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he Hinekiey Henge is situsted on ths Jouth ﬁﬁﬁ%?&i’z gl
cestern Australis border b@twaﬁm,caﬁfﬁin&tﬁﬁ, iatitude 267G

Lithological units include gramulite facies racks (mafic and
felsie), graniteid intrusives, Ciles Complex (mego gebbros, olivine
meso gabbros, meso norites) snd three distinet dolerite sets. 41l

the sbove rock types have undergone severe cataclesis during the

development of the linckley Yylonite Zone,

4 secuence of events together with hyvotheses for the genesis

of the "mafic gramulites” eve proposed, These have been accomplished

using fisid reletions, structure, peirology, I-ray Diffrestion {(om

the Gllss sulte ?%akg} end comparisons with similer provinees in other

parts of the worid,
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Th@iﬁin@kl@y Range straddles the border between lestern Australie
and South Avetralis about 10 miles south of its junction with the Horthem
Territory border. (See locality mep, Figure 1). Hafic granulites intruded
by meid granulites with charnockitic affinities are separated from the (Giles
Complex gabbros by the ﬁinckl@y mylenite mone.

The arvea mepped covers approwimately 100 square miles and lies 2
miles south of I.W.A.Le's Wingelling camp. AL lis widest point the Hinckley
Range is about 6 miles wide by approxieately 25 miles long.

Isotope dating by Avriens end Lombert (1969) places an age of 1,380
4+ 120m.ye. on the granulites of the HMusgrave Rengess It i assuned that the
granulite facies wetamorphism affecting the Hinckley Hange is of the same
agee. The bost age available for the Giles intrusion is 1,100mey.

(Oliver, eteale, 1969).

The present study wes uwndertaken primarily in order to elucidate
the genesis of the mafic granulites. Although this sinm was not alitogether
patisfied gome possible mechanismas have been postulated.

Finally it should be noted thet this report can only be considered
as a preliminary investigzation of the area: The time available coupled with
the reletively large aves to be mapped prohibited the collection of a lazge
anmount of deteiled information. Thus it is hoped thet this paper will
stimulate further interest which will lead to » more detailed epproach to
the problems of the area.

PREVIOUS IUVISTICATIONS
Althowh meny papers have heen written in recent years on other

intrusions of Giles Complex materisl into the granulite and amphibolite facies
eomtry rock, little work has been undertalen specifilcaully on the Hinckley
Range. Daniels (1966) desoribed the Hinckley lange pabbro as “eceupying e
syneline with H-lW axis whose southern limb thins to the west". Lilile or no
igneous banding was observed until the thickness reached approximately 3,000
feete Deniecls interpreted the mafic granulites as contaminsted Ciles naterial ,
"transgressive sheets into the grenitic end prenulitic aountey roskt, Héw@VQr
there is roasonable evidence for the converse i.e. the granitic (charnockitic)
rock is intrusive into the mafic granulite. (See Plate 1A).
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3.
Flow along these valer courasss only occurs during perlods of intense or
prolonged rain,
Dolorite dykes define easily observed 1 linear trends on the
asrial photographs. These dykes were used ag markers during field work by
the author, as most of the hills of the range have liittle to differentiate

them Lfrom their neighboura.

However the pebiros can be eagily differentiated from granulites by
their mode of ouilsrop. Vheress the granulites deline plenc convex glopes, the
Giles material @éﬁ%ﬁﬁly outorops as angular ledges which are apravent on
observation of the aerisl photographs. It was also noted in the field that
the spinifez had a definite preference fovr the vore msnesian goil essociated
Wiﬁh the weathering of the gabbroioc rockse. ‘the low frequency of ghears in the
Giles material ls menifested in the paueity of stream courses within the sabbros.

| Climate of the region is arid, with day temperatures during the time
of mepping reaching §U-9§GF, while night temperatures probably drovped below
50%F. Heinfoll is extremely intermittent and irregular. lowever precipitation
is very rapid and heavy when thunder-stomms move down from the HW. This
violent snd infrequent rainfall is probasbly the aiﬁgla mogt lmporbunt factor
in soulpturing the present land form.
PROBLEVS 1N FISLD VORE

The greatest single problem in field work was to cover the ares to
be mapped efficlently in the time availeble. It was realised from the outset
that owing to the relative insccessabiliiy of the area, all work had %o be
conploted within the time allotted. Thua in order to adeguately map the arvea
it was necessary to walk roughly H-5 treverses across the strike of the body.

Little or no contact mapping was attempted except sbout the contact of the CGiles
Complexz with the grenulite countey rock. However the mylenmisation of thie
contaect presented difficulties in interpretation.

Another fector which made field work difficult was the initial in-
ability of the author to distinguish (iles intrusives from the mafic granulites.
However after several days the following eriteris were used to diseern the two
litﬁélagi@aa Xg
1) ﬁﬁe "pecrystellised” nuture of the mafic grenulites. %This was probably

a purely subjeotive eritervien, but it can be argued that mapping itself

is subjective,
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2) the presence of "blebs" or schlieren in the mafic granulites, coupled
with, isoolinal intrafolial folds, defined by quarts-perthite layers
(S@a‘Pl&%@a 2hy 2i)e

3) typical blocky outerop of the gabbroic roeks, together with their
assosinted "unrecrysitallised' appearance.

4) assoviation of spinifex with the gebbroic rocks. This was used in
places where other criterls were not evident.

The last factor iz of a non-geologlcal nsture but nevertheless lmportant

eongldering the terrvain in which the mapping was wdertaken.

An clectrical fault in the vehicle being used necessitated o
relatively early return from fieldwork, se use of the vehicle's lighting
gystem would have renderved 1t inoperable {which the suthor discovered during
the return to Adelaide). Purthermore 3 days were lost becsuse of heavy rain
which made some sections of the ares lnaccessable.

RIGIONAL GEOLOCY

Giles Complex basic and ultrabasie rocke outerop ss thick cheets
and plugs throushout the fusgrave Block (See Pige1). They intrude aecid,
Intermedinte; end basic rooks of both granuvlite and amphibolite facles. The
rogilonal gtrike of the whole bloeck is roughly E=W, with significant outerop in
Ge Ausbe We Auste, and H.T. Dtructurally, the lons axes of the various
intrusions are parallel to the regional strike. ‘

The Giles Complex parent magms probsbly had tholeiitic affinitics
ag all of the ultremaiic cumilaies arve domineted by orbhopyrozens and olivine.
(Hesbitt, cteale; 1969)s The most common texture of the basic and ulirabasic
intrugives is cémulative, with individual intrusiene displaying well-developed
fractionatione Because of the relatively thin lenticulsr nature of the
Hinekley gabbro, primsry ignecus banding ig not as well developed as it is in
Hte Davies, to the esat, which has been well-studied end docusented. (Hesbitt
and Talbot 1966)s The method of intrusion of the Ciles materisl is thought
to be in the form of a geries of sheets empleeced at different structural heights
within the ?ﬁ@ﬁé@%@i@ crusbe

Granvlites snd their charncekltie associstes have bwen docunented by
wilson (1954), snd more regently by the various CGeology Surveys eonducted by
Be Auste and Vs Luste Both "metamorphic” and "megmatic® charnociites have
been reported. However on Turther investigation it could possibly be shown
that both may be of sedimentary origin, but have undergone different degrecs
of mobilisetion durdng granitisstion or wnatexis.
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Throughout the whole of the Musgeave Block HY trending doleritde
dykes define 11&@%@ features which can be easily observed on gerisl photo-
graphs (as noted in o previcus section)s A tentative corveletion can be made
with sismiler 0 trending dykes reported in the Viddlebask Ranges, based on
the petrology and magnetic properties of both sets. Hesbitt, oteal. (19@9)423
gubdivided the dolerites into four disbtinet sets on the basis of petrology
and orvientetion.

Un either side of the lusgrbve Blosk lis younger sediments, o the

94

north the impdeus BHasin, and o the south the Gfficer Besin.

durdng traverses, the interpretetion given bolow should only bo resarded as
preliminary. Uhe nomenclature used is that adopled by Nesbitt ebenl., {1969)
end Uliver eteals, (1969) for the grenulite facles rocks of the Musgrave Blocks
Host structures defined by this scheme have been vesogmised in the granulites
of the Hineckley Hange.

By = discontinuous compositional layering represented by %1%%@&%1@&
of asid and basie lenses ranging in seale from o few millimetres e.ge Slide
333-26 to several tens of metres e.g. ridpes of felpio granulite as deseribed
shove. (See Plates 20 and 28).

8y = foliation (schistesity pencrelly parellel to the composibional
layering %@} Imposed during the gmeissic defommation. (See Plate 27).

Fi = tight, isoclinal, similar intrafolisl folds as a result of ﬁﬁ
deformations (See Plates 28 and 27).

L, - mineral elongation (streaking out of quarts in felsic lenses)
in the direetion of plunge of mesoscopic ?1 inteelolial folds.

S-turfaces and Folds. Wesbitt ebeals, (1969) have deseribed "guarts rich
laminge within some ?? fold hinges which sppear to have been deformed into
very amall pootless folds, produsing o rodded linear structure sontaining ren-
nant fold hinges. With lurther flettening these rootless folds degenerate inte
flat rodded struetures's The further flettening probably cocurred dupring the
gnelssic deformation. (See Plate 2A), This meshanisn is proposed by the

author for the formation of the felsie (quarts-feldepar) "blebs" vr schlierven
deseribed in the maliec granulites.



FIG 2

+ poles to foliation

A lineation (mafic granulite)

0 poles to bedding (GILES)



6.

Another hypothesis which has been put forwesd to orolain the
"blebbing” is contamdnstion of Ulles material by felsic gresuiiltes, the so-
ealled maiic granulites ectually being interpreted as contaminated and re-
cryetellised Giless However the reported F1 inteefolinl folds defined by
small-seale quarbe-Teldspar bands within the broader mafic bande invalidate
/ such an hypothesie, because the ?1 deformation predates the intrusion of the

Giles mafic and ultremafic sulte of rookse (Hesbitt et.al., 1969).

Tha 3@ banding between the felsic and mafic granulites is possibly
an indirect reflection of the original layering within the sediments which has
subsequently boen motamorphosed and trensposed by later deformation. The large
goale reglenal k&n&ing iees ridges of felsic grenulite within the mefie
grarmlite, probably represents orviginal stratieraphie distribution. The finer-
scale compositional variatlon posslbly represente metamorphic processes of
segregetion end differentiation. (Moore, 1970).

Within the felsic granulites (which include rocks with charnockitie
affinities) foliation is defined by streaking out of quarts grains snd the
development of feldspar augen. (See slide 333-1). In the hand gpecimen pre-
ferred oriensation of ferromagnesion minerals (pyroxene, opx or cpx, horn-
blende and biotite) plus opaque defines the plane of foliation. Although the
structural date is limited there is some evidence to show that the foliation
within the felaic granulites parallels that in the mafic pranulites ie felsic
granulites and mafilc granulites have both wdergone gneissic deformstion,

producing %1 foliation sucfeces. See Pige 26
Daniels (1967) described the Hinekley Henge gubbro as the southern

limb of & syncline with H-iW trending exige. The Horthern Hinckleys define the
northern limb of this gyneline. However no correlation can be made bebtween
- these two limbs as the northemn 1limb was not studied by the euthor. It cccurs
with associated weathered ultrabasics (in the form of a nickeliferous echre) on
I.leAeLe's nickel leases. The gebbros displey only primary dip sucfaces,
deflined by veriation in the ratio of ferromagnesian minervals to felsie minerals,
plus the superimposed gneissic deformsbion sucface S1. Poor examples of pgraded
bedding were observed approvimately 200 yards south of sample losation poini
333-39. ﬁﬁ genervation folds ave entirvely sbsent within the Giles Complex, thus
@upﬁorting the eémmtention that the Q? deformation (respensible for 7 intra-
folials) predated the intrusion of Giles mafies mnd ultzamafics.



A

Intrusive contact of felpic

rock with mafic granulite.
Hear sample point 333-31.

¢
Priwary brecciss “enoliths
of mafic granulite.
Indicating intrueive
nature of the leuccomtle
material.

i
Apmatites Fragments of
“felpio granulilte?
included by mafie granu-
lite. Illustrates
originel lgneocus nebure
of the mafic granulite.

ATE 1

B
Bxfolistion from a felsic
boulders Ophenoids are of
ineluded mefiec granulite
fragmentae

B
hgnatite. Fragmenta of
mafic groanulite within
felaio intvuaive.

i
Lecal development of
nignatite near sample
location point 333-100.
Example of e "hybrid rock

tygé@“ ®
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A
Partial tf&ﬁa@@&i%éﬁﬁ of
F{ intrafolisl folds %o
form the blebs (schlimen)
of @ﬁ&ftﬁnfglﬁsﬁﬁxo

¢
A poor exasmple of the F2
fold style showing the
more open type. Rapido-
graph in the dirzeetion of

the axial plane.

B
8o discontinuous eonpos-
itional layering. In the
approximate centre of the
photograph not Pl intre
folinl define by e mefiec

lense

B
Intrefolial #{ folds
defined by both acid and
basic bands.

D
S0 - diseontinuous o0
positionel layering.
Hote lenping out of mefie
bandse

P
¥l - dntrzefoliel folds.
Hote attenuation of fold
limbs parellel to the Si
planes
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Although for the grester part, the strike of folistion within the
(iiles Complex bugles ls orientnted in a WY direction, there is some indication
that the folimtion direstion chunges to TV toverd the western end of the
intrusion. Thig folding is probably indicative of the FB deforsation which
broadly warped the Giles material and granulite country rock.

D, deformation (manifested as F, folds) was observed enly in-
frequently in tho field. (See Plate 2C). The F, fold style is easily differ-
entiated fvom the %1 intrafolials by openfold style coupled with e more weakly
developed foliation. "In S-layered rocks the development of an Fz axlal
foliation tends to bo very weak®. (Hesbitt eteal., 1969). The overprinting

- relations bobween F, and ¥, fold styles as described by loere (1970) were not
obzerved in the ﬂ?ﬁmﬂlﬁ%@@ of the Hinekley Honge.

Lineations within maflo granulites were observed in the proximity of
sample location points 333-86 and 333-28. The lineations are defined by
streaking out of both feleic and mafic minerals in the plene of the 31 folia-
tione A number of messuroments were taken but because of the losal nature of

the readincs, predictions on regional @i;ﬁiﬁi@aﬂ@% seem undesireble. The
plunge of nmesoscopisc F fold axes locally ﬁ&f&ll@l% the directien of smineral
stra@kiﬂg. Prom the llmit@ﬁ data taken, 1% would eppear that the divection of
plunge of the ?1 fold axzes is @ppr@xim&%@Ly 7@ in a 0B to Hi dizection.

”h@ mopt @tﬂiﬁiﬁg m&mife@tatlam of “brittle Cracture” within the
Hinckley Hange is the Himckley Fault. This could be more correctly termed the
Hinekley Hylenite sene, a@lit ﬁ%fiﬂﬁé quite & broad strip (approximately helf
e mile wide) through the gabbros snd & small section of the mafio grenulites.
Associated with the cataclastic deformation predused by the mylenite,are

numerous very locel developments of pseudotachylite. The extreme eotaclastic
texture of ell the Hinekley Range roek types is very gpparart on examinetion of
thin seotions. Undulose extinotion, formation of secondary twinning and kink-
ing of exsolutlon lamellae can all be obuerved.

In the Tield the mylonite mone can be peadily identified - within the
plane of the mylonite ds a well-developed lineation which probably defines the
direction of movement. At sample 1&&%@&&% point 333=25 the strike of the
mylenite is essentlally BV while the "folistion plame® dips at 5@9 torard the
north with o linsation pitehing at 80° toward the east. This data wos con-
firmed further east slong the strike of the mylenitee



FIG 3

a: polygonel
b: interfobate
c: amoeboid
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As mentioned ahove, pseudotachylites are locally developed in
ell rock types, including some dolerites. In thin ssotion (See FPlate 37)
the pseudotachylite is manifested as % dark gray-green coloured “gla&g”,
within which @&ﬁ‘ﬁé observed drawn out "augen" of partially vitrified
ninerals. |

dmell shears ave common throughout the mafic granulites, but a
marked decrease in cccurrence wes noted within the Clles Complex lithologics.
They are readily epparent en serial pholtographs and often provide planes of
wealmess for the eourses of phreams. The dominant shear dirvection is 1B,
o and may define an axial plane strueture associated with the regicnel folding

of the granmulites. Supplementary shear directions were recopnised ssprox-

imately norenl to the major il trending shearse -8 ghears out the

mylonite gone near the contact of mafiec granuliles with Giles Intrusives,
end therefore must be the youngest deformation.

Thras dolerite dyke suites corresponding to the type A, © and D
subdivigsions of Hesbitt, et.al. (1969)

geographic orientation eriteria. These sinor intrusives will be dealt with

ware wveoognised on petrological and

in a subsequent section.
Conclusions

Two Lold styles have been reecosmined, Fﬂ with ite tichtly
appressed, lsoslinal introfoliale and ?29 & more open obtrusture. The 31
foliation plane is perellel or gub-parallel to the 8, compositional layering.

Both brittle and “flow-type" (mylonitie) faulis exist, the fomer
type probably boing the last deformstion to affect the sros.

It is %@n%&%ivély proposed by the author that the grenulites and
gabbros wndervont Fo deformation sepavately, end were luter faulted into
Jupotapositlon, probebly prior to the linekley Pault. This is sugeested
beoause 59 fﬁli&tiaﬁ in the granulites has been folded around & neare

vertical HHH plunging fold axis (?), whilst the gabbros show no guch structure.

The terminalogy used to deseribe the textures of the grenulite
suite of wvoeks is that proposed by Yoere (1970) in an attempt to
standerdise nemenclature. (See Fige 3} The torms used ave genovally
without genetic connetation i.e. essentinlly descriptive.



Upx = Gpx = 01 = Flag, Tetrshedron expleded at 10, 30, 70 and

9 eriticel plagioclase medes and 10, 50, and 90 elivine eriticel
modes. Dasheld divisions et 10 orthepyrozene and 10 dinopyrozene
eriticel modes,

Ahbreviationsg:

2 = elivine

Up = ortho pyrozenite
Cp = eline pyrozenite
L = leuco~

B = HRB0-

%o = pelee

4 = pnorthosite

¥ = norite

G = gabbro

U o= dunlte

Pl = plerite

Pare peridotite

H = harsburgite

ih = lhergolite

T = trostelite

% = websterite
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A system of eclassificetion proposed by Zoode (1970) was
used for the Giles Complex gabbroic rookase (S@@ Fige 4)e Coode
found this systen %o be particularly sucecessful in the naming of
layered intrusives, Textural nomenclature uvsed isg that of JToplin
(1964).

Hafie Grenulite Petrogravhy
Texturally these rocks have polygonal grain boundavies

and digplay characteristic recrystallisation or ammealing (Mgore,
1970), and cateclasise. Cenerally they can be deseribed as grenue
blastic, egquigrenular, polysonal, bubt in some specimens porphyroblasts
of perthitic I-feldepar, can be founds. The becurrence of E-feldspar
possibly suggests potassiva metasomaticn during the emplacement of
the "remobilised feleic pranulites - charnocckites'. (Cooray, 1969).
in some gpecimens, primary biotite defines crude foliation within
the 8of84 plane. Blebs (schliexen) of quartz-feldspar are elso drawn
out in this direction in a few specimens (eege 333=14, 333-33, 333-10
and 333-9)e A doleritic type texturs can elso be observed in which
the plagioelase grains are lath-like and extremely well soneds The
simmificance of thie texture will be discussed in a later section.
The minerology of the mafic granviites ie remarkably

consistents UThe essential minerals ave entiperthitic plagloslase,
diapeidic hedenbergite - sugite (as the clinopyroxene), and bypersthene -
bronzite (as the orthopyroxene). (See Plate 3A)e lagnetite is the
egsentlal opagues Accessory minerals ave zircon, apatite, bilotite,

- miner quarts, and browmm-green homblende. Vymmekitic intergrowths
ware resorded in some gpecimens. The above mentioned anhedral
porphyroblasts of perthitic K feldepar oceur intesmititently (eege
slide 333-14), and "perphyroblasta" of plesiocelase (multiple twinning
and zoning) with emaller subhedral grains of multiple twinned, noned
plagicclage encloged within were also observed (e.g. slide 333-82).
Plagioclase - this mineral is genewally in tho form of anhedral to
subhedral grains which define itriple point junctions with other
plagioclase graine es well aa the fervemssmesien minersles Jithin
gach @ﬁ@éiﬁ@ﬁ (exeept for the vlsgloclose porphyroblasts) the sige



PLATH 3

A .
333-46 Hafic granvlite. 333-73 “"Feloie granulite,
Hote polygonal texture. Development of myrmekite

v betwoen tws perthitiec E-
Peldsparas

pl - plagioclase
opx - onthopyrozene

epx = elinopyrozene By - myrmekite
bi « bilotite per - perthite
0g = Opague. Ké}xm. bi - biotite. X108z.n.

¢ B
333-78 "Felsiec granulite". 333-50 “Felsic granulite.
Hote anveboid testure with Armoeboid to interlobaste
myrmekite é@v&l@yﬁﬁﬁﬁd texture.
or - orthoclase gt « cuarts

hb = hormblende on - enthoclase
bi - blotite ¢g = Gpague
By - myraekite hb -« hommblende
bi - biotite 63 Zene
0g - opagque L1UE xene

B [y

333-101 Development of
mylonite in "felaie
grapalite®. Hobe auwgen
development of partielly
vitrified greles within
the mylenite bands

nt - mylomite

pl - plagicolase

gt - quartz. X63xen.

333-2 Development of
paeudotaclylite within
dolerite.

pl - plagioslase

0q - Opague

ps - peeudotachylite

opx~ elinopyroxene

bi - biotite

K63 Zene
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range io moderate, but from sample to ssmple grain size changes
appreciablye. It ranges from approximately Uefmm - 7.5mm in the
wore or less equidimensional anhedral graing, to e oz jmm for

the lath-like zoned plagioclases in the “pseudo-dolerite® %ype maf
granulites. “Porphyroblasts" of plagiosclase, containing smaller,
subhedral plegiocluse grains, resch dimensions of 15mm x 6e%mme
(eege slide 333-82). lany grains contain Ydustings" of fine opaques
which in some cases ave aligned in crystallogrephic direction, but
in generel their distribution tends 4o be random. In one of the
"doleritic type" mafic gramuliﬁag the opague dusting is regtriected
to the coke of & a%rénﬁly ggm$£ graine. The esignificance of this
phenomenon will be discussed in a later seection. Multiple twinning
is commen, but not displayed by ell nlagicclase grains. Simple
twinning ocoura in e nusber of thin sestions, and along the twin

bound-aries are rows of fine opaquess Host of the plagicelase graing
are strongly antiperthitic. This K feldspar exsolution vavies from
enhadral curved rods to guite suhedral square patches, the former
being nmere prevalent. As well as the inclusion of fine opague graing,
acicular apatites ave extrerely common, end their habit is significant
in the genotic interpretation of the wfic granulites. The placicclase
composition is difficult to determine because of extreme cataclosis

of the rocks, producing secondary twinning (Cennom, 1966) which ecannot
be taken as zepresentalive of the eriginal composition. Howover,
composition ie thousht to be interoodiste to calele fe.ce of
labradorite aempe@iﬁiaﬁ. fuite often the plagioclase - pyroxens

grain boundaries ave defined by clusters of fine opacues which could
represent a reaction between the two phasese In “eontaninnted? mafie
granulites plagloelase megacrysis are olten embayed with a myrmekitie
intergrowthe

Clinopyroxene - like the plugioclase, this mineral is usually enhedral
in habit with cleavege often well developed. (Urains ave generally
polygonal in outline and of widely differins grain size - from
epproximately Ooimm - {.0mm. In many grains there ie e reaction rim
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betwesn the elimopyroxens and plagloclase which im very narrow and only
discernible under @rossed polarss Criteris used to distingulsh elinopyrozene
from &ftha@yr@x@m@\ar@ the higher birefringence of the former, lack oi marked
pleochroism snd exsolution of opaquess There are many inclusions (a5 woll as
exsolutiens) of opagues, bub inclusions of small anhedrel embayed plagiocluse
grains are rares Compositionally the olinopyroxzenes are diepsidic-augite,
with 2V = 606°% Hovever low 2V valucs have been observed which correspond %o a
composition move towsrd the susite end of the scales Thin mantles of highly
pleochrole dark green homblende frequently snvelope the clinopyrozene graing,
and they are invarisbly asscciated with fine opagues.

Opaque exgolution lg generally in %h@ form of thin rods, @ax&llel to
the eleavese diveection, but more anhedzal, irregular opagues are contained
within many
solution phenosenon. Occasional twinning vas elso observed.

Orthopyroxene - this coours as anhedral grains varying in sige from spproximstely

grains. It is not lmowmn whether these are inclusions or an ex-

Uefum = foliame ‘Triple point junctions bobwssen the orthopyroxene snd other
minerals are the most common reletionshipe As with the clinepyrozens, sall
anhedral inglugions ef opacues ave ubloguitous, with an cceasional inclusion
of snhedral plogloelase. Lxsolution lamellse are quite com
frequent than in the clinopyroxzenes. The intense pleochroism (salmon pink o
%o pale o
relatively high 2V, classiifles it as hypevsthene. Asg with the elinopyrozene,
small clusters of fine opaque (with a slightly greenish tinge) cutline meny
the grains. Some grains of hypersthene are overgrown with clineopyrozene
(eugite) and although the latter has a higher birefringence, they extinguish
togather.

mong bub less

e X/) of the ovthopyroxene, coupled with & negative sign and

ot

Upaques ~ they ave generally snhedreal, and except for the fine dusting within

plagioolaege grains, arve solely sssociated with the ferromasgnesianse Grain sisze

varies @én@iéefﬁ%ly, but is weuslly in the renge O.fme-Ocomie. The anall
elusters of epaque have been mentioned sbove. Hinersgraphy en thin section
333-52 proved the epague to be magnetite, with possible haenatite exsolution.

A gimilay exsolutien of heematite from titaniferous mepnetite was recorded by
tely B8l of the Hinckley Ranse. lHantles
of biotite were svmetimes seen about anhedrsl opague grains. Iuhedral ex-

taore (1970) from Cosse Pile, mpproxims

golution of opasue from both orthopyrodene end clinopyroxene cccurs in many
speclmense



12
Biotite - eccurs possibly as o primavy minerel, but more probably as a later
alteration product of the pyroxenes or opagques in the presence of water. Ilany
opaques display o mantle of biotite. Urain gise ig generelly 0.5m, vhile
actusl content of mica can be 5-10/4 An increase in percentage was noted
near contasts with the felaic granulites. Typical biotite pleocchroism ( «
yellow, p =¥ , dark reddish-brown) was also obscrved, although in some basal
sections biotite displayed little apparent pleochroism but remained davk rusty-
red on rotation of the microscope mtage. Vhere blotite is present, preferred
orientation of graing is proncunced, probably dus to the gneissic foliation.
Bmell biotite flakes are occasionelly included in plagioclass megecrysts
(eg. slide 333-79). . |
Apatite - acicular grains of apatite are ubliquitous throughout the mafie
granulites, and ere restricted to plagioclase, where they ccour as smll

clusters of up to 20 needles, with no preferred ovientation. As well as the
needles, pmall @g&iﬁim@ngianal greins veocur, but with 8 lower frecuency of
incidence than the acioular form. In meny cases the length of the needle was
found %o be up to 20 times its breadth Hollow needles, as deseribed by Wyllie,
Cox and Biggar (1962) were found in thin section 333-81. The sisnificance of
these epatites will be discussed later.

Zivoon - occurs infrequently as small, rounded highly bir@friﬂg%nt greing
within the plagloclase. It is distinguishable from the epatites by its habit,
higher welief, and interference colourse. Hounded gircens in smsll sroups
were found in mafic granulites contaminated with felsic gramulite. Their
rounded nature is significant in the interpretation of
felsic granulites (See Discussion). Grain size is generally less than O.1mm,

the geneeis of the

although soge exeeptionally laxge graina were recordeds

Hornblende - gensvally occurs as a secondary alteration preduct, due to
instability of pyroxene in the presence of waters An excellent example of
this appears in thin seetion 333-5 which is a mafic granulite contaminated
with felsic material. The hormblende has marked pale yellow-brown o - yeldow-
brown A - greenish-browniplecchroism, and is thus readily distinguished from

the pyrorenebs

The pecondary nature is obvicus from the inclusions of rement

pyroxene found aphitically enveloped in the hormblende. Small inelusions of
aphedral opagues are common. Hime of hornblende shoul pyroxene are 4o be

found in most specimens, but this is possibly due to weathering vather than Vi
the "r&tragr@uéiV@ prbtasonatisn? deseribed pbove. ”
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Hyrmekite - as with hornblende, it is commonly found in maiis g@aﬁvlﬁ%g@
conteninated with felele granulitess Theas rooks generally have o ;:wf%%la@%i&
interlobate to aroebold texture rather than the polyganal fabrie eomuon to most
pafic granulites (eg slide 333-61). tuarts i also a commen phase in these
“hybrid" pocks. Vyreekite intevgrowths were frequently found as eambayments
into meso to erypto perthite or wultiple twinned plagioclase gral -
contaminsted mafic granulites myrmekite intergrowths may constitule as must as
2-3% of the zoeke Tt may therefore be tentatively used to indisate contanine-
bon tnirusionss |
Quarts - cccurs only in the rocks contaminated by felsic ma%%rialo there
‘present, it has anhedral form (amasboid to interlobate) end displays pronounced
endulose extinotione ‘@raim size varies eonsiderably, fzom epproximately O.dom
‘ o fmaptz is invari%%ly associnted with

ife 1IN ©OHO

hyroblasta of grester then 10mm

e made no attempt to subdivide these, although in mode
of cuterop and minerslogy considerable differences were apparents Generally
they outerop ea rounded boulders (some exfolisted, See Flate 1B) with a greasy,
witreous whathored surlace. Hany hand specimens dlsplay asugen development of
feldepars whish are allgned with lang axes parallel to the 8, foliation plane.
Polistion is elso defined by streaking oubt of quarts grains, eclonsation of
f@txﬁm&gm@ﬁi@gag and opacues. Ouarbes often displeye a feint blue colour, while
the feldspars eppear b&ff}@@ pink-brown. The fi@l&‘ayp@af@ﬁeﬁ of these zocks
is similar o that deseribed by Subramsniam (1959) within the type charnoclite
adrase It is thought Ly the guthor that 2 distinet types of
feleioc granulite existy
1) a sedimentary type metamorphosed to grenulite facies more or less in situ.
2) & vemobilised palingenetic type of felsic zock (variously deseribed as

charnockites cr hyperothene w-%{&ﬁﬁlli@%@} which were intruded ints the
mafic granulites. |
It is beyond the seope of this report to classify individual oculerops
in any waye, but the author feels that the prominent fi@g@@ on the HY aide of

provinee neay i

the rang g ave of the first typoe. Howaver Plate A1 is an exeellent grample of
the sesond type which oceurs e fow yacds uwpetrean from sample location point
333-31. Tezturally i% ig difcicult to separvate the two types of felsic rock
See Plate 3C. loth display granoblastic ineguigrenular, amoebold to inter-

lobate texture with calaclesis manifested by wndulose extinction (particularly

of quarts) and disbortieon of plugioclase multiple twins.
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Augen development of feldsper (meso to erypto perthite) ic common and is
well illustrated in slide 333~1. Bssential winevals in the feleie granulites
are quarte, meso to orypto perthitie K-feldspar, minor plagicclase and opaques.
the ferrvomsgnesisn minevals associated with the leuccoratie conatituents vary
eonsiderably. They include diopside, ortheopyroxene (hypersthena), biotite and
homblende. lHowever, in slide 333«9% aphene is the @nly nen-foleie ﬁinaral
aﬂgaciaﬁéd with the opaques. Accessoriecs include, mireon, a@&%ité;&nﬁ the
above mentioned sphene. Iyemekitic interprowths ave common. B
Quarts - ocours as anhedral amoebold graing of widely differing size ranging
from 01e = 2+0mme In some of the more @@f@ﬁyrablaétia speclmens elongate
grains have the dimensions Smm x Zome Tost grains ave clear with rows of very
fia@‘inﬁlu@i@ﬁg possibly delineating former grain bounderies before annealing.
Undulose extinetion of quartz is perticulerly obvieus in s11 thin sections.
Inelusiens of gireon occeur infrequently and sve confined mainly %o perthitic
feldspar. Stringers of quarts graing with long axes up to 19 times the breadth
were observed enveloping porphyroblasts of meso perthite in slide 333-13
illustrating the severe distortion sescclated with the gneissic deformation.
Perthitic potassiun feldspar - within the felsic granulites K-feldspar is only
present with perthitic exsolution. 3See Plate 38. The form of this exsolution
varies from small rounded blebs to the more frequently observed cuwvved rods of
exsolved plagicolase pavellel to the long axes of individual graings The
latter form would be described es mesoperthite with some exemples becoming so
fine as to be terred exyptoperthite. Crain gige varies markedly from less than
O.9mm to elongnte porphyroblasts with dimensions 5mm X 2«%mm. Asgocisted with
many mesoperthites sre myrmekitic intergrowthe which Hubbard (1966) considers
as forming contemporanecusly with perthitization. Inclusions of opaque, zirveon,

sphene and hornblende are freguent. Possible vemnant gimple twine were observed
which were hishly distorted and thus could have been confused with sivain
shadows.

Plagioelase - The presence of this phaws
about 2-3% of the model composition of the vock. Crains ere anhedral and small
with dimenslons usually less than O.fmme Hultiple: téinning ls the enly way in
which plagicclase can be recognised in this seetion. Conseguently umtwinned

8 is variable and never forme norve then
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graing may not have been recognised thug lovering the resocded @1&giﬂ91&&é
modal percentages.

Hyperathene - Crthopyroxene oscurs in relatively few sarplos and when
precent is the only ferromsgmesian phases The feet that pink-green
plecchroisn is rarked wes the eriteria used to distinguish it frem
elinopyroxenge Cleavage le generally well developed. Grein siss was
found to b2 r@létiv&ly congtant at approzimately 0. Tome '
Diopside - The aspemblage diopside - hornblende - biotite is pavrticularly
common in the felsic granulites. Diopside {1ittle or no plecchroism)
ocours as anhedrel agegregates of grains with assoecisted opaguess Tell
develogped clesvage is chavacteristic whilat 2V was found to be approx-
imately 45°% Hentles of hornblende common}
indieating @@%ﬂﬁﬁ&&y alteration. Crain pize s penerally constant ob

Ly wim the diopside hence

about O.%mm or less. ,

Hornblénde - of the ferromagnesians in the felsie granulites, hormblende
is probebly the most common. It is charsetovised by 1light greem A
brown green A  and dark green Y pleoshroisme Crain elge, as with
most of the minerals in the felsic rocks 1s varisble but is gensrally
lees than O.5mme Associated with homblende ave cpaques ss diserete
grains or es inclusions. Hinor hormmblends occurs as thin rins about
clinopyroxene. In well foliated specimens the long axes of hory
graing ave alimed parallel to the 31 gurfase.

Biotite - characterised by typleal plecshroism, mica is found in
associatlon with all the other fervomagnesisns exeept hyporsthenee
Clusters of mica ave frequently observed with leng exes nligned in
the éﬁ foliation surface. Upagues are frequently contained within
biotite flakes possibly indicating a retrogressien of the epague or
reaction of the opaque with the enelosing potassium feldspar. Grain

blende

size iz generally less than O.3mm. but varies eomsiderably from ome
specimen to another.

Zireon - This accessory is cemmon to almost all the f%lai@ granulibos.
Habit ie in the form of well rounded anhedrsl grains which ave easily
recognlised becsuse of thelr hich birvefeinsence end velief. Crain
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gize is gevnerally of the owvder 0,0Y9mm. The rounded fomm of the -
zireons @g“ woll as one instance (333-13) where a brownish core is
overgrown with colourless gireon possibly indicates thet the felsie
granulites arve regenerated sediments.

Apatite - Where cbserved, the apatites huve anhedral essentially
eguidimensional form as distinet from the acicular apatite desecribed
in the wafiec granulites. (rain sige ls generslly less than 0.02mm.

It 1s most commonly found in intergranular quartgyboardering
fervomagnesion minevals.

Ophene - iphene could be used to distinguish the granulite fecies
felsic rocke from the later intrusives using Turner's (1968) come
tention that sphene is not slable wnder granulite facies mebtamorphiem.
- However the habit of sphenes as velrogressilve rims around ilmenite,
sould be = post granulite facies fecture. Vhere cbserved (See glide
333-95) sphene grains cccur both as diserete grains and retrosressive
(?) rims about ilmenite. It is disbinguished Prom sireon by ite
colour, habit (lese roundedl grains) end predeminent association with
opacuss (rain gize was vesorded as spproximately 0. 3mme

Fymmekite - myrmekite intergrowths sre ublquitous between ¥ feldspar -
K feldaper grain boundaries. Thoy cocur as embayments within perthitie
graina. Ghelley (1967) regards its occcurrence as indieative of
r@exyaﬁallaﬁatiﬁﬁ following deformation.

\

?%@ f@llé@in& ra@k typ%@ cogur loeally developed within the
mafic grenvlitess
1) Acmatite - Plates 10 and 1é.
2) Primavy “breccia’ - Plate 1C.
3) Higmetite - Plate 1F,
Agmatites were veadily recognised in the field. They arve defined ag
pafic blocks, cross cut and imcluded by intrusive feolsic materiels The
ecourrence of this rock type indicates vielent intrusion of the f@l@i@ B
materisl without significant resomption of the country rooks Primary
breccias were noted in the vieinity of one of the large Y trading
dolerits dykes at sarple locktion point 333-100. As with the agmatite,
the intrusive nature of felsic material is indicated.
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cmstite ig developed locally within the mafic granulites,

the best @%@@gur@ being in conjunction with the primary brecein at

sample point 333-100. A possible explanstion of this phenomenen ig

local rehesting, thus “randomising® the ordentation of formap ?1 type

folds o give the migmatite now observeds
Digeusaion ' |
Bignificance of Petrogrephy - The nuthor has included the above rather
exhaustive petrogrephy in order that the resder mzy realise on what eriteris
the following diseussion is based.
Hafie Granulitess Typieal assemblage for the mafie gr&nulit@é is plagioclase
(labradorite) - orthopyroxene (hypersthens) - clinopyroxene (diopside augite) -
agnetite (ilmenite) y blotite 4 homblande, with epatite and miccn ag

acoessories,

Té@ ocourrence of plagloclase as zoned, muldiple twinned megserysts presents

the following thees possible interpretationsse ;

1) the plagicelase megasryvets are phenoerysts with primnavy gonine and
twinning,

2) the megacryste ave porphyroblasis with secondary goning and twinning.

3) a combination of 1) and 2).

The author favours the third interpretaticn. If one assumes the mefic

granulites to be basic (perhaps doleritic) sills intruded sencordently into

sediments which have subsegyently wndergone grenulite fecles metamorshien,

interpretation 1) ie valid. The simple twins observed cam only be explained

in this way, whereas multiple telaning can be the rasult of deformation pro-

dueing glide twins (Camnon, 1966). Gannen deseribed plagicclase (andesine) C

in which zoning, both reverse and normal, as well as secondary pericline

%wiﬁniag ooours, in amphibolites end grenvlites from Dittish é:; 3

cages, the plagloclase greins from the mafic grenulites in the Hinckleys digpley

& well-twinned eore with a szened periphery untwinned. This indicates growth

(possibly due to motesomatism) after the deformation which produced the

multiple twins. Thus the suthor prasenta the following mechanism to axplain

the above phenomenan. The plagicclase nucleatod as essentially free-growing

crystals In a bosie magme in whieh cccasiocnal crystals came together %o fornm /

the simple twing now observed. Zoning of these crystals ocourred ps the
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twinning possibly ccourred during the D, deformation (whieah produced the
Fq interfolial folds). Following or ducing this deformation, secandary
zoning of the plugloclase wae imposed on the primary soned megacrystase If
the soning is of the reverse type, its secondery nature is almost bayond
guestion. Gennon noticed increase In anorthite content of pl%%i@@i@%%

with rise in metemorphie grede, particularly in hizh grede metamsrphie
reactions.

Thet the mefic granulites are of igneous origin seems' indisput-
able. The coourrence of acleuvler apatile in ﬁﬁnjancﬁimn with simple twinned
porphyroblastic pi&glﬂﬁl&%@ supports this contention. Uyllie, Cox and
Bigear (1962) state that the presence of seicular apatite implies igneous
origin. Also theve ls & sugrestion thabt the megms from vhich the apatite
precipitated cooled at a meoderate rate, thus preventing the apatite from
assuning its evhedral form. Hence growth oceurred predominantly in the
fagtest prowth dirvection, thus resulting in scicular form.

Hyemekitic intergrowths, while ubiquitous in the felale granmulites,
ocgecur only in the mafic granulites as & conbtamination features Two divergent
schools of thought attempt to explain the genesis of this phencmencn
(Hubbard, 1966)s The rirst ccnsiders mymekite as a replesenent feature

resul ting fronm replacement of orthoclase by sodium - rieh plagiocclase, op

of plagicclase by orthoclase, viss

2 EAlSi3 Og + Tag O —— 2iis 41813 O + K0

2 EA18i3 0y 4 Cal —— Cadi, Blp Og + K0 + 45104
The wecond consilders that myrmekite ie diveotly linked with perthite ex-
golution. This involves the assumption that the dissolved (s eomponent of
an high temperature alkalic feldspar has & molecule of the fomm (CaA15130g),
which, on reversal to “normal perthite' as & result of exmclutien, would
liberate free quartss- |

Ga (418130g)p —— On A1581,0, + 48105
Both possibilities pay occur in the gramulites of the Hinekley Hange
Gontemporaneous with the intrusion of the "chamoekitic type" felsic rooka,
potassiun motascmatisn way have cccurreds Fvidence for this is the presence
of perthitie K feldspar porphyroblaste within the mafic grenulites. On the
other hand hovwever, Hubbard places great emphosis on the sssoeiation of
perthite with myrnekite i.e. myrmekitic intergrowths ave en extension of
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exsolution phenomena aessoclated with deformatione

Opaque (haemetite) exsolution from pyroxene is also tuken as
indicative of ignecus origin for the mafic granulites, The arﬁh&pyrﬁxanea
(as noted in the petrography section) nre characterised by marked plecchroism.
Howie (1964) attributes this phenomenon to high alumina content which is
indicative of a high pressure of formation. High alumina content of
pyrozene was also reported by %aaﬂe (1968) for the orthopyroxenes of 60&@@
Pile. Euperiments éconducted hy Gr@aﬁ)ﬁu@&@gt such pressures are likely ta
ocour between the mantle and upper cru%tal environments.

As regards the prevalence of antiperthite within plagicolase, Sen
(1959) described increased potassium content with ineresse in metamorphic
grades, TPavameters thought by Sen to be significent in the occurrence of

antiperthitic plegioclase in granulite facics rocks aret-

y /’

1) slow cooling after a temperature maximum.

2) mnonometancrphic rather than pdlymetamorphic "retrogression®

If Sen's contentions ave correct, the granulite facies metamorphism affecting
the Husgrave Block produced s tempersture maximum which declined slowly in

a single eplsodes

Pelaic Grasulites s The leuccoratic rocks of the Hinekley Range can be
divided intoc two brosd gr&ups‘.

1) & sedimentary type, metamorphosed to grenulite facies more or less

in situ.

2) @& remobiliged palingenetic type of felsie rock (variously desoribed as
charnogkite, or hypersthene adamellite, Wilson, 1994) which was intruded
into the mafic grenulites.

That the "felsic granulites" ave of sedimentery origin is indicated hy the

following factee

1) the mode of euterop of the leucocratic rosks on the NV side of the range. -
Here the felsic rocks define lenticvlar ridges several tens of metrves i
wide, The euthor fecls that it would be diffiocult to produce this oub-
crop: pattern by processes of metamorphic segregation and differentistion.

Hlence these felsic rocks would all into cabegory 1)e

114 should be noted here that on the accompanying map no such subdivielon 1s
made because of the inablility of the suthor to classify each ocuterop of
leucooretic zock individuslly. Thus on the map the terms “felsic pranulite"
and "acid gneiss® are synonymous.
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2) rownded zircon grains. Meore (1970) used this eriterion for inferring
the sedimentary origin of the leucoeratic granulites at Gosse Pile.
In one oese, & zircon with a rownd, brownish-pink core is mantled with
clear ¢olourless zireon. This peossibly indicates secondary growth or
& reworked detrital sireon grain. Howover this kypothesia may be in-

correct ag rounded sireons have buen reported from slleged “"magnatic

grenites's

3) although somewhat dubious, the loeal imhemogeneity of the felsic rocks
possibly suggests facles variations within the original sediments. This
hyp@th@@ig neglects the migration of metasomatic “fluids' during
metamorphisn as well as losal differcnces in PHy0, temperature and
pressures ey

Intereontinental Correlations. - Because of the connatations assoclated

with the word “charnokite", this term hap not been uwsed by ithe suthor in

deseribing the leucocratic rocks of the Hinclkley Range. However it would

seen permissible to desoribe these rocks ap having chamoekitic affinltes.

The type charnoékite arce near badras described by Subramsniam (1959) bears

gome remarkable similarities with Hinckley lange granulites. Pagtors in

eommon inclules-

1) similar appearance and mineralogy of the aoid vocks.

2) acid, intermediate end basic rockse

3) "unrecrystallised” lenses of basic roek of noritic compositicn.

4) migmatite, primary breceis, and agume

5) similaritles in the response to defeormation; e.ge. streaking out of
quarty grains, etc.

6) Hybrid rocks - probably contamination of en meid rock by a basic rock,
or the converses

7) oross-cutting dolerite dykess

To the reader, it may scem undesirable to make correlations on the basls of

%iﬁ@o

purely petrologieal and field assoclsbion data. However, using llurley and
Remd?s (1959} prevontinental drift reconstruetion this earrélati@n geeng

feasibles (Qa@ igum@ 5)e When platted en Hurley and Hand's reconstruction,
ginilap liﬁh@g@%%%%@&l associntions in Indle, Ugands, (LY
Greenlend and Scandinavian cowniries describe a well-defined balt of grenulite
facies rocks (Cooray, 1909). However this is only e tentative corvelation as

the date is anything but conclusive,




hb-op-pl
subfacies

Si

FIG 6

\
o
ca,wo cp op =
n
n
@
| .
. o
op-pl _Si -
subfacies @
o
=

gr
ca,wo cp op

Load P Constant

Affer do Waanrd (1acs)




Ca Fe hbl +(Ca) Fe garnet + Si0, == Plag + Hy

FIG 7

opx + plag

o
o
o
[
uJ
b
O
Ca Fe Mg Ti hbl + ©
garnet « qtz
——— % cordierite
Fe silicate Mg silicate

- A‘S{‘QJ‘ aa..m‘oov*(b
(1auq),




2%

Metamorphic Pacies - The mafie granulite assemblages of plagicolase -
hypersthene - digpeidic augite -~ opajue % biatite + hernblende places them 0
in either the orthapyroxene - plagicclase or hornblende - @fthagyr@z@ﬂ@ -
plagioolage subfacies of the granulite facies (de Vaard, 1965). (8ee ¥i

6). Locel variations im the PH0 explain the presence or absence of
hornblendes With higher water vapour pressuve hornblende becomes g steble
phase at the expense of orthopyroxenes The menoccurrence of garnet could
possibly be explained by o fairly high Hs/(Hg + Fe?*) ratio, the presence of
hornblende and the relatively high 41505 content of the pyroxene (Crecn and
Ringwood 1969)s

The @x%x@mely logal variation in PH,0 is shown in glide 333-98. In
this slide, a thin banﬁ made up entirvely of hornblende and plegloslage in a S
mafic lens is sepavated from dicpside {(in en mcid leas) by less than fum.
This also supports Ramberg's (1949) contention that hormblende is more stable
in the basic assemblages than in the more leucoecratic litheleogiss. However
h@?ﬁkl@ﬁg@ has an extremsly wide stability range with rospect teo composition,
pressure, temperature, snd water vapour presture. (See Fisure 7).

For the leucoeratic rvocks ("Felsic prenulites edm hypersthene
odarellites cdm charncekites®) de. Woard postulates e temperature of origin up
to 800°%C with very low water vepour pressure. Low PH,0 is required to explain
the stability of hypersthene over horablende end is compatible with granulite
facies conditionse. In rocks which conbain hommblende and bilotite ss the
stable ferremegnesians, two possibilitles exist.

1) the ?ﬁgﬁ in the envivonment of fomwtion was higher relative to those
sherve orthopyroxens ie the stable mafic materisl.

2) Subsequent retrogression of the onoce stable pyroxene has resulled, due
to diapthoretic chanses l.e. diopsido - %yp%fﬁﬁh@ﬂ@ - homblende -
blotites (Cooray, 1969).

The author Tevours the former view to @iplain this phenomenon in the Hinckley

E&né%@ &@amliiaeﬁ.

| ”h@ f@llewin three reasons cre put forward to explain the brevity
of this sectione

1) the aim of the project was to determine the genesis of the mafle grenu-
of the

lites, hence only three travevses were walked across the strike

Gdles intrusives,
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2) The inter sample point distences were tvo large to fully recognise
an subseguent thin seetion descriptions eny possible rhythmic wmits
within the layered sequence.

3) Both gecchenlgtzy (becsuse of incorrect technique) end Y-ray diffraction
of plagioclese falled to give e slmple trend. The date obtained was
ingufficient to fully interpret the node of intrusion. However some

goneralisations cen be made
&) Petrolosy - Plagioclase is the dominant mineval in the gabbro clan rocks
of the Hinckley Range Giles Intrusives. All rocke deseribed have at least 455
plagloolase and thus £1t into the mesd ranze of (oede's bagic and ultrabasic
classification {See Fisure 4).

Texburelly the rocks very {von hypldiomorphiec granular to
allatriancrphic with most specimens displaying cateclusis to soma degree.
Within the mylemite zone, primery minerals ere impossible to recognise, due
to the almost complete vitrification of the original assewblage, ee.ge slide
333-25. there cataclesis is only weakly menifested, the cumulative origin
of uome minerel pheses is appavent. FPlagloclase in partisular displays
subhedral form, the former euhedral shape having been modified by adcumulus
growth (Jackson, 1961). ‘

Hineralogleally the gabbrole rocks contain between 45 - 607 plaglo-
clase, whilst the ferromegnesian phages of olivine, orthopyroxene and clino-
pyroxene are extremely variable. Upagues occur as discrete grains as well as
gn exseclutlon produet from pyrozene Hornblende and biotite ave commmn
congtituents, wund myrmekite was also found in some thin sections. Hesction

coranas about olivines, due to ite reaction with plagloelase have been © .
degeribed (See Plate 47).

Flagioclage varies in praein size from approximately 1.%zm - 8mm over
the whole inbrusion, but within e single speeimen it shows very litile varia-
tion exoept where severe catolasis has granulited the ruek produsing smaller
fregments. Undulose extinction and distorted twins are commons Many grains
are strongly antiperthitic which possibly sugnests subsolidus exsolution during
cooling, or in vesponse to deformation. Simple twins with superimposed
multiple twinning was observed in many thin sections. Lath-shoped plagioolase
grains sre in many cases subophitically wrepped by both orthe end clino-
pyroxene, Interousulus (interstitial) plagioclase often containg numerous
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333-64 Pigeonites
Fxaolution’ of cline-
pyroxene from ortho-
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opz - orthopyroxene
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333-35 Foliated moso bassed

Exsolution of elinopyroxene
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opx - orthopyrozene
epx - elinopyroxane
763 menie
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anhedral grains giving vise
to an sllotriomorphie
texture. ‘

pl - plagioelasge
opx - opbhopyrozene
ol -~ olivine

0q - Opague
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B
333-23 Dolerite.
Exsolution of opague
(haematite or ilmenite)
fron clinopyroxened.
opx - elinopyroxencs
0y = Opague
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&\o\ow M)
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epatite inclusions of equidimensional habil, compared with the mafic
granulites which arve soicular. As stated above, the plagiosclase pureentage
does not fall below 45%. X-ray diffraction analysis of 8 specimens (con-
stituting o traverse ncross the enstern end of the body) gave plagioclase
composition within the range 57.6 - 7046 i.e. of labradorite composition.
(See Pigure 8).

Olivine is present in pereenteges gencrally less than 10 - 15#%
in many of the mesogabbros or norites of the Hinckley dange. Composition
is toward the fovsterite end of the seale« From optics, 2V  of appruzimately
99@ was messureds The olivine has s high content of papgnesium relative to
iron. I is readily recognised in thim section due to its characteristic
vegponge te deformaticn. Meny specimens contain inclusions of opague,

possibly mumetite. Hantles of orthopyroxene (hypersthene) were commonly
noted, as woere reachtion rims b%t@%am olivine and plagloslase grains.e This
latter phenomenon manifests itself as e gxé%ni@h«@olﬁureé gymplectite of
orthopyroxene, clinopyroxene, and spineles (Oreen and Ringwood, 1969).
Ulivine ocours as both g cumulus and an intercusmlus phases

Orthepyroxene ocours in variable amcunts in ell the gabbroic rocks
of the Glles Intrusivess It has charscteristicelly mavked plak-greon
pleschroism and is optically nepgative, desee iz hypersthenes A with olivine,
it was observed es both & cumulus end an interowmulus phase. In the latber
form it commonly weaps laths of cwmlus plegioclase. 4 curious form of ex-
solution (Bee Plates 4A and 4C) of climepyrozene from hypersthene is developed
in many of the deformed mesogabbro and norites. lxsolution of opanue
(haematite snd/or rutile) producing & schiller effect ils cemmon. Minor
orthopyroxens forms as & resction rim about olivine and alss es an exsolution
from clinopyrozens.

Clinopyroxene (ss either augite or pigeonite) occurs in all of the
gabbroic rocks, in varieble amowunts. Dolh: cumulus and intercumulns pyrozene
ave repressnted, bul no attempt has been mede to classify rocke on this basise
mont wnisxial) end an extine-

Pigeonite wae recogmised by low 2V (scmstimes ol
tion angle of approximately éﬁa. Hany greins displey ezsolution lemellae of
sugite, parallel to (001) (Deer, et.als, 1967)s Pigtenite is invariably

inverted, thus caveing difficulties in differentiating it fron orthopyroxene,
dige-

rasulting from gimilarities in pleschroisne In thin section, sugite was

tinguished from pigeomite by the former's hijher valus of 2V, end slmost
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complete 1@@%'95 pleochroisme. Augite commenly contalns exsolubtion lomellae of
orthopyrexene, pevellel to (100). As well as the exsolution of both ortho- and
elinopyroxene from both augite and pigeonite, lamellae of opague (ilmenite and/’
or haematite) have commonly been exsolveds \here present, the opagie lamellse
assume the form of parallelapipeds, with one axis very much lenger than the
other. Twinning within some greins ean aleo be observed.

Upaques are repreeented by ilwmenite, haemetite, wnd megnetite. The

firet two are usuelly present as exsolubion from pyroxene, while nasmetite is
the most commen opaque in the form of diserete grains. Small euhedral graing
were rarely observed, but enhedrsl (in somo cases almost emeeboid) grains are

ublguitous. %he ameeboid shape @ay be o manifestation of the cpagus's more

duetile response to deformation.

Hornblende and blotite vocur both as e primary phase and secondazy
alteration produsts. Hornblende often ophiltically encloses opaque greins, and
this is probably of a primary nature. However secondary alteration of pyroxene
is common to many epecimens. Blotite ccours interstitislly as a prinarvy phese,
and like homblende, es an altevation product of pyroxene.

Apatite ls developed as aggregates of many smell (emosphous) grains
- within intercumlus plugioclese. Its form is entively different from that in
the mafie granulites, which sugzests (tentatively) that the mafic granulite
"parent” cooled at a faster rate than the Giles Intrusives.

fyrmekite and zivgon were fownd in very swall quantiticse

The mineral assenblages observed, together with the composition of
the plagicelase determined by X-ray diffreétion suggest that the Hinekley iange
gabbroic suite crystallised from s quarzby thaleiite megre at less then 12K bara,
if & temperature of approximstely 1,100°%C is assumed (Green and Ringwood, 1969).
The dominance of orthepyroxense over olivine supporte this contention. The
nonogourrence of rutile am & shable phase ploces an upper limit of 19K bars on
the confining pressure (at 1,100°C). This agvees well with the limits set by
the observed mubsolidus resction, which mamifests 1tself ss o greanish
symplestic growth botween olivine and plapicclase. The relatively hizgh A1203
content of the orthopyroxene (indicated by mavked pleschroism Howie, 1964) was
used by Hesbitt, ete.al. in poatulating a hish pressure of formation for the
e Davies and Gosse Pile intrusiong. The pregsure suggested corresponds to
that of mentle or upper crustal environvento.
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The “anomolous® plagioelase gumposltions obiained by %‘ray
diffraction ean be wxyl&in@d in(five wayss- v
1) the “intrusion® is in fact not one differentiated Intrusion, but » series
of sang.e ‘

2) the relatively coavse sampling noross the body did not allow subtle
rhythmio vaviation to be recogniped.

If the hish An content of plagleclase from plide 333-T70 ism dis-
regarded, o Ybroad decrease" in aponthits content from south the north can be
inferred (See Figure 8)« Sample 333-70 would therefore represent a seccnd
intrusion. lHowever this explination doos not seem feasible in the light of
work done on other Ciles Intrusives. Henee the author favoura the view that
the method of sansling did not allow smaller varistions to be detested.

Ny (IIs

The ninor intrusives con be divided into two groupsse
1) olivine meso gabbro plugs
2) dolerites - which ean be subdivided into 3 types.
Gabbroie FPlugs - milnerslo ieally and texturelly these rocks are gimilar to
the Lithologles present in the main gabbroie intrusive of the Hinclkley Hange.
Outerop of this type of intrugive ig limlted; being conflined to four small
hillecks in the extreme IV corner of the ares. linersls include cumul
lath-like plagioclase subophitically enveloped by clinepyroxene (augite), and
magnesian olivine. Orthopyroxene is rar¢. Hinor phoses are opague, biotite
with accessory symplectic intergrowth between plugioclase and olivine, apatite,
end hornblendes Daniels (1967) has stated that in ell cases these wmin
inbtrusives can be correlated with the major sheets.
Dolerites - the discorvdent intrusives cen be subdivided into 3 catesories on
the basgis of wminewelogy and orientation. They covrespond o the A, B and D
subdivisions of Hesbitt, ete ale (1969). One significsnt ohan
the plasing of the type B dyke set rather than type A as the oldest set. Type
B is the only set to have undergone any deformation and it ls menifested as an
chvions recrysballisation and crude orienteticn of biotite flakes. Little more
than a brief minowvalogical description plus e note on orientetion can be
included in this report. 7The nomenclature of Hesbitt, et. al is vsed below.
Pype Ae This set constitutes the prominent U dykes vhich diseordanily
intruﬁ@ the pafie granulites. Yexture is subophltie to ophitie, with clino-
pyruzena (?i“@dl@%%) either partially or wholly encleosing plagloclase lathse

usl,

pa howver ia
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313=18 Contmet betwesn

fine graim@a dolerite

dyke and "Lelsie sremuiiie"

Hote flovage texbure as

nanifested by sireshed out

vlagioclase.

dol - dolerite
ol -~ plesisclsae

en - chilled marzin

63 Kene

[+
333-49 Dolerite. Granular
ageregntes of pyeozene
with biotite - plazlioclase
laths - exsolution of
opague from e¢pse

- bi - biotite
0g - opague
pl - plagioelase
epx - alinopyeozens
A108 zens

B

333-78 Delepvite ﬁ@g@@ E)¢
Similer to 333-49. Hote
simple twinning of plagio-
elase laths end granular
ageregates of prrozene

pl « plagicelase

epx - slinopyrozene

bl - biotite.

B
333-69 Heso gabbro. An

Cexample of exbreme cata

clasig-kinked exsolution
lomelleei~ opx and orushed
plagioalese graing.
0g - Opague
cpz « elinopyroxens
pl - plagicelese
X673 Henie

B
333=12 BDolerite (Type A)
Hajor 1 trending dyhke.
Laths of plagiceclase gsub-
ophitically enclosed by

- elinopyrozence

pl - plagloslase
epx - elinopyroxene
K%% HLalie

P
333-15 Dolerite (Type C or
D)e This dyke intersecte
the major dyke (see 333-12).
Olivine, elinopyroxene and
plagioslage ave the chief

conpbituenis.
pl - plagicelase
0q - Opague

cpx = elinopyroxene
0l = olivine

K63 pepel.
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(See Plate 5D)s Both the plagioclage und ¢linopyrozene ave highly eltered,
the fommer appeering buff-coloured ond turbid; whilst the pyroxens is
bordered by o rin of emphibole (homnblende)s Iiinor phsses inelude epague
(magnetite) apatite in intergrenuler plogioclese, end blotite. The minersls
show no preferved ovientation, as distinet fxom the Type A dolerites of
Hesbitt, eteals ,
Type Be These dolerites ave distinctive in the field ms they veour in
- swarns of very narrow dykes (1@%@ than three feet), genoerally with a HE to m
orientetion. Deformation is manifested s preferved orientation of biotite,
and obvious reoryetallisation. The texture of these dolerites ie distinetly
diffevent Lrom Ty@@vﬁn Granular aggregates of pyroxena “éubapai%i@ally
envelop" plegioclese graine, which vary in habit from laths to essentislly
equidinensionsl (See Plate 58). Both ortho- and elinepyroxene
the latter being distinguished from the former by abundant opague exsolution,
especlally Lrom the larger grains. Uinor consbtituents inelude bilotite (u@
to 3-4,0), seicular spatite, magnetite, and ilmenite. Haemetite may possibly
be en exselution mineral from alim@pyyeﬁ@m@.
Type Do Phis set is defined by the presence of szoned olivine mepacrystsoe
Texturally the rock is ephitic to subephitic, with elinopyroxene enveloping
plagioclase laths. Ho orthopyroxene is presents (See Flate 57)e Idnor
congtituents arve magnetite, ilmenite, biotite, hﬁfﬂbl@ﬁé@, oliving-plogiocliage

are pregent,

symplectite and very minor acieular apatite. No deformation was obsexved,
and orientation peems to be random.
In spummery, the subdivision of Vesbibt, ets ale. doss nod apply te
Range dolerites. iype D obviously predates Type A, while Type D

The following seguence of events is modified after Coede (pers. @omm
1970) to it the muthor's interpretation of the genesis of the Hinsiley Hange
granulitea, and gabbroie intrusives.’

I Zuﬁja LOGAL SHEARTHG
XH HINCKLEY FAULT (mylonites and peeudotachylites)
WEYEE DY DYERS

Fy FOLDING (breod warping)

1 Goode does not agree with the pre=Giles segquence.
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WTTRE AN DYRES
F,, FOLDING (- folds)
RPE BY DYKES
1310 FOLIATIOH (S surface developed)
GILE: GOAPLE DITRUaIves
SHYPERSTHEE ADAVELLITE INTRUSIVES® (palingenstic)
GRANULITE FACIES METAMORPHIS: (%@1 feld style)
INTROSILY OF PASIC SILLS
STVICH OF PROTERGZOIC SROIMITs
1 OF THH GRAE
It 1o the author's view that the imberbended felsic and mefie
geanulites repregent origineld sediments and concordant bagic s8ills, zespectively.
The basic eills (vossibly of & dolerite composition) were intruded inte
partially greanitised sediments which were originally grer wackess Progressive
metamorphise dehydrated the é;igiﬂai sediments end r&éryg%&lli%&ﬁi@m prodused
the mineral esserblage now observed. The original sedimentary nature of the
levcoeratie rocks is indiested by rounded-soned zivecns, as well as fleld
relationss The energy required for the dehydretion proecess was e function of
deep burial in & eugeosynolinal envirenment followed by granulite facies
m@taﬁ@f@ﬁi&@e during vhich the ?i fold style was developed within the mafic
granulitens
The iatrusion of thé "hypersthene adamellites” was probably a
palingenetic pr@@%a$ imiti&t@ﬁ by the Ciles Complex Intrusives et depthe
The deeply buried (lower orust) eugeosynclinal sediments were remobilised due
to the formation of a palingenitic melt which subsequently discordantly
intruded the éﬁ%@rb&&a@& grenulites. This hypotheesis 1o supported by de
wanrd (1969) who postulates & convergence in the origin of charnockite. {Seo
Pige 9)s Althouzh not all the felsle intrusives of the Minckleys can strietly
be classed as @h@@a@akzt@a, their charmockitic affinitics seem obvicus.e A
Cglighitly higher EEQD can be used to explain the nom-stability of hypersthene
in some intrusions. Thus two differvent types of felsic rocks were produced

from the same source ie both the inter-banded and the intrusive leucocratic
rocks were originally sedimenterye

The above hypothesis is pr@f@gﬁ@d to the one sugeosting thet the
"mafic grnulites” sre contanmineted Clles material. Although soms small veds
of Giles intrusive were recognised within the mufle granulite, the suthor does
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not feel that theee represent "unrvecrystallised" Giles Complex gabbro (norite),
but rather they ere small cupoles assccicted with & major intrusione Similar
pods of "unrecrysbtellised" meterial were desoribed by Subramaniam (1959) in the
malic granulibes of the type charnockitio provinse near Madrase Finelly, the
presence of ?1 intrafolinle invelidates the "centamination hypothesis®.

The mafle granulites of the Kiﬁ@kl@y Hange were formerly basic sills
intruded concoxdantly within eugeocsynelinal sedimentss Both have subsequently
wndergone granulite facies metamorphisme The feleic rooks of two typesie-

1) & sedimantary bype, wgtanorphosed to grenvlite facies, more or less in situ.
2) & remobilised palingenetic type of felsic rock which wae intruded inte the
interbanded mafic end felsie granulites of type 1)

he above evenis were followed by imtrusion of the Ciles Complex
gabbrole sulle vhich in turn was followed by the development of imsissie
foliation, otes (fee SEIUMICH OV EVEITS).

Pinally the f@ll&%ing resomnandations ave made in the hope that the
validity (or otherwise) of the above hypotheals can be established.

1) A more detailed mapping programae needs o be initiated in order %o sub-
divide the mafic granulite sulte and claseify the feleie rocks inte types 1)
or 2). Similarly the Giles Intrusives nced to be mapped on a much sznller
soale than was attempted. Three traverses with coarsely spaced sample points
failed to bring out possible rhythmic vavietions

2) Chemical anelyses on whole rook samples as well as separated minerals and
trage elemonts need to be carried outbe

3) A much more intensive colleection of siructural date would help to elucidate
the relationship between the mafic granulites and the "felgic rocksY, and the
Tormer with the Ciles Complex suites.

In conclusion, this report should only be eonsidersd g praliminacy
investigation in the problems of the areass
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Cpthopyrosene - G ge8e Jume lypersthens.

k - green plesghveis - usually as resstlon wzing
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esy vize 333-63, 333‘*35@ 333'"@69 333-67, 333“%%%
333-09, 33370 axd 333-T1 were selected for vhole rock trast elesant

enslyvele, waine

-

the atomde sbsorption tesimique. These sumples
sonatibubed & -8 tvaverse sovoss the essbern end of the gabbrole
intrusion.

333=635 =65, =67 and -T1 are classified as me

go=rnbbroge
333=66 and -T0 are clasgified as elivine sego-gabbros.
333-68 is clussified ss a mylanitised reso-gabbro.
333-69 is classified as an hypessthens resc-gabbro.

tic

This involved vevoval of weathered surfaces, crushing firelly

in a fly press to frageents less than 1 s in dieseter, then in e 200 nl.
; ,.b P .
chrome steel Seitsteshnik Pill. i took =

guimstely 3 minutes to crush

slae sultuble foy digestiom. The 0.5 g0 of sauple

required for analyeis was teken from o 1/16 split of the crushed vesk.

In order to oblain a vepregentative ss

botesen 350 gp and 05

of rook wers crushed, thereby piniwising sling errors Agua oo

used for dipestion. Foll g dissolution of the sample, anmalysis wus

undertaken waing the Techron Atemie Abmorption Spestrovhotoen
rasulis oblained are tabulated belows

Sample Hos Co ppm Cu ppa Gz pm Hn ppm Hi ppm
20

H 71

w

2EIRKEE
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£

giving wn ik

anemla, fee ¥
if time had sllowed.
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=
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ass in sodal ple
ous veluse for the 5 trsse elesents ananlysed.

uently 1t would have been desirable to ssparute out one

of the fervosegncelan components and undertake the analysis

Cem 4%, sather than the bulk rook wnt analyels

oves An snalyels of =4 three fergo-

ze -¢linopyroxene, orthapyrexene or olivine

ve the differentistion tren
$race slements in mefic rocks is given belows
Go 45 ppm
o 140 ppm
Op 30 pe
n 2200 g

it L
s millien of the Dive

54 160 s

sebb (1962).

sl phove are of e ovdew

Thus it can be ssan that the regulis tebu
of 1/10 the exs
it

3 ape meaningleas,

Teom padie POGES

eagh dn ebaolote towas

s gontaining olivine, viz.

the analy.
332-66 and 333-T0 display hi

n oonoenteationes of ell $he truns el

ive to the othey

(except Cu) e phenomenan, thoee

-

explanstions sroposed:
1) coineidence

2)

aolution

mmlous” valusge

LTRGBS,

ta (with the exesntion

bt
by

3

elivine lattics

1440t then arve the




@ for the trsce

Thus the following recommendations are pad
element analysis ol gabbrole-type rocks:

1) the seenle esllected should be greater then 600 g in onler

2) one fervomsgresian componunt, espeeielly olivine, should be

separated fres the crushed rock sasple. This negales any

gorrection for differences in modal consentration of minevals
in the verious samplesge
3} the sasple should be digested by /iF

g to incuaplete dlgestio.

snd not ague regls as the

Hawkes, Helle and tabb, Jei. {1962) stry in Hineral

vlovetions Harper and lows.







Al
. Rellells waws attempted becsuse of the fsilure of the geo-

ehenistey o give reprodusible results. 1% wae hoped that this would

limited fleld evidence thot the gabbro body faced nosth,

substantizte
by showing an inorease in slbite content o the plegicelese from the
proposed base of the intrusien (south), te the proposed top (north).
However this sieple trend did nol eventuaie.

The zarme gamples arve used for the abortive gec-chemicel
analysis were utilised in the X.%.0 of the peparated plagicclasss.
wn the 109 to 120 nseh
ien) and then separated,
sbion was sided by
magmetite inclesions in the fervosagnesisns. Almost 1007 purity of
by Lafalla
using the msthed desoribed by Hlesman and Hesbitt (1967).
0d is

Afbor gleving, the frection botue

%
=

sizes was fivstly washed (o aseist s

metic seperator. Yhe o

L

wugine a Prang

E

sarple was obiulsed. The pure sasple weg then annlysed

on wh

e T , defined as
20(131) + 20{z20) %@(1313 and is dependent on the reciprosal a
changes. X #* is aleo
ioelasge, and cag enly
vmed that all of the

X * which in tusn is sensitive to compositien
solated tw the siruotural atate of the
relative compositions weve required It wos

plagiosless sryetels fron the varlous o

structural state. Thus the plagloclase compesitions glven beles

not absolutely sscurate, bul relative o caah ather wuld ghow a
eompositionsl Srend, L7 ony.

The two equatlons relating T te the in % are glven belowe
They zefer to wnheated plagicslsse eryetals - eguation 1) for the an

composition 63 « 75, and equation 2 for in 76 - 87.



1) An = 3.6 + 35T
2) M o= T + 974397
It was found hewever that only equation 9) was required, as the
plaglocluse eryetals snnlysed fell in the renge An 576 to An Y0 ebe
Hegults

sample 333-63.
Ave T An %

607547 5946

4 T Ave U An e

0,699 5746

Sample 33306
Hossuped T AVe T An

G501 651

AVe [ An %

G.670 0668 639

Sample 333-88.

T A¥e | An e

G975 0.946 6648



Sample 333-69.
Peasured Avs T An 5
Ge835
Ge925% 0,860 635
0.885
(3.860
s neglected in the determiy
£rlls well cutside the limits of erver for the methed.
Semple 333=T0. '
guved [  hve T  An b

%* This value - stion of average [ as 1%

16065
o040 14350 70.6
o030
1005

T Ave [ A

0. 776 604

Q735
0.810

Kleeman, J.0. and Heabitt, Reis (1967) i-iay Pessurerente of some
Plaglioclases {rom the Hbe Davies Iantrusion, South Australia.

Jo Geols Soee Austs 14 (1) pp32 - 42.
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