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'ABSTRACT _

Ewarara Intrusion is a layered ultraméfic body which éhows.the
initial stages of a differentiation trend similar to the Mt. Davies
Intrusion. It is.eséeﬂtially & flat lopolithic sheet with usually
a steep southern contact wheré the fissures and/or pipes of intrusion
are possibly located, It consistskﬁf an olivine pyroxenite (Lower
Leyer) and a thicker py'roxez{ité (Uppexr Layer), together giving a
visibié-gtratigraphic thickness of aboqt 500 to 600 feet. There
appears to be a marked hiatus between deposition of the layers,
p0931b1y due to convectional overturn or, less llkely, a fresh
influx of magma. Both vertical and horizontal bandlngs are ogserved,
and are not struoturally related. They wére-possibly'formed by
viscous flow in vertlcal planes and by grav1tatlona1 settllng
respectively. Current action is 1nd10ated in some cases by 11neated
textures., Both chilled and hybrid contacts are observed, the latter
_ béing_mofe common . .Contaminatioﬁ near the contacts is usual.

Smaller intfusibns hear_fhe méin body can be represented
usualiy as plagioclésevfich variations of the two main rock typeé.
The first repérted_occurrence of Giles‘Complex dykeé is noted.

Ag anorthosite bddy océurs discontinuously along a large shear to
the north-west, This shear continues as a crush zone through the
main body, dividing it into two lobes.

The metamorphic country rock consists predominantly of gxleisses
which maintain a reasonably constant attitude. They belong to the
pyroxene granulite facies, both orthopyroxene-plagioélasé and |

clinopyroxene-almandine subfacies assemblages being represented,



Post intrusive dolérite dyke-shear swarms crosscut the

whole area.
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I INTRODUCTION




The Ewarara Intrusion is conveniently named froﬁ Ewarara Creek,
| the only feature in the locality to bear a name on any published map.
The area investigated édvers about 8 square milés and‘is situated in
the extreme north-west cormer of South Australia on1y>nine miles from
the South Australia - Western Australia border and four miles from
'jhe South Apstralia - Northern Territory border (fig. l'). Thus it
lies in fhe MnsgraVe Park Aboriginal Reserve and remains esseﬁtially
undeveloped. It is an arid reéion where.vegetatiog is’sparse;
Tufty gréss or stands of mulga grow on the aliuvial plains ﬁhilét '
the stony hill slopes support only\the hardy spinifex and a few
small bushes. Sizable eucalypts grow in the 1argé;_creek beds.

Topography is steep with both the intrusion and country rock rising
very sharply some 500 ft. above the alluvial plains., The intrusioﬂ_
itself can Be pictured as'two 10bes separated by a shear. The
ﬁéstern lobe is.elongaté in an E.N.E., - W.S,W. direction whilst'tﬁe
smaller eastern lobe rﬁns appfoximatély E-W and parallels the layering
~of the country rock. Together, these 10bes\for¢ a long high fouﬁded
ridge with a very even sky-line (Plate ! ) cut only by one major
gorge across the easterﬁ lobe and three smaller,gullieé, further weét,
along the north face.  The country rock is deeply eroded by a number
of creeks which run generally parallel to the E-W 1ayering, producing
a sky-line more rugged than that of the intrusion,

The Ewarara Intrusion forms part of the Giles Complex, a system
of basic - ultrabasic layered igneous bodies. Although this basic
complex was reported by Basedow as long ago as 1905, this remote

region has not yet received close geoiogical inveétigation,



‘but regional maps have been produced by South Western Mining Ltd.
and by the South Australian‘Departmént of Mines. The latter haﬁe
published the Mann (1 inch to 4'ﬁi1eé) Geoiogical Sheet, 1962-and'
the Davies (1_inchAto 1 mile) Geologicéi Sheet, 1964. Recently,
R;W;~Nesbitt and A.W. Kleeman (1964) published a paper on the Mt.
Daﬁies intrusibn;;a-major layered ultrabasic igneous.body 10 miles
south of Ewarera. Mt. Davies exhibits a petrological and
geochemical variatioh across the layering and shows'an uncommonly
1owafatio of total iron to magnesium. The aim of this ﬁroject-is
to elucidate the geology of Ewafara Intrusion with particular
emphasis towards its shape-and mode of emplacgment,;the petrologic
variations across the body and a comparison of its petrology and
sﬁructure with that of Mt. Davies.. |

‘A total of 3 weeks was spent mapping the intrusion and
sﬁrroundings in some detéil on a scale Qf 4.2 inches to 1 mile
(fig.. 2 ). The locality ma;I).of samples récorded in the text are

shown in fig. 3 .



.. IT EXPERIMENTAL METHODS




1,_ Mlnerel Separatlons
(a) Crushing
Fresh rock samples were initially crushed to'"tv}éﬁty m_eeh" grain
eize in a fly;press, hsinv firetlj'a wedge-shaped.orueher foliowed by
a stalnleee steel crusher and plate. A manually operated stainless
 stee1 pounder and plate were used to further decrease the grain size
to between 88. and 120 mesh | Samrles,yere.then washed‘and'drled.
' (b) Magnetlc Separatlon ' | . |
nghly magnetlc portlons were 1n1t1a11y removed by hand magnet‘
‘The remalnlng sample was nassed through a Frantz magnetlc separator,
~and by varying the operating condrtlons of current, erde and dip
slopes, mlnerals‘of d;fferent magnetlc'susceptlbilities were isolated.'
(c) Heavv quuld Separatlon | | )
In. some cases, exnloitatlon of dlfferences in soeoiflc grevrty |
'was neoesser& to echleve separatlon.
(1)- Quartz-potassium feldsp,ar.

A—mixture.of-dimethyl‘sulphoxidegin_tetrabromoerhane
(approiimafe‘S.G. 2{6) in a eeparating funnel was used to seperate
these'ﬁon-magneoic.minerals.' |
(11) Ortho— and cllno pyroxenes.

Cler1c1 s solutlon diluted w1th water (approrlmate s. G. 3.2)
effected.lo some cases a good separatloq between pyroxenes,
Heod'picking was reguired in all cases for chemical worr.'

é,' Opticei Deterﬁinations - |
| _'::(a)' Optic Axial Angle |

. A four axis universal etege was used to determine 2V of both ortho-



' and_clino-pyroxenes.
(o) Refractive Index

Na values were determined for both ortho~ and élino-pyroxenes.
The o0il immersion method using sodium 1ight was used with a probable
accuracy of = 0.002, in some qases I 0.001.

3. ;Moda1 Determinations.

Determination of mineralogical modes was carried out b& point
counting on'%Smm.steps_withAtraversés 1 mm apart. ‘Apbroximately'

| 1000 measurements were méde for each thin seétioﬁ. -
4. Mineral Staiﬁiﬁg Techniques
. (a) Potassium Feldspar

Polished sections were etched with hydrofluéric acid, and
subgeéﬁehtly treated-with'cobaltidnitrite solutibn}- Potash feldspars
were revealed by Eright yellpw stains, | |
(b) Calcium-rich Minerals

Apblying a modification of Laniz, Stevens and Normen's method
-(1964) for staining plagiocfase,ndn attempt was'made to differentially
stgin cliﬁdpyroxenés (Ca'rich) aﬁd orthopyrdxenesv(Ca poor).

A polished'éection was -etched in ﬁydrofluoric acid, and treated
with barium chloride and then emeranth solutions. = Although immersion
times were varied{'popérmanept stéin-on either pyroxene was
obaerved. Aélégioplase stained scarlet.

5. Density Measureﬁén;sf - '

F:esh,iock sampies.were sawn_fo approximately 1" x qn x 3"

(i.e. 30 gréms). These were.wéighed‘in air, and also, while

Y

sﬁspended, in water and densities cdlculated by



Density = Weight in airx S .
: . Weight in air - Welght in water (from Jaeger, 1964)

X-ray lefractlon Techniques
(a) Olivine Compositions

lefractometer traces of smear moun ts of ol1v1ne powder and

.21nc ox1de (1nternal standard) on quartz plates were recorded for

_tosc111at10ns between 20 = 31.5 and 33.0 .

CuKd radlatlon was used.

,26 (130) for the 011v1ne was accurately measured, and was used to -

ST

glve comp031tion.‘

N (modifled from Yoder and Sahama, 1957)
(v) Plagloclase Composltlon '

A similar technique was used to determiﬁe'plagioolase oompoaition.

10

Oscillation wa.s carried‘out between 26 = 3 to‘34° using CuK..

,radiation, but no internal standard was required.

26 ((131) - (131)) was measured and used to determine composition.

nLow temperature state for the plagloclase structure was assumed, and

the speclal graph for thick stratlform mafic intru81ons was ut111zed.
(from Smith and Yoder, 1956)
(c) Garnet Cell Size Determlnatlon

An 11,4_cm flxed camera'aad CuK. radiation were used to‘récord

a'powdér patterh photograph'of tﬁe.sample, and 26 valﬁes-were.méasured

* to‘0.05°. a' values were determinéd for high @ angles, and were

extrapolated to e = 90 to give an accurate a cell size d1mens1on.

'(d) Triclinicity of Pota531umrFeldspar

A diffraotometer trace of~a smear mount was recorded between



29 and 31° 26 for Cuk. rac-liatioln; . 'The separation of {131) and (13’1)
reflections was measured to give triclinicity of the feldsper. ’
(e) Determiﬁation of Or Content of Antiperthite

A standard smear mount of the antiperthite was prepared, and a
diffractometer trace was recorded between 20 and 32° 26 for CuK..
radiation. _ .

28 ((201) plagioclase - (201) potash feldspar) was noted.
Heating was carriéd out- at 1000°C in an electrical furnace for nine
days, by‘which_time homogenisation was completed, and the (ZOT)'peaks
of both feldspar phases were coincident. |

With potassium brémate as an internal standard,_a.diffractometer
trace was recorded between 20 and 22° 26.- The separation of (201)-
plagioélase and (101) pbtassiﬁm.bromate peaks gave the orthoclase
content of the antiperthite. | ‘

7. Analytical Chemistry
(a) Crushing

306 gms of fresh rock sample was cfushed as before (Mineral
Separation), with.caie being .taken to avoid contamination and loss
of sample. About 75 gms was ﬁanually pulverized to less than 120
mesh grain size.

(b) Digestion of‘Sample

100 mgm (accurately,weighed) of powdered sample was completely
>reacted with analytically puré hydrofluofic acid ané sulphuric acid
in'piétiﬁum érucibles, eveporated to dryness and redissolved in
hydroéhloric acid, The éolupion wasg thenvdilutéd to 250 ml.

Thé initial process had to be repeated for samples containing



spinel.
(¢) Analytical Techniques
(1) E.E.L. Flame Photometer.
‘Alkalis (Nazo,-Kzo) WerevmeaSuieu by spreying samples ;nto
a gas-air flame,'and comparing the degree of emission with
standard samples. |
'(2) Atomic Absorption Spectrophotometer. |
. A single beam instrument (Techtron AA3) with modulated lamp
,source; and the operating condiiions shown in fig;e4;, wes used

to determine A1 0 Z Fe, Mg0O, Cal and MnO by comparisoﬁ with .

3’
‘standard solutions. Sample solutlons were sprayed into the
gas flames indicated, and percentage transm1s31ons (and hence
'absorbances) were measured. The standards used were laboratory
chemical solutions and'solutiens of natural rock'standards |
(varioué.concentratiohe of W'i). | |

Depending on individual unknown samples, dilutipns were

someﬁimes necessary and burners had to be placed either parallel
to oﬁ perpendicular to'thellight path, High temperature burners

V‘(Amos and Thqmas,.19655 had to be used for nitroue'oxide -

~ acetylene flames. |

© Calibration curves obtained for the various elements are

shown in figs. 5 -9.

2°3

sulphate ions, especially, enhance absorbance. . Hence solutions

The curve for A1,.,0. should be treated with soue cantion as

of varying sulphate concentrations will give incorrect relative

- values. Natural rock standards appeared!to give - the most
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reliable standard results.
Al}calis élsé interfererwith absorbance of Cal at low

temperatures, but this was overcome by using a high temperature'

flame, = Nst corvrech Brate.st,
Dube | Tube Current | Wavelemgth | S1it Width | Flame
| (mal) L (a) o
Mg | 6 2854 100 N0 - C,H,
'Fg.: | 10 2485 | 35 | oH-ak
Al | 15 | 3963.5 110‘0 S N0 - C,H,
Mn 10| et | 50| Gy -AR
ca |- :101 N 4227 50 N,0 - C,H,

 Fig. 4



Ca

pP.p.m,

.20
15 -

104

‘p.ptmf Mg

. Fig,. 85

Absorbance

. Fig..é

o 0.1 - 0.2 0.3

o Absorbance



‘Fig. 7

1209

<i Fe

80 -

plp.m.

40 J

o - 0.05 1 0.10 0 0.15

Absorbance

' Tig. 8

10

o3

0

Al

 D.p.m.

.20.4.

O o . — - - v
7 0.01 0,02 0:03  0.04
' Abéorbancev



" p.p.m. MnO

A Fig.v 9.

0.0Z 0,04 @ .0.06. 0,08

Absor.banoe

13



" ITI PETROLOGY AND CHEMISTRY



B GILES COMPLEX

Contabt Zone

1. Field Relationships

' The contact between the intrusive_ultréméfic‘rocks aﬁd
country rock_ié geperally‘a gradationai one, pccwriné’over
séveral feet. ﬁowever, in some cases, a chilled mafgiﬁfis
observed and.inwétheré a‘shafp irregular cqntaét is yéry
suggéstife'bflproéressive:envelopmént of the cduntry rock.

. Sometimes the actual gonfact is obscured.by.a.dépresséd
zone of @o outcrop, several feet in widﬁh;i This is espéciglly'
comm§n'in‘thé intertongﬁed:afea (fig. 22 ).

In all cases it was noted that as the fbliafedfgranulites
'approa;hed theLcontacf, they tendéd'io‘lose £heir foiiafed
nature ahd'becoﬁe much more random in theif miﬁeral orientation.,
Iﬁ the.-most ektreme casés they form a coarse grained, "sp;tty"
rock, with aésé@i—igneous texture. .This;§§curs eépécially-
where areas. of the granulite.are almost suriodndediby the .
>intrusive rock (ABOQ-1?,'90). "It is nétiﬁegble in the'aﬁgen
gneiss that'the‘augen,;emain aﬂoof to;fhis‘subtle éhange in
texture. for longer pgrioéé than the rémaindérxof'the rock. The
9ahgéné eventually lose their chafactgristic form but are sfill
recognisable éssciots near the contact (4300-99 a-f).

Lérgé crystals of bronzite up to 2" x 2" are found

locally.

2. Petrology

‘The principal minerals of this zone are orthopyroxene and

¥ Plates 3,4
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plagioclase, with subsidiary amounts of biotite, hornblende
and opaques. |

"Plagioclase is usﬁally interétitial although ragged laths
form in the chilled contacts or sharpldigestivé contacts.
'_Plagioclasé from the chilled_canfact analysed'gy X-ray methods

‘gave a composition of An Commonly, although not in the

67.5°
chiiled coﬁtacf of in the sharpldigestiﬁe‘dontééts! the
plagioclase isrpoikilitic.

‘Pyroxene,is usually~f0und as a granulated mosaic,-althouéh
some ?henocrysfs are observed.

(ai Chilled Margin (A301-1, A360-30)

The transition from country‘rock to-the chilled zone of
the intruding magmé-is marked by ‘

(1) a décrease'in_gfain éize;

(2) the sudden appearance of red flékes of biotite (not

necessarily at the.exact contact); |

(3) the decrease in amount of p}agiociise relative't$

pyroxene;

(4) the formation of ragged plagioclase laths; sometime$4

perpeﬁdicuidr to the contact;

(5) quite intense fracturing parallel to the coqﬁact;

The grain sizes of pyroxene phenécrysts increaée from
about % mm near the contact to é% - 3 mm about 10 cm from the
contact. Red biotite occgrs-as a subsidiary cbnstituent in
a zone a few centimetres wide near the contact, but further

from the contact brown pleochroic hornblende forms in preference.
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(b) Sharp Irregular Contact-(ABOO-SB)

The intrusivegﬁaterial appears in this contact:to be
enveloping the ‘augen gneiss'of the country rock. - |

The mafié»materﬁal consists of fine grain;d“pyroxene
(offen coated by a dark iron rich material) interstitial to
ragged plagioclase laths., ; Magnetic opaques are alsp present.

-Thelplégioclase is often arrénged in radiating groups.

Fine and coarser grained'qlumps occur together, although the
grain size in general tends to Become coarser further from

the contact (0.4 to 1 mm). Most of the material is stafined

a red brown, but isolated patches afe not.. A brown ferruginous
rim about 2 mm wide is characféristic of the margin. This fim
is notably absent where the mafic material is in contact witﬁv
the ferromagnesian-poor. augens of thewountry rock.

‘Near the contact, coarse grained clumps of pyroxene and
plagioclase (0.5 mm) occur in the mafic material and‘probably
represent envéloped augéns in thg process of. digestion by the
magma.

Plagiocl%se analysed by X-ray methods -gave a composition
of An62.

In the country rock, plagioclase and prthoclase grains
appear to be undergoing a metasomatic (?j replacemént.
Orthoqlase grains have a.mottled épfearance‘and plagioclases

show characteristic fernlike intergrowths, which appear to be

éltered polysynthetic twinning.



I8

(¢) Gradational (Hybrid) Contact (A3oo-11)_
These, the comﬁonest‘céntacts, show ﬁo sharp physical break
between countfy rock and intrusive rocks (Plate.l2 ).
In thin section, the contact is marked by
(15 the‘sudden appearance of red biotite;
{(2) a sharé increase in amount of.pyroxené relative to-
plagioclase; v o ' : "
(3) ‘fracturing ﬁarallel to the contact. |
Likéithg chilled margin; fracturiné is loﬁalised,in a zone
about %" to 1" adross.
The plagioclase is anhedral and equigranular,‘with a
marked tendenéy to be poikilific. | '
The orthopyroxene is pleochroic and opticélly negative
(probably bronzite or hyperéthene); |
3, Evidence of‘Cbntamination
‘The most obvious field evidence of progréssive active
- envelopment of couﬁtry rock by 'the: magma is-exhibited by
A30¢-83 ERrmre——r—. | ) | |
' HXenolithic material not digestedzby the magma .is exhibited
by A}OO-109J(P1ate 11) and is also seen near A300-77, Both
1aré found near intrusive contacts. Tﬁiﬁ lenticles of felsiq
material (mainly feldspar)’are incorporated in a fine grained
mafic material. Homogenisation of these fragments by»tge
Amagma has not been completed.
| A300-33 contains a lenticular raft about 5 cm long, made

up of granulated'pyroxene'grainé (0.2 mm), some larger pyroxenes



(0.5 mm) and a little plagioclase. With a typical cataclastic
texture, it has a gradational boundary with the coarser
pyroxenite in which it is found. Its shape and foreign
appearance make it appear to be either a xenolith of country
rock or possibly of part of a fragmented chilled margin of

the body.

Contamination may also be shown by the distribution of
biotite in the body. It occurs at its maximum concentration
near the contacts, sometimes forming several percent of the
rocks, and although reasonably common throughout the lower
layer, becomes much less so towards the top of the upper layer.

L, Evidence of Hydrous Conditions

Despite the presence of biotite, the inner portions of
the intrusion appear to have formed in essentially anhydrous
conditions. However hornblende is very common in most of the
smaller bodies and at the margins of the main intrusion. It
appears to be of a secondary nature, replacing the bronzite
(Plate 24). Thin blades of opaque material similar to those
in the bronzites occur as oriented intergrowths in the hornblende,
and may be remnant from the pyroxene. It can be quite coarse
grained, sometimes making up 10 to 15% of the rock. Hornblende
also occurs in the chilled margins.

In the hand specimen, hornblende often forms as large, black
shiny tabular crystals (A251 - N2L7).

The presence of this hornblende indicates hydrous conditions

at some parts of the contact.
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5. Poiﬁilitic'Plégioclase

Plagioclases‘in>thé-hybrid zone are. oftenquikilitic
»(Plate 16 } - containing subhedral to rounded oftgn elongate,
gralns (O 06 mm to O. 2 mm long) of pyroxene. ‘These grains are
approx1mately allgned parallel to the alblte twln plane. 'At
an extinction p051t10n, anvundulosg extlnctlon halo 1sloften
observed arqﬁnd the inéluéions. | |

This_phenbmenon is aléo observed.in somevﬁlagioclases in
»thé coﬁntry_fock ﬁeaf the contact (Plate [5). In some cases
the pyroxene inclusions assume a euhedral form very'simiiér
to those-of fhe needle inciusions in'plagioclasé in the olivine

. pyroxenite,

Olivine Pyroxénite (Lower'Laygr)
1. Fieiq Relationships
| ihe oliviﬁe pyfoxeniﬁes are characfériéticaliy.dark
maséive and doarSe grained.f' A thlg iron oxide staln coats
the weathered surfaces, thch are rough and reflect the coarse
nature of the rock. The pyroxenes often stand.out from ﬁhe
éurface and,charaétérisfi&élly the-pyro#eﬁés;shdwla:Chatoyant
or silky lustre. | |
The olivine pyrpxeﬁité.which formsithe lowef lafér of the
main pluton is not in continuous outcrop around the margin.
It is absent along,the.soﬁth-easterﬁ contact, wherevthé coﬁtaét
' jappearé to be steeper and of a different natﬁre té the'intrusive
contact of the northern ahd-westéfn sideé.- Owing to steep .

scree slopes, the olivineipyroxenite can 6nly.bg observed as
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diseontinuous Qﬁtcrops aLong the north-western margin of the
body. Outcroﬁs‘alsd'oecur in the southern alluvial plain,
_and a small plug (A300- 77) is found to the west of the body..

,Bandlng is observed in some areas.

Petrology

The . constituent minerals are bronzite, olivine, plagioclase

rspinel, opaques. (mainly ilmenite), biotite with small ameunts

‘of clinopyroxene.

Aembre_speeific'name'fof the rock ceﬁld be olivine
brenzitite; i
(a) .Miqerel Descfip£ions |

Bfonéite.

Brenzite ie*generally.fhe major:cemponent in the rock,
reaching 50- 70% of it in most cases,'although in some rocks
(ABOO 84) it can become as low as 10%. Most of ‘the anomelogél&

‘low.percentages occUr'ln small bosses anﬁ suchlike,
‘The bronzites tend to be subhedrel to euhedral, with always

some tendency to crystaledevelopment;

Grain size varies from about 1 mm to 5 mm, with the

- majority being 1.5 mm to 3 mm in diameter.

(1) Optical Properties
In thin section a strong pleochroism is exhibited (usually
‘more indicative of hypersthene than bronzite). The pléééhfoic

apple greeﬂ

it

scheme is:. : X

Y = .light pink

Z.. = apple‘green"
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For A300-127, évz

88 and F% = 1.672 were determlned

(Table 2 ), and indicated compos1t10ns of Engg and En89
respectlvely (Hess, 1952) |

(11) Hourglass Zonlng (and exsolutlon)

A characterlstlc feature of the bronzites is the remarkable

_zohlng they exhibit. In 1ts most perfect\form, the zdnihg

has the shape of an hourglass (Plate 30). However, generally
the zoning-is much less well developed. i

. On close examlnatlon, very small (5= 19y-long) llght green

g needle llke -exsolutions are seen to be massed and allgned 1n
'the orthopyroxene (Plate 19 ), the degree»oflmassingvdeterminihg
the‘zonlng. | |

In v1ew of their shape, 1t is unllkely that the zonlng

;has been formed by the usual crystal growth method.
The exsolutions are generally subhedral and have been
' allgned in {010} of the orthopyroxene, approx1mately-paralleli
- to c. This. allgnment coupled with subsequent deformation of
the crystal, is thought to glve rise.to the chatoyant or,silkyrr
effect S0 aesthetically'pleasingiin therhand specimen?%'

Apart from the,hourglass'and chemicalrzoning; the areas
of,growth appear to have been controlled by other factors as
well., It is noticeable in many grains that towards their
boundary the exsolutlons become coarser (19# X éﬁ), scarcer in

'-number, less\elongate and more anhedral. Qn the actual
.-bouﬁdaries; one often observes concentrations of anhedral

fbrown-greeh-spihels Kabout 1qﬂ1x,;ﬂ, and up to 7gp. ) which
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Fig. 10

e
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‘.appear ideétical except'in.sizeiﬁo the coarser_exeolutions'
(fig.fCﬁL). Thié suggeStsithef the exsolutions ié-fhe
pronzite are spinel. |

" In 300—127; a smoky bronziterwas obsefved enclosing an
olieiﬁe;‘with‘a‘colourless bronzite rim between the two (figrlkl
This rim islinioptieal continuity with the outer smoky bronzite.
The needle exeolutions of the smoky‘bronzite tend to cqefsen'
and.beeome'more granular at the juneéion,with the celourleee
rim.-ﬂ |

| Spinels erealéesometimee coneeﬁtrated on p&roxene
vcleaQegee.

(iii) - Norﬁal"Zoning

| ﬁistinet from the hourgiass zonihg mentiened ebove, o
e;assical zoning presumabiy reflecting cheﬁical_variaﬁiens also
occurs.(Plete 29). Although cempositional veriations of the

__host mineral may occur,lthe zonlng is phy51cally dlstlngulshed
by degree of spinel (?) exsolutlon. | |

(iv) Clinopyroxene Exsolution

| Irregular ﬁatehes of'elinopyrexene.as‘well esrspinei_ere

-'exsolved_from the bronzites. . It is notiqeable that the two

\ types of exsolution do not usually growctogether, elthqugh in
some cases granular_spinels'are feund on the beundary«oflthe
elinopyroxene.exsolufion. | |

| In A}OO-B@, a large bronzite shows several sets of
‘exsolution on {ﬁOO} aligned on irrational planes. The most

" prominent are irregular coarse lamellae (0.06 to 0.1 mm long)
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'-Fig..ll
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Qf cliﬁopyroxene. Also very present wére two cnossed séts of
- fine dark needies (6.01 to 0.02 mm logg) and a very fine.
laﬁe&lar schiller exsolgtidn; The needles only occur. near
the édges of the'graih. szo evidence:was observed to suggest‘
that the bron21tes were-ln fact 1nverted plgeonltes (Brown, 1957).
(v) Kink Bandlng
Kink banding“is-oftén observed in bronzites (Plate 31,32,
A geométfidaifdiQCﬁssipn of theée are gi&en in IV, Structu?e.
..- ‘Occasionally kinked bfonzités are observed as ihCiusions
in undeformed sﬁoky.bronzite, (fig. [1b). i It is probable that
'.thé kinking occurred affér-incluéidn; rather thah‘before it.
01i§ine;_»'
'In'generél:the 6livinécoﬁ§titutes ﬁgtween ﬁO and 40% of -
the fock, although in some cases 60570%'is obser;edf o
The oliviﬁe dsually 6ccurs as }ouﬁéed.gﬁhearal grains
befween.1 and & mm in diamete?; 10 mm dfysfals were observed
occasionall&; | It forms both as dlscrete gralns.and as
agéregates. Aggregatlon may be caused by phy51cal attréctlve
forces (interfacial‘tension) in a liquid medium (Voll, 1960).
It is very often rimmed by iater bronzites.
.Intergrowthl'of thin opaque blades is observed cgmmonly
) . (Plate 21).» These are orlented parallel to [001] aﬁa
- approximétely in {100} of the host. They are up to O.4 mm
long and 0.03 mm wide. |
- Undulatory banding (or kink banding) was qbsérved quite

commonly (Plate 34). One olivine grain in a kinked bronzite -
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appeared to inhefit the kinking to some‘extent.
X-ray determlnatlons gave compositions of F085 5 and F°88
for ABOO 91 and A300- 127 respectlvely.

Plagloclase.

Plagiociaseis_interetitiai to the bronzite and olivine,
generally forming ebouf SQﬁO% of the rock, although in soﬁe-
' cases an abundance of up'to 30% is observed, The interstitial‘
areas rarely e%ceed S.mm ih diameter.

The‘plagioclases.afe opfioally negative with 2Vx = 800.

'Ofteﬁ untﬁinneo or showing deformational feafures'(e.g.
glide_twihning); the,plagiociase at_oest only exhibits poorlj
- developed twinﬁing and cieavage making it difficult to make
accurate compositionai;deferminations.by eitincpion angle-
methode. However appro#iméfe compositions»feried‘from,AnZS to
Cwiﬁg to the

32°
' llmltatlons of the callbratlon graph (Smlth and Yoder, 1956),.

-_An38, the maJorlty falling at about An

a comp051tlonal value for A300-~ 127 by X-ray dlffractlon means
'could not be: ob&alned.. However the comp051tlon must belless
'#han.AQAO{ aod probeo}y.oeare; AoBO (Table 2). -
(1) Inclusione

Siﬁiler to.fhe bronzites, the plagiociases are remarkable
for the massed inciusions they poeséss'(Plate 17 ).  These
inclu51one are a pale green colour, and cause the.hand specimen
plagloclase to’ exhlblt a blue green colour.‘ The*inclusions :

are usually euhedral and vary from about 10 teo 39/~1n length and

and up to about iﬂ,in Width. ~ Some needles up to 1%9¢long are
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observed. They vary in shape from stubby to needlelike
crystals. The degree of massing varies, but in rare cases
they can make up to 25% or more of the plagioclase.
The inclusions appear to be crystallographically oriented
in one direction with differential growth in two other directions

giving a tri-orientation (fig. 12 ).

Fig. 12

The most prominent of these directions is parallel to the albite
twin lamellae - sometimes certain twins seem to be enriched in
the number of inclusions to the detriment of the adjacent ones.
The size of the inclusions made it impossible for optical
or accurate crystallographic measurements to be made, making
identification difficult. Common cross-sections are shown
in fig. 10b. Rhombic sections form the most common basic
séction. A grain showing simple twinning was observed once,
as was an octagonal (?) section. Identification was tentatively
suggested as a pyroxene, Further indirect evidence will be
discussed later in this section.

Clinopyroxene.

Small anhedral grains (0.2 to O.4 mm) of a monoclinic

pyroxene are fairly common in the finer groundmass surrounding
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the bronZite—oliyine phenocrysts. They ére light green,_nén
pleochroic and poésess a modéfate birefringence. |
2v, -’z 6Q
‘ng = 1.680°% .001
This gives an approximate co@position.of diopsidic augite.
Spinel., |
Green to brownish greeﬁ‘isotfbpic anhedra (up to ?.5 mm )
are quite common (about 3%) in ‘the olivime pyroxenite. It is
frequently foﬁﬁd as inclusions in opagﬁes.._ In some cases it
féfms a skeletal infefgrthh‘withyﬁrdnzite,
Spinel is‘also.théught'to occqués exsolution-in ﬁhe
bronzite. - |
Biotite;i
 Anhedral biotite grains, ranging in size from tiny fiakes
up to 1T mm in diameter, may constitute up to 5% of the rock.
It is closely associated»with opagues, and commonly»o;curs near
olivine,rspinel or bronzite;

It possesSes_a'very characteristic pleochroic scheme

X. = straw yellow—bfown :
Y = red brown
Z - =

red brown
Fine opaque needies smaller than 1Q/Lin length sometimes 6c§ur
on {001}.‘

Opéqués. .

A,ﬁdlished section (A300-84) was studied and showed a

predominance of ilmenite with lesser amounts of magnetite and
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sulphide minerals.
(i) Ilmenite.
Ilmenite is wsually granular, up to 1 mm in diameter,
but generally about 0.5 x 0.5 mm, It also exhibits twinning.
(ii) Granular intergrowths are common between pyrite-
ilmenite; pyrite-éhalcopyrite; magnetite-ilmenite;
pyrrhotite-~chalcopyrite. These are generally between
0.1 and 0.5 mm in diameter. No nickel minerals were
observed.
Fine grained ilmenite and pyrite also occur sometimes
in the cleavages of the pyroxenes.
Ilmenite sometimes forms graphic intergrowths with
silicates.
(b) Textural Relationships

Approximately euhedral bronzite and rounded crystals of
olivine form the main primary precipitate of the olivine
pyroxenite, There is no apparent alignment visible in thin
section.

The interprecipitate material mainly consists of poikilitie
plagioclase and small grains of clinopyroxene, Biotite and
opaques are also present.

Spinel appears to form in the primary phase.

The original textural relations are often somewhat confused
by post-crystallizational cataclisation.

(1) Primary Precipitate

Olivine and spinel appear to have been the initial



31

‘precipitates of the‘ﬁagmé- Olivine usuélly eihiﬁité-rounded
,_edges which méy fepreSeﬁtfesofpéion prior to depositién‘dwing
_to siighﬁ chaﬁges of temperature or pressure, or other factors”
(Jaékson, 1961);
:The'bliving probably formed the'nUClei fbr'later
_cryétallization of the bronzite, as rimﬁing-of the'diivines is
very Eommon.i The last formed-bronzités_assumé.a'émokylcolour.
Spinel océurs_as inciusions.in both élivineiand bronzite.
(ii) Ir'lltieiar‘stit;'Lal ‘Material
| Plagloclase is the maJér 1nterpre01p1tént ‘Because of.
1ts unusually albitic nature, 1t characterlstlcally forms‘
reaction rims about O.Z.mm in width around exposed olivines
(Platé 25) and rafely afouﬁd bronzite (Pléte'26).
fThesé céronal riﬁs,oﬁ olivineHhave'an inner zone of
colourlesé ofthofyroxéne,Awhich is surrounded bj.a.symplecficl
intergrdwfhrof-spinel and an unknown colourless mineral. The
vermicﬁiar spinél cén 0cqasidnally 5@ seen tqiﬁemanate" ffom_
largé'crystéls,df‘spinel located at the.bounééry.(Plafe'éO).
,Biotite>also'appeafé té be a secéndary materiél, intimateiy
uasSdciated‘with opaques and it'mayfbé that most of the observed
.6paqﬁes fofmed'similarly. "fﬁé%biotite and'opaqués tend to form
where.the plagloclase comes in contact with ollv1ne, splnel or
1bronz1te (e.g. A300-77, Qhére biotite rims the orthopyroxene)
JPossibly in A300-84 biotite and opagques tend to form in the'
'mdre-cbnfined interstifial areas in preference to the larger
intefstices;

* Plafe 22
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Neither the coronal rime‘nor the.occurrenee_of biotite_

epaques are fully understood;v | |
| Clinepyrqiene'forme as small anhedral grains in the

‘greuﬁdﬁass»an&appears to haée'precipitated in'the interétices.

Secondary.enlngement ef the bronzite'grains‘hes.eccurred
where settled crystals have.contihued to grow from ﬁhe inter-
precipitate'liéuid after deposition. These rims (Plate.27)
are in opticallcontinuity with the primary grains, but do not
coﬁfaiﬁ the massed'needle eisoiutibns. Hence the environments:
of formation.of both ﬁarts of-the bronzites were probably
chemlcally as well as phy51celly dlStlnCt from one another.
Spinels commonly concentrate -on the boundary zone between the
two parts, end sometimes penetrate the secondary;rim as

vermicular intergrowths (Plate 28).

Varioue deformational features, such as undﬁlose extinction
kink bendiné‘and'other graﬁulation features are observed in
certain mlnerals, and are descrlbed in Sectlon IV

(111) Slgnlflcance of Inclusions in Plagloclase

A.poseible'gradation‘can be observed between the small
inclusions in blagioclase in the metamorjhic roeks near the
contact and in fhejolivine pyroxenite (and mafic pegmatite).

»The contacf.zone ehows an intermediate stege (Plates !5,16,!7 ).

?ﬁefinclusione tend to becoﬁe finer grained aﬁe more

euhedral from the plagioclase in the metamorphic rocks to the

‘plagioelase'ofithe olivine pyroxenite. The inclusions are of
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similar colour and shape, and appear to be of the same material,
possibly clinopyroxene.

Possibly the inclusions became incorporated in the
plagioclase in the metamorphic case during a highly plastic
state of the rock during contact metamorphism by the intrusion.
In the igneous case, it appears as though clinopyroxene (%)
was precipitated jointly with plagioclase in the interstitial
areas of the olivine pyroxenite, and became subsequently
oriented after incorporation in the plagioclase.

The lesser degree of alignment and crystal form in the
metamorphic and contact rocks could be due to lower temperatures
and lesser mobility, shorter times at high temperatures and
hence less freedom for growth.

(iv) Significance of "Tip Heaps"

Several small black nobbly outcrops (Plates 2,9 ) of
olivine pyroxenite (A251-N251) occur near the southern alluvial
plain. These appear to have no petrological or structural
significance, and are probably due to unusual geomorphological
processes, Evidence from other areas (e.g. Blackstone Range)
suggests that an initial cliff gradually broke away on its other
side to leave a small steep "dump' of rocks.,. These sometimes
retain their initial jointing pattern. Weathering solutions
were deposited on these rocks to give the external characteristic

dark black colour.

Pyroxenite (Upper Layer)

1,

Field Relationships
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The upper iayer is a medium grained pyroxenite with a
characteristically dark colour and granular texture, It occurs
stratigraphically above the olivine pyroxenite, The pyroxenes
are readily distinguishable in the hand specimen, tending to
pepper the weathered surface, and exhibit a waxy lustre and
prominent cleavage when broken. The weathered rocks cover
the ground as dark coloured tabular slabs, the dark colour
resulting from a thin stain coating.

Good igneous banding is observed in certain horizons.

2. Petrology
(a) Mineral Descriptions

The domin&nt minerals are bronzite and augite, with minor
plagioclase and traces of biotite and opaques. Olivine has
not been observed in this layer (with the exception of A300-132,
a layered specimen near the southern contact of the western lobe).

Bronzite.

Bronzite appears to constitute about 50-60% of the rock
(although it is difficult to distinguish from augite). The
grains are subhedral to euhedral and commonly range from 1 to 2 mm
in diameter, although some grains are as large as 5 mm.

(i) Optical Properties

Small and possibly systematic variations are observed in

refractive index and 2V in the upper layer.

v 86 - 90° (camp traverse)

L]

nF 1.680 to 1,683 (tip heap traverse)

These correspond to compositions of En85—87 and En82 84
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Hess ‘
rrespectlvely ($¥eger 1952).

A strong pleoehr01sm similar to that of bronzites in the
lower layer is observed. |
(i1) Exsolution

Cllnopyroxene is exsolved on {010} as small elongate blebs.

Auglte. |

Augite cpnstifutes apprqximafely 30-40% of the.pyroxenite.
Some euﬁedral fo subhedral pheﬁoqrys#siare observed, bﬁt_
“commonly'the aagife-has been'granulated to formba‘fine grained g
matrix. | | |

Simple twinning with {100}'as twin plane is common but
ﬁﬁltiple twinning is not observed. | |

Kinking is less common than in the bronzite;
(i) Optical Properties

it is pale green.and hqn“pleochroic.

v = §o°<
Mg = 1,688 R
This glves a composition of EnBSFsdéwq5b'for augite in A300-116,
(ii) . Exsolution" | ,
| Exsolutlon of small blebs of orthopyroxene on {100] is
common., Irregular pleochr01c patches of orthopyroxene up to

0.5 mm in diameter are sometimes observed. Occasionally

rectangular schiller eksolutionvoccurs.

Plagioclase.
Plagioclase occurs as anhedra, interstitial‘to the pjroxene.

Composition varies raﬁdomly fhroﬁghout the upper layer, from
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appr&ximately.Anéo té An45.ﬁ A30671j§ gave a §omposition of
Ang, by X;ray.méthods.' Aﬁf??erfhite exsblutibns are observed
in some grains. Plagioclase constitutes bet@een 8% and 0.5%
of the pyrpxgnite_(Table 2).

Biotite.

- Nearly all thin sectidns examined.Showed traces bf biotite
present.‘ .When'present.thése oftenAoccurred QS‘plétes rimming
-Pyroxene_iﬂ‘céntact with;plaéioclase.- ‘ |
\kb)'.T;xtural Relatiéns“ | :

| In most thin-sectiané, tﬁe~bronzité and augite qusfals
(1-2 mm) have beeh_granulatéd:to a fine gfained'(ofj to b;é,mm)
ﬁoséic of equant grains.

| Grain size indreases.notiqeably from:norfh to séufh écfoss
the easte;nnlgﬁe, ana the weStern ;obe also displa&s‘aﬁ iﬁérease
in grain size of 1 mm.up to 475 mm in pyroxenes from the base
td the'obserﬁed top'of thé upper layer. 'Granulétion'of'fhe
pyroxenés sometiﬁes-bvershadows Ehis'vériation.

' The soufhefﬁ méréih of the eastern lébe is¢$major,crush
igne.‘ Althbugh préViously fggafded as a dolerite dyke (Da?igg
Sheet, S.A. Dept. of Mines, 1964), its miheralégy and texture
are distinctly éimilar to otyer pyfo#enite speéimens, despife
.its»coarser nature (S;fO @m} andzpféﬁoﬁinénce ofiaugiﬁe‘over
bronzite.  The gbérSef texfdré is.in keéﬁinélﬁifh fhe north to
50qth increase in grain size, ana the‘different proportions of
éyroxenes is possibly an?expression of.the crystallization

histofy of the magma.
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» In theAsouth-westefn corner of thé'maiﬁ iptrusipn é.
pyrokenite_occgrs in closélproximity_to fhe olivine pyfoxehite
‘(the actuallgohtact is ﬁérkéd ﬁy:a'zéne'deﬁé outcrop). - The
minéralogy gnd'texfuré.of this rock (A300-81é) i§ §§ry similar

" to the ufﬁer‘layer}pyroxepife,_aiﬁhough-ip hand'spegimenit is
a light gréen,polour»ratﬁér.fhan the dark coldur of the upéer-
léyér; ‘Limoniﬁé:ﬁﬁéulés'are very commoﬁ near the contact with
*fhe OliviQe”pyroxenite. |
Kihking'and’§ther deformational features Wili be discussed
mofe fully in Section IV.

Comparison’' of Lower and-Uppef Layers

1. Pétrolégy

The main ﬁetroiogical differegces één'be summariSed‘as"

follows: - N

(a)».Bronziteé-are:moré commonly zoned in the lower layer.

(b) Olivineﬁonly éccuré.in the léwer %ayer; Conseéuently the
characteristic»cofqnal rims around olivines,oﬁly occur in |

" the 6livine~p&r0xenité. .

(c) Spinel is much more common in the:lower layer.

(4) .Clinopyroxeheﬁpheﬁéérysts only occﬁr in- the upper.layé;,
although small érains are found in both,

(e) Plagioc;ase in the lower layér contains gréen oriented
_inclusiohé.

(£) Biotite, and opadue$; generally become féref éo the fop
‘of the iﬁtfusi&né

(g) The 1owerhlayenlisacqarse grained, while‘therubper layer
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varies from medium grained at its base to coarse grained
at the top.
Chemical Variations
The chemical analyses of both whole rocks and bronzites
(Table 1) of A300-127 (olivine pyroxenite) and A300-116
(pyroxenite) show a marked enrichment of ZFe relative to MgO

(fig. 13 ) towards the top of the intrusion.

Whole Rock | ZFe/MgO Ca0/MgO0
A251-N248 0.35 0.27
A300-127 0.23 0.12
A300-116 0.31 0.29
Bronzite

A300-127 0.23 0.13
A300-116 0.32 0.08

Fig. 13

This relationship can be seen in fig.!4 where the differentiation
trend (if permissable to be drawn) is similar in position and
direction to that of the Mt. Davies Intrusion (Nesbitt and Kleeman,
1964), Note: ZFe was calculated as FeO.
This trend is somewhat paralleled by CaO/Mg0O (fig. 13 ),

except in the case of the bronzites. The unusual enrichment in
127 could be due to the non-existence of clinopyroxene as a
primary precipitate in the lower layer. This could possibly

" result in an unusual amount of Ca0 being incorporated in the

bronzite lattice.
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* Groundmass - mainly granuléted olivine

'A300-127 A300-116 | A251-N24e* A3oo-i27 - .A3oo-116'
Whole Rock Whole Rock | Whole Rock Bronzite Bronzite
41,0, 4.04 438 | 8.10 4.57 7.59
e | T et - 825 | 674 | 9.33
MgO 33.0 21.2 23.4 29.6 . - 28.9
Ca0 3.90 - 6.13 6.40 3.98 2,33
Mn0 0.17 0.8 0.16 0.18 |  0.25
Na.,0 0.51 0.52 1.08 1 0.38 0.10
K,0 0.14 0.14 0.38 0.02 0.04
* Denotes analysis by_A;M.D.L;_
oo < -
| Mbde‘
A306-127 A300-116-
.Pyrdxene 45{8- 85.2'A
' Olivine 36,6 -
Spinel_ 2.9 traces .
Plagioclase ‘1;9A 6.5
Biotite - 1.1 5.2
Groundmasé* 11.7 -
Specific Gravity 3.353 3.305

and pyroxene.
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FeO

| Na 20 +K 20.
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B fig. 15 shov&'s"the chemi cal ‘d'is‘triﬂu-tiigp_of nyi‘.oxenes- and
7.olivine; _}No tie line is drawn .between clino-‘nnd ortho- |
-pyroxenes of'jé?,Aao thoy‘did not fonm.initnezﬁamo énvironment.
Olivine 127 -is ficher in Mgo than'ito-oofreépondiné‘bronzite,
possibly due tofits earlier format;on.i The.observed "trena”j_
is in kéeping With?that of'expected differéntiation;

No 1mmed1ate enplanatnon 15 offered for tne nnomalous

,_7A1203 content of bronz1te 116 (Table 1) other than that

. previously»mentloned in Sectlon II..

A2S1—ﬁé48 from near the contact (analysod by A. M D.L.)
shows anomalous values of ZFe/MgO CaO/MgO alkalls and alumina.
These_probably ;esult ﬁrom country rock_contamination.-’

‘"'Opticéifdétérninationé:(Tabio 2) éhowiamafkod.nfeak:
botyeen tne.two iayers in nlagioclase énd orthopyroxene (ffom
;ﬁeos, 1§52) compooitions;:.fClinopyroxene nay not givéfvniid :
Avariations ns it oxists QS'difforent.forms in both;lnyérs:

1) Plégioclasoe | .
- Lower Layer An}O
UpnerlLaQer 'An45;60
_(2)‘ Ortnopyroxene |
- The tip heap travérse'shows a hiatus inrnompoéition{'-”"
Lower‘Layor 'En88-89
Upper Layer En82_8#‘
_Plaéioolase compositional_variation.in4the'upper.layen is .
T‘ranahom.,;but in the tip heap traverse‘the onthopyroxene>showé

a small but. regular enrichment in iron towards the top of the
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Plagioclase Compositions (after Smith and Yodef;l1956) _

[ |
A300-127 - | 1.75 © <40

" 4300-116 1.90 - 62
A300-30 1.97 6%.5
A300-83 1.91 62

 4300-105b 1.91 62.

 A300-7 _1.88 61

Ciivine Compositions (after Yoder and Sahama, 1957)

sr30) | Yole Femmant
A300-127 | 32.274 88
A300-91 32.253 85.5
Orthopyroxene Compositions
| oy .Mole Percent n Mole Pe?qent
o _ _Fnstatite | . p Enstatite
4300-37 | (-) 86 85  |"A300-113 | 1.679 | 85
A300-40 | (=) 87 85 A300-117 1.681 | 84
A300-43 | (-) 87 85 A300-118a | 1.682° | 83
4300-45 | (-) 88 86 4300-118b | 1.682:| 83
A300-47 | - 90 87 A300-120 1.682 - 83
 A300-127 | (+) 88 88 | a300-122 1.683 82
4300-124 | 1.682 83
4300-126 1.680 84
A300-127 1.672 89
A300-128 1.671 90




TABLE 2 (Cont.)

Clinopyroxene Compositions

QV Ng Composition
A300-45 (+) 6Oi A300-116% | 1,688 En38331éW050
A300-127 1,680 :

* 2V = 60 assumed. -

Modes

| Plagioclase | ‘Pyroxene Biotite
A300-116 6.5 88.3 5.2
A300-117. 4.2 95.8 _
A300-1184 2.7 97.3 -

A300-119 0.3 99.7 -

A300-120 1.3 . 98.7 -
4300-121 1.6 98.4 -
A300-122 5.0 | 94.8 0.2
A300-123 . | 2.2 97.6 0.2
A300-124 R 94.4 0.9
A300-125 3.3 96.2 0.5
A300-126 2.0 97.8 0.2
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intrueioﬁ.' ‘Thisis_not‘obeeryed so.well iﬁ_the caép traverse
(possibly;indicating the'relative feliability and accuracy of
.the_two»methqde; nf‘and:%v, in thefcircumstancee). tvariations
in‘the leWer,laye?‘arevnot'otserveble due to,the small number
of Samplee.

Mafic Pegmatites

. 1. Field Relationships

Commenly.in“tﬁe coeteCt zone and aiso ip-the Qlivine
pyroxenite, croesécuttipg teiﬁs of mafic pegﬁatites up to

_sevefglfféet.in'wiath-areiebserved, |
2._TPetféleéy | | o

They are coarse- grelned; and consist predomlnantly of
llght green plagloclase and darkhgreen pyroxene.

In thln sectlon (A300-20) they have a-recognlsable though
not'sharp contaet~w1th the,hqst reck. The pegmatlte is much
more coarse grained; richei in plegioclaee and'aithough~defbrmedi

'not.as granulatedfeevthe-host'reek. |

‘Plagioclase.‘

Plagioclaseloccurs usually as 5~10 mm anhedral grams,
exhibiting undulose extinction. | Twinnihg is peot and a
comp031tlon of An4o Wthh was obtalned should be treated with
cautlon. The magorlty of gralns show antlperthltlc texture
and/or small llght green euhedral 1nclu51one. | These’in_general
do not form together. |
The &ntipertﬁitéjceesiete'of?O.afO;B ﬁh,stringers of

potassium feldspar in the plagioclase host,
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The eloederf light greeniinelueions comm9nlj'shew‘etuﬁby
to needlellke rhombehearal eecfions, eiﬁllar_to those in the
plaéloqlase of‘the:blivihe p&roienite. }AThey.afe strEngly
jalignedbarallel to twinﬁiqg.f They appear to:be antipafheticA
‘—fe.foreign inelusions (e.g. ﬁyregeﬁe) ie the flagieelase; _e’i
(Plate 185 and’ do not’ form in’theirmficinity.'_ In—eome cases,
there appears'to beﬂa éradatlon between the eoarser, anhedral
1ncluslons seen in the hybrld zone.and the flner, euhedral
.more'aligned inclusiohsfdesc;ibedvab6vefand-ln-the olivine
:;pyroxenlte. | |

Rounded, anhedral pyroxene gralns tend to accumulate on
ﬁhe'boundary of some- antiperthite grains and-apatite grains.
In soﬁe cases, theyjlorm-a-granular intergrowth;withieﬁallg
-plagloclases radial to the 1nterface (Plate 23),

Orthopyroxene."

The orthopyroxenes_fbrm in 1—3'ﬁﬁ suﬁhedral,gfalas; aﬁd‘
eﬁhibit the.ueeal‘stfong pleochroiem; lThey:aréioptically
4 negative. | | “
Exsolutlon oecufe 1n the form of "blebs” of cllnopyroxene
vand 1ong plates of opaque materlal in {010] parallel to c.
VInelu81pns of smaller pyroxenes are common.x
Biotite. | |
Biotite 6ceurs asasfrenély pleoehreic (Z' = red brown)
_-2-6 mm anhedfal flakes. The larger gfains’are stroagly
_disterted\andquten poikilitic,-containing-feldspap

inclusions.
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Opaques.

Opaques are anhedrai, and occur up to 1-2 mm in size.
They’are-commonly associated with spinel andttend to enclose
them, | |

:;Apatite..::
| Apafite‘esqurs as:subhedral sccessofy gréins up te é.mm

" long.

: Minof Ihtrssions:J

There‘ere:e number of smaller intruSiQeebodies near the
maiﬁ infrﬁsibﬁ; most of wﬂibh ase'petrologicallyrsimiiér to . -
elther the upﬁer or 1ower layers of the main 1ntru51os._

1. Gabbroic Dykes
- These form as a set of broaa dykes whose arcuate outcrop
paétern 1sAexpla1ned by thelr shallow easterly dip. and*the
topography. : Four of these dykes are situated south of the
eastern lobe;'and‘a fifth near,the western end of the main bedy
..all are dlscordant w1th the metamorphlc layerlng.

ABOO 23, 205‘conta1n euhedral to subhedral bropsites'and
interstitial piegioelsse (a@pro;. Anuo), which_éfe_meéiumito;
fine graiﬁed;'setVin a mosaic of‘fine graihed (0.1 mm)‘equaﬁt
ciinqpyroxenes.’ Traces of biptite’and epaque aie foﬁnd siso.
Considerablelalte;atien-of the éyroxene to hornblende is.
evident; and7indicatesrhjdfous conditions of‘fofmation.

The unusual amounts of plagioclase (20%) and*the postulated

‘:presence of water. suggest‘a lower 1ntru51ve v150051ty than that

of the magma of the main. lntru51on and this may explaln their
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ldyke-likelnafuré?‘
A300-110iscoafser,,bﬁtldf:a;similar téxtufe;_"Augite"'
(60%) and plagioclase.(jo%) are the dominant minerals with
~biotite and soﬁe 1 mm bronzites also present. These
bronzités arg set.in'a.granﬁ?ar'groundmass'(O.#hmm)_df aﬁgite
and interstitial.plagioclase.i
These dykeéiéré petrologically simiiar_(excépt fbrrfhe

biotite and hornblende) to the upper layer .of the intrusion,

These are thg first reported occurrences of dyke;liké

intrusions in the Gilgs Gomplex.
2. Small Plug-Like Intrusions

Two small plugs, A300-79 and A301-153 are déscribéd in this
group. AfOO-?? of a similar nature, is described with the
olivine pyroxenite..

| A301-ﬁ53_is atcoarsé grained hypidiomorphic rock With-,

large euhedral plagioclése laths (8 x 2 mm to 3_x'1 mm) showing
a étrﬁng preferred‘ofiéntafioﬁ that suggests a flow texture.
PlagioclaseCOQSEitutés“6O%.of the rock with éyfoxene (mainlj
augite with séme bronzite) aé'the most abundant‘interstitial‘
material. .Abogt.S% qliviﬁé is ?fesent—as_fractured, medium - -
sized grains,'éach enploéed'by a.qoronal rim pf-prthopyrokene:
and a green vermicﬁlar intergrowth when in éontact with
plagioclasé,i

.Plégioclasés'afé éften ;iéuded witﬁ minute greqﬁlrod

shaped euhedral inclusions.
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‘drthopyrqgenee Qontein browﬁ plate-like intergrewths
with thin colourleSs-needle-iikeeexsolutions alsorpresenr.
. Clin0pyroxenee exsolve'bleﬁs of‘erthopjroxene oﬁ {1OQ}.
Biotife aﬁd opadues often occur together as irregular
patches but not 1n any quantltly.
| ABOO 79 is mlneraloglcally 51m11ar to A301 153.
Plagloclases ere»optlca;;yrcontlnuous for-up:to-15 mm; but;
are‘very'mﬁeh igterrupﬁed by~p&rq#eqe grains;: eThey are algo
crﬁdelyvaligned. | ) | |
| The bronzites»in beth casee,contéin:croeeed-seteofefine
dark needles near the rim, similar to broﬁéites”in £300-84,
The.aﬁove'feefqres ere'eharacteristie ofltﬁe elivine
pyrexenife, exceptffor fhe'highér percentage of plagioelase.
"As in the gebbreic dykes, fhis may represent e higher mobility .
- of the hagm&; | V_ |
' 3.' SmalliLentngler Intrusiope:
fwo s@ali lenticular intrusions are elengate in eﬁ'east-
west directionY(i.e. perpendicular to the-Gilee'Complex:dykesl
—.A301-175 is~situated haif a mile north ef the mein intrusion
and A301419O is in ﬁhe eouth east corner of the mapped area.-
.Though 31m11arvln some reepects to the Giles dykes, their
texture, mlneralogy and attltude warrant their dlscu551on as a
»separate group. -
A301 190 1salmed1um gralned granular rock con51st1ng of

.subhedral pleochr01c bronz1te (70%) and patchy to subhedral.

1ntergranular hornblende (30%) from 1 to 2 mm in 51ze..
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Uniike the Gilés dykes, thgre_is no plagibclase, augi£e of
biotite énd the rock.éhows nokgigns of granuiéiién.ﬁ'»A‘few
- grains, howeﬁer, show'incipiénf_kinkigg. 'ﬁark-sﬁudées of
minute inclusioﬁs, often coﬁcéntréting-iqto_dpaque:patghes
‘ahd usually aligned’parallel to éléévage dirécfion$; ar§
cbmmqn in both_bronzite.and hornb;ende.
A301-175 is quite similar.to A301-190. It is, waéver,
‘éomewﬁat finer graihed (cﬁmmonly ﬁ mh to 1% mm) and shows a
ﬁaucity of‘hornpiende - énlyAa few‘gmall scatteredfpatches
-which occur as alteration pfoducts around the bronéite.
Inclusions similar td.thosé iq £301-19O are ver& abundant in
the fock;’giving the tﬁih section a clbudy appearancé.
Kinking is quite‘common,amqng £he.bronzites,'énd thefkink
planes éﬁow a stroﬁg prefgrredvorientétion.(seé Section Iv).
4.' Anorthosite (ABOQ-?OEB) |
The ano:thoéite'décurs as a thin'dyke;like body about
% mile norfh#of the main intrusion; ‘VIt is closely associated
_ with a lé;éé shear énd.méyfwell be semi-continuous alang the
 sheaf'to coindide with a?similar body to the north-west of the:
mapped area on thé-saﬁe shear. |
It characteristidélly forms_a light grey pebbly surface
:in weéthered‘outcrop, butAfrgshér samples are dark grey.
It ié‘éoarse graineé,'ﬁhe plagioclaéeilaths usually being‘
'3 x 1 mm, although crystals ﬁp to 10 x 2 mm are not uncommon.
' ﬁyfoxeneé generally fo;m,qﬁite equant gfains‘betweénaﬂ and 2 mm

in diameter. 'Undoubtedly because of the close association to
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' a.pnée active shear, fhe rock shows many deformational features
which have overshadowed much of the original texturai features.
“.The éoar%eupygpxene and plagiOéiase occur in a gréuﬁdmass of
fiﬁer grained grénulated material. |

Plagioclase.

Plagioclasé forms 90% of the rock and has a composition
of Aﬁ62 (X-ray méasu?ement). |

The plagiéclase'iéths gppéar to héve been.originally_
euhedral but are nqw ofteq curved and distortea;'  Albite and
pericline'glide'twihning fofm in preference to ?fimary_tWinﬁing,

s . :
common., - Undulose

and éplittingiér»aivergencé éf'tﬁihs
exfihbtioﬁ is uéﬁél.

The crystals are very.ﬁften'zonéd. In all cryétals'fhere»
is an outer gntiperthife zone, about 0.2 mm widé, with stringers
of potaséium féldspar in the host plagioclase. This zone does
:not occur when plagioélase is in direct c&ntact“wifh large‘ |
pyroxene grains. 'Inside fhis ione oriented thiﬁ exsqlution
'néedleé abqut 0.03 mm in léngth occur (Plate 43). .jThése.':
purple red exsolutioﬁs-(refractivé indexAgrgate¥ thén thaffbf
plégioclase) are.sqmetimes in the‘form of globule .trails up to
0.3 mm inléngth. | ‘ |

_nyoxéne;

The pyroxeﬁes‘are usually partially broken up ana show
qﬂdulose_extiﬁction,- Some exhibit pink-greeﬁ‘pleochroism and -
-cbmh§ﬁ1§ céntéin dark brﬁwn o?iented plates (prbbably an iron

oxide)., They may hévé-beeh originally subhedral to euhedral.
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Both ortho- and cliné-pyroxenes are possibly present.
‘ Opaques are quite common and appear to be largely of a
sécondary nature, filling cleavageé and fractures.  Hornblende
occurs oéoasionally as small~flak§s (alteration of pyroxéne).
Groundmass. |
The cataclastic gfounamasé is approximately‘0.1 &o O.2vmm
in size.. It consists of pyroxene and feldspar. | The feldspar
often occurs as lenticular anhedrs exhibiting "flow fexture"
around large laths (Pléte 43). This appears to indicate some
degree of mobilization (inherent or induced) during deformation.

This texture sometimes has a "myrmekitic" appearance,
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B METAMORPHICS

The Giles Complex intrudes a region of high grade metamorphic
rocks of the granulite facies. On the basis of field
observation it is convenient to divide this country rock into
two broad groups - the augen gneiss and the banded gneiss,
Interlayered with these gneisses are numerous quartz-feldspar
bands (often garnet bearing), mylonites, and two other rock
types given the field names speckled granulite and black
granulite.

The Augen Gneiss

The augen gneiss*is a massive rock in which the aligned
augen define the layering, The augen are virtually lensoid
aggregations of perthite and plagioclase ranging in size from
% cm up to 4 cm. They consist predominately of medium-grained
ﬁerthite with a few coarser perthites up to 3 mm, and medium
to fine-grained twinned plagioclase sometimes slightly bent.
Perthites show abundant exsolved plagioclase either as oval
blebs or as elongate lenses, The augen may contain a few
quartz grains but ferromagnesian minerals are virtually absent.

Garnet, hypersthene and opaques in roughly equal
proportions, and augite in lesser amounts form about 30% of
the material enclosing the augen whilst perthite, plagioclase
and quartz constitute the remaining 70%. Apatite occurs as
an accessory mineral. The grains are arranged essentially in
a granoblastic manner but with the ferromagnesian minerals

crudely aligned. Grain size is varied, and ranges from 0.2 mm
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_to 1.0 mm .. Much of the quartz and feldspar throughout the
rock shows sllghtly undulose extlnctlon.
Although pyroxenes ‘and opaques.sometimes'occur-as isolated
bgralns, normally they are a38001ated 1nt1mately with garnet in
a way that suggests a reactlon relation between all three and.
the adJacent‘feldspar and_quartz..A The garnets‘occur elther
as very.irregularApoikiloblastic masses or as myrmekltic-like
patches crowded with tlny vermlcules (Plates 39, 40). .These
poikiloblasts and vermlcules within the garnet are too small
vto 1dent1fy with certalnty but some_appear to be quartz whilst
others,.possibly,_are feldspar;- | |
- The Banded Gneiss,
The banded'gneiss is distinguished from.the augen gneiss
purely oﬁ'field appearance. Mlneraloglcally, the two are
_qulte 51m11ar alhough a greater abundance of plagloclase and
augiteaoccursvin the banded gneiss than in the sPecimens of
augen gneiss available in thin section. The_hand specinen_
exhibitsra crude layering resulting from the irregular alignment
of ferromagneSian ninerals. | -
The common mlneral assemblage which characterlses the
banded gnelss (and the augen gnelss) is hypersthene —‘auglte -
' plagloclase - opaques., Small amounts of blotlte occur in
A301 115, and garnet occurs in A301-1664. A plagioclase
composition of An30 was determined for'A301-4 from a section
normal to the 'a'-crystallographic axis.

These rocks are generally medium-grained with common grain
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size ranging from % mm to 1% mm. Very often the plagioclases
are sharply twinned and may display multiple twinning. Textural
equilibrium is indicated by the sharp triple point junctions
notably between the plagioclases (Voll, 1960). Elsewhere,
as in A301-166A, grain boundaries are markedly irregular and
often interpenetrant on a small scale, a feature which is
emphasized by the abundance of smaller-grained material mixed
with the larger. Glide twinning and slight bending of
plagioclases occur, and quartz grains often exhibit dislocation
boundaries.

Quartz~feldspar Layers

Numerous quartz-feldspar bands, with or without garnet,
are foundthroughout the country rock and are conformable with
the metamorphic layering. These bands range up to 150 ft. in
width. Commonly, they outcrop as white flaggy low ridges,
sometimes crumbly, with the layering usually defined by irregular
strings of pink or rusty-red garnet. The characteristic
minerals are quartz and perthite. These rocks are generally
medium-grained with occasional coarser-grained and finer-grained
layers.

In thin section therocks consist of quartz and perthite
(together forming 70% to almost 100% of the rock), garnet (0-20%),
plagioclase (0-15%), antiperthite (abundant in A301-156 but rare
elsewhere), opaques (1-5%), biotite (0-5%) with sillimanite and
spinel as accessories. From X-ray determination the antiperthite

contains 18.9% of the K-feldspar molecule. Chemical analysis
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and;det;fmination;dfﬁ§eii?éiéé (Tablé 3) indicates'thepgarnet
to bélgreatly_énriéhéd,in.thé almandine molecﬁie with some
pyfopeA(Déer;‘Howie, Zﬁésman, le. I, 1963). The'theoretical
cell 51ze of thé garnet was determlned (assumlng no andradlte)
'from chem1ca1 analy51s énd~agreed closely Wlth the measured.
value. S o |

Quartz normally‘shows undulose extlnctlon and dislocation
bouﬁdarles whilst .grain boundaries vary from sllghtly 1rregular
‘Fo §trong1y reéentrant or sutured.- | | |

Perthlte exsolves‘plagloclase aé velné or, more usually,
as blebs.v This exsolved plagioclase'is_sometimes twinned.

Garnet grains fend tﬁWards xegﬁbiasfic form‘and a;e_often
elongate in the direction pf l%yering; Exténsive'fracturing
andsomefiﬁes_fragmentiné is com@gp.. OpaQues ané biotite are
éssociated with fhe gérnet.ih.so@é specimeﬁs,'andeEO{;26A‘
qqntaihs inclusionglof séip;l,_opaques qhd quartz inﬁ?he:éarﬁet._
"qf!Plaéioclase usualij épcﬁrS‘as sﬁali‘twinned grains, |
éo@étimés slightly_ben@.aﬁd A301-16B sﬁowsja'myrmékitic-like
structure.l’tﬂ ' |

| Antiperthite iSfrare, geﬁerélly,‘bﬁt A3617156 contains
Apossibly 40% of this ﬁaterial.

Opaques'uéually occur as small graiﬁs (O.é hﬁ)franging
frém idioblastic form to irregular interstitial patches commoniy
éssociated with garnef.;

| Biotite is intimately associated with opaques and garﬁet

and occurs as fine-medium grained flakes and patches, which are



TABLE 3

A301-156

Garet
A1203 | 19.9»
.2 Fe. 23.8
MgO 7.07

Ca0 | 0.65 .
mo | 0.55

Garnet Cell>Size
1. Measured (X-ray)
a - 11.517 &
2; Theoretical (from chemistry)

0
a = 11,519 A

CA301-T2%
Kzo . 3.60
U (ppm) 0.90
- Th (ppm) .| 2.5

* Analysis by I. Lambert.
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strongly pleochroic. The biotite is of the deep reddish-brown

variety,ené
»eooles-,

Accessories include spinel and sillimanite which sometimes

occur together,
Mylonites

In the mylonitic bands quartz and opaque material occur
as strongly deformed irregular string-like grains and layers.
Although almost all quartz rich rocks show some degree of
deformation, the strongly mylonitized rocks occur near known
shears, the only apparent exception being A300-74. Commonly,
sillimanite is abundant, and is scattered throughout the rock
as strongly idioblastic grains which are elongate in the
direction of foliation or which show characteristic, almost
square, cross-sections. The sillimanites are not particularly
fractured and show virtually no fragmentation indicating that
they post-date the mylonitization.

Black Granulite (A300-58)

Dark coloured basic granulites occur in thin bands generally
a few feet in width, conformable to the metamorphic layering,
and often exhibiting a fine lamination,

In thin section they consist of approximately 40-60% garnet,
10-20% plagioclase, 20% clinopyroxene and 5% opaque, with spinel
enrd—epagues as accessories. The majority of constituents are
1-2 mm in diameter. Hornblende (up to 20%) occurs in some

rocks (A300-63) at the expense of clinopyroxene.
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(1)d PlagioclaSerforme xenoblastic grains up to_about'j mm
in diaﬁeter.. 'Glide twinhing is'cemmon.‘-iSQme gféins are
i)oikilobleefic,‘ containing inclusions of clinopyroxene..v
| (?) Garnets are_somewhat idioblaet;cr'end often SEQW'geod
’ friﬁle pointvjﬁnCtio;s. '_They;eommonlj contain orieneed'
0,01 mm iniefgreWths of a dark brown material, possibly rufile
;_(Plate'sg‘). .These infergreﬁthe are nearly elwajs in.the“
central cores ef the gafnets. |
(3) Cllnopyrexene occurs as.anhedral éralns, often with
aligned bladed opague 1ntergrowths.

(4) Opaque‘areas are unusuall&ﬂcoarse greined (1,mi).and
_sometimes contain inclusibns:of spinel. ' In one cese colourless
splndle 1ncld510ns w1th o?thorhomblc extlnctlon were observed.'

(5), Hornblende forms as anhedral pleochr01c (light .to dark
'brown green)kgrains_up to 2 mm, and-appears to,berreplacing

the;pyroiene. They occa51onally ‘contain orlented epeque‘
'1ntergrowths, whlch may ‘be relics from the replaced pyroxene.

»(6) Bictite was rarely observed, andqa@peared secondary.
l Pleoehroic scheﬁe ie light to'dérk brown.

‘Two'black grandliteslstudied ffom the west ef the area
'(A300-93, 22) did not contain any garnet and consisted mainly
of plagloclase andorthopyroxene, wlth a little cllnopyfoxene.

Speckled Granullte (ABOO 7) |
The speckled granullte has a characteristic-texture‘which
is easily ldentifiable.ln the field. It is evehgreiﬁede.f

(0.5 to 1 mm) and possesses a rough layering.
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The rdck'qqntains roﬁghly equal amountsof.subhedral
ortho- and cl;no—pyroxeneé (30-40%), plagioclase (60%),‘
‘opaques (}essthan»5%)'and'acceséory»apatifé. | The opaques’
are intimately aséociated-with the pyroxehé.
(a) Qrthopyrqxéne |
_Hypersthene is present as stfongiy pleocbréic grains.
(b) ' Clinopyroxene , '.‘ L
‘Clihopyroxeﬁe is é deepef'green ﬁhan~thé hypersthene,
én& cdmmogly cogtains-biaded oéaque intergrowths..
vtc; Plagioclasé
" £300-7 gave a éompqsitioq of Ang. by X-ray &iffraction
methods.
(4) Biotite
:vThis @inéfal is obéerved oécasipnallyigs;bfown'pleochroic
grains. |
|  Grain'bounaary rélétionships indicate‘textural equilibrium.
:sincé triple:point‘junctioﬁs are goﬁﬁonly'observed (Voll,'1§60).
In somé cases pyroxene is fpund altering;ta brown'hornblend
(Plate;£37) with opaques and plégioclase felated. This is .
:probébly due fo slightly hydrous conditions during metamorﬁhism,
rather than any retrogra&e'éffecf. | |
Discuséion of Metamorphism
1. Grade af Metamorphism
| Thecommon mineral aséemblages cbserved were:
(1) éugen~banded gneiss 7

- quartz - perthité - plagioclase - orthopyroxene -
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clinopyroxene - garnet - opaques.,
(2) quartz-feldspar bands
quartz - perthite (- garnet - sillimanite - plagioclase).
(3) speckled granulite
plagioclase - orthopyroxene - clinopyroxene - opaques.
(4) Dbvlack granulite
(a) plagioclase - clinopyroxene - garnet - opaques
(b) plagioclase - orthopyroxene - clinopyroxene - opaques.

These assemblages are typical of the pyroxene granulite
subfacies (Turner and Verhoogen, 1960). The significance of
the presence of hornblende and biotite in some specimens will
be discussed later.

The above assemblages can be further subdivided (de Waard,
1965) on the basis of varying load pressure and water pressure.
The varying assemblages corresponding to varying bulk
compositions are plotted on ACF and AFK diagrams (fig. 16 ).

It is immediately noticeable that although water pressure
remains constant, load pressure indications vary.

All thin sections of speckled granulite studied correspond
to the orthopyroxene-plagioclase (op-pl) subfacies of de Waard.

The garnet bearing black granulites belong to the
clinopyroxene-almandine (cp-al) subfacies, while the garnet
free specimens belong to the op-pl subfacies.

Most of the augen-banded gneiss assemblages reveal a more
complex relationship. The intimate association of altered

orthopyroxene, plagioclase, opaques, clinopyroxene (generally



Fig. ié
Metamorphic Mineral Assemblages :
a;-Speékleﬁ Granulite.
b. Quartz-feldspar bands.
‘6. Augen-béhdedaneiss;

d. Black Cranulifé.
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Fig. 16 Metamorphic Mineral Assemblages
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‘fresher looking than the prthopyroxene) and symplectic garnet
(with probably quartz iﬁclqsions) could possibly be caused by
a reacfion marking thé tfansition between the subfaqies -
"orthopyroxene + plagioclase = _garnét +_clinopyroxene +‘quarf2
| | (z opaqué) -
(ﬁp-pl) ‘ : o = (cp-al)
K.simiiar rgaétion involving éérnets ?ontaining daqtylitic_
quaftz'and withva similar texture ishfecordéd by de ﬁaard'
(opaques are noﬁ invélvea in his postulatéd reaction);
An augén gneiss confaining'an op-pl aSSémblage iny was
observed at A301 123a. | |
The guartz- perthlte éssemblages are not characterlstlc of
either subfa01es. | |
'Although_much more det;iled wofk~is.required .it is-
‘notlceable that all examlned thin sectlons of asseﬁblages
correspondlng to the cp-al subfécmes (or showing the transition
: féaction above), with the exceptlon of A301—166A,<come irom.the
granulite "island" south of the intrusion (fig. 17 ). This )
area forms part of the core of a majof_fold (Davies- Sheet, 1964)
which could possibly account for the higher load*preséufe
conditions postulaféd; If, however;'on fﬁtﬁre study, both
 éubfacie$ are found.représented in a fhinly inferbanded sequence,

some revision of de Waard's classification may prove necessary.

* total pressure -ncludgnq tectornic overpressure
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x Speckied Gramulite
+ B\aok Granvlite

B o.  Augen: - Banded Gness

. op- pl - subfocies .

+  cp-al  subfoues (or

mixed assem blog e)

ﬁq.vrf

é. 'Pfesenoe of Hornblende
The larée'oonbentrations of hornblende which occur'in
some rocks (A300-63, 66) are probably not related to the iniﬁial
.metamorphism or to retnograde effects; The chéradteristically
coarse tabular crystals-of hornblende are 1nvar1ably found near
“the 1ntru51ve'contacts of the Glles Complex in ferromagneslan
rlch rocks., A300-63, which" represents essentlally the same -
band as -’ ABOO 58 but whlch is nearer the contact, contains
~abundant hornblende whereas ABOO—58 contains negligiblef
' quantities. - These concentratlons are possibly. due to a.contact
aureole aroundfthe 1ntru51ons, glnlng rlse to lncreased |
quant;tles of water, at essentially granulﬂ@ faciee_conditions.
This aureole oouldvbe;phjsically repreeented by the "hornfelsicﬁr

‘hybrid zone of the intrusions, although, as stated, its chemical
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effests couid exhend;fnrther.i

Minor quanfities'of breWn-éreen hornblende ferming.at hhe
expense of pyroxene (Plate 37), and4biotite,fin recks_further
fromatheiinhrusien'could.be due to the contact aureole erAto
sllghtly hydrous condltlons durlng reglonal metamorphlsm.

3. Garnets from A01d and Basic Granulltesr |

Garnets from rhe quartz—potash feldspar banas and from‘;
the»biack'granulites differ in-at least one respect;' The |
basis garnets exhibit:a cpred zone.ef(needle exsolutions -
(Plate 38), possibly.rutile.; | “

‘This is prohab1y a manifestation:ef original bulk rock

(2),

composition, the black granulites being richer in__Tiog |
as could be expected.
4.-,Distributien of‘Sillimanite:
The strongly‘nylonifized rocks are confined to quartz—'
Aperthife banas which.maj be anfexpression of the ease of
g deformatidn of“qnartz and felaspar.compared'te the ferromagnesian
‘minerals. These my}onires often contain unusual amounts tup
to 15%) Qf Si;limaniﬁe. This‘is possibly.due_to |
(i) _an.unnsuai association of a highly pelitic rock and a
strong shear, or
(ii)’ a redistrihution of alumina by the shear, causing an
accumulatlon in the quartz rlch layers in whlch the shear
preferentlally occurs. This is more llkely as ‘the

51111man1te appears to have formed after the shearlng.

In thls case, the amount of 51111man1te present would
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depend on initial,rogk co@position of both the quartz
band and the‘neighbouring~rocks, as well as the strength
of the shear. |
5; Discordant Fé;sic Vgins
' At_ﬁ500-57 in an augen gneiss on the granﬁiite'”island",
south of the Maig intrﬁsion, fine grained felsic veins were-
observed (Plate B )., | Apart from a difféfénée intgrain size,
the vein was.also different in other respects't6 the h§sf rock,
(1) Light green acicular inclusions were found in potash
feldspar in. the vein. '
(2) Hornblende was much mbre common %n‘the vein, and was the
oply ferromagngsian mineral‘presént.
'Th;se velns céuld have‘pefhapé devéioped by two means.
(1) Selecfive mobilization during high grade regional
metamorphism. -
- (2) "Pégmatitic" emanations associated with the,underlying
uitrabasic intrusion. |
6. Uranium;Thorium.Content
| lA-sémple of augen gneiss (A501-72) analysédiby I. Lambert.‘
shows a low thorium and uranium content (Table 3). The low
ufanium content could be dﬁe:to its mobilization during high

grade metamorphism (Heier and Adams, 1965).
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DOLERITL DYKES

These dykes commonly occur as smooth, dérk green walls,
a few feet thick, in both country rock and Giles-Complox
intrusires. .They are flne gralned and often well JOlnted.

Some show evidence of chilled margins, and, more rarely,
banding.

lThln.sections show‘characteristlc anhédral clinopyroxene
(1 mm) gralns in a matrlx of flner grained anhedral pyroxene
(o. 03 mm) , plagloclase (0.2‘to‘Q,4 mm) and hornblende, arranged
in a subophitlc manner, Spinel ana opaques are-acceséories
(A}OO—TO).V - |

The coarser cllnopyroxenes are usually roughly leos

'shaped and are strongly deformed in concordance with the general

textural features.‘ Kink bands -are arranged in sheaf or--
partial sheaf-like forms. Simple tWinning is-occasionally
observed., - o .

Plagloclase forms as 1rregular laths, and commonly eXhlbltS
carlsbad tw1nn1ng.

A oharactéristic'featurévof rhe.dykes are thev”clumpod"
‘ éréas (Plate 42). These are formed of isotropic areas up to
5 mm in diameter, and may also cohtain large clinopyroxenes and
élagioclases, as well as anhedralrgrains (0.06 mm)'of pyroxene,
'spinel and plagioclase. These areas are light green in colour,
- yet oxhibit remarkable iéotropic extinction.;'
Sometimes‘these areas oontoin oval shaped "amygdaloidal

groups of a low birefringent mineral with moderate relief,
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Anhedral (0.2 ﬁm~x 0.1 mm)_grains are arranged in a. radial
aggregate (Plate 41). This mineral has 2V_ =‘7C-80° (it may
be a pqtassium'feldspar‘—.microcline), - These grains have
-vermicular opadue'métefiai'often asséciated.

Both %he'élumps and_fheloval aggfegates“;ppear'tdebeofi_*
secondary origin. | o

‘Sheared confécts are sometimeSfobserved wiﬁﬁ the‘countfy‘
fock (A301-144), The.graﬁuliye is broken into'subéngular
blobks (Setﬁeen 1 ﬁa aﬁdl2-mﬁ,‘and coéréer), and fracture
.fi%ling with oﬁaquelmaterial and'grahules of country ro;k
has occufréd.r ‘The_fiﬁe graiﬁeﬁ_dolgrité has incdrpbfated
‘subhédral to éﬁhedrél 1-2 mm grains of orthopyfoxene néér the
contacf. | |

A300-107 appears slightly diffefeﬁt in the field but iz’
thin secﬁion eihibité a similar although cbafser texture.

It does th'poséess the clumps seen in the finer grained dykes.
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1. Layering and Folding (Country Rock)"

Except for a small, much faultéd area.just"north of the
western lobe, the attitude of the layefing*islvery constant,
dipping 50° N and striking roughlylE—W. Significantly,
Vperhaps, thié attitude remains the same right up té the'
.contact with the intrusion, and this contéct is markedly non-
cdnformable té,the layefiﬁg. |

| The country rock in the mapped area.forms ?he northern
limb of an antiformal macrofold whose fold axis trends E-W
énd which closes S—E'of_the-area investigated.- Some mesofolds
of similar style:were 6bserved and in a few cases éxhibited
a sfructu?e resembling cross-bedding on one limb (Plafe 7 ).
‘This latter feature may result froﬁ axia; plane'siip. In
Qﬁe>locality,—irregu1ar plastic folding'was Qbserved.~
2e faulting
| (a) Generali

The genéral appearance of the country rock is one of local
crustal mbvémenﬁ. This is ekprgssed'in_the western areas by
numerous shears and faulﬁs, and ‘in thé'eastern areas by a few
clearly defined shears énd strong crustal disturbances whose
precise ﬁovements are diffipult £o establish;

(b) Pre-méfamorphic Faultiné 

In the S-W corner of the area, two instances were observed
in which discordanf layerings in the country rock abutted-ope
anoéher. - The only evidence of faultiﬁg in one was obsérved

‘VSIickensides in the fault plane. The other instance showed

X Plate 13
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convincing evidence of bands being pulled into concordanée
with the fault plane. A finely banded dark granulite marked
the fault and this may have been a metamorphosed dyke.

.These faults bear no apparent relafionship>fo other

rtectpnic features. in the area and are interpreted, tentatively,

as'pre-metamorphic.

(¢) Major Shear

The southern margin of the eastern lobe is a crush‘zohe*
which extends. into.the body in iihe with a prominent shear
through the ceuntry rock. Together they form a major
lineament. |

Speeimen'A301—64 from the crush zone reveals the rock

to be strongly granulated.and criss-crossed with numerous

‘irregular fractures. Significantly, there is no suggestion

of any differential movement within the rock, which seems to

indicate a lack of shearing; However; the country rock -
immediately below tﬁis crush zone and running parallel to it,
is a strongly myionitized,quartz-rich,layer (described before),
and in the shearrwest'of the bedy greatly stretehed augen are
pulled out in ‘the sﬁear direction. Possibiy, therefore, the
country rock has been subJected to shearlng along this zone
for a much 1onger tame or durlng much more severe tectonlsm
than has therintrusion. On the other hand, the difference in
physical properties‘(elasticity, brittleness) between the
eountry rock and intrusive rock, may cause a differént teiture

to form.from the one shearing movement. Perhaps the body was

Plate (O
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emplaced along this shear during its last active phase and
the magma solidified Jjust before activity ceased. Thus the
crushing in the body would have occurred during the final
stages of tectonism along this shear so that no differential
movemént is expressed in the rock fabric,

(d) Gabbroic Dykes

Mineral composition and texture show that the Upper Layer
and the Giles dykes are petrologically similar and probably
were emplaced from a common source, The constant shallow
dip of these dykes suggests that the fissures along which they
intruded may, in fact, be a set of thrust planes. It is to
be noted that these dykes strike perpendicular to the crush
zone.

(e) Younger Dykes and Shears

A swarm of dykes and shears can be seen striking in a
general E,N,E.-W.S5.W, direction across the area. They are
genetically distinct from and younger in age than the Giles
dykes and major E-W shear. These dykes dip steeply south
(50° - 60°) and their texture, unlike the Giles dykes, is that
of a dolerite. They intrude, and therefore post-date, both
the Giles Complex rocks and country rock.

In many cases, the dykes grade into shears and it appears
that movement often continued after emplacement and solidification
of the dolerite.

In an isolated hill of country rock south of the main

intrusion, some of these younger dykes have been dissected by
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‘later shear§ with resultant.slipkenSiding on quartz-rich
(chéracteristically blue) 1ayers; Brecciation is observed
occasionally.

Specimén A300-130, from a sheared dyke, exhibits curved

fault planes, as illustrated below (fig. 18 ).

These sets of dyke-shears appear in general to gi&e little
or negligible displacement, but to the N-W of the body, a
concentrated set of shears has caused pﬁnsiderable disturbance
and displacement.
Deformation: Textures and Their Significance

Defbrmation.of tﬁe whole area - both.éountry rock and the
'intrusiveAfock.- is expressed very commonly in thin section.
Undulose extinction is uéual for the majority of minerals,
'glidé twinning in plagibclase is common and quartz grains often
display dislocafion boundaf%gs. |
(a) Kink Banding

Orthopyroxenes fromithe main intrusion commohly show
gradations from broadly cur§ed cleavages to locally distorted
cleavage to sharp kink bénding (Plate 31); |

L.E. Weiss has suggested (personal‘cbmmunication) on
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theoretical grounds coupled with cbservation, that the kink
lamellae are not parallel, but that adjacent lamellae are
slightly obliéue_tc one another. This has been observed in
specimens from Ewarara (Plafe 31). Angles of inclination.up
to about 50 a;e=usual. The k%nk lamellae are app;oximately
~normal td thé crystallographic ;-axis of the brohzites, the
c-axis commonly being at about 800'to the kink plane. Kink
planes are-usﬁally abo@f O¢3 mm apart. These geometric
relations are illustrated below (fig.l9 e

| -Similar rela@ionships-are observed commonly in olivine

" (Plate 34) and also in coarse biotites.

,’nr-:\\ O 3 wmmn
;) S
] -

]
c - -
. -— C

Fig 19

In the bronzites, some kink planes are flanked by
inclusions (spinel ?) slightly coarser than usual and which
are separated by a barren zone from the usual fine oriented -

inclusions. Fig. 20 below shows this relatibnship.
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A similar occurrenée is sqmetimés noted atrgrain‘boundaries
(fig. 10q). ThisjsuggeSts that thesg inclusions, cauéed by
éxsolution may have eifher migrated to or coaleéced-at these
localized positions, or -even éhat their exsblutién may have
been triggereé by the tectonic strains which caused the kinking.
Occasionally, large,fractufed bronzites occur, Possibly,

these are formed by.continued mechanical.defdrmation.after
kinking, bfeakup occurring'élohé theAkink.plénes (Plate 33).

Orientation of kink planes.

Evidently, the kinking of:£he p&fokeﬁes was caused by af
directed stress, as only those grains in a parficular
crystallographig.oriéntationare kinked.-“ Some preliminary
work has been ddne to put.this on a quantitative'basis.

A flat stage micfoscope'was ﬁsed to record the,oriéhtation of
the trace each kink plane made Qith fhe plane of thin section.
Two speciméns were examiﬁéd, and allowing one cqunt per grain,.
the results for each weré>plotted aé a-fose diégram atISOn |
intervals (fig. 21). In both cases (and especially for
A300-125.which providéd thé much largef number of counts)ua
pronouncéd maximum is evidgnt indicating a'stfoné preferred
orientation of kink ﬁlanes‘wifhin each thin section despite
the isotfopic arrangement of grains, Very likeiy,'a siﬁiiar
preferred orientation of kink planes éxists for the intrusion
as a wholé but orienfed specimens from various pafts of the
body have not ye% been'coilécted to verify this interesting

. possibility. Quite. probably, the directioh of kinking is



Fig. 21
Orientation of kink lamellae.
Pronounced maxima - left to right - (and the m1n1ma

perpendlcular to the max1ma) are observed in both

cases,

A301-61 "and A300-125 are notfoiiented specimens and so

 these diagrams are nbtfgeographically oriented. . They

merely show that maxima exist in both cases.

Scale{ A301-61 1 1 om. radius 1‘count

- A300-125. % em radius = 1 count
The superimpbéed oircles‘indicate the expected frequency
per 5°‘sector for a 2-dimensional isotropic model.

Their rad11 are calculated from the 37 counts made from

A301 61 and the 93 counts from A3OO 125
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A301-6l
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‘allied to that of the other tectonic featuree.
(b) Cataclasite Texture

On close examination of thin sections, the opinion has
been formed that stresses, when applied'graduélly over a lohg
‘period may, instead of kinking the pyroxenes, cause a partial
physical breakdown of them. Various stages may be recognised:
(1) TInitial breakup of the phenocryst at the crystal edges.
‘(2) Complete granulation of the whole crystal‘with'littie
movement of grains (Plate 35). | .
(3) FO?mation of "fingerprint'" patterns by the granules .
(Plate 36). | |
(4) Complete physical breakup into a disordered array of
graiﬁs which'helps form the matrix commonly seen interstitial
to the phenocrysts.
The process is not well enough understood to place any reliance
on the time significance of the above stages or pessible
variations depending on individual conditions:
(¢) Hourglass Zoning

This Zoning, in'contrast to the described cheﬁical zonihg,
'p0551bly may develop in response to a stress fleld applled
durlng exsolution on cooling. Thus, spinel would exsolve
more thickly in some areas then in others. Though purely
specelatlee, some tectonlc _explanation seems necessary to
explain their shape. It may not be related to and may have

occurred earlier than the E.N.E.-W.S.W. shearing previously

" mentioned.
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4, Other Structural Featﬁres (Intrusion) "

The main structural fegtures of EWarara'afeaSﬁmmarized
diagrammatically in fig.22 . . |
(a) Lajéring and AésociatedATextures

Generally,Alayering is'confined fo gpecific horiions
in the main intrusion, and usually isldefined'bj differentiai

i'weatheringvof the rock iﬁto bands and pitted horizons. -Thé

layeriné,appears to have £wo general attitudes, one shallow-
dipping aﬁd the other essentialiy vertical. Only.one'of the
minor intruéion§ (A300-77) exhibits 1ayeriﬁg-a1though a flow
texture occurs in A301-153. A more detailed1investigatioﬁ‘is
reéﬁ;red bﬁt some pr?limin;ry obserﬁations are presented below.
(1) Shallow-dipping Layering (A300-102) | |

This banding,dipé up to about'BOo and appears to be
roughly.conCOrdant With the contact (Plate 9 ). Isolated
higher dips (up to‘55b)'are probably caused by later disturbance,
Layering is defined by coarse grained bands and these are
clearly distinguishable_from the adjaqent rock."-Fufther
investigation may reveal a chemical variation as well. Bands
:are a few centimetres in width and may extend for some tens of
feet, or else they form as lenticulgr sheéts and segregations.
Thése coarse layers may éontain pyroxenes up to j§ mm long
and the orientation of pyroxénes is shown diagrammatically in

fig. 23, below.
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Fig 23

The bronzites form a self-supporting structure witn
plagioclase interstitial. st the boundary interraces to layers
the tiner grainea material packs into the coarser grains.

I'his is somewhat similar to the cusp texture opserved in the
ultrabasic zone of otillwater Complex (Jackson, 19671 ).
(ii) Vvertical Layering

vertical layering was observea in a single horizon near
the south-eastern contact ot the main lobe (rlate & ). west
ot the intertonguca area, the horizon was not locateu, but
steep banding was observed along strike in a small plug to the
west, The scale and texture of these bands are similar to
those described above. A band in &3500-152 contains coarse,
gark coloured bronzites with some olivine and plagioclase.

I'he neighbouring layers contain triner grained and lighter
coloured bronzites and plagioclase. Both bronzites are zoned.
. v
(iii) <Cryptic Layering

vensity variations across the body (tig. 24 ) have been shown
to be paralleled by variations in the modal plagioclase (Table 2)
ana presumably not by a marked chemical change. Proriles are

similar for various traverses and probably represent a macroscopic



Fig. 24
Density profiles for “Tip?Heap" Traverse (A), Camp Traverse (B)
and Gash Traverse (C); compared with_v@riation in modal

: plagioclase.for "Tip-Heap" Traverse.

A300-91, 92a, 113, 127? 128 are olivine pyroxenite samples;

. remainder are pyroxenite samples.
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layering in the pyroxenite not apparent in the 1iela.
Mecnanism ot rormation ot layering.

'ne oistripution, orientation and petrolocgical nature of
the low-dipping layering strongly suggests gravitational
settling oif crystals on to a gently undulatory surtace, possibly
pasin-like.

The vertical layering on structural evidence does not
appear to be an inverted or tolded form ot the gravitational
layering. Tentatively, it is thought to have been tormed by
ditierential viscous tlow along a near vertical plane (the
southern contact). oimilar layering is not observed in the
equivalent position ot the eastern lobe, but post-crystallizational.
crushing may have obscured any such layering. This mechanism
has been proposed by wilshire (1901) tor the layering of
diatremes in N.S.W.

There is some evidence for current action and viscous flow
in various parts ot the magma. In several instances rod-like
pyroxenes up to 10--0 mm long are strongly aligned to give
lineated textures, and, as described earlier, A501-155 displays
a marked alignment of coarse plagioclase laths, suggesting a
flow texture,

(b) ‘"ohadow" 4one

vxtending the full widtn of the body at its western end and
into the country rock on the northern side a zone of four bands
appear on aerial photographs as low 'welts'. Field investigation

shows nothing more than low depressions. It is felt that this
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teature may be a structﬁfal effecﬁ - large scale jointing,
perhaps -~ although‘such an explanation is speculatiye. These
Myelts" are’pérpendiéular.to the étrike of the other iayering.
Se Gravitj‘Prdfile |
* | The kind co-operation of‘the S.A. Vept. of Mines enabléd
Ca traverée of 27 stétions at 300 ft. intervals to be made
obliquély écroés the westerﬁ.lébe. From elevation measurements,
accurate to O;T ft., éorrections were made on Fhe observed
gravity résults.assuming.a deﬁsity of 3.1 gr/cé and an arbifaryl
datum of 100 ft. (fig.ZS). Boﬁéuet and terrain corrections
were not calculated because of thé lack of established surveyed
points.
Interﬁretation._
a denéity of 3.3 gm/cé for the intrusive rockélahd 2.7 gm/ce
for the’country fo§k was assumed.
On calculation, a stock 1iKe_intrusiv§ mass gives a,graVity
anomaly abgut six fimes the observed 2.5 milligal anomaly.
On the otﬁer hand,.a tabular pody with'a vertical thickneés
of 350 tOISOO ft.'gives thé'reqﬁired anémaly it a density
contrast of‘O.Q to 0.6 gr/cq is assumea. This agrees with
field infgrmation on the western contact from which the bédy
is interpreted as a sheetlike mass (tig. 26).
The gravity protile ddes not extend far enough for any
,définite picture of the eastern contact to béfiﬁferred.
.Wééﬁ of the contact near X, gravity values ftor the country-

rock appear to increase anomalously. However, the demnsity of
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oéuntry rock (2.7 gr/cc) is lower than that assumed (3.1 gr/cc)
in calculating the gravity profile, andthe attraction of the
neighbouring mass>of bwarara was ignored. These factorg may
account for the high values.

similarly, wrong'density corrections may have been
responsible fér the oscillations in the profiie'plateau near
the eastern éontact. |

6. Shape of the Intrusions .

{(a) Main Body

The following interpretation is basec on field observation.
petrological evidence and the gravity profile (fiés. 25,26 ).
To facilitate discussicn the body has been divided into

‘zones (tig.27).

Fig 27

(i) Eastern Lobe
- This lobe appears to be a lopolithic sheet with a shallow
northern contact (zone 1) and-a steep southern.contact, perhaps

vertical (zone 2). This steep contact coincides with a crush
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zone presumably a continuation ot the large shear to the west,

A slight topographic rise gives a physical boundary between
the eastern and western lobes.
(ii) western Lobe

4ones > and 4 are similar to the above zones, and
presumably the body can be represented by a flat or shallow-
dipping sheet abutting a steep southern contact.

The south-west corner of the intrusion becomes more
complex. The intertongued zone 5 probably has steep dipping
contacts similar to zone 4. The extent of the eastward
continuation of these tongues under the granulite is not known.

several low-lying outcrops of olivine pyroxenite south
of the body are assumed to be continuous with the body.

Although contacts were observed between these and the granulite,
no qualitative observations of their attitude could be made.

It is thought that these outcrops are exposed parts of a thin (?2)
flat-lying lens of olivine pyroxenite south of the intertongued
zone., The granulite (represented at F , fig.26) torms the
upper contact to this sheet but not to the main part ot the
intrusion shown by zones 1 - 4. Field observation suggests

that the roof was rather irregular. 4500-067 probably
represents a shallow cupola.

Possibly, the steep contact in zone 4 continues in the
same line under this lenticular sheet.

The relationship of the small pyroxenite outcrop (A300-81a)

in the south-west corner of the intrusion to the rest of the
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intrusion is not known.
(b) Other Intrusions
(1)  a500-77
This is, most probably, two small plugs with steep contacts,
It may represent the outcrop of two pipe~like masses.
(i1) a500-79
This may be similar in nature to A3500-YY,
(iii) 4301-15>
No contacts were observed in this body but it may be a
j
pipe~like mass, This is substantiated by the flow texture
it exhibits.
(iv) A301-175, 190

These have lenticular outcrop patterns but their vertical
extent is not known. They do not appear to be flat-lying.
(v) A500-105 (Anorthosite)

The anorthosite appears to be a thin sheet-like intrusion,
closely associated with the steeply dipping shear. Movement
on the shear appears to have continued after and possibly during
intrusion.

(vi) Gabbroic Dykes

These thin shallow-dipping sheet-like intrusions have been
mentioned before. They are not physically continuous with the
main body in surface outcrop. The reason why the country rock
separating them from the eastern lobe is unfavourable for the
injection ot dykes, is not certain, but its strongly compressed

nature may be a significant factor.
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1. Shape of Ewarara Intrusion.
Ewarara Intrusion is a layered ultrabasicrigneous body, about
3% miles long by 1.mi1e Wide, and showing a visgible stratigraphic
thickness of 500 to 600 feet. The intrusion, from field and gravity
observations, can be considered as eésentially a flat or shallow
éoutherly dipping sheet abutting a steep southern contact. in the
south west corner of the area, thié flat sheet could extend as a
thin lens to the south,
I£ consists of two major layers - a lower olivine pyxoxehite
layer and an upper pyroxenite layer,
2, ' Evolution of the body.
(1) Magma was probably injected into the chambe£ along the
steép_southern contact through dykes_and/or pipes. In the
eastern lobe this injection is associated with a large shear
(farther to the west, an anorthosite is intruded along the
seme shear).
(2) Contamination at the margins of the body is indiéated by
the-usually hybrid nature ofrthe contacts, and the‘presence
of biotite.
(3) Crystal settling from the magmé préduced;both major
layers, the primary precipitates being spinel,. olivine,
bronzife in the 1ower layer and augite, brﬁnzite in the upper
layer, Petrological and chemical evidence indicates a major
break between the deposition of the layers.
(4) The interprecipitate materials of both layers are probably

not related directly to the material they enclose,
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B Differentiation in the body.

| Whole rock analyses indicate a marked enrichment;in Z Fe
relative to Mg0 towards the fop of the intrusion. A very‘low
Z Fe/MgO ratio is similar to Mt. Davies Intrusionm,

Orthqpyroxenesshbw a cfyptic variation in the_bo&y, becoming
more iron rich towards the tép. A marked break.occurs:between the 
two major_léyers;

_ Plagioclaées show an expected rdnaom variation in compositions
4 Formationrof Banding.

(1) Sha116W'dipping i&yering is considered to be due to

graQitational settling of crystals; minor and major layers

probably represent varying degrees of change in physicai
éonditions in - the body. Currént action iéiindicated

Qccasionally by lineated textures.

(2) Vertical layering 1s tentatively suggested to ‘be

assoclated with viscous flow in a confined space.
5e Smaller Intrusions.

In general the smailer intrusions can be viewed as plagioclase
rich variations of the two major rock types, and-may'représent léss
viscous portions of the magma.

6. Metamcrphism and Folding, -

It is considered that the metamorphism of the granulites of thé
country rock is associated with fhe folding of the area, and that
%oth écéurred before the intrusion of the magma. Both orthopyroxene-
.ﬁlagiocase and clinopyroxene-almandine (orAtransitionalimiXed)

assemblages of the pyroxene granulite subfacies:are observed for
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the various rock types; . Some médifioatidn of the above assgmbléges
have occurred near the intrusion.where the presence of hoénblende
indicates apprepiable quantifies of water,
7. . Dolgrite Dykés.~

The dolérite dykes are intruded after both mefamorphism of
the granulites and the intrusion of the body. Continued movements
after crystallization sometimes resulfs in- their own deformation.
These dyke-shears may be responsible for‘the kinking, hourglass
zoning and cataolasitg textures observed in pyroxenes in the

intrusion,
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EXPLANATION OF _PIATES




PLATE 1
' Ewarara Intrusion .from the N-W, showing position of lower

contact.

PLATE 2
Ewarara Intrusion showing distribution of "tip-heaps", loéking

N-W over the southern alluvial velley.






PLATES 3 & 4

Chilled contact of intrusive rock (dark) and’granulité.
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- PLATE

Low dipping banding in Ewarara Intrusion.

PLATE &
Vertical banding near southern contact, western lobe of

intrusion.






PLATE 7
Tight mesofold in granulite. ‘

PLATE 8

Fine grained felsic vein discordant with granulite g"neiss;






PIATE 9
Dark coloured "tip-heap" of jumbled olivine pyroxenite

boulders.

PLATE 10
Ridge marking crush zone and southern contact to eastern

lobe,
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PLATE 11
Xenolithic materiel incorporated in mafic material; float

near southern contact of eastern lobe.

PLATE 12
Hybrid contact between grenulite and hornblende-pyroxenite

(near A301-190).






PLATE 13

Banding in granulite (middle distance).

Augen gneiss,






PLATE 1%
Subhedral inclusions in plagioclése from granulite near

contact (x8oo).

PLATE 16
Poikilitic plagioclase with subhedral inclusions of pyroxene,

contact zone (x 50).






PLATE 17

Euhedral inclusions in plagioclase, olivine pyroxenité

(x 135).

PLATE 18
Antipatheti¢ relationship between fine euhedral inclusions
in plagioclase and large foreign inclusions (pyroxene)

mafic pegmatite (x 50).
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PLATE 19

Exsolution lamellae in bronzite, olivine pyroxenite

(x 135).

PLATE 20
Vermicular spinel of the symplectic intergrowth (Plate 25)

"emenating" from spinel euhedra (x 135).-






PLATE 21

_ Opaque intergrowths in olivine (x s0 ),

" PLATE 22
" Rounded olivine crystals surrounded by bronzite and biotite

(x 50).






PLATE 23
Granular pyroxene and plagioclase radial to interface between

plagioclase‘ pherioc;:ysts, mafic pegmatite (x $0).

PLATE 2

Hornblende replacing orthopyroxene, contact zone (x 50).






PLATE 25
Coronal rim of orthopyroxene and a green s&mpledtic intérgrthh
(s) between olivine and plagioclase. Olivine also shows

- dendritic opaque intergrowth (x 50).

'PLATE 26
Dual rim of a symplectic intergrowth (5,5 82) between

plagioclase and zoned bronzite, olivine pyroxenite (x 135).






PLATE 27

Secondary enlargement of bronzite, olivine pyroxenite (x 50).

PLATE 28

Spinel vermicules growing into secondary bronzite rim (x.135).






PLATE 2
- Normal zoning (n) and hourglass zoning (h) in bronzite,

lower layer (x 50).

PLATE 30

Hourglass zoning, bronzite (x 50).






PLATE ‘31,

Kink bands in bronzite (x 50).

PLATE 32

Kink bands and bent cleavages, bronzite (x 50).






PLATE 33
Fragmental breakup of bronzite (x 50).

PLATE 34
Uh@ﬁlatory banding; olivine (x 50).






PLATE 35

Cataclisation of pyroxene in situ (x 50).

PLATE 36

Fingerprint texture, pyroxene (x 50).






PLATE 37
Hornbiende rimming-e%%hepyroxene and opaques, Plagioclasge

also present (x 50).

PLATE 38

Intergrowﬁhs in éore of garnet from black granulite (x 135).






PLATE 39
Association of plagioclase, orthopyroxene, symplecfic:gainet

and opaques from augen gneiss (x 50).

PLATE 40

Garnet with dactylitic quartsz (?) inclusions,'from augen

gneiss (x.50).






PLATE 41

Unknown aggregate in core of istotropic "clumps", dolerite ‘dyke.

Pyroxene shows sheaf kinking (x 50).

PLATE 42

Isotropic clump, dolerite dyke (x 50).






PLATE
~ Granulated "flow" texture in énorthosite. Plagioclasé
phenocryst shows outer zone of antiperthite (2) and inner

zone of fine needles (n) (x 50).
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