characteristic porcellaneous appearance on weathercd surfaces.
They have the appearance of a breceia with a natrix containing
blocks of well layered rock, from a few cns. to a netre or so
across, One block was seen with apparent sedinentary cross
bedding in its layering. The identification of this feature st
be regarded with caution in rocks which arc so alterecd, If it is




If it is/ | 8
a sedinentory feature it of course supports the idea that these
rocks are neéta sediments which have suffered later netasonatisn.

The nmatrix for the breccia is albite, anphibolc and sone
epidote. Veins and "dykes" of albite or sonetimes of pure
anphibole cutting across the laycrcd blocks. The layering is
often bent around next to the dykes. Sone blocks have kinking
in their layering with veining developed along the kinks, This
probably represcnts the initial stosge of the brecciation process,

The anount of brecciation varies in different outcrops. In
sone the orientation of the layered blocks is completcly randon;
this grades to partial orientation of the blocks and then to
situations where the layering throusgh the outcrop is intact with
just sonc veining prescnt, An open fold in the layering with o
wavelength of about 2 netres was observed in one outcrop, Veining
in this secied to be partly parallel to the axial plone of the fold.

In thin section the albitized rocks are fine grained with a
granoblastic texturc. Theycontain 80-90% feldspar which is alnost
entirely plagioclasc (with o few grains of nicrocline). The
plagioclase was deternined to be about Ab 98 by the Michel-Levy
statistical ncthod, The hornblende content averages about 10%,
the hornblende being anhedral with inclusions of albite, giving
it a poikilitic appearance, Clino-pyroxcne is often associated
with the hornblende, sometines as a reacti-n rin around it, One
sanple has a clino-pyroxene content of 5% with only ninor hornmblende
present,  Fine anhedral epidote (1-5%) and opaques (1-3%) are also
prcsent,

The hormblende, clino pyroxene, epidote and opagues define o
well devcloped laycring in thin scctions that are taken from a
laycred block. The loyered "howynblende hes a congtant optical
orientation. Thin scctions taken fron the natrix naterial do not
show a good laycring.

The albitized rocks which occur to the south of Wiperaninga
Hill are slightly differcent to thosc which occur in the cast of the
area, They have the sanc porcelhncous weathered surface but they
have not got the same laycred and breccinted appearance, In thin
scction the content of hormblende and epidote is leoss although therc



9.
although there/ :

is still sone layering of these ninerals.

The albitized rocks occur in arcas where granite gneiss and
pegnatite are present, but whether there is any genetic significance
in this is problenatical, The rocks are apparently the result of
netasonatisn with Na replacing XK. A whole rock analysis of onc
of the albitized rocks gave the following results.

Sanple 384/A7

Total Fcp03 M,0 Ti02 Cal Ko0 8402 4120+ P205  MgO

99.79  3.961 ,029 .616 4.645 1.153 61,175 14.986 ,296 2.337
Na,0 Loss
10,28 .310

The extrenely large NaoO content and low K50 content enphoasizes
the alnost conplete conversion of the X feldspar in the rock to
albite.

The author believes that the albitization was a fairly late
stage process acting on calc-silicatc rocks. Evidence thot the
albitization took place at least after the najor Aofornatiinal
episode was sccn in a schist aljacent to one of the outcrops of
albitized rocks, In ‘this schist werc found veins of conrse albite
preswinobly rclated to the albitization of the cale-gilicatoes. The
albite aroins contained nunmerous inclusions of biotite, the biotite
having n preforred orientntion parallel to the preferred orientation
in the rest of the schist. (8ce plate 7).

Other Rock Types

Quartzites nccur in scveral parts of the nrea, as shown onile nap.
They are prescent as layers continuous over a distance or as snall
isolated outecrops due to faulting or boulinazing, The quartzitec
varics from a content of almost 100% granoblastic quartz to a rock
with about 5% feldspar and 5% bictite with o preferred oricntation,
They then zrade into quartzitic schists. The quartzites corxonly
have o content of secondary copper ninerals, nostly nalachite,
possibly related to faulting. Therc are o large nunber of snnll |
Cu. diggings along the quartzite in the north-east of the area,

An abundant rock type on the northern side and in the cast of
the arca is granite gneiss. It occurs as largor areas of boldly



10,
of boldly/

outcropping, nassive granite gneiss and snaller pods of granite
gneiss with a well developed foliation. The two types are found
to be foirly sinilar in thin section. Their texture is coarse
grained and granoblastic., They have a feldspar content of 65-75%
nostly K fellspar (often nicroperthitic) with about 10% plagioclase,
The feldspars are anhedral and often contain inclusions of biotite
and other ninerals, The quartz content is 25% %o 35%, Mica is
nostly equigranulor anhedral biotite (3-5%) with o snall anount of
nuscovite.

TIn the thin sections from the foliatel granite gneiss the
biotitc was found %o have a definite crystallographic preferred
orientation, No layering was apparcnt in thesc rocks, The
quortz grains in these showed undulose extinction. The foliation
in these rocks (presunably resulting from the preferred orientotion
of biotite) was found in the ficld to be always parallel to the
foliation in the nearby schists. It is suggested that thesc
granite gneisses werc inploaced either before or during the najor
phascs of defornation, which gave then the sone foliation as the
surroundins rocks.,

Shown on the nap arc arcas designated as niguatite. These
are arcas where pods of foliated granite gneiss with dinensions
fron o few netres to 100 or so netres arc conpletely intermingled
with coarsc nicn schists. A situction such os this suggests that
a process of granitization or partial nelting is forning the
granitic rocks virtually in situ probably during the najor
defornntion and high grade netaiuorphic event. The norc nassive
granite gneisses possibly moved further and werc inplaced just
after the deformation, _

Proninently outeropping peonatites arc found both conforiiable
to and cutting across the layering os shown on the nap. The
pegniatites are coarse grained with about 50-60% feldspar (nostly
plagioclasc), 40% quartz, and 5-10% nuscovite (sonmetines
occurring as large nica "pooks™). Tournaline and some gornct
is also found in the pegnatites.

One occurrencc of anphibolite was found in the areca. This
woas in the area of and parallel to a najor shear. The outcrop
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The outcrop/

was guite well weathered; in sone parts it had a foliation developed,
in others it was nore nassive, In this section 30-40% hornblende
was found, The hornblende was in tabular shreddy rasses or as
anhedral cquidinensional grains, Other nmincrals arc biotite

20-30%, quartz 10-15%, epidote 3-5% and albite 15-20%.  The

larger quartz grains show nuch undulosc extinction. The albite

is in very large grains containing o nultitude of inclusions of
cpidote, hornblende, biotitc and gquartaz. The albite nay be

rclated to the albitization which occurs in sonc nenrby rocks,

(see nap).

Along the southern cdge and in the far west of the area; there
are patches of iron fornatiim, These are fairly massive in
outcrop and have a brecciated appearance, They consist of angular
quartz grains and sone nuscovite with a content of 30-40% of
opnque iron nincral (haenatite) as irresular nasscs snd infilling
in cracks, The iron formations arc alnost certainly a secondary
developrient and would have no stratigraphic significance.

Summary and Conclusions, : -

It scons reascnable to conclude that the roeks of the
Wipceraninga Hill area were originally pelitic nnd quartéo-foldspathic
sedinents., They underwent netannrphisn to upper anphibolite
grade (indicnted by presence of sillinanite) contenperancous with
the deformation which produced the najor schistosity in the rock.,
The chiastolites werc probably produced during this phasc. In the
nore calcic rocks, hornblende and clino-pyroxcne werc formed.

Also during this phase 'granite gneisses were produced perhaps by
sone anatectic process (as envisaged by Campana).

The arca underwent a later retrogressive phasce of metwaiorphisn
to greenschist facies, This resulted in the formation of chlorite,
scricite (often replacing pre existing porphyroblasts) and
probably also the epidote which is comnon in the area.

At a fairly late stage sone calc-silicates undcorwent
albitization involving brecciation and almost complete replacenent
of K with Nao.
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| | STRUCTURE _ o

The structural features of the Wiperaminga Hill Area conform
t0 the generally held concept of the Willyama Oompléx deformation-
al history. This entails a phase of "isoclinal folding (Group 1)
with an axial plane schistosity developed mostly parallel to
layering and a second phase of more open folding (Group 2)
deforming this. (Hobbs 1966). However in.the area mapped
there is little actual evidence of Group 1 folding, apart from
the development of the strong schistosity parallel to layering.
Also found in the area is a second schistosity, in places quite
strongly developed, related to the Group 2 folding.

Lithological layering is difficult to see in outcrop in some
schists in the area, However in thin scection most rocks are
found to have some layering. The laycring is defined by the
concentration of micas, sillimanite or opaques in schists and by
hornblende, clino-pyroxene, epidote, garnet and opaques in calc-

- silicates. Occasionally differcnces in grain-size also define
the layering.

The layering in the rocks in the region is generally
considered to represcent the origihal sedinentary bedding. In
the Wiperaminga Hill arca therc arc only two exnmples of'apparent'
sedimentary cross bedding in calc-silicates to support the idea
of a sedimentary nature for the layering rather than just a
metamorphic layering. The mica concentrations alternating with
quartz rich laycrs and some concentrations of opagues may be
indicative of bedding. |

The most prominent structural feature in the arca is the
strongly developed schistosity (81) which is presumably the
axial plane schistosity for the isoclinal Group 1 folds, In
every case scen in the arca both in outcrop and in thin scction
where a layering was visible, S1 was parallel to it. This means,
in cffect, that no Group 1 fold hinges were secn. It is possible
thot some exomples were missed because, as stated above, with a
wcell developed schistosity in the rock, it is often very hard to
discern a lithological layering in the mica schists.

In one locality in about the centre of the arca, what was
ot first thought by the author to be an example of a Group 1 fold



Group 1 fold/
was found. The layering @efined here by the presence or
absence of chiastolites in the schist) scemed to be folded .
with the major schistosity axial plane to the fold. However
more detailed examination showed that therc was a schistosity
(81) folded around with the layering, but there was a second
schistority (Sp) developead strongly across the area.
n?eatures which may represent Group 1 folding were seen
in/area where thin, pegmatitic type, migmatite layering was
present in schist. The laycrs were generally parallel to the
ordinary layering and schistosity prescnt in the schist.
However, in one case the migmatitc layers were isoclinally
folded back and forth along §1. (See Plate 4). In another
casc the migmatite layers formed the hinge of a fold with 81
parallel to ordinary lithological layering axial plane to the
fold in the migmatite.,

From cxaminotion of thin sectinns (and of coarser hond
specimens) it was found thet the schistosity was the result
predominontly of the referred orientntion of tabular micaceous
minerals. These were primarily biotite and muscovite but also
some scricite and chlorite was oriented parallel to 89, These
latter minerals werc almost certainly the result of replacemecnt
of pre-existing mincrals in the sane oricntation, Sillimanite
needles are generally parallel to §1. In a number of cases,
quartz and feldspar grains were elongated parallel to 51 . In
the cale-silicates a poor schistosity was sometimes given by a
preferred orientotion of the small amount of biotite, Amphibole
prisms often have o fairly poor preferred oricntation parallel
to 91,

As shown on the map of structural elemcents there is o
general trend through the area of 391 striking E.N.E, A
contoured got of poles of §1 (and layering) (see Fig. 1)
conscquently gives a concentration st about 459 to0 3300, Due
to the Group 2 folding there is 2 distribution along the great
circle approximately 557 to 2620,

Mineral lincations measurcd in the arca where on chiagtolite
prisms, on elongated lathes of coarsc mica and o few on sillin-

anite ncedles, They were all measurcd in 31 surfaces, Hobbs
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Hobbs/

at Broken Hill considerecd that mineral lineations werc rarallcl -
to Group 1 fold axes, however, no conclusive evidence of this-
was seen in this area. A.J. Parker, working in an adjacent
area, believes he has established that the mineral lincation
is parallel to Group 1 fold axes.

The pre- or syn-tectonic naturc of the chiastolites was
shown by the deforming around then of Smffg§er1ng The plot
of nineral lincations shows a noximun concentration at about
30° to 100° but with o fair dispersal of points. This
dispersal is as expected if the nineral lineations represent
Group 1 fold axes redistrubuted by later folding.

A1l folding scen in the arca has 3¢ folded and thercfore
represcents Group 2 deformation, This was confirmed by
cxanining several thin sections from thoe hinge arcas of folds;
all had 841 folded around with lﬂyorlnb. The deformation was
scen as folds or crenulations in SChl&to. The folds arc open
to tight in nature.

The Group 2 fold axes (from ninor folds and crenulations)
are plotted in Figurc 3. A distribution approxinatcly along
o great circle, vertical and striking 060°, is found. The
great circle distribution is consistent with the Group 2
deformation being inposced on previously folded rocks.

A sccond schistosity (Sp) is doveloped axial plane to the
Group 2 folds. (See Plates 5 and 6). In thin section 8o is
defined by o sccond preferred oricntotion of tabular biotite,
nuscovite, scericite and chlorite. In one case in o calc-
silicate from the hinge of o fold, hornblende prisns were
oriented parallel to 9o, In onc scction quartz grains were
clongated apparcntly parallel to 2. The ninerals defining
S2 were often definitely re-crystallized in that oricntation,
They were surrounded by, and sometincs truncating ninerals
with an 84 preferred orientation. (Sec Plate 8). So is
sonctines defined by on alignment of ninerals duc to
crenulation of 84,  (See Plate 9).
| In some outcrops and thin sections S2 is the doninant
schistosity. This is the casc in the locality mentioned
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locality nentioned/
before where the B3o axial plane to a Group 2 fold was thought
to be 8¢ crossing the layering. The stereo plot of poles
to 82 (Fig.4) shows a good concentration of Sp approximately
vertical and striking 105° reflecting the reasonably constant
oricntation of Sy through the arca. The plot of 8¢9 and
layering - Sp intersections (Fig. 5) coincides fairly well
with the Group 2 fold axes as night be cxpected if Sp is the
axial planc schistosity of the Group 2 folds.

Two najor faults occur in the arca, one just south of
Wipcraninge Hill running approxinately BE-W, onc to the north
striking about 120, An anphibolite occurs in the region of
the southern fault, Both faults have fault breccia occurring
along their length. The fault breccias have Cu ninerals
present in then which results in o nuaber of snall Cu diggings
along the faults, The nere northerly foult apparcntly
displaccs the chiastolite schists and the cale-silicotes to the
north-west on the south side of the fault, This and the
dragging around of soue of the schists near the fault suggest
the novencnt on the fault is dextral. A few other snall
foults werc napped in the ares, but generslly faults arc hard
to discern in the arca becousc of the lack of gnod narker
horizons.

Boudinaging is another ferture scen in the aren. It is
scen on the snall scale, in one case with finer schists wrapped
around coarser blocks, and on o larger scale with outcrops or
nore nassive calc-silicates or quartzite as boudins within
schists.,

On the southern side of the fault south of Wiperaninge,
Hill therc is an area of quite confusad schistosity oriontation
(sce mop of structural clements), The gencral picturc is of a
synforn plunging south-wcst, but complications arc indicated
by some schistosity oricntations, and the confused pattern of
occurrence of the calc-silicates in the orca, (See geolog-
ical nap). In the area some "basin® structures with gently
dipping sides were secen. These could be taken as indicating
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as indicating/

2 phases of non isoclinal folding, However, the conplications
in this arca arce quite possibly due to novement on the najor
fault just to the north deforning the nearby rocks.

Apart fron this locality, the structural picturce in the
arca is of 54 generally trending E.N.E. but deformed in places
by the Group 2 folding. North of Wiperaninga Hill a fold
can be seen in Sy with 3, axinl plane to it. In the central-
west of the area the western cnd of the chiastolite schist is
folded around in o Group 2 fold, The chiastolite schists and
59 are deformed by a drag fold in about the centre of the arca
and Sp is strongly devecloped axial plane to this featurec.

Through this part of the arca the vergences are S - type
(with the 94 = 82 relationship in agrecncnt with this), BEast
of the chiastolite schist the vergences and, generally, thoe
S14 = Sy relations change to Z type. This nay indicate a
structure of the nature of that sketched in Fig. 6 (b).

In the east of the arca the cale-silicate rocks outline
sone Group 2 folds with S, developed in their hinge areas.

The occurrences of lithologics 4o not help much in
deternining the overall structure of the arca. In nany places
there is not good continuity of lithologics along strike.
Considering about the centre of the area o "stratigraphy" north
to south could be suggested of nignatite and graonite gneiss,
nica schists, calc-silicates, nica schists and chiastolite
schists. However, cnlc-silicates and albitized rocks (albitized
calo~silicatéé?) also occur to the south and south ecast of the
chiastolitc schists. This apparcent repetition of lithologics
and the irrcgular lenticular outline of chiastolite occurrence
(which nmay be sinply duc to inpersistence of chiastolitces along
strike) could suggest that a large scalce fold interfercence
pattern is prescent, (perhaps Type 2 (Ransay 1962)). This,
however, is only spceculation.

SUMMARY AND CONCLUSIONS

The rocks of the Wiperaminga Hill arca conforn to the
general ideas held for the geology of the Willyana Conplex.,

The rocks werc probably originally pelitic and quartzo-felds-
pothic scdinents.  These underwent netanorphisn (at 1700




(at 1700/

nillion years) to upper anphibolite grade.,  This grade is
indicated by the prescnce of sillinenitc., Hornblende and
clino=pyroxenc formed in the nore calcic rocks, Contenper-
ancous deforuation into isoclinal folds (Group 1 folding)
resulted in the fornotion of a strong nico schistosity, S
(nostly poarallel to layering) in nost of the rocks. No
situations whore S1 was not parallel to layering (i.c. no
Group 1 fold hinges) were found in the arca, Also at this tine
there was inplaccnent of granite sneiss and possibly felds—
pathization of sone schist.

A second defornation (Group 2) deforned 51 and laycring
and holl a sccond schistosity 8o developed axial plance to its
folds. All folds secn in the arca are of this gencration.

The schistosity rclotionships in these folds is shown in

Fig, 6(a). The overallstructural pattern in the arca is of

S1 and layering gencrally tronding B.N.E, deforued to sone
cxtent by Group 2 folds and by 2 large faults in the west of the
N JcTa

A4t o loeter stage there was o retrogressive phase of
grecnschist facies ncbamnrphisa, This rcsulted in the prescnce
in the arca of chlorite, a large anount of cpidote and scericite
(sone replacing pre-existing ninerals). Also at a quite late
stoge albitization and relatel brecciation of sone calc-silicate
rocks took placec,
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Plate 1.

Location no. B 6,

Location no. A 7.

rock.,

Chiastolite schist,

Brecciated albitized
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Platc 3,

Plate 4.

Plate 5.

Location no., A 8., TFolds in foliatecad
granite gneiss.,

Location no. X 24. Migmatite layering
isoclinally folded along S1.

Location no. A 5. Schist with two
well developed schistositics.
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Plate 6,

Plate 7.

Location no., G.56. A fold hinge
Layering and parallel 51 folded and
S2 devcloped.

Sample G 47. Photomicrograph.

Biotite with good preferred orientation
as inclusions within coarsc albitc
crystals.
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Plate 8. Sample F 7. Photo micrograph.
Biotite with 2 preferred orientations.
81 parallel to layering. 92
truncating other biotites and cross
cutting layering.

Plate 9. Sample K 71. Photomicrograph
Crenulated mica schist.
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APPENDIX

Thin Sestion descriptions°

384/A.7.

384/ 12,

384/C 7

Macro, Feldspathic rock with layers of amphibole
and epidote. Layered angular hblocks within
feldspar and amphibole matrix.

Micro. 10% Amphibole - hornblende, 0.5 = 1 m.n.
grain size, Anhedral, poikilitic with albite
about 0,1 m.n. within it. Layercd.,

75-85% Feldspar - nostly albite (Ab 98).
Grairn size 0,05 = 2 n,.n, Anhedral grains in
nosaic. Few grains of microcline.
3 - 5% Clino-pyroxene, nostly as rims around
hornblende, 1 - 2% DLpidote anhedral to poikilitic.
Associnted with hornblende grains.

Minor-Sphele
Opaques

Fabric, In part of the thin section layering
hornblende cpidote, and opagues is present., Horn-
blende in constant optical orientation.
Rock none - Albitized rock.

Macro, Dark rock with coarze garnet, epidote ond
quartz visible.

Micro. A coarse grained rock.

30% Garnet 0.3 - 3 n.n. grain size. Brown colour
nostly anhedral.

25% Epidote, Grain size 0.3 -« 3 n.il. Anhedral,
green-yellow pleochroisn.

45% Quartz. In between and inside masscs of

above ninerals.
Rock nane - Epidote, gornet quartzite.

llacro. Mediun grained grey (weathered to brown)

schist.



384/C 7

384/D1

Appendix p. 2

Micro. 5% Biotite - 0.2 n.nm. 8rain size.
Tabular

5% Muscovite - 0.2 n.n., grain size.

15% Sericite. In large ragged nasses,
some around nuscovite grains, Sonie replacing
pre-existing porphyroblasts?

3 — 5% Chloritec. ILight green to colourless.

Needles or fibrous aggregoate. ~ Approx.0,2 n.n,
grain size,

70% Quertz, approx. 0.1 nm.n., grain size.
Groains nostly equidincensional, some elongate.
Fabric: Lepidoblastic texture. Layering
defined by concentrations of sericite, Preferred
orientation of biotite, nuscovite, chlorite
(fairly poor) aond sone elongate quartz parallel

to this layering. This laycring and schistosity
is folded, Sone biotite end chlorite is aligned
axial plane to these folds.

Rock name - Quartz, mica schist.

Macro. Fine to nmediun grained grey crenulated
schist.

Micro. 35-45% Quartz. 0.1 - 0.2 n.,n.  Sone
grains with undulosc extinction.

40-45% Muscovite as large (0.5 n.n, length)
tebular crystals.

5% Scricite, interstitial to larger grains .

5% Biotite, Approx. 0.5 n.n., grain sizec.
Truncated and ingrown by nuscovite.

3 - 4% [nmphibole - hormblende,  Anhedral.

llinor opaques, concentrated in or ncar biotite
patches,

Fabrig. Laycring of concentrations of nicas.
Schistosity parcllel to this layering -~ preferrcd
orientation of micas, amphibole and some elongated



Appendix p. 3

3
)

384/D1 (Cont.)
sone clongated/

quartz grains. This foliation is folded and
sonie nuscovite and biotite is axial plane to
these folds.,  Lepidoblastic texture

Rock nane - Crenulated quartz nica schist.

384/D 29, Macro.  Medium to coarse grained amphibole rich
rock,
Micro. 30 - 40% Amphibole - hormblende. In
coarse tabular grains, shreddy nasses or anhedral
cquidinensional grains,
20 - 30% biotite, tebular.
10 - 20% Albite, coarse crystals with nany
inclusions of epidotc, hornblende, biotite; also
quartz and K feldspar?
3 -~ 5% Epidote, as inclusions or larger crystals.
10-15% Quartz. Soile polygonal grains. Sore
other larger grains with nuch undulose extinction,
5% K feldspar - nicroclinc.
2% Opagucs, as nasses in centre of biotite and
hornblende aggrcgate,
Lepidoblastic texture - oricntation of tabular
biotitc and hornblende.
Rock namnec - Anphibolitec.

384/E 10 lacro. Granite gneiss with foliation.

Micro. 25 - 35% Quartz. Equidinensional grains

~ 1 m.0. size. Well developed undulose cxtinction
in nost grains,

50 - 60% K. Feldspar - nicrocline, Coarse grained,
contain somc inclusions.

10 - 15% Plagioclase, contain a number of inclusions.
3 - 5% Biotite, anhedral crystals, cquidinensional.
Granoblastic texturc, but biotites have preferred



' Apppendix p,.4,
384/E 10 (Cont,)

have preferrcd/

optical orientation.
384/ 44, Macro. Fine grained, nassive, grey-green rock,

Micro, 65 - T75% Feldspar, Grain size 0,1 =
Q05 .1, Grains cquidinensional, Mostly
K - feldspar, snall anount of plagioclase.

15 = 20% Hornblende. Grain size 0,1 1,11,

10 « 15% Bpidotc.  Anhedral, colourless.

3 - 5% Quartz,

Fabric - Gronoblastic texturc. No preferred
oricntation or laycring,

Rock nanc - Bpidote Hornfels.

384/F 7 lMiacro., Mcdiun grained schist with layering
visiblec, Fron the 1linb of a ininor fold,

Iicro. 40 = 50% Quartz. Grain size 0.1 - 0.3
e, Mony grains elongated.,

10-15% Muscovite. sone 1 - 2 n,n., groin size.
Sone fine graincd interstitial.

5% Sillinanite. Fine necdles, nost{ly in quartz,
host, Weak preferrcd orientation,

30 - 35% Biotitc.,

Fobric - Laycring defined by concentrations of
biotitec and sillinonite. Sonie biotite poxallel
to layering (81). Most biotite and sone
clongated quartz grains have a preferred
oricntation cross cutting layering.

Rock nane - Sillinmanite, quarta, schist,

384/G 14 lMaoro, Finc groined, well layered rock.
Grey to reddish colour. Boudinaging of finag
layercs around coarser laycrs,



Appeadix p.5,
38446 14 {cont.)

Micro. Outer layers.
70% Feldspar
2 - 3% Quartsz
10 - 15% Opaques
10% Epidote. Needles.
5% Piedmontite.  Anhedral, Pleochroic,
bright red to pink.
Also layers with a lorge amount (up to 80%) of
fine garnet.

Central boudins contain coarse piedmontite and

garnet,
384/G 20, Macro. Fine grained layered, grey schist,,
Folded.

Micro. 5 - 10% Biotite. Tabular 0.1 — 02 m,nm,
grain size,
5 - 5% Opaques.  Anhedral.
1 = 2% Muscovite.
80 - 85% Feldspor. Very little twinning.



Appendix p., 6

384/G¢ 20 (cont.)

Very 1little twinning./

384/G 47.

384/H 38.

Where present nostly nicrocline. Sone undulose
extinction. Grain size 0,05 - 0.5 nm.i.

Fabric - Layering defined by biotite and opaques.
Biotite preferred orientations and some elongation
of feldspar grains parallel to laycring. This
foliation is folded. In hinge zone of fold sone
biotite grains parallel to axial plane - So.
Lepidoblastic texture.

Rock nane - Feldspathic schist.

llacro. Finc grey layered schist.

Micro 3 - 5% Quoartz. Grain Size .05 n.i,
As inclusions in albite or as discrcet grains.
Undulose extinction.

80% Feldspar. Snaller grains, + nicrocline
and 4+ plagioclase. Souc inclusions. Also
large anount of coarsc albite crystals (4ib 95)
Groin size 0.5 - 2,00 n,.n,

arge nunber of inclusions of bintite with a
preferred orientation parallel to that in the
rest of slide,

7 - 10% Biotite. Tabular with preferred oricent-
ation.

3 — 5% Opaques, Sorie hexagonal; graphite?
Rock naiie - Feldspathic schist.

Macro. Fine to ncdiwn graincd schist.

Micro. 5 - 7% Biotite. Tabular. Grain
‘size 1.00 n.n. - 0.1 n,i,

3 - 5% Muscovite 0.5 m.n. to finc
scricite.

1 — 2% Chloritec. Associated with
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384/H 38, (Cont.)

Associated with/

384/1 39,

biotitc grains. Grain size 0.05 - 1,00 n.n,
2 - 3% Garnct. Enhedral porphyro-
blasts, Schistosity bent around crystals
5% Sillinonite.  Fine necdles in
nasscs or includel in quartz grains.

70=80% Quartz. Grain size 0,05 =
1.00 n.n,

Fabric - Preferrcd oricntation of nicas
(nuscovite not as good as biotite) and
sillinanite parallel to layering. A second
cross cutting preferrcd oricntotion (S2)

is also developed in nicas (and sillinanite?)
Lepideblastic texture.

Rock nane - Quartz schist.

Macro. Finc light colourcd schist, Foldced
and crecnulated.

Micro. 30 - 40% Quartz. Grains cqui-
dinensional, sone polygonal grains, Few
larger grains hove undulose extinction.
40 - 45% Muscovite., Tabular. Grain size
0.1 = 0.5 n.n,
Also sone sericite.

10 - 15% Biotite, Tabular, grain
size 0.1 n.n,

3 - 5% Chlorite.
Minor Garnct - subhedral.
Fabric - Strong preferred orinetation of nicas
parallel to layering. Folded and crenulated.
Lepidoblastic texture., '
Rock nane - Qunartz schist.



384/1.61,

384/K 25

Appenlix p, 8

Macro. Fine dark grey schist containing
large chiastolite prisus.

Micro.
Approx., 25%. GChiastolite porphyro-
blasts. 10 ., across. Enhedral,
Sonte fine sericite within the crystal.
15 ~ 20% Musocvite, Grain size 0.1 p.n.
15% Biotite. Shapcless grains, 0,05 -
0.1 n.,2. grain size.
30 = 40% Quartz, Very fine quartz as
a nntrix., Also sone coarser quartz with
undulose extinction.
10% Opaque - probably graphite. Very
fine. Anhedral.
Fabric - Layering defined by concentrations
of graphite. oone biotite and nuscovite
parallel to layering. Foliation bent around
porphyroblast.
Rock nainec - Chiastolite schist,

Macro, Mediun grained, grey, layered nschist

Micro. 104 Biotite., Tabular to prisnmatic
0.2 - 0.5 n.mn,

85% TFeldspar. Grain size 0.1 = 0.4 n.n.
Mostly plogioclesc. Ab 67. Sone nicrocline.
2 — 3% opaques., Anhedral., 0.01 =

0,05 1leits

Pabric - Laycring given by anount of biotite.
Biotite has 2 preferred orientaticns onec
parallel to layering the other cross cutting.
Lepidoblastic texture,

Rock nanc - Feldspathic schist,



384/ 4.,

Appendix p. 9.

Macro.  Fine grained rock with light and
dark layering.

Micro. 5 = 10y .mphibole - hornblende,
Grain size 0,05 - 0.5 n.u. fnhedral to
subhedral prisnatic
75 - 85% TPeldspar. Grain size 0.1 -
0.4 n.n,
Mostly nicrocline twinning, scie plagioclase,
1 = 2% Bpi‘tote. Anhedral 0.05 - 0.1 n.0n.
3 - 5% Clino pyroxene., Anhedral, 0,05 -
0.1 n.n.
grain size.,
Minor. Calcite ?
Opaques.
Fabric - Granoblastic texture. Layering
defined by hornblenle, clin- pyroxenc or
epicdote.
Rock nane - Hornfcls.,
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