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SUMMARY .

L& wescription of the stratigraphy of the area is given,
with associsted petrogrephic notes on each unit of the secuence.
The petrology of the Mt. Crawford Gneissic Granite, its
variation, the nature of the enclaves anu contacts with the

surrounding schists is discussed.

Descriptive notes on the petrology, mineralogy, ana
occurrence of various amphibolites and pegmatite aykes, have
been adaed.

L study of the variation c¢f wminor winerais in the granite
anaits enclaves, and their relation to the surrounuing secaiments
is presented.

The structural geology of the area with specla. rererence
to o statistical study of jointing and linestion in the granite,
and micro-folding in the surrounding schists is summarised; and
a possible theory to explain the evidence is given.

Conclusions on the possible origin of the granite, the
amphibolites, &nd a discussion of the metamorphism &and
metasomatism in the area in the light of the petroiogical,

mineralogicel, and structural evidence conciuaes Tie paper.



INTRODUCTION.

The area under consideration is situated some 30 miles
north - east of Adelaide, extending south and west from the
South Warren Reservoir, approximately 4 miles south - east of
#illiamstown on the Williamstown - Birawood road.

The mepping programme, with its associated petrological,
mineralogical and structural studies, was carried out to attempt
to ascertain the nature and the origin of the Mt. Crawtfora
Gneissic Granite and its relation to the country rocks.

The granite body is elongated parallel to tae schistosity
(and beuding) strike , and extends over a distance of 3 miles
with & meximum width of one third of a mile. The total area
mzpped was some 92 square miles,bounded to the north by the
South Para Creek (and the South {Jarren Reservoir), to the east
by an area of alluvium, to the south by Dead Horse Guidly and to
the west by the Kitchener Fault line. The area adjacent to the
granite was mapped in detail and the western part mapped in iess
detail for structural purposes.

The area is largely Crown Land; the eastern part being The
western section of the Mt. Crawford Pine Plantations, the
central part leased grazing land and the western part steep
virgin scrub country.

The topography veries from the steep ruggeda country to the
west, on the eroaing rault scarp, to low rounded uplands end
aliuvial slopes to the east, grading out onto the Mt. Crawford
plains to the south - east.

The highest point in the area is the central Warren Hiil
Lookout Tower, reaching over 1700' above sea - level. This hill
is on a prominent north - south ridge marking the top oi the
Kitchener Fault scarp. The steep eroding scarp country to the
west has a relief of some 800', with steep youthrul walercourses
running in aeep channels with gorges and steep waterialls. The
Jouth Para Qorge is distinctly antecedent, the river erosion

almost keeping pace with the scarp development.



wast of the Lookout Tower the uplamds are gently unduiating
and often covered with original and reworkea alluvium and
weathering producte of the old uplifted Tertiary peneplain. Here
the topography has a semi-mature appearance.

The area has been regionally mapped by the south Australian
Mines Departument Geological Survey and the results recoraea on
th e Gawler one mile Geological sheet. The metamorphic rocks have
been correlated with the Lower part of the Torrensian Series oI
the Adelaide System. The mapping also inaicated that the area
was a metamorphic high in the metamorphosead eastern part of tne

Mt. Loxrvty Langes.



HioTOnICAL SUMWWRY .

The area first became of geological interest when early in
1884 watts discovered gold in a tributary of Dead Horse Guily.
The following year the gold-rush to the iit. Crawford Goldfields
began, and in 1886 Harry P. Woodward *e produced e first
geological report of the area. This report dealt largely with the
g£old drifts, but Wooaward makes some interesting observations
on the origin of quartz and granite dykes (pegmatites), and of
the occurrence of opal in the area. He presents an interesting
and surprizingly accurate topographic map of the area.

Tn 1926 Howchin 2° reported that the stratigraphy could
be correiated with the lower part of the Adelaide System, with
the coarse cross-bedded pebbly sandstone as the basal bed.

Hossfeld in 1935 8 regaraed the seguence as reversed; the
metamorphic schists being sarossian (Archaean) anc the cross-
bedded Proterozoic sandstone being unconformabie with the
schists. He records the occumence of talc, hydromica, muscovite,
biotite, chlorite, kyanite, quariz, actinolite, magnetite, ana
pegmatized schists with local tourmaline, magnetite, garnet,
rutile and ilmenite concentrations. He regards the granite as
being the result of "pegmatization" andithe opalization of the
aarples as the consequence of this process.

In 1942 Aldermen 4+ gtudied the area immediately north of
the Warren Reservoir and presented evidence for the production
of the massive sillimanite and kyanite rocks there, by alumina
metasomatism. He showed that the zone was rather local and was
surrounded by metamorphosed rocks or the piotite graae of
progressive regionadl me tauorphisil.

The aluminosilicates were found to occur in various ways,
and from these a well-defined series pf phases of Jdetasomatic
activity based on temperature and alumins concentration could
be worked out. The sequence of activity ranged from phases of

£1, 8i, Ti, (B) metasomatism to & late stage of pegmatization
and a finsl hydrothermel stzge which vastiy affectea the rocks



causing clays to be derived from sillimanite and damourite
(sericite) from kyanite.

Campana and Whittle (1953) °°

in an explanation of the
Gawler one-mile Geoiogica. pheet uescribed the area under
present consideration. They discuss the petrology of some of the
rocks of the ares as being of metasomatic origin, incluaing
local garnet, rutile and aluminosilicate concentrations. Campéna
ciegims that slumina metasomatiem has converted the basal grit

to the mica schists and aiscounts a pureliy stratigraphic

varistion.



SwoCHIPTIVE  PalnOulaY.
(a). GEKERAL STRATIGRAPHY.

The sequence east of the central Lookout Tower Anticiine
has been studied in detail and is used as type area although
reference to the western part will be made at appropriate places.

(1). The Bagal Arkosic Sanastone Liember.

This is the oldest bed represented in the area and outcrops
in the core of the Lookout Tower inticline. The anticliine plunges
slightly north, the sandstone core ending in Saliors Guiiy. The
core reappesrs as a double anticline just south oi the reservoir.
Quterops are rare in this double anticline, but several outcrops
et the edge of the reservoir consist ot a meaium to course
grained banded felspathic sandstone, cross-bedded in part, with
titaniferous haematite granules outlining some of the beacing
planes; and sometimes occurring in bands of aimost pure iron ore
several inches thick. kiuscovite is an &cceseory constituent.
Pepbbles are sometimes funa in these outcrops and have been
strongly flattened during metamorphism, into circuiar plates up
to 10" in dismeter and averaging 1" thick. The circular plates
are oriented parallel to the bedding planes. The pebbles are
generally smooth, waterworn, massive, quartzites, some showing
their own bedding planes outlined with titaniferous haematite.
In the eastern pert of the northern core the soft sandstone
contains stumpy toumaline granules thought to be introduced;
possibly.being related to the pegmatization on the eastern ewge of
the core.

gouth of the Lookout Tower the anticlinal core is
isoclinally folaea, and the sandstone of the crest of the fold
in Sailors Gully has been strongly recrystailizea 1o & Tough
coarse grained cuartz, muscovite rock. The guartz is a milky
white variety which seems to characterise the busal sandstone.
The wmuscovite is a pale green variety which occurs &s small
aggregates of stumpy flakes in decussate arrangement throughout
the rock., The quartz is strongly lineated. white semi-opacue

guartz and quartz - muscovite veins are also commonly weveioped



here.

In the south, & fault with.z large verticar aispiuceiment
has exposed a steep scarp of the basal sandstone. Here outerop
is well-exposed, &nd the cross-bedded nature of The rock is
clearly indicated. Boulders are common in the beuding planes,
these being lineated into ellipsoids rather than riattened into
plates. & typical assemblage is quartz ©60%, felspar 355
titaniferous haemstite 3%, and muscovite 2%. The stratigraphic

" thickness is unknown.

(2) . The Lower Tremolite Bed.

A thin transition zone of muscovite rich haematitic
sandstones, grading to sandy nica schists, marks the lewee.
boundsry of a thick sequence of variable coarse wica rich schists.
The schists immediately above the sandstone (sliide 2/ 4i8) are
rich in mica, especislly muscovite. A typical assembiage is
muacovite 80%, biotite 5%, quartz 10%, and felspar 5%, although
some varieties are richer in quartz and felspar, ana others
show small sericite banss and pseudomorphs of sericite after
kyanite. These schists are elways strongly crenulated; with
folding on a variable scale from micro-folding to folds severadl
feet across. The folds zre generally very irreguiarj micro
en echeion folding being very cominon.

The schists are sometimes banced; the guartz - relspar rich
bands, commonly showing rounced parallel foLuing, while the wica

rich bands are strongly shear folded. Foiding &nd recrystaliisa-

tion appear to have been contemporaneous. The quartz - Ieispar

bands of the schists vary from a frection of an inch to severadl

feet thick, and are pest seen on the fresh artifici&d OulCrop

at the reservoir weir. Yere all cradations from bedaceu banas

to mobilized cross-cutting pegmatoidal segregations, can be seen.
Some 200' above the top of the basal sanastone & thin

tremolite - actinolite bed often repiaced by opal, may be traced

intermittently along the eastern £lanks of the Lookout Tower
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anticline. It apperently uisappears rrom the scquence To the
south, and has not peen founu in the western tiank (awvhough
an amphibolitic bed at the weir wey represent a caicic Ded in
the schists corresponding to this bea). accoraing to Hossfeia
1935 3. the bed may be traced from wWiliiamstown to the Warren
Reservoir,

4 small shaft near Sailors Gully orovidea the only rfresh
specimen of the rock ( slide 2/ 410 ). It is & paie green tough
rock, with green stumpy xenopblastic acilinoiiie cCrysiars 0L Vallal.e
size set in decussate structure, in a Tfine graineu crezn coiourea
matrix. The specimen shows a strong ion by ion alteration &iLong
sherp boundaries to pale green porous aspestos, retaining siiky
pseudomorphs ot actinolite crystals. The siiae shows tnat the
rock is made up entirely of tremolite-actinolite crystais; the
iine greined metrix being made Up OI Simléll, Tauliute, interiocking
fibres, which explains the extreme toughness oi The rock.

Elsewhere this cted may be traced by means of relict opaline
replacement products, which appezr to represent a surfuce effect
only.

Tmmediately above this bed, a thin Tine grained slightiy
haematitic sandstone may be traced intermittentiy on the
castern tlank of the anticline, and has been recognisea atl one
point on the western flank.

(3) . The Thick Lower Schist Sequence.

To the east of the centrai anticiine, aoove the thin
sandstone bed a thigk sequence of predominant guartz, felspar,
mica, sericite schists occur. This sequence uay be more than
2000' thick and although the schists mwy pe aiviaed into several
varieties, no subaivision invo smailer sTratigraphdlCc uills .s
possible. Subdivision into varieties is apparentiy based on

metamorphic and metasomatic rather than stratigraphic grounas.

The schists are strongly recryatalliizeu anc show & prominent



PEOTOGR.LFH 1. Massive exposures of the mein schist
sequence in the 3outh Fara Creek 5orge one miie vown-stireaul

“rom the weir. rhotograph fucing east anG Llooking up-siream.



2.

schistogity. Crenulation rolding is stronglLy ueveiopeu taroughout
the whoie sequence, although pecoming less Llhiusisé oWway ITom the
anticlinel core. Knots of rine grained sericite are common
throughout the sequence, but are more abundant in certain beds,
especially those near the top of the sequence (near the granite).
the recrystellization and the intense rolding have obliteratea
the originel bedding of the schists anc the abundance of sericite
knots in some schists tends to distort the mica orientation, ana
obscure the schistosity of the rocks as welil. Deep hyurothermal
alteration has apparentiy permeated the whole seguence, ana
fresh specimens showing the original nature of the sericite are
diffricult to obtain.

The schists vary irom quartz, feispar, mica scnists with
rare sericite to schists containing up to 80% sericite.

A typical specimen of a large bulk of the schist (siice %/652)
has chiorite30# ( after biotite ), muscovite 3%,sericite 15%,
iimenite 1%, quartz 50z anu no reispar, wilh alCess0ry hiaenatite
and zircon. The chorite occurs as ragged and splintery sheafs
of flakes with abundant inclusions of quartz, muscovite ana
ilmenite. The chlorite is pleochroic from pale To miG green and
is almost isotropic, although showing some anomalious purplie
interference colours. The mineral often extends into the sericite
knote as thin feathers. The chiorite anu i.wenite have resultec ...
from the alteration of original biotite. Sericite is present as
fibrous knots recrystallizing to muscovite. Adjacent to these
knotes quartz greains bear unaltered sillimeanite spinales
indicating that the original rock was a quertz, siliimenite,
bioiite, muscovite schist.

This type oi schist grades to tough verieties richer in
quartz (slide l/325). This variety often occurs as thin
discontinuous beds which can e tracea paralieb to the schistos1ty
for short distances. & typicel assemblage 18 guartz ©5%, sericite

25%, chlorite Y%, muscovite 3%, with accessory haematite anu



zircon. Felspar is generally absent. The rock is rather massive
and with & poorly developed schistosity.

Another prominent variation is a felspar rich schist (slides
2/270 and l/328) which occurs only near the granite contacts.

L strong tendency for gneissic bandihg existe in this type and
an average mineral assemblage is quartz 50%, felispar 30%,
sericite 10%, biotite 5 - 10%, muscovite 2 - 10%. The quartz is
generally clear and sometimes shows strain shadows. The Yeispear
is andesine varying between An 35 - 4D g5 and is of‘ten zoned.
No microcline or orthoclase were detected. The biotite is only
slightly altered to chlorite in these rocks, ana tane presence of
felspar may have hac some stapiiizing errect on ulhe viovive.

A prominent variety near the top of the schist sequence is
a mica poor,sericite rich knotted schist (siice +/186), with &
very irregular structure governed largely by the presemce of
irregular sericite knots. These knots appear to pe reiicts arter
sillimanite. 4n average composition is sericite «5%, quartz 35%,
felspar 5%, muscovite 5%, chorite o%, witn accessory haewatite,
pyrite, zircon and monazite. The sericite occurs as ribrous knots
with spindles penetrating nearby quartz grains. The felspar is
largely andesine snd is often zoned. The originalL biotite is
zenerally completely converted to chiorite, and _this is orten
well mixed with the sericite knots.

A rarer variety is one rich in mica anc sericite out very
poor in quartz (slide 2/9237) .An sverage composition is sericite
70%, muscovite 20%, chlorite 5% and guartz &% with &accessory
ilmenite, haematite and zircon. The original biotite 1s
completely converted to chlorite, &na felspar 1is absent. In
these rocks the sericite is more compact, ana lacks the iiprous
structure present in the zbove types. The original aluminosiiicete

may have been kyanite.
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several of the rreshest specimens shewea the occurrence of
sillimanite relicts which had escaped sericitization. The sericite
in these cuses has & fibrous structure. However no specimens
were found sufficiently uvnaltered to show the presence of kyanite,
although mica rich schists, with smail bladed sericite
pseudomorphs after kysnite, were sometimes found.

The sericite rich schists often showed the presence of thick
bands (to one inch, and rarely more) of solia compact sericite,
whicn veried in colour from white to grey, to sreen, to pink. The
origin of these vandas is unknown, as in no case were reiicis or
eny original minerals iound in them. These banﬁs gre oxten
strongly folded and suggest that the crystaliization of the
original aluminosilicate mineral, and the folaing, were
contemporaneous.

It must be concluded that sillimanite was the w&gjor
aluminosilicate in these schists prior to hydrothermal alteration
which converted the original aluminoéﬂicate to sericite, anc
biotite to chlorite. Kyanite may have had a suborainate role,
but its presence is not escvablished.

The origin of the sericite from aluminosiiicates is uerinite,
but the origin of the aluminosilicates is a probiem which cannot
pe answered definitely in this &rea, because or the extent ot
hyarothermal alteration of almost all the schist ouulcrops.

However, one peculiar quartzo-reispathic rock with an unusuad
composition wes collected, which, becasuse of 1iis impermeability
gscaped hydrotnermal alteration, and shows clearliy the origin
oi the siilimenite. The rock (sliae 1/247) is composeda of quartz
50%, feispar 25%, biotite 10%, muscovite Y%, giatimanive 5 - 10%,
garnev 3%, staurolite 1%, apatvite 1% and iron ore Llj, with
accesgory chlorite, tourmaline and monazite. The felspar is
partly plagioclase but is largely untwinned. Both the biotite
and the muscovite show strong replacement by siliimanite. During

the replacement the brown biotite is leached and iron ore is



released. This process is analogous to that describeu by Tozer
(1955) from the Dalradian of Glen, Co..Donegal (see Francis .is56 )
Relicts of twisted and leached biotite extend among the siilimeanite
spindies, and this explains the peculiar chlorite - sericite
pixtisnes of the altered specimens. The garnets are very small
{(lmm) and of irregular shape. The stzurolite occurs .as small
rounded graine (.2mm) included in quartz.

Another unususl rock from the centre of the schist sequence,
(s.ide 2/337) composed of quartz 50/, relspsr 30%, siliimenite 9%,
biotite 5%, muscovite 5%, tourmaline 5%, magnetite 2% and
iimenite 1%, has also escaped iate slage diaphthoresis;
sillimanite here is clearly developing from muscovite. Tne
felspar is zonea and has some albite twinning. The piotite

shows & certain amount ot alteration to chorite anu ilmenite.

3everal unusual rocks occur in this schist sequence.
Two locestions of rocks bearing sbundant staurolite have been
found north of the granite (e.g. slide 1/427). These rocks
contein closely vacked staurolites up to 12 wm. long, in &
matrix of biotite, and accessory muscovite ana guartiz. The
minérsl has suifered strong alteration to sericite with the
release of iron ore. The original composition was approximateiy
steurolite 80%, biotite 10%, muscovite 5%, quartz 3%, with
accessory zircon. The biotite has been partiaLLy altereu to
chlorite prowded with rutile spindles. There is iittie uoubt
that tne stuuroliite is of a metamorphic origin, especliaiiy
eince the plagioclese of the assocleted schists is in the
renge An gn = AN gg, the normal associate of suauroclite bearing
rocks. This would piace the metsmorphic grude near the .ower
pounaary of the amphibolite tacies of regional metamorphism.

small discontinuous beds of biotite rich schisis &re
sometimes seen in the schist sequence. These generally

c ontain large biotite crystels, sbundant guartz, lesser
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musScovite anu accessory &.atite. Several enciaves ol viotite
schist in the granite { v.i. ) contein large garnet porphyro-
blasts. The beginnings of garnet formetion in these scnists uay
be 1llustratec by a specimen from & location north of the granite.
(siice 1/209) This suecimnen showed rotating porphyrob.astic
knots of pale green chiorite (pennine), gquartz, magnetilte anc
accessory rutile in & matrix of guartz and pdiotite, with
accessory magnetite anc apaiite. These wsnots may represent
retrograae garnets, aithough no relicis of garnet were seen.
West of the reservoir weir biotite schist panus are
common &and sometimes show green - yeliow apatite porphyrooiasis
up Lo one inch in oiameter nezr guertz ana jegmatoiual Segregat.ol s
in the schists. The associestion bhiotite ~ apatite is a normais
one &nd these schists appear to be of metamorphic origin.
puartzo~-telispathic beas are rare in this sequence, oul one
thin bed immediately north ci’ the granite has a warkedly arkosic
appeerance. (slide 1/420). The composition is reispar SUs,
biotite 5%, quartz 2-3%, and wuscovite 2%, with rutiie anu
zircon sccessories. about 80% of the rerspar is twinneu on the
aibite iaw «na h&s & composition near an G MO microciine

twinning was uetected.

(4) The_Uppgzw§rossbeaaed_Arnoge.

At the northern end of the ¥rsnite the schists extend to
the upper tremolite rock bed, but to the south ot the sranite
a merked facies change has occurred; ifor here the upper pert of
the schist sequence is repisced by a microcline rich erkose,
which thickens repicaly &and becomes a major stratigraphic unit
further sputh. The rock outcrops well in tae south-east plunging
snticiine at the lower end of the granite. In tuis anticiine
tne outer cages of the arkose beu are strongly snesrea anu
recrﬁ&tallizea, firet to a granulite, and then To & gneissie
grooulite, which grades to the sranite. However tne centire o1

+he competent arkose bed ig poorly recrystallizeo; the original



shapes and size of the microciine ana quartiz Zrains oceing
still clearly visible.

Petrologzically vhe arkose is almost identical to tie
basal srkosic ssendstone of the Lookout Tower anticline, being
msde up Or about wip felspar (itargely waCloCLilie) oiOwiliy
excellent cross-hatched twinning, and 40% quartz, with
accessory titaniferous haematite outlining the beading planes.
The rock is commonly cross-oecded. Some peris or the arkose
have accessory talc.

The granite covers tne area which would show the T&acies
change rrom the arkose O tue schists to the morth or the granite.
Towever it 1s certain that the arkose thins out rapidly To the
north, &nd near Tale Gully where che granite is aispiaced
westwaras, the arkose is represented oy a thin lelspar rich
rock, sometimes having heavy minersl laminations. Here tae
arkose appears to be rich in plagioclase Al gg-. (siide 3/14).
Smail fioat in this vicinity indicates that tne upper part oI
the arkose has been repiaceu by & Iine-grainea quariz = wica
schist similar to those schists above ithe .pper Tremoilite seda
( v.i.). A minor (tremolite ?) opal Dbed, Just below the major
one 1s also present in vhese scnists. s0th Tthis winor opal
bed and the fine-grained schists are replaced Dy tne granite
northwards. The upper arkose has an imporvant stratigraphic
role west of the Lookout Tower Anticiine, where a thick
cross-pedded arkose parallels the Kitchener rault on thne
western sice o. tbe map, while two syneilned bogies of this
rock occur in the centre. The stratigraphic position of Thls bed
in reiation to the underlying schists is well established from
cross-bedding reiations.

Tn the western area the underlying schist sequence graaes
upwarcs from a thick sequence of penced quartz, felspar, qica
schists, often peguatized, above the basal sanastone, To sandy
mica schists,to micesceous sandstones with cowrser grituy

layers. These latter are sometimes rich in titaniferous
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PHOTOGKAPH 2 View looking east along &« gorge cut through
the synclinal core of the upper arkose -y wile west of the
Lookout Tower. The upper arkose of the synciinal core is wedld
exposed on the steep hills in the foregrouna. In the backgrounc

is the high Loockout Tower riuge.



haematite. The sequence culminates in the co&arse cross—beuued
sanastone.

This arkosic sanastone ie in meny ways identicai with

kb
the basal sandstone, having not oniy & similsr cross-veaaea
structure and composition, but also possesses, 1in Some JUEUs,
abundaent water worn pebbles ana poulders Lo seversl incaes
in aiszmeter. These peboles are mostly massive quartzite &nc
quartz, although some quartz-todmaline and pegmatite peboies
mey be found. Hossfeld 3. ¢lizimed that the "cross-beaded
besel sendstone overlies the schists " &and this claim is not
completely ungjustified.

The thickness of the upper arkose may reach over 1000'
neer the Fitchener Fault where the dip of the bed is almost
vertical. Here the top of the arkose grades into rine-grained
gsilicifiec quartzites, which in turn grece into a iine-grained
grey-oiue, impure, colomitic limestone, often showing &
bedded appearance, and with small grey flinty particles of
silica prominent on the weatherea surfaces. This uorouite 1s

correlatea with the pper Tremorite med east of the granite.

(8). The Upper Tremolite BSed.

Between the Upper Tremolite Bea and the granite, & thin
strongly recrystallizec ouartz, muscovite, sericite,
(sillimenite) schist occurs. This may be traced around the
shallow anticline in the south, between the UPper Tremolite
Bed an. the Upper Arkose; thus indicating that the granite
has, to some extent, replacea a tacies equivaient oi tne
erkose. Glassy quartz veins, paraliel to the schistosity, are
common-in this bed adjacent to the greanite.

Above this, the Upper Tremolite Op&al Deu .s @ prouinent
stretizraphic horizon. The actual thickness or this oeu is
unknown, but it is woubtful whether it woula exceeu 100'.

4presh outcrops of this rock show massive wil'le LI'€wOLiTe



rock, with opeline replaceuent @t the surface. This opal 18
far more prevaient near weathereu outerops, anc appears to pe
& pureiy surrace efiect.

The rock is composea of a variaple amount oI tremoiite,
which is replaced tirst along grain boundaries, and then
aiong the cleavuges by opal (siide 2/106). The opal is
isotropic end X-ray identification has shown 1T Lo have &
£ = cristovalite pattern; a structure which is prooably kept
steble by impurities in the lattice holding 1t open.

The tiremolite is nearly wlways & pure white co.our,
although -1ight greenish i1ints occCur, probably aue Lo soila
solution with sectinoiite. The crystais range I1rom several
inches in lenghth, 10 & wicroscopic matrix. Soue vericties &re
uniformly fine-greineda (siide 1/90). Deep wealnering CoilVel e
the tremolité to talec, and in some places to meerschaum.

The Tremolite secd is oiten part repiaced by thin calc-
cilicate senastones ( quartz, microcline, piagloclase, &na
actinoiite, with accessory pyrite, zircon ana rutile {siiae
1/69y.

Tamedistely svove the Tremolite Jeu &re & Tew Thln Deus
of iime-greined mica - guartz sCnlSTs, Toiiowew oy a thin

pink cuartzite, which may oe tracea over .Long uistances

ZD

adjacent to the tremolite bed. This quartzite is a Tine~greinec

(.5mmu.) rock (slide Z2/170) with quartz 80%, reispar 0%
(lerzelv microcline), oores 2Z- ana having accessory uuscovite

zircon and rutile.

(6). The Fine-grained ifica Schlst Group.

ibove the thin pink sanastone occir & series of fine-

srained schists some Z0C - 300! tnick. Tnese srade 1roi

medium grained (.omm.) near toe base 10 Tine- orained physlites

&t the top oif the group. Minor siity sanustones anu &arkoses

ziso occur, ana near the Top or the sequence the yhyiiites

pecome tinely knottea enu vegin To Jrace into che Calc-giliicate
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aroup.

The medium grained schists near the base are uniform in
~eneral appearance, but very in composition (slide %/6b). They
zenerally cearry biotite 20%, muséovite 5%, guartz 50%, felspar
20%, with accessory todﬁaline, zircon and spatite. The felspar
is sometimes oligoclase and sometimes microcline. 3Beduing
leminstion is common in these schists.

These schists graue upwaras o Tilner graines Variellies
(slice 1/3), which have 1-2% pyrite out otherwise sluwiiar o
the sbove type in composition. The felspar again is <ither
oligoclase, or microcline, om ooth.

One small arkosic ciltstone pea haa 85% microciine
(slide 1/15).

Near the top of the schist sequence, tThe rocks oecome
fine-grained, knotted phyllites, which continue upward
interbedded with beds of calc-silicates. These phyiiites have
20% biotite, 45% sericite, 35% quartz ana reispar, with
accessory auscovite anc zircon. The sericite occurs as swall
knots to Jmm. .ong, lensed out paraliel to the cieavages. One
of the freshest specimens (slice 2/94) showed redlict grains

with the properties ot kyanite in these knols.

(7). The Calc-silicate Group.

The rocks of the uppermost stratigraphic unit in the area
very from coarse to fine-grained calc-silicate rocks
interbedded with phyllitic finely knotted schists.

Near the base of the formation a bed of coarsely kunottew
phyllitic schist is prominent. It has 357 biotite, 40% quartz,
15% fewspar anu 10p sericite vccuming we .ensociu £Nots up to
lem. x Sem.

The cale-silicate rocks contain various combinations of
actinolite, (aiopside), scapolite, oligocliase, quartz, zoizite,
tremolite, sphene, ana accessory iron ore (slide 1/562, l/;a,

1167, 2/135).



22

The textures vary from coarsely pegu&atoiaal, To wassive
closely felted, actinolitic varieties, o mottiea varieties
rich in scapolite and plagioclase. Some verieties are sharply
banded, with laminations of fine-grained plagioclase and
scapolite in an actinolite rich matrix; These i.aminations are
somewhat discontinuous but appear to be of & seuluwentary origin

The caic-silicate rocks grade upwards into rine-zpraineu

phyllitic schists.

(b). THE GRANITE,

(1). Petrology of the Granite.

The grenite forms a single body some Three miles in lengtl
end up to one third of a mile in width. Its contactis are retative-
1y sharp, and the texture of the rock makes it easily
distinguishable irom the country rocks. Uulcrops &are prominent
and sbundant in the north, but south of Bloou &anw Thunder
#UlLLy no Turther outcrop exisis; the gramue podlaries LeLlyy
traced py meens of strongly leaterizea and weathered float anu
soil types. The granite, when viewed generally, has & unitoru
composition and texture throughout. However in uevail nunerous
minor variations may ue Tound, both in composition anu in
texture.

A fresh ssmple oi the granite was analysed. The saipie
chosen may be considered as &¢n average sample Irom its
mineralogical composition. The analysis, norm calcuiation, and
the modes are presentec in Table 1.

in texture the granliie varies LI0W wol'e wass.Ve variculies
poér in mica, to strongly schistose varieties rich in mics.
The schistogisy is always constant in airection, ana is never
folded (except when distorted nesr boudinagew guartz veins).
Gneissic foiiation is a dominamng Fealture in 4ost specluens;

the gneissic bands of quartiz and Telspnr, outiined oy the micas

being very thin (3mnm. thick) &snd discontinuous. & strong Liineztion



Norm Calculation of Granite 4177 /95

Weight Equivalent Cation
; % M.W. Proportion x
510, 72.85 60 1214
TiOo .38 20 5
£1-504q 12.73 51 250
Fe>0q 1.29 0 16
FeO 2 SOLE 72 30
VnO 04 71 L
Mg0 .63 40 16
Za0 1.32 56 24
Na,0 2.91 31 O
K,0 %480 47 102
P>0g P 255 71 2
Hao + 0%6
HpO = 07
229.76% 1754
Apatite o 1.67 x .1 =
Tlmenite .3 Stes =
Orthoclase 5.8 5.8 3 x 5.8 =
Albite 5.4 5.4 3 X 5.4 =
Anorthite 1.2 2ok e =
Corundum =
UYagnetite .9 .5 =
wnstatite o o =
Terrosilite +.0 1.0 =
uartz -
sglics. r'emics
Or 292.0 En
Ab 27 .0 b's
kn 0.0 Ap
Q sles 11
o O S
93.9%
Modal Compositions
YVolume. weilzght
Quartz. 39.5 39.3
Untwinned felspar 22.4 22.0
Plegioclase 10.0 10.0
Microcline 21.6 24.0
Riotite 5.7 Cot
Muscovite -4 s
Haematite o .8

Zircon, apstite trace.

Analyst : ¥.J.iU1

TABLE da
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Cation
000 %
VY« 2
o3
.L":.-ﬁ
.Y
La7
oL
Aok
Jak
9.8
o
.LOO;O%
A&
o0
25.0
27 .0
G.0
O
Lok
J..8
=00
.LO0.0%
Leb&
2.0
.
o)
L.4
6.1%

Lntwinnea Piagiocuss
Composition abyg,
Reversea zoning.
Strongly twinnea,
No exsoduvion.

Well lineateu.

1lls. 2«/u/5Y9.
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FHOTOGR.LFH 3 Showing the general neture of vhe Jranite
outerop. The hammer hanale r¢sts 1n the SChlsTOSiuy plane.
Numerous longitudinal joints are visibie on the prouinent

cross - joint face.
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produced by mica orientation is &lso noticeszoie. The rock is
almost invariably very crumbly, though generally iresh. some
of the freshest specimens from wetercosrses are solid ana
massive.

The granite is variable in mineralogical composition
within certain limits (slides °/95, 1/572,2/46, l/648, +/<c8,
1/5%%?. In =zeneral the rock consists of guartz, wicrocline,
plagioclase, biotite, muscovite anu accessory iron ore, zircon
ena apatite.

The qusartz varies between 20% and 0% of the rock. It is
always clear,xenoblastic, relstively Tree of inclusions (except
for occasional apatite or mica grains),anu generaiiy iree of
prominent strain shacows. However unocuLose extinction is
important in some specimens. There 1s & Tenuelicy 10r uie
quartz greins to be larger than the felspars (averéging . 75mm. ) .
Some cquartz grains may reach 4mm. in cismeter. The guartz
grains vary in size in all sp ecimens and there is litt.ie
tendency for gneissic banding of the cquartz, altnough large
quartz grains sometimes tend to aggrsgate vogether with the
exclusion of relspars. The quartz has littie tenaency to occur
interstitial to the felspar.

Wicrocline showing cross-hatcheu twinning is conspicuous
in all specimens, although ranging in amount irom o5 - o0% Ol
the rock. The grains are generally ciear, anu Sc.aom
sericitized or weathered. Inclusions are rare.

Plagioclase varies in emount irom an accessory to 50% or
the rock. In many specimens untwinned relspar is in excess of
twinneu plegioclase. Simple twinning on the Aiuvite Law is
common in some specimens but Pericline twinning 1is compieiely
absent microscopically. The compositign oi the plagioc.iase is
very constant (An gg - An37), and is comparsbie TO tTnakt founc
in the surrounding schists. Zoning or the plagioclase is rare

ancu negligible ( zoning is often seen in the piagioclase of
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surrounding schists).

The tfelspars average .5mm in ciameter anu are raoner
constent in size. They always have sharp straight pbounaaries
with the surrounaing grains, and this explains the soru crumbly
nature of most specimens. The ielspars are rewarkabiy Iresh in
all specimens.

The felspars (especially microcline) tend to segregate intc
gneissic bands, these being in genersal complementary to bands
containing biotite. No exsolution features were visibie in the
felspars.

Biotite occurs in «ll specimens in amounts varying from
2 - 15%. It is always strongly pleochroic from pale yeliow to
aark green - black, and is never altered to chiorite. It ocecurs
in well defined flakes and in discontinuous gneissic bands
evenly developed throughout the rock. The biotite generally
occurs in flat elongate patches of flakes arrangea yaralLei to
the schistosity. Pleochroic haloes sbout small roundec zircon
and monazite grains characterize all specimens.

Muscovite is a lesser constituent ranging to 5% in the roct.
It is associated with the biotite, ana generally forus larger,
out thinner, flakes than that mineral. Large grains are sometimes
isolated in the quartz anc felspar meatrix. The minerai is alwaye
clear and colourless.

Tron ore ( haematite end magnetite) is an important
accessory in some rocks. It zenerally occurs in cliose associaticn
with the biotite and the zircon. Both zircon sna apatite &re
common &ccegsories.

Weathered specimens of granite float from the southern
end of the granite body (slides S/76, 3/ 193) indicate that
the rock attains a more shesred appearance, anu guartz &and

microciine pecome dominant constituents here.
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FHOTOGnAFH 4 eneral view of the nature or vhe ranite
outcrop. Looking north &lony the strike o.L the SCNlslOsiTy

(dipping to the right) across 3aiiors Guiiy (IoOregrounu).
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(2). Minor Variations in the Granite.

Severa; minor structures are of interest in the granite.
One of these is the variation from a coarse grained to a fine
grained texture. There is often & sharp bounaary deiineating
the fine and coarse grained pheses. In some cases it is certain
that the fine grained phase occurs in a minor shear zone in the
granite, but in other cases the fine grained phase has an
occurrence which cannot be attributea to shesar. Iﬁ places a
a ftine grsinea tyne occurs as ellipsoical blebs up to 2' in
length having sharp contacts with the coarser phase. In another
case the Tine and coarse phases hed a cross-bedadea appeerance.
In anotner case the fine grainea variely showeu & snarp "facies
cheange" with.the coarser phase.,. In one piace two thin paral.eld
tyeins" of the finer phase cut the coarser (siiue +/61i7.)
Tn most cases the compositions of poth phéses are simitar,
although the finer phase may be poorer in mica.

in seversl pisces the granite hau a markecty arkosic
appearance (e.g. slide 2/ 478), having an &buncance of yuartz,
felspar und iron ore &na negiigible mica. BeGs oI stretiieu
pebbles (7} (e.g. slice 1 /630) were occasionally founa. These
beds were generally narrow and the npepbies", although part

grenitized, were certainly not of normel zrenitic compositiom.

(3). The Enclaves.

4 number of derinite schisl enclaves were founa in the

granite, ana in all cases (except the smphivoiites), the enc.Lave
contacte sraded rrom schist to granite. The snclaves are oiien
ilerge end incefinite in shape, ana apperently represent tracts
of schists which escaped conversion to granite.

Tn the srenite north of qailors Gul.iy, & series oL enclavet
cshow 2 veériable wineralogy. Some cre quartz, wiea schists,
others possess sericite knots showing alteration ITom siirimenite
while enother has uneltered sillimanite in a quartz, mica,

oiagiociase matrix (siiae Z/38) . wlCrocillie Leispal ias 1100
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been found in these enclaves. The change 10 grenite appeulrs
to involve the replacement of sericite by feispar (some
muscovite is slso replaced) and a subsequent recrystallization.

Also present in this area cre biotite schists, which in
one place show the development of coarse porphyroblasts of
garnets (slide 2/56). The garnet apgears to be developing
from guartz,biotite and iron ore in the rock. . simitar rock
occurs in the granite on a riuge south OI Saliors guwayj; here
the garnets are well crystallizea icositetraheura up to i in
diameter. They are strongly altered to chiorite.

Another gernet biotite rock on a riage mnorth ol saynes
Guliy shows small iaioblastic stauroirite crysuvals incliuced in
large rounded garnets to 2" in dismeter, thickly ciustereu in
the coarse biotite. Lnis germet hes & Ceasr S1LE Of Ll OLY E
+ 001 &, ¢ density of 4.13*+ .OL grms / cc., and & refractive
index of 1.802 * .OOL.

On the ridge south of Bayhes Gully snother prominent
biotite schist bed cuts the granite but this contains no garnet.
Tn this vicinity also, schists and partly granitizea schists,
are common in the grenite (e.g. siide 2/626). Thewe iiiustrate
the conversion of sericite knots and muscovite Lo feispar, «na
some possess small staurolite crystals shewing repiracement by
sericite (slides 2/622, 2/024) .

Plagiocliase is the major Trelspar 1in these encisves, its
composition being in the range An g4 _ 35 ( which 1is tne

normal composition for an association with staurolite).

(41:ﬂ??g_gqntacts.
The shape of the granite body has been sccurately mapped

although outcrop at the granite contacts with The couniry rocks,

is rare, and the :eletion ox the granite To Tne country rock

at the contact is a little obscure. Where the contacts ce&n D€

observea, they appear to pe rather sharp when paraisel with

the schistosity, but gradational and intertongueing witn the
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schists when transversing the schistosity. To represenc this
incertongueing the graniuvs .s siven a serated euge ou the wap.

Because of the lack of outcrop iittle can be said of the
petrological nature of the contzct. The eastern (upper)
contacts are nowhere visible, and the southern haif oi’ the
aranite is obscured by deep weathering and laterization.

Several float blocks at the northern tip of the granite,
indicate that the contacts here consist of a "muscovite grano-
diorite" with 10% muscovite, 60% guartz, and 30% felsjur.
The - felspar is largely oligoclase ~ anaesine, with microcline
being rare. There are no exsoiution reatures in the felispzars.
The rock is strongly schistose and resemobies the normal granite
in texture.

in almost identical rock (slide 3/89) occurs aiong part
of the western contact as a thin band separating the granite
from the schists, morth of Blood and Thunder Gully. This rock
has a plagioclase composition near An g3 &NQ has 30% total
felspar. The contact schist here has 20% ancesine:-and 50%
guartz , with muscovite and biotite, ana is siwiiar To the
other plagioclase bearing schists adgeacent touthe granite.

The first outcrops of granite at the northern tip are
rather fine-grained, znd are rich in guartz and felspar
(siide 1/434). The composition is quartz 0%, pink microciine
40%, plagioclase 5%, biotite 2%, muscovite 1%, iron ore =2%.
The rock has a "nermal" composition, wut is notabliy poor in
biotite. This rock soon grades te zrcnite of The norual
texture southwards.

On & hill % mile south of the northern tip of the granite,
& 3o0od contact with the schist occurs. The gquartz, plagiociase,
muscovite, biotite, sericite schist is seen to recrystaliize,
and develop &« strong scaistosity near the contact. Wearer the
contact the s:riecite knots are absent, anu the rock vecoues &
cusrtz, mica, felspar schist (slide 1/341(5)). sdcrociine

becomes the dominant felspar. ifica is stiil gbunaant (20%). a
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further stage in the conversion to granite (s.iue l/Sél(b))
involves a recuction of the amount of mice to L0% (largely a
reduction of muscovite). The rock develops a aefinite gneissic
appearance due to banding of the micas, ana the rock aevelops
the granite texture. lhis specimen contains precouinant
plagioclase felspar (An 35), and the reason why microcline

is absent is not clear.

3everal yards south of the contaect & bliotite schist
porders the granite. There is little tendency Tror this rock.
to be converted to one of & granitic composition.

Immedistely south of this location the granite oro&uens
by intertongueing with the seciments. although stiil reiatively
sharp, the contaets inuicate a graaation of the schists ToO
grenite, both in texture and composition.

4 specimen from & tongue of schist penetrating into
granite in Sailors Guliy (siiace 5/319) inaicates Litule change
to & rock of & granitic texture or composition, although the
rock is only 10 yerds from the granite contact. The rock has the
composition biotite-chlorite 10%, muscovite 15%, sericite 35%,
guartz «0%, with accessory garnet - nu resppal' Was ucLcwLeU.

There are severzl piuces where amphiboiite dykes cut the
granite. Thewe are little different rrom similer rocks outsiue
the granite. One contzct between granite and amphivbolite was

found and was a hyoriG contact (siiaes 1/487 (a),(b),(C)-)'

The amphibolite hes the composition hornbienae o0k,
quartz 5 - 10%, labreaaorite 25 - 30%, sphene 3%, with & Tracse
of uiotite &nd iron ore. The hornbiende occurs as small
spindles which ere strongly linested. The reispsr is solely

plagioclase of a composition An {(this ovasic feaspsr is

40
normsl for Tthe amphipooiites).

The granite is of the usual type consisiting of quartz Suz,
microcline 35%, piegioclase 5%, piotite 5 - 10% anu wuscovite

1%. The plagioclase is of the composition AnBB s &NG 18
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notebly zoned; the outer zones being more basic (reversea
zoning). This zoning is not usual in the plagiociase oi we
granite, and 1t may be related co the proximity of the
amphibolite.

The hyorid rock is & compact massive hornoienae ‘granite!
wioh. & sligntly gneissic appesrance. The composition 1is
hornbiende 15%, microcline 5%, plagiloclase .0%, quartz <53,
sphene 1%, biotite 1%, and accessory &patite. The plagioc.iase
18 UL & D&8LiC COwpOSLUVION (all ,n) &NU 18 STroNgLy zOoNEu. The
feispars are very poecilioblastic. The rock appesrs on
coupositional grounds to be amphiboiite ailuteu with guartz,

microcline and possibly plagioclease.

(¢). The Amphibolites.

Dark amphibole rich rocks zre comon on the eastern isank
of the Lookout Tower inticline ( aithough several Locations
have a.rso been Tound or the western flank). They ere most
aoundantly developed Jjust south of the reservoir, The uost
southerly occurrence is at the southern tip of the granite. The
aykes renge up wo 30 yaras in wiath, though 10 geliel'ad Usiig
much narrower. They cut both tne schists and the gruauite, &nu
although outcrops are rare, some dykes may Oe over one mile in
length. »asea on their composition (sece later; ( mawarus b')
and enviromaent they are regercea ss igneous, and the "veas!
as near vertical dykes or eills parallel with the schistosiTy.

They may be aiviaed 1nNto TWO waill Lypeos i~

(a). & Fine-grained strongly lineateu schistose
veriety.
(b). a more massive veriety showiug onLy week
schistosity.
The former type is by Zer the umost gounuent. The southernmost
occurrence, being very iresh and & norumel COLpPOSLiTLON alu
texture was anaslysed (sliue 3/202). The @énciysis, with nori

= A o Bt
caslculation and the odal anelysis ere presentec ( Teble 2j.



Yorm Calculation of .Amphibolite «i77 3/202.
Neight Gquivalent Cation Jation
% 1 Proportion x 1000 %
310, 48.07 oC 811 «0.d
Ti0, 1.66 &0 a1 L2
#1503 15.05 51 285 10.8
FeO 8.7C 72 121 0.
¥no o 10 71 2 oL
Mz0 6.63 40 166 S.4
cal 11.4¢ 56 212 124
2,0 42 47 9 &
Pgos 036 71 = "ﬁ
H,0 4 1.5¢
TT?‘O - .09
20, .10
100.37% 1759 100.0
A.p&tite . 2 l . 67 X . 2 = . 5
Tlmenite 1.2 1:e = 2.4
Orthoclase .5 .5 3 x .5 = 2.5
Albite 4.5 4.5 3x 4.5 = 22.5
dnorthite 5.2 11.8 11.8 = 28,5
fagnetite 2.2 W el = 2.3
Wollastonite 5.9 5.9 = i11.8 Diopside 43.0
Tnstatite 2.4 c.4 = 18.8 Hypersthene 1a.2
Terrosilite 4,6 4,6 = Y.2 Olivine l.5
10005% J-OOQO%
ilodel Compositions.
Volume. weight.
cuartz 0.6 S
Hornblende o4.2 07.5
Plegioclease 25.3 2242 ( ab_. ang. )
Sphene 2.3 3.8 =5 %65
egnetite o3 .5
Apatite. % o3
100,07 100.0%
Normal Tompositions.
Ralics. Femics.
C}I' 3 05 &ip 1 O
Ab 22.5 (ib Ii 2ok
An  29.5 '#P48) it 5.3
Di 43.0
5"4. -5% Hy -L'iid
OJ— -L05
20 .0%
Analyst : X.J.Wiiis. 2=/9/09.

TABLE 2
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The woue is uyplcai of most of The olher wilyuldoLites of
the area. The hormblende occurs as spindies, pieochroic pale
yellow to cark green asnd is slightly diablastic, heaving guaritz
and telspar inclusions. The plagioclase is notebly Dasic
(An 54_55) ané is very dirferent from the plagiociase
compositions of either the schists, the caic-silicate rocks, or
the granite. The plagioci.se is often zoneu, but the greins are
always very smell (.4mm.' and the nature of the zoning is
unknown. The guartz occurs in small grains taroughout the rock.
Sphene is & comlon &ccessory, occurring as small, exceptionally
cleer, rounded grains, with small black (ilwenite) inclusions
in their centres. spatite is &lso a comaon &ccessory.

The texture is strong.y schistose; the cuartz anu the
Teisper occurring in eiliipsoical aggregetes tarough vhe weld
Lineated horneolende matrix.

The iine-greinea amphibolites vary Littie irom this
description. sSome have accessory illmenite <nu Jyrite, anu in
some, octahears o:x dégnetite sre commonly aeveiopeda. One
specimen (slide +1/245° had ¢ plagioclase mnesr An gg.

The texture is identical in slmost all fine-grainec,
schistose varieties, &lthouph some veriation in the aegree of
iinestion &nc schistosity .s noticeabie. rhe iineation or the
hornblende spinales is parallel to tne lineation round in vhe
grenite,

in only two cases did the amphioolites show signs oI
internsl rolding. Tn one case smali rolas up TO 2" &cross
oldea the schistosity sbout steeply north piunging axes. In .
snotner case Joint piales conitaluily ~1.ms ér (uartz, ielsper
and epidote, &nd hss been shear folded by the imposed schistositj,
thus indicating that the Jointing had developea prior o the
schistosity, anc again suggests sn igneous origin for these
I"OCKS.

The coarser graineu zsmphibolites have &an iuenuvical L

composition to the tiner greinec ones. These occur in rare aykes
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either alone, or with the rine-zrazined type. The wineraiogy
is no aiiterent, put the hormnblences are strongiy decussate
in structure, snu stumpy in form (sliaes 1/326,-1/276). In one
slide pale coloureu pyroxene was recognised as reiicts in tie
hornolende, and iron ore was commonly present as an exsoiution
prouuct or the hornolence, the exsolution pianes apparenTiy
corresponding with the original pyroxene cleavages.

The contacts o’ the amphinolites were invariso.Ly sharp.
Txcept ror the granite contzct cescribea above the oniy other

uybrid rock (sliae 1/192 )) was adgscent to & schist contact.

(a
The rock consistvea of 0% .abracorite, 20 (uartz, ana 10%
hornb.ience. The horubiende occurrec as large flut, ienticular,
diablzstic phenocrysts up to 2 cm. long. The piagioclace had &
composition near An go @nd was reversed zoned.

4n interesting '"hornblende pegmatite! stringer 2" wiae was
found cutting an amphibolite in one place. The rock has .arge
horubience crystals (siide l/301) to 2 em. in length, ana has
the composition guertz 207, basic plagioclase 57, chlorite 30%,
hornblende 20% &nd diopside 20%, with accessory sphene, iluenite,
pyrite and tourmzline. The uiopside is a brigat green coiour
and occurs in subhedral crystels to lmm. ana resemb.iing epidote
in the hénd specimen. The guartz, felspar and hornblence are in

large interliocking crystals.

(d). The Pegmatites.

Wumerous pegmetites occur in the area. These may De groupea
into several types.

(1). The Country Lock Type.

"hese occur throughout the area mepped, but ere most abuncart
north and south of the reservoir. They cevelop paraliel to the
schistosity snd beuding in most places as dykes up to several
sards in width. Their composition is varigble but wicrociine

. : 20oNsTituents i 5:210CLESE
and plagioclase cre the commonest constitusnis., The plag &

s 3 [T EE~% = & g T o or
is constant in composition (4n 10-12). Quarts 1s <notiser ulay
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constituent and often occurs in graphic intergrowih with the
felspars, Muscovite is a rare constituent, but in piuces

concentrations occur, and sheets up to 1' in diameter may Dde
found, Reryl, tourmeline and anstite are rarer constituents.

Minor off-shoots and some thinner pegmatites, have & concentra-

tion of these constituents. feryl occurs in various coiours.
These seiaom exceed 2% in diameter. Tourmaline is invariably
black and is sometimes altered Lo a felted m&ss of sericite
and chlorite (ripicolite). This mass may retain a basal parting
and a prismatic parting reflecting the originadi hexagonal
structure of the tourmaline., apatite occurs in pale green
crystals, and is generslly rare although widespread. st one
location monazite crystals to one centimetre in length were
#ound in a pegmatite, anc in another case smali STudpy zvirc¢ons
to ? mm., in diasmeter were obtainea embedaed in the siues of
small beryls from a garnet bearing pegmatite. Farnet has been
found in seversl pegmatites occurring as weil foried
rhombohedra up to 1" in diameter.

Tt ig interesting to note that the pegmatites by-pass tae
granite and seem to heve no commection with it. They are
apparentliy of a regional origin. knciaves or schists are
common in these pegmatites ana indicate that their uode or

orizin was largely by replacement.

(2). The uranite Pegmatites.

These pegmetites occur in various sizes in the sranite,
renging from strinzers 1" wide, to large peguatites anc Hplugs!
several feet in diameter. They uay be distinguished from the
country rock type by thelr abundance of well twinned wicrocline

occurring as subhearal to euhedral crystalg or & variaple size.

sraphic intergrowths of' guartz &ana feispar are rare or &osent,
4t the northern end of the granite the pegmatites contein

beryl and tourmaline.
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These pegmetites occur generally in cross yoinis or rlet
lying longitudinal joints. Irregular poas &lso occur, Ine
irregaiar pods otten srade into the granite,wnereas tne velns
show sharp contacts. The stringers xgenerally ena by "dirrusing!
into the grenite. This indicztes that these pegmatites
originated by late stage soiutions being carrieu aiong late
stage joint planes from locasl sources adjacent to the cnds of
the joint. The pegmatites show a variablie grain size which is
striculy dependant on their thickness; the contacts veing
tine-greained ena the centreal purt coarse, anu orven naving a
centrsl core of cuartz. The microciines anu the very.Ls Jrow
inwaras from the sides of the pegmatites.

Roth the country rock type and the granite type arc
completely unstrained vy tne imposea schistosSity of the
rocks in which they occur and both types are of a late origin.
Both types cut the granite enu their reiative ages are unknown.
It 1s possible that all pegmatites of the area arc vi Lle same
age &nd their mineralogical dirrerences nay pe altrioulteu TO
the rock type from which they have originatea ( werec is a
mezrked correiration between the mineraiogy of the pegmavites and

the rocks in which they occur).

(3). Pegmatoidal Segregeations in the Schists.

These &re common in the main schist sequence, anc have a
varisble mineralogy apparently depending on tne rocks in which
they occur. In most ceéses chey appear to be of local origin,
heving minerals common to the host rock, but being richer in
the wore "active" quartz and reispar. They are generad.y
surrounaeua by, or have as schlieren, & basic Iront rich in
biotite, which represents the relict mafic constituents Lef'v
behind when the Telsic. minerals migrated to zorm the '"pegueavite!,
Since these "pegmatites'" occur in association witlh surongly
folced beds of schists with elternating coumpetent quartzo-

relspathic banas, it is suggested that these pegmatoiual
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segregations represent local low pressure regions proauced
during the rolding; metamorphic airrerentiution was a natural

conseguence.

(4). Quartz Veins.

Various types of quartz veins occur DUT were ot sSvuuitu in
great devail., In the granite lenticular veins anu pods were
sometimes developed up to several feet thick and o0 reet long.
Tn most cases they were barren, but some carried haematite
often in large masses of irregular shape, ana lacging crystaiiine
form. Some veins carriea large isolated relspers ana sometimes
muscovite crystals. They appear to represent "aliutea
pegmatites.

The veins in the granite occurrea mostsy in flat Lying
joints, although cross-joint veins also occurred. One outcrop
showed a boudainaged gquartz vein, with che schistosit, of the
granite distortea to fill the bouain cavities.

In Jhe country rock guartz veins were very comuon (except
in the calec-silicate gioup). Their character indicates il
in most cases they are derived from the rock in which they
occur. Veins at the head of Dead Horse Guily carry & liittle
Zold, and pyrite crystals in sbundance. Numerous shafts have
been sunk on gquartz veins in the area.

(5). Pegmatitic Myionites. (siide 2/327).

These represent pegmatized shear zones, which run
parallel to the schistosity, end are sometimes several Teet in
wicth, They are not common, and occur as bleded outcrops. They
vary in composition from schistose to felspsthic verleties.
The felsper is largely plagioclase of a couposition
compsrable with that in. the schists ( an 30 - 35). in some
cases strain shadows ere strcng in the quartz, but are &bsent
in others (especially reispar rich varieties). iuscovite
seidom exceeds 5%, and the biotite, alphough rare, is

apperently stable as minute grains. Zircons &re & common
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accessory.
The textuire varies Irom schistose TO &ugen gnelssic, Witn
small eyes of quartz and tfelspar.

(g). diirimanite Pous.

e ——

Several poas of sillimanite-quariz occur imaediately
north oif the granite. These are massive non-schistose i'OCKS,
with.an sbundance of siilimanite (slice 1/34). The average
compositvion is sillimanicve 80%, quaris =z0%, with a trace of
muscovite. Rutile may also occur in small goloen yellow grains.
The cuartz is free of sirain shacows and is sirongly penetrated
by sillimanite i'ibres.

Thin sheared siliimsnite - quartz veins are oiten founu in
the eastern (upper) sice of the granite to The north, where
they permeate the quartz mica schist just peiow the Upper
Tremolitve sSed,

Sillimanite pods also occur in a zone of sirong
metasomatic activity somewhat west of the granite. The sillimamnite
rocks here have quartz snd rutile associated with them.

in this zone ai80 &re prominent guartz - csutiie veils
which were once minea economically. Thick banus 0T wassive
sericite are common in this zone, ana strong hydrothermal
activity nas Leached uhe suirrounaing schisis Wita viotite
peing reduced Lo chiorite. kuvile is reieased in this reaction
in surficient quantities to explain the origin of the rutile
concentrations in the areé&.

(h° . yanite Pegme tites.

One location of a thin kyenite sillimanite pegmatite
(slide 1180) was found north of the granite. The composition
was oligoclase (An 17) 65%, quartz 20%, sericite 10%, muscovite
3%, sillimenite 2%, kyanite 1%. The sillimenite &na the kyanite
were strongly alterea to sericite.

In the same area two locations of quariz kyanite rocks
were found (e.g. siice *7/89) The kyanite weae peing replacea

first by gibbsite and later by sericite.
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(i).Tourgglin;§a§iqp.

Tourmalinization is commonly seen near peglhiztites carrying
that mineral, and a prominent zone oI tourmalinization occurs
parallel to the schistosity in gailors Rully, somewhat west of
the grenite

(). Tertiary Deposits.

some of the riages in the vicinity of the greanite are
covered in thin deposits of conglomerates, sanas, clays ana
laterite of the oid Tertiary peneplain; and reworked material
covers the slopes and gullies. Deep weathering and laterization
is apparently still in process in the southern area of the
granite, where shaits up O 80' ueep barely penetrate the zone

of .ieaching.
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MINERALOGY.

Ifost of the mineral occurrences of interest have Ddeen
plotted on the accompanying map. Pegmetites carry apatite,
beryl, garnet, monazite, muscovite, tourmaline anc zircomn.
Strongly metasometized rocks carry sillimenite and kyanite anda
rutile. Massive pele green-yellow opal replaces the tremolite
rock horizon in many places. Staurolite anu garnetv sre
comuoniy Tfound in the schists anc in the enciaves 0i the raunite.

To ascertain the variation of minor winerais oi' the rocks
oi the area 15 heavy minerzl ansiyses were completed.
Seventeen separate minersis were identifiew, ana these
mineral frations are summarized in the accompsnying map, along
with the specimen locations. A descripuion of' each specimen
gnu the minerslis contained wiil De zouna in appencix u. apatite
was generally removed by acid during the extraction process.
The occurrence of well formea graphite crystals in one
specimen indicetes that the crushing process dic not affect the
shape of the minerels extracted.

Tt is noteworthy that the amphibolites ( 1/295 and l/623)
only hac sphene, iron ore and apatite in their he&vy mineral
fractions.

The basal sandstone ( 1l/446) had éircon in excess of
monazite, &nd sccessory garnet, hypersthene anu rutile.

Specimens 2/560 and 1/622 of the granite contain aimost
iGenticsl heavy minerals, monazite being in excess of zircomn,
and the total iron ore being less than either of these
constituents.

Specimen “/57 has a similar relation. This rock is an
enciave of schist in the granite.

specimen 1/186 ( a schist) also has wonazite in excess of
zircon. These four locations fell roughly on The same
sbretigraphic horizon and it is suggesteu that & correiation

of these assemblages may be possible.
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speciuens +/461 ana l/5'73 of noruel grenite show contrasts
in their assemblages, sphene being prominent in one anu zircon
in the'other.

Specimens 1/620 and 1/478 are specimens of "gZranite" with
an erkosic appearance and an abuncance of iron ore. Their
wag O winerars agree in cheir uegree off luortance.

One striking festure is the presence oI hypersthene ana
garnet voth in the granite, the enclLaves and the vasal
sancstone mernber. Epidote is present in at Least one granite
semple. 3lue green anatase was identifiea ( L-ray) irow sampre
2/478 ("arkosic granite"), and well~formed hexagonsl, parrel
shapeu graphite crystalis were founa in che scnist enciave 1,57,

Zircons in the geanite were:less rounded than the zircomns
of the basal sandstone, but were generally rar from euhedral.
The zircons in the granite were similer to those in the schist
enclaves. Some specimens of the grenite showea three varieties
of zircons:-

(a). small, clear, weakiy wagnetic grains.

(b). small, slightl, slterea, rounced to subhearal,
elongate grains anc iragments.

(e), iarge, opaqgue, stumpy, prismatic, euhearsi o
subhedral pitted malacons.

3amples of creek sand ( 2/320, 2/1256, +/85 ana +/L2)
relect directly the minerals which have been founc in the rocks
of the area. The abundance of staurolite in samplie /85
inagicates that this minerzl is important in the schists ol the

@&ln schist seyuence.
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STRUCTIRAL  vEOLOGY .,

The stratigraphic mapping indicates that the granite bouy
exists on the eastern limb of & strongiy folued anticlinal
structure ( the Lookout Tower anticline), whose axial plane
vrenas north-south enu wips approxiumstesy 70° east. The
western limb of che anticline is overturnea to the west. The
snticliine is easily traced in the rield by weans or uhe wagal
felspathic sanastone of its core. To the south a complexity
arises from an apparent cross iold, with a foid axis trenaing
north-west -gouth~east and plunging south. To the norch the
central anticlinal core oi the sandstone piunges out aue to a Low
north plunge, but reappears as a doubie anticline of sandasione
immeciateliy south of the reservoir. This indicates a Turther
complexity produced by either a pitch reversal or en eche.on
roiding.

In orcer to establish the nature ana the eIfect 0L These
fola rorms on the surrounding rocks, especialiy vhe granite,
¢ strucuural analysis was undertekeu. Qutcrop was sufficient
in some of the critical areas , and penetrative derormations in
the form of microfolds, mineral elongations, anc jolnts were
so commonly seen, that a vetailed enalysis was possible.

The method of attack was primariiy ©o uiviue wie area into
that occupied by the granite, and that surrounding the granite.
To test the homogeneity of the deformation these two areas were
further subdiyideq into smaller omnes, and separate sitructure
aiagrams preparea. These were found to be slightiy inhoniogeneous
with resoect to each other (See Piates 1. and Li.)

The structure of the granite was reiatively simpie, being
made up of & prominent single schistosity or floliation
containing a strong lineation, shown &s the elongation or
patches of biotite and muscovite. Four separate foiiation~
iineation diagrams were plotted for the granite, and these
were tound to be homogeneous; the schistosity dipping in

every case 50-60° east and striking &t 3240°. The lineation
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PHOTOGRAPH 8. 3howing the fold style &t the reservoir
weir. The hammer hancle rests on & central uobiiizea core of
coerse amphibolite (This amphibolite appears seuimentsry, &ana
may be eguivalent to the lower tremolite - opal ued alscussea
in the text). The iighter bands &re guaritzo-ireispathic
sediments &na the darker rocks are richer in idica. i1he Gark
bed, lower lett (arrow), &iso contains consideraoire oioULite

and emphibodle.
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plunged constantly at 25° south on & direction of 150°, Joints
were also common and will be discussed later.

anphibolites adjacent to,and cutting the Zranite, are oftien
strongly Llineated aue 1o the preferred orientation OI Nornev.elus
spindles, and this lineation plunges in a direction paraliel
to vhat in the granite.

The area around the sranite (and especially those schists
to the west) were Ffound to have a more complex structure than
that of the granite. To the east of the granite the
seaimentary rocks are weakly recrystaliizeu aili Oroven show
prominent bedding psrailei to the schistosity of the granite
( diagresm 18.). To the west of the granite the schists are
strongly recrystallized, and show in some places several
microfold exisl directioms, as well as a weak mineral elongation
(not alwavs present) which is parallel to that in the granite.

The small foids in the schists whose axial cirections
were measurea, show a variable size from smail microroidas to
folas many reet across. On the southern siue of' the warren . .
Reservoir weir, fresh artificial outcrop shows wedll the foia
style, with rold rorms varying ifrom sharply pointeu shear roras,
to gentiy foldea paraliel types.

Nearer the granite many outcrops contain sharp accordian
folds produced by axial plane shear. Other folLdas here are of
a more concentric form.

piagram 15. is a toiiation - lineation Qlaglaw I0r Lne
outerop at the reservoir weir. & single slightiy south pLunging
f'ole axis is shown, and a large area south of the welr ana
west of the central Lookout Tower aAnticline 1s houlcseneous
with this deformation airection.

To the south nesr Watts Gully, microfola axes correspond
10 the south-east plunge of the Lineations in the aialilte ana
of the weir (diagram 14).

Diagrem 11. is a plot cof poles of lineations (Larzely
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PHOTOGRAPH 6. Showing the genereai foic siyle &l Tthe
reservoir weir. The pnotograph was taken looking south aiong
the lineation. Photograph 5. was taken in the centres rigat
region of this photograph. Pegmatiseu schists occur in the

centre, &nd mobilizeu pegmetites are present in the ioresrounu.
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microrold axes) in the central area. The ulagram is taken irom

a large single outcrop or strongly folucu schzsts Just wesu of
the granite. It shows two maxima; The Larger COrresponus with
the general south-east piunge referreu TO &bove, &nu tne snaller
to & low pbunge to the north. & slight spreaa oI poies on «
girdle containing the two maxima is noticeab.e. These two axial
cirections are taken to correspond with the 1oic traces seen on
the stretigraphic mep (one plunging scuth-east anu the other

to the north}.

Diagram 12. represents 100 lineations measureu &av the edge
of the reservoir to .he north of the granite. & Jrominent spread
of the poles along & north-west - south-easlt giraie is eviaent.

Disgrams 13, 16, 17, .19 anu 20 show smnaller sections oI
vhis area and indicate a pronounced inhomogeneivtvy.

The above evidence indicates the existsence oi &t ieast
two ceformation directions anu possibly two periods of rolraing.

The presence of oniy one iineation in the zranite but of
two in the enclaves and surrounding rocks indicstes that the
W - SE trending veformation axis is the later one, ana
corresponds with the fold axes recognisea 0y other workers in
the scelsice region ( motebly Kleeman and white ©ey. The LlLow
north plunge oi the schists appears to beiong tO an esgriier
-aeformation.

Although still present in the schisls ana the schist enclawec
this esrlier frola airection was obliterateu auring the process
of granitization which produced the granite. However tné Later
deformation did affect the granite, and proacuceu the struetures
observed.

Nefining the first deformation as giving the statistical
fold axislg, end the second deformaiion as giving rise to an
axial pleane (the schistosity’ S', we may consicer how the
secona aerormation piane 3', would acerorm The already Toluea
beuuing planes 5. adout 3', the statistical fola axis or the

seconua uetormation,
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Figure 1 indicates that the schistosity plane in the area
would introduce lineations such as By, By, Bz, By etc, 1in The
originel folded bedding airections Sj, So, S3, S4, etc. This
seems to adequately explain the spread oi rolc axes in Diagram
12.

¥e mizht also consiaer how B would vary under this scneme.
If the variation was due to flexural slip we would expect B
to vary in a smsll circle about o' as tne centre (figure 2).

It the second aerormation was predominantiy one of axial
piane slip, we woulLda expect B 1o vary on a plane containing
B :nd e' (figure 3} (Weiss 1958 9).

{he virrerence in axial trenas of Jhe statistical fola
axes B ana ﬁl ig “nsufficient to esitaolish vwhich of these
processes has occurred, although some tendency for riexural
slip is evident in diagram 11 zna for &xial pisne slip in
Cliagrams 11 and 12.

We may consider the effect of the introauced fola &xes
B1, Bg, B3y Bg,etc. on the axial plane of the secona ceirormation
S'. Each fold axis By, By, Bg, By, ete woulo tend to rotate o!
to produce & tendency tor a spread of the poies of 5' along
a north-south girdle (as shown in figure 1). This mey expiain

some of the varistion in poles of S'.

Joints.

Although joints are very rare in the schists (and are
very irregular when found), jointing is comuon in the granite
and in the sandstones of the arca. To test the relation of joints
in the granite to the folding in tne area some 1390 joints were
measured, and four diagrams of poles of Jjoints have been
plotted from verious parts of the granite ( viagrams L, 2, <, O,
and 8 being equivalent to areas represented Dy alagrams 6, 7, 9,
10, and 3).

. The most prominent joints are cross ,joints, with

subordinste longitudinal joints ana occe sional flat Joints.
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The rearity of the flat Jjoints is probablLy reiateu L0 the Irounu,
blaced outecrop shazpe of the granite, and its rapic mechan: ilcal
weathering, which rapidly obliterates the iiat joints, wout
enables the steeper to survive.

The maxima of the poles of the cross Joints appear To

retiect the 13 maxima of the ifolding.

An interesting movement picture is conveyea Oy ulaglalls
1, 2, 4, 5, (i.e. from the micale to the north enu ol tne aranive,
The striking similarities of diagrams 2 and 12 iiiuscrate the
close relation oif joints to the folaing.

Tt may be noted that although oniy the second gerormation is
indicated by the foliation - Lineation structure of the granite,
poth ceformations are refiectea by the JolaisS, Luis 45 Lurtaer
evidence thet, although the delicate fold structures of the
first deformation were obliterated during the granite formation,
the strain efrects of the rirst deformation were preserved,

and are retlecteda in the Jjoints,
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CONCLUnlUNS.

In the 1lisht of the above evidence ceveral conclusions
regarding the petrogenesis of the rocks or tThe area way be mnaae.

(1). The Granite.

mvicence with a strong bearing on the origin uil the granite
is as follows:-

(a). The grayine Torms & singlée bouy with reiatively
sharp contagts.

(b). In detaii the contacts apycar 10 e graaational.

(¢). The existence of & number oi enciaves oI
srenitizea schist.

(d). The predominance of microciine feispar in the
orenite and its ebsence in the surrounding schists (microciine
occurs in schists above the Tipper Tremolite oed).

(e). The precominence of piagioclase felspar in The
enclaves and the ielspathizec schists near The contacis.

(£f). The greater piragioclLase content of scahists
nearer the granite contact.

(g). The plagioclases of the sranite, cnciaves, an.
the schists have the same composition (an 30-37).

(h). The absence of exsolution reatures in the reispars

(i). The metamorphosed sranoblastic texture, with The
felspar and quartz forming separate rounded graing with sharp
contacts.

(3). The piotite or the granite 1s icentical witn
that or the schists.

(k). The singie shistoSity plane and lineation wnich
correspond exactly with a regional axial roiu uirection.

(1). The presence oi an esrlier ro.iu axis in the
schists and enclaves but not in the granite.

(m). The existence of Jjoints in the granite corresponu-
ing with both rold axes.

(n) . The occurrence of minor unstrainea Jranite

negmetites.
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(o). the gracation or tne granite 1000 o wlCi-ovaline
arkose in tne south.

(p). The hyrothermal alteration has altereu the
schists but not the grenite.

(o). The occurrence of hyperstiene &nu garnet ooth in
the country rock,the enclaves, and 1n the Zrenite, anu e
occurrence of several types oi zircon in Jie one sgeclmen oI
grenite.,

(r). The variztion in heavy mineral assemolages in
ﬂhe grenite.

(8). The existence oxX simi+8T heavy uinerat assemolzges
traceable slong stretigraphic horizons from tne schists into the

guanite.

There is lictule evidence TO support &n 1gneous Orls,ln anc
meny isctors suggest a metamorphic - netasomatic origin. The
field evidence clearly indicates that the granite was Tormed
petween two perioas of folcing, snhu post uates Tae Srowth or
sillimanite ¥nots in the country rock, although possibly
contemporaneous with the hydrothermal slterstion in the area.
Plagioclase in the enclaves and contacts indicates an early
ohase of soda introduction ( the sericite may be soaa rich =
see Segnit 10. Y. This was followed by extensive microciinizéa-

tion, with a second phase of potash introauction. This scneme

e

s in accordance with the expected time reistions of alkari
metasomstism based on atomic size ( Wa < K ). The metasomatizing
solutions probably moved &long t.:e schistosity irom the soutnh

to the north, and originzteu in the core of the south-east
plunging snticline to the south. The occurrence oif a wmicrocline
rich arkose here, indicates & ready source of zlkelies,
especially potash. The microciine molecule way have wigratea as
such ‘

(2). The samphibolites.

These are charscterised by:-

(1) . The occumence Of nNwierous GyKes roughiy .&raiies
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t0 the schistosity out sometimes ceviating rrom this.

(b). They have basic plagioclase an o _ 50

(c). They heve rare relicts of pyroxene in we
hornblende, and have iron ore and sphene exsolving irou the
hornolende,

(d). They heve sherp contacts with the counery rocxs.

(e). The occurrence of two textures, one massive &anu
one schistose.

(£). soime jolnts h&ve pDeen aXload giale LUiucu arOlly
the induced second schistosity.

(g). RBoth the earlier and the later uerormations are
representea in the structure.

(h). The dykes have a uniform petro.Logy.

The amphibolites appear to be or &an igneous origin, ana
nothing in the analysis or rorm cCaiCutalioir OppOSecs TARLS
conclusion. The original magma would have been an olivine vasalt
type. On structursl grounds the amphibolites may predate the

granite; the dykes cutting the granite being ungranitizeu encLaves

(3). The Country Hocks.

T‘here is no evidence to support the extensive wetasomatic
interpiay which Cempana has envisaget, uthe vasal swlustone anu
the schists being of pureliy stratigrsphic origin. The aiuminc
metasométism which has been active in proaucing the siilimanite
anc kyanite rich rocks in the area is a local effect. The
siitcimanite originate. prior wo uvhe granite (possibly during
the first deformation’. Its origin is not solved but some
evidence ior a metemorphic origin from mica is inaiceted.
¥yanite appears to be of minor importence in tThe schists.
siliimenite-quartz pcds and kysnite veins occurring north or the
granite sovear to be of & later origin, prooaoly originsting
auring vhe sranitization, excess alunina being uriven norithwarus
along che schistosity to produce the highly metasomatic 1ocks

1o the north.
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The rutile ueposits of the hyurothersmer zone west ol lhe
Jranite, seem to have orizinated Irom The preakuown or piotlite
10 chlorite in une surrounuing schists, with suosequent
hydrothermsl concentration.

The gradecof metamorphism based on the plagioclase
composition enc the occurrence of staurolite and gernet is in
tne lower amphibolite facies. Although if sillimanite is
originating rrom mica an upper amphicolite racies is indicated

6.

/

( ¥rancis
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AMPHIBOLITES, al77 1/zas.

THE SaMPLE. The rock was & fine-grained schistose and
lineateda, dark, green-black amphibolite. The wajor minerals
sresent were hornbienue,.iabradorite,ana guartz. The sample was
fresh and may be considered typical of the amphibolites which
cut the schists.

THE ANALYSIS.
Sphene 98% Tlmenite 1% Magnetite

THE WINERALS.

o

ophens ;¢ The grains are rounuec, ciear wnu show weny s«iguid
and dark (ilmenite?) inclusions. fxtinction is
imperfect and the.dispersion'is strong. ( r¥ v ).
Iimenite : Iinute inclusions in sphene.

Magnetite : Few grains present.

A177 t/e23.

<l paufLR, The rock was & fine-grainea, schistose and
lineated, dark, green-black amphibolite. The m&jor minerais
present were hornblende, lsbradorite and quartz. The sample

mey be considered as typical 6f the emphinolites cutting the
granite

THn _ANAIVSIS,.
Sphene 96% Tlmenite 1% Apatite  i%.

s wdeuaiueaaS.

Sphene : Even-grainea (.075 mm), ciear, rounded Lo
fragmental grains with asdamantine Llustre in
reflected light. Bubble and ilmenite inclusions
are common.

apetite : Prismatic milky grains of aull lusktre anu Low
birefringence.

Ilmenite : Tnciusions in sphene.



S%
YHE COUNTRY ROCKS. A177 2/446

THE SAMPLE. The rock was a haematite rich sample oi tThe
basal sandstone member. The major minerals were quariz,
haematite (20%), and muscovite.

THE ANALYSIS.

Zircon 92.1% Garnet 2e1% autlie L.0%
Monazite 2.1% Hypersthene 2el%
(Iron Ore and Apatite removed.)

THE MINELALS.

Zircon : Clear to partly cloudea rounded grains with an
sdamaentine lustre. The roundness of the grains was &
little greater than those of the granite.

Monazite : Pale yellow-green grains.

Garnet : Orenge-pink magnetic fragments.

Hypersthene : Pale green-grey Iragments with a dull lustre,
slightly pleochroic from pale pink to & very pale green.

Rutile : Orange-brown adamantine, nonmegmetic grains; oiten
showing a good crystal form.

AlL(T ™/iso

T SawPLE. The sample was a hyarothermally aiterea sericite
quartz, mica, chlorite schist trom north of the granite.

IHE &NalYoIS.
Mgnazite 50% Steurocliite 5% Tourmaiine 2%
Zircon 40% Otneis 3%
(Iron ore, Apatite and carponates removed).
THE MINWRALS.
Monazite : Rounded yellow grains.
Zircon : Rébaed stumpy grains.
Staurolite : Small rounded fragments pleochroic in the yeillows.

Tourmaline : Prisms to .lmm long.
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+HE GRANITE al77 +/5¢s.

THE SaMPLE. The rock is a typical spev.iiich OI wac granite.
The specimen was taken 10 - 20 yards from the granite contact at
the north end of the granite body. The major minerals were quariz
microcline,andesine, biotite and muscovite.

THE &NALYSIS.

Iron ore 88.4%
Others 11l,.6%
QOthers.
Zircon 50.9% Hypersthene 1.1% Garnet 5%
Monazite 46.2% Apatite 1.0% Epicote .1%

THE LINERALS.

Iron ore : 3mall well crystallized magnetite anu huematite
(martite) grains and fragments with & bright metallic
lustre are common.

Zircon : Two types of zircon may be distinguishea :-

(a). smell (ave. .0S5mm) graihs, milky white To coiourless
and even-grained. Grains eiongate (erongation averages
2:1) and rounded and show pitted surfaces. Very good
crystal faces and terminations are very rare. Inc.usione
of piotite at the grain bounderies are comaon. iost
grains have an adamantine lustre.

(b). Grey-brown opaque to tramnslucent grains generadlly
showing good crystsl form (but pitted anu sowewhul worn)
These grow to a somewhat larger size (to .3mm) and
average .075mm. They are characteristically stumpy in
crystal form.

Monszite : Variable grain size to .2mm (ave. .05mm). The grains
are coloutless to pale yellow to yellow-green ana often
have piotite inclusions. The grains are generaiiy ciear
end unweathered. Some show good crystal races but others
are rounded. Some crystal forms are also visible. 1ne
grains are optically positive, with & very low optic eaxial
angle and a high birefringence.

Hypersthene : Paie green-zrey fraguents having a fiue 110rous
cleavage stirucuure and a dull glassy Lustire.

Apatite : Smail coiourless prisms.
Garnet : _lear grains of orange-pink and pale pink coloucs.

Epidote : Green-ycilow graiuc.

a177 1/4el.

THE SAMPLE. The rock was a specimen of granite rich in iron
ore Trom the northern end of the granite body. The major minerals
were quartz, microcline,andesine, biotite, muscovite anc iron ore.

THE ANALYSIS. _
SN a Total heavy mineral excluding iron ore .01l%

Sphene 72 .5% Garnet 3.7% Rutile . 1%
Hypersthene 22.4% Zircon 1.2%

THE MINERALS.
oSphene : Rounded clear colourless grains with &n acamantine

lustre. Small dark round inclusions are comuon. The sphene
is similar to that of the amphibolites.



Hypersthene : Pale grey-green transparent grains often
showing bladed fragments with a weak cleavage. Refractive
index is near 1.722. Pleochroic pale pink TO pale green-
grey; however, some grains are less pleochroic palegreen
to green-grey. Extinction is parailel to the cleavage and

- the winersl is lenzth slow. The optic axial angle is near
90° and axial bisectrix and optic axial figures sre hard
to obtain. The birefringence is moderate.

Garnet : Pale pink isotropic fragments.

7ircon : Very rounded elongate grains, some being much altered
and stained yellow.

Rutile : Golden orange grains.

LLT7T 2/560.

THE S4WPLE. The rock was a soft specimen of granite of &
florméL composition. The major minerais were guartz, microcline,
andesine, biotite and muscovite.

i THE __aNALYSTS.
Total heavy minerali (exciuding apatite ana inciuaing
iron ore .05%.

Monazite 56.2% Iron ore L.7% dyperathene «03%
Zircon 4l.1% Garnet 5% Qthers 5%

THE INERALS.
Monazite : Rounded pale yellow transparent grains. The minersl
is even-grained (ave. .05mm). Inclusions are rare but some
variation in colour from yellow to colourless may be due 1o
weathering.

Zircon : Two types :-
(a). Clear colourless rounded magnetic grains free of in-

clusions. Xerohm:

(b). Clear colourless, rounded, non-magmetic grains with
an even size (ave. .O5mi). Crystal faces are rare and
the grains lack any marked elongation, having a high
degree of roundness. Inclusions of iron ore ana biotite
occur in a few grains.

Iron ore : irine grained.
Garnet : Pink-orange isotropic, magnetic grains.

Hypersthene : Pale green-grey fragments.

aL77 /622,

THE SAMFLE. The rock was a typical sample 0L the granite witn

major quartz, micro cline, andesine, biotite and muscovite.

THi, ANaLYSIS. . -
Total heavy minerais (excliuding apatite out inciudling
iron ore .053%

jionazite 52.7% Rutile » 2% Garnet « 0%
Zircon 46,7% Iron ore o Lz
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THE MINERALS.

Vonezite.: Giassy palie yellow sreins with a high reiief. The
grains are even in size (ave. .05mu), rounded, bul with
a few crystal faces visible; these faces being very
smooth and uhpitted. The grains are clesr, although a little
oxidized snd some have pioctite inclusions on their euges.

Zircons : Three types:=-

(a). Clear, colouriess, very rounaeu, magnetic srains;
structureless ani mostiy free of inciusions. Lniaxial
positive with a high relief. Few crystal faces are
shown. iost grains are about .025mn in diameter. Xenofims

(b). Common, clear to miiky-white (siightiy grey), uon-
magnetic gSrains showing rudgiments or crystal foram witTh
some rarer grains showing well developed crystal faces
and terminations. The graine heve an adamentine lustre,
and an even grain size (ave, .05mm}.

(¢). Rare, grey-brown, opaque, nonmagnetic weiacons showing
large stumpy well developed but pitted crystal form.

Rutile : 4 few orange, non-magnetic Jrains.
Iron ore : saall greins averaging .025mm.
Garnets : Isotropic pale orange-pink fraguents.

NOTL the stiking similarities oetween sampies ai77 ~/o2z anc
A177 2/560.
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THE HEANCLAVES. ALT7 2757

THa SAWPLE. The rock was a strongly schistose quartz wica
schist occurring as a sedimentary inclusion in the gramite. The
major minerals were gquartz, biotite and muscovite.

THE ANALYSIS.
Totel heavy mineral in the rock (including iron ore

but excluding Apatite) .076%.

lionazite  ©0.4% Iron ore . 6% Garnet  .05%
Zircon 32.1% Graphite . 05% Others .05%
Tourmeliine % Hypersthene «05%

15 MIRRRELS.

ifonazite : Pale yellow grains varying rrom very pale yellow 1o
orsnge-brown. Some grzins are very roundea whereas others
are rather fragmentel. No crystal forms are visioie. The
grains are of an even size, &averaging .05mn to .O7oum but
some range up to .3mm. The grains are not evenly coloured
and the inclusions of gas buvbles are coumon. The srains
sre rather roundeu and pitted. Inclusions of plotite are

common on the grain edges.

Zircon : Four types:-
(a), Cleer, rounded, even-greined ( .075mm to .Olum),

magnetie grains. Gas bubble inclusions &re common. ZONE®
sre zbsent. Unisxial positive with a high opirefringence.

(b). Small, (.075ma), trenslucent, pale grey-brown grains
with a greasy lustre in reflected light. The greins of'tex
show a few crystal faces ana sinall piotite ana monazite
inclusions are common on their surfeaces.

(¢). Small (.05mm), clear, colourless to jeliow wurown,
rounded, non-magnetic greins.

(d). Large (to .3mm), translucent, pale grey-orown grains
showing good prism and tetrshearal terminations &anda
small biotite inclusions on their surfaces. The crysteis

have & pitted and worn appesarance.

pleochroic from pink to grey.

Tourmaline : Prisms and broken fragments; ciecr,iransparent ana

Iron ore ¢ Rare.

Graphite : MNon-magnetic well-formed hexagonadl barrel shaped

crystals to .075mm long. Silvery lustre in retiected lignt.
Platy besel perting. The minerelis soft end has e pitch

black strezk.

Hypersthene : Psle green-grey, magnetic fragaents showing &
slight cleavage. The grains have & lengbh slow charazcter,
high relief, very high optic axial anglie (positive or

negative biaxial sign).

darnet : Non pleochroic, pink, isotropic grains with a high

relief ana conchoidal iracture.
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A177  2/478.

THi, _SAMPLE. The rock was & haematite ricn specimen of arkose .ike
ngrznite", with mejor quartz, microcline, andesine, hsematite and
minor muscovite. The specimen was taken from the centre of the
granite body.

THE ANALYSIS.

fieavy minersl exc.uding iron ore &nd apatite. «02%
Zircon 71.5% Anatase ii.4% Otners . 3%
iionazite 13.9% Rutile « %

THE  MTIWRALS.

Zircon : Transparent to trenslucent grains averaging « O5uud
(but ranging up to .4mm)., Some grains sre well-iormea
crystals put most are pitted and worn in appearance. Vitreois
lustre is & characteristic. Inclusions are rare.

lonazite : Cloucy pale yellow rounded to anguiar grainsg
showing some crystal faces but generally having a pitteu -
appearance. Tven grain size at .Oocmm,

Anatase : (X-ray verirication). Dark green to blue-green graing
witch an adamaentine lustre and orfuven showing a good crystal
form., The graims are transparent ¥o transliucent.

Ruuvile : Pale orange rragments withan adamantine .iustre.

al77 +L/617.

"His SAMPLE. The rock was a haematite rich specimen oi an
arkose like "granite", with major cuaruz, microciline, andeslne,
haematite and minor muscovite. The specimen wag taken irom the
noruhern part ot the granite body.

THE ANailYSIS.
Total heavy mineral extracted from the rock 10.3%.

Iron ore 1C.3%
Others 0147
Others
Zircon 97.0% Rutile 1.0% Garnet 1%
Monazite 1.7% Hypersthene . 1% Others 1%

THE  «INmRAT Se

Zircon : Two types:-
(a}. Common, clear, lustrous grains averaging ,05mm x .lOmm.
The grains are rounded and pitted but show a few prism
faces and terminations with strongly pitted surfaces.
zoning was not detected, The grains are commonly fractured

and have gas bubble inclusions.

(b). Rarer, opaque, Jrey-brown crystals showing common
prism faces and terminations with strongly pitted
surfaces. The grains average .2mm and sode reach .J3uud
in length. The crystals are characteristically stuapy
in form (prism faces equal the length of the pyramldal
edge. A few ot these grains are more irreggiar.ln
transmitted light che grains appear L0 D& ITuldl of very
minute impurities.

Monazite : Rounded fresh pale yellow to yellowagreén graips
averaging. .0bmm in diameter and having & high relief.
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Putile : Von-megnetic opaque greing, bleck in colour &anc
with an adamantine lustre.

Hypersthene : Pale green magnetic fragments with &« high
relief, moderate birefringence and a very large optic
axial angle. :light traces of cleavage ana a siight
pieochrbism iffrom pale pink to pale green are
characterigtivs

Garnet : Small omnze-pink fragments; isotropic anu ciear.
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CREEX SANUS. A177 “/125.

THE SAMPLE. The sample was & well washed, fine-zraineaq,
ciesn, cuartz rich sand from a small watercourse in the centras
part of the arca east of the granite. Iiinor heavy mineral was
visiblie in the sand. |

THE ANALYSIS.
(inciuding iron ore but execiuding apatite).

Hornblende %+6.8% Bpidote o 3% Garnet « BC%
Iron ore 13.3% Sillimanite 3.3% Tremoliite 375
Rutile 8.9% HMonazite 3.2% Sphene e 32%
Tourmaline 8.1% Zircon 2.7% Kyanite . 285%
Hypersthene x4 9% Staurolite Lo 4t Cthers 27%

THE LINZRALS.
Hornblende : Dark green prismatic iragments.
Tron ore : Black grzins of magnetite and ilmenite.

Rutile : Deep orange coloured grains with an acamancine
iustre, anc often showing crystas fora.

fourmaline : Transparent smoky grey-brown, prismatic srains.
Hypersthene : Pale green to grey-sreen fraguents.

Epidote : Irregular, transparent, iime-green t0 sreen-yelLiow
pitted greins.

Gillimanite : Colourless spinales &na blaceu ITagmenis.
lionazite : Pale yeliow, mildly magnetic grains.

Zircon : Very rounded, waterworn grains. Jost grains are
clesr but some have a greasy white colour.

gtaurolite.; Deep yellow glassy greins and iragments.
rarnet : Pale pink tfragments.

Tremolite : Fale green to colourliess odladeu iragments.
Sphene : Clear colourless grains.

Kyenite : Blade¢ bliue iragments.

AL77 /85,

THi: oAMPLE. The sample was & uixeu sanc OI varisbie grain
- o S —————— 2y b Lk -
size,irom a watercourse just east of the northern tip oi tThe
granite. The sand was partly Gerived from a nearoy remnant of
lateritic peneplene. Iron ore, garnet ana hornblende were
visiole.

(excludirg iron ore ana apatite)

Hornblende 50% Sillimanite 5%  mpiuote 5%
Staurolite 15% Rgtlle 5% Others 5%
Monazite 10% Zircon =%

Thio sk luusidiliD e
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‘he umiinerasrs were not aescribea in detail.

A177 2/320.

—— ——— i

THE OSAMPLE. The sample was a solid, boulder clay cerived rirom
the Dase of a creek bank in a watercourse at the western euge
of the granite.

T aNATYSIS.
(including iron ore but excluding apatite).

Iron ore 57.0% Garnet 3.0% Sphene . L%
Epidote 13.4% Tourmaline 2.1% Siiiimanite .L12%
Hornolence 12.7% Hypersthene .60%  Kyawnite o il%
Rutile 5.5% Staurolite « 00% Anatase « 02
Monazite 4 o 4% Zircon . 24% Others . 05%

THE MINERALS.

A ————————

Iron ore : Shiny plack grains often roundeu put sometlliies
showing crystal form. i‘here is a mixture of magnetite, naematite
ena ilmenite (leucoxene coatings).

Tpidote : “reen to yellow-green srains of irregular shape

shape. They are generally clear but sometimes clouded.
Hornblende : Dark green, zlassy grains showing clesvage.

mutile ; Clear to clouded, rouncied to prismatic grains of
& deep orenge colour.

onazite : Pale yellow grains of rouncea habit.
Garnet : Clear fragments of pele pink &nd pale orange colours.

Tourmeline ; tmall, clear, smoky orown 10 srey-Orown prisms
with & lassy lustre and often showing a good crystual form.

Fypersthene : Grey green grains.
Staurolite : Paie orange weakly magnetic grains.

Zircon : Average grein size .05mm. Rounaea oval eye shapea
grains which eppeer to be more rounded then zircons from the
rocks of the area.The zircons ere mostly clear and coiourless
but some are slightly rounded, clouded grains. Zoning is reare
or absent. A few prismetic grains with rounded ends occur.

Sphene : Clear rounded grains.
Sillimenite : Small coliourless transparent spinales and prisms.
Yyanite : Several blue prisms seen.

Anstase ¢ A few blue-green grains were seen.

a177 L/ia2.

THE SaiPli. The semple was a seénu from a minor watercourse
east of the northern tip of the jrenite. Rutiie was a prominent
visible component.

The ANALYSIS.
(including iron ore but excluding spatite.)

Monazite 5% Touricslne 2%

Tron ore 47% g g
D pnslic 40

Rutile 36% Garnet L%
Zircon 5% Staurolite i% QOthers 2%



TEE IINERALS.

iron ore : Bdlack opaque Frains.

Rutile : Very rounded iragments of variable cotlour

.

pale orange to deep blood red.
7ircon : Colourless small roundec grains.
lionazite : PFare yeliow roundea grains.
sarnet : Pale pink fragments.
Staurolite.: Deep yellow grains.
Tourmeline : smoky #rey-brown prisms.

2 Sphene : Colourless to grey with small inclusions.

from
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SURISTS assWpr ‘U SADAL DANLUSLTONE.

al77 2/418,

1ACRO. The rock is a strongly crenulated, quertz, bimics
schiST With visible muscovite, biotite, quartz and & few
sericite pseudomorphs of kyanite crystels. These pseudomorphs
are up to 5 mm. long and 1 mm. wide &and occur paraliel To The
folietion plene of the mica flakes. A thin grey bana of fine
grained quartz probably represents a sedimentary Lamination,
This band is 4 mm. wide and is parallel to the mica follation
which hes been folded along irregular axes, which show &
general direction of plunge.

MICRO. The slide is cut perpendiculer to the foid axes.

The rock has a crystalioblastic texture, with strong
micro-folding.

Biotite : The biotite occurs as smeli fiskes isoworphously
intergrown with the muscovite flakes, muscovite being the megjor
minerai in the rock. The biotite is pieochroic irouw very pale
yellow-oreen to dark green-grey. The mineral is r¢ther fresh
and ocecurs in flakes averaging i mm. long. Pieochroic haloes
are sbsent. 5%.

Muscovite : 85¢% : This minersl occurs &as Thin I'iakes
averaging 1 mm. long, closely p&ackeu &nd interiocked.The 1.Lakes
are almost totally oriented paraliel to the ioiiation,ihis
being folded into shallow crenuistions. .ica in the axisal
regions of these iolds is sometimes broken and someiimes wvent.
The folding was probebly contemporaneous with the crysteilization

cuartz ¢ 10% : Occasionel Zralns averaglilg + uil. occur
throughout the mica bands. Strain shadows ana undau.Lose
extinetion common. Finer greined cuartz (.3 mm.) occurs in
the band of cuartzose meterisl seen in the hend specimen.

Felspar : one recognised.

Tourmeline : 1-2% : The mineral is very sabunuant throuchout
the rock &g small greins, and also appear to be concentrated
into certein bands. In the fine-grained quartzose vald,
tourmeline occurs as abundant small rounaed grains, Certain
small bands in the micaceous parts of the rock are &iso rich
in tourmeline. The grains have a uniform cheracter throughout
being plieochroic from derk grey to very pale gray=-orown., Crystel
feces are not present.

fyrite? : One or two limonitic repiacements arter pyritey
were noted.

DISCUSLION. The rock is a bimlea quariz schist. luscovite
is the ma,or wice. Tourmeline is an sbundant &ccessory. The
rounded nsture of this sccessory suggests thal a seaimentary
origin might be considered. The rock has been stronzly

cremilsted snd folding sppears to have been contemporaneous

with the crystallization.
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THE LOWER TREMOLITE BED. .
»LAJ-77 :'/ ‘&A—'\} .

MACRO. The cpecimen is a weathered noauie of iLhe iremolite
rock obteined from a small mine shaft on the ridge north of
3ailors 3ully. The nodule shews the presence of an unwesthered
central portion of pale green tremolite-sctinolite, h&ving &n
irregulerly grained metbtix of matted crystals, Ziving & very
tough, massive rock.The decussate structured central core
is surrounded by a weathered zone (with & sharp boundary) of
a whiter, soft asbestos like mzterial, with silky pseuaomorphs
after tremolite still visible and retaining their pale sreen
tinge. The lack of oxidation of the iron present indicates
that westherine has occurred under reducing conaitions.

MIQRQ. The sliide hss & random orientation.
The rock has & cecussate crystailloblestic structure.
Y

The slide shows that the rock is maae up entire.y of
tremolite-actinolite in fine mstted fibrous crysteais, which
show the cheracteristic elonzation and reiiet of tremolite.
The crystels range sreatly im size and consist of two types:-

(2). 4 fine-3greined metrix of irregulisariy ragiating
fibrous crystzls. The radiating fibrous crystals &re often
elongsted in two directions &t about 100°. These mey either
represent two linestions, or have some reietion to the crystad
structure of tremolite.

(b). Lerger fibrous crystals of opticai continuity.

Although some grzins were of a deeper green coiour in
the hand specimen, no difference was noted in the greins of
the slide.

NISCUSSION, The rock is most probsbiy of & sedimentary

o AEET— . » B - » . » 2
origin,being originslly & dolomite, which has been rmised Dy
metamorphism, to the status of a tremolite rock. There was
no evidence in the specimen for the possibie origin of the
opaline silica so commonly seen in the upper westhering zone
of this formetion.



73

NORMAL HOCYXs OF ThHis LaIN SCHIST ShUnliCm.

AL77  2/653.

iaCRC. The rock is & light coloured, fresh, nuscovite,
quartz, chiorite, sillimenite, (sericite), magnetite schisti..
The schistosity is & merked feature of the hand specimen. The
schistosity plznes are rather knobbiy in sppearance aue to
the presence of sillimanite clots distributea throughout the
rock. The rock has an irreguler lineation in the form of
minute, closely spaced, isoclinsl shesr folds up to 2 mm.
across, in the miceaceous bends. These heve probebiy obliteratec
the orifinal bedding of the rock.The visible minersls are
cuertz, sillimenite, chlorite znd muscovite. ‘agnetite specks
cen be seen embedded in the chlorite.

MICRC. The slide is cut perzilel to the lineation anc
perpendiculer to the schistosity.

The texture is & purely crystealioblastic one.

Chlorite : 307 : (Pennine). The chliorite occurs in very
ragged end splintery, ill-def'ined sheafs of fiskes, up to,
émm. in length. Abundent inclusions of quartz, muscovite wna
iron ore occur. The flzkes are plieochroic from very pale green
to mid green, &nd the birefringence is very .ow, being &adimost
isotropic, elthough & faint anomalous purpie can be seen
in some flekes. The ﬂ}ekes ere well oriented and eLlongated
parallel to the schigosity but some flzkes of & aore stumpy,
eénd better formed hablt, lie across the schistosity. The
individuesl flekes of & sheaf generally intersect at iow
angles, giving & V shaped folded appearance.Crowds of thin
anastomosing feethers of chlorite &lso occur theoughout the
sillimenite-sericite rich perts of the slide. The chiorite
feethers thin out in the more sillimenite rich perts.

Tuscovite : Two types :-

(a). Original muscovite : 37 : Occurs as weil oeveloped
flzkes intergrown with the chlorite

(b). Secondery muscovite : 15% : This is recrystaisizing
from sericite. There is & complete zradation to sericite. Ihe
sericite has resulted from the hydrothermel alteration of
sillimanite. The first stage of this &lteration is the
ultremicroscopic development of sericite fickes, which in
iater stages further from the unsltered siiiimenite
recrystallize to lerger microscopic fiakes,which grow and
eventually become recogniseble muscovite. Feathers of chiorite
of'ten extend into the sericite patches.

3illimenite : Small, thin, clear, colourdless siistimenite
prisms occur embedced in guartz grains, where they heave
escaoed elteration. Their bulk is negligible and they
represent unstable relicts in the present assemblage.

Tron ore : 17 : Tron ore is & constant sssociate of the
chlorite. The zrecter bulk of this minerasl occurs disseminatea
throuzhout the chlorite as fime zrains., The Zreins are seldom
preater Tthan 3 . in dismeter. i few remnants of biotite in
the chlorite 1ndlcate that the chlorite and the iron ore have
resulted from biotite altersation.

Zircon : =everal minute zircons were noted in the choorite
swrounded by derk green pleochroic haloes. The grains were
clear, rounded and seldom exceeded .05 mm. in alameter.

uartz : 50% : Forming a "background" to the siiiimanite
anc sericite are large, closely packea quertz greins. [he
Frsins, which average 1 mm. in diameter &re clear, show sharp

extinction and ere completely free of strain shadows. 3iliiuan-
ite spindles asre often found peg;ratinﬁ the quartz greins.
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NORMAL ROCKS OF THE MAIN SCHIST SeQUalNCE  (cont.)

DISCUSSION. The rock is composed of chioritve, sericite,
muscoviie, quartz, iron ore and minor sillimenite (reiicts}.
3illimanite, cuartz, biotite and muscovite appear to represent
the original minerals. Later retrograde metamorphism ( or
hyarothermal alterstion ) has converted sillimsnite to sericite,
and biotite to chlorite and iren ore. The cuartz is clear and
unstrained. ¥Welspar is sbsent,

4177 L/3265.

JaCRO. The rock is & green-red lineated, quartzose, sericite,
chlorite, muscovite schist. The rock is even grained at about
1 mm.

MICRC. The slide was cut perpencicuiar vo the lineation
ano. the schistosity.

The vexture is & purely crysteilobiastic one.

Piotite : 27 : This minersl occurs in irregu.sr iron steinec
flakes averaging .4 mm. in length. These flekes are poority
oriented and often show re¢trogression to chiorite. The biotite
1s pleochroic from lizht to derk bdbrown.

Chlorite : 5% : The ragged &nd iron-stained fiskes resudt
from the zlteration of biotite. The minersl is pleochroic Trom
pale yellow to mid green, &and has anomalous interference
colours. Tnclusions of minute zircons occasionelly occur
producing pleochroic haloes.

uscovite 3% : Cleer, mildly oriented fiazkes of muscovite

up to .5 mm. in length, occur associated with the chlorite and

biotite.

Sericite : 252 : This mineresl occurs as streaks &nc o.Lebs
elong the grein boundaries, and especieliy near the mice [iakes.
The sericite is structureless, and there is no sign of
sillimenite relicts or fibrous structires. The mineral wmay De
en dteration product of the mica.

Hzemetite : 19 : Several hesemstite anu iimonite pseucomorghs
sfter meznetite occur.

Zircon : One or two rounded greins were seen &ssociatec
with the iron ore.

uertz ¢ 857 : The guertz occurs &s even grains averaging
.5 mm. in diemeter. The greins ere clear,free of inciusions,
end heve no strain shadows.

Telspar : sippears to esbsent.

DI3CUSSION . The rock was originally & cuartz, muscovite,
biotite schist, which by diaphthoresis has become & quartiz,
muscovite, biotite-chlorite, sericite schist. Feisper is

notebly &absent.

AL7? ©/270.

L 4CRO. The rock is quertz - teispsr - sericite - muscovite
- biotite schist, with & strong schistosity &ana a weak
linecation. The rock is even, medium greined, &nd gneissic.
Accessory hzemetite is also visible in the heanda specimen. a
gslight linec¢tion occurs.

MICRO. The slide is cut perpenciculer to the iineation anc
the schistog&ity.
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The texture is & gneissiec crysteaiiobiastic one.

viotite ¢ 10%Z : When fresh the grdins are plecochroic irom
péie yellow to deep green blaek, b.t some _rains show steges
of ziteretion to chlorite, losing their colour in the process.

Thlorite : Traces of chiorite with anomaious interference
colours &are the result of biotite alteration.

Tuscovite : 2% : Cleer grains associatea with the biotite
end often reaching 1 mm. in diameter.

Zericite : 10% : T'ltrafine, fibrous knots &na scrings, which
are often mixed with chloritic material. The sericite messes
ften show micro-folding. The mineral probably represents
orizinsl sillimenite.

Tron ore : One lerge, irreguler geein of h¢emauite, < M.
in dldmeter, with 2 smell megnetite inclusion in the centre.
Smell grains of iron ore are exsolvea from the eltering biotite
s well as abundant limonite along the zrain boundaries.

tuartz : 50%-: The srdins heve & varizbie size up 1O © il
put averege .75 mm. in uismeter.The greains &re jeneralily cieer
end free df inclusions, wut show strong strain eifects under
crossed nicols. '

Yeisper : 30% : No microcline twinning wes ODServed, axthough
n¢og10clase twinning was common, both zibite and periciine twins
occurring. The xenoblestic zrains averaged .o um. &nd were
fairly even graimed. Yo zoning was observed. Souwe untwinnec
felsper was present.

“xtinction angles on clblte twins :-
119, 100, 110, 6%, 16°, 7°, 3°, ¢°, 119, ic°.
This indicstes & comp081t10n An,,. (Ancesine).

DISCUSSION. The rock is a guartz - piagioclase - sericite -
biotite - muscovite schist with signs that the sericite was
originelly sillimenite. The gquartz is strongly strainea &nd
the felspar is largely plegioclase.

4177 1/328.

1£CRG. The rick is & slishtly weathered, schistose gneiss
of & granitic aspect. "iotite end muscovite give & marKed
schlst061ty to the specimen. {uertz &nd feispsr is of &an even
srain size renging from .5 - 1 mm. &nd occur in wends between
the mic: bends. iccessory limonitgpseudomorphs after pyrite 7
are also visible.

MICRO. The slide was cut perpendicular to the schistosily.

The texture is & gneissic crystalioblastic one.

+ Diotite : 2-49 : This mineral occurs in irreguisr fiekes

sversxing .75 mm. in length enu often well oridted parallel to

the schlstoaity. Alta'ation and weethering of these flakes is

& common Feature. The fresh ftlekes show & pieochroism from

pele vellow to black-sreen.. The more oxidized flskes &are of &

llvhter redder colour.3ome of the biotite is alitered to chlorlte

arﬂ other flskes have altered to sericite aml limonite.
Secondary biotite is also present in some parts of the

siide occwring as radiate disoriented crystals.

Chiorite : This is sometimes present &s an esLteravion

oroduct of biotite. It is pleochr01c from very pale green-yeL.Low
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to mid green.

Tuscovite : 5-8% : The muscovite flakes are genereally
strongly oriented, and show a much greater grain elongation
than the associated biotite flskes. The flakes average Ll mil.
in length, snd gener&lly occur in gneissic banis. The Jrains
show little alteration.

Iron ore : 1% : JTron ore in the form of small . r&ins anc
elongete streaks occurs in association with the biotite. Ihe
mineral (probably magnetite) often occurs in the blotite
cleevages. Zeveral lLimonitic pseudomorphs &iso occur, &anu
show concentric replzcement structures.

zircon : Very smell rounded grains of zircon &re souetimes
present in the mica flskes, and ceuse pieochroic haloes in the
biotite.

Luartz : 50% : The grein bounaaries are often coateu with
limonitic meterial. The gzrein size of the guartz is relatively
uniform, sveraging .5 mm. in diameter. Strain shadows &nd
inclusions ere rare in the cuartz.

Telsper : 35% : Mo microcline twinning was observeu in the
felsper, although plagioclase twinning was common. 3ome of
the smaller grains show & little zoning. The grains &average
.5 mm. and is fairly uniform in size. ligny greins are
untwinned.

Extinction angies on albite twins :-
3%, 69, g0, 110, 120, 59, 120, 120, 119, 139,
These inaicate a composition near Anns (Anaesine—oiigoc;ase).
The felspars are generally slishtly fracturec anc weatnered.

DISCUSSION. The rock has apperentiy sutfereu some aileretion
and weathering. However the originsl assembiage of bDiotite,
muscovite, ousrtz, plagioclase, and iron ore seems to be
well esteblished. The rock apparently lack significant
potash felsper. .

Al77 1/186.

MACRO. The rock is & coerse grained irreguisarly crumpied
schist. The visible minerals are sericite, gquartz (large,
pele milky grains with:&an irregular distribution), chiorite
(pale green feathery crystals),felspar (creamy, translucent
to opague, fine-grained aggregates associzted with the quartz),
=nd traces of small iron ore crystals. The sericite occurs
&s irregulsr , feathery &nd readiste knots, of irregulear
shape and size, which tend to crumpie the schistosity. Lne,
quartz enc felspsr occur in minute aggregations of peguet@ibad.
aspect. Juscovite &nd chlorite (probebly origined biot@te)
are distributed throughout, sometimes occurring in gneissic
bandg. The rock is not very schistose, anu the gueissic
banding is slight. Microfoluing is masked by alteration.

AICRO. The slide is cut perpencicular to the siight
lineation.

The texture is purely crystelloblastic one.

thlorite : 57 : The chlorite is very scrongiy pieochroic
irom pale yellow green to & deep green. The 3Zrains reach 1 mm.
in cismeter but are zenerally smaller. They are typicalliy
regged and irregulsr in shape, &nd not well oriented. Ztraignt
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extinetion and snomelous blue interrerence coLours are
charecteristic and possibly indiceate pennine. ~bundanu
ilmenite inclusions occur in the chlorite &nd indicates
orizginel biotite, although this mineral is not present, even
&8 relicts. The chlorite shows all stazges of aiteration to
sericite end iron ore.

Tuscovite ¢ 57 : The originel metamorphic muscovite fiekes
have remained stable during the lste stage aiteration.The
muscovite occurs as isolated crystal aggrggates sna as
crystals intergrown with the chliorite in beands. The zgreins
average 1 mm. in dismeter.

Sericite : 45% : Tltrafine sericite iz the m&,or minersal
of the slide, occurring as redicts after siliimanite (relict
.spindle shapes in the quartz =rzins), and after ch.orite,
slthoush sillimsnite is the main source. Teathery and fibrous
structures are common and only slight recrystallization to
muscovite is evidenced.

Iron ore : 1% : The mejor iron ore is ilmenite developeu as
{ .1 mm.) sm&ll irregular and elongsate specks in the chliorite.
Yere the minersl is &n alteration proauct of bDiotite. » few
larger grains of limonitized haematite, representing origine.
iron ore was &lso noted in the slide.

Zircon : Zmall grains of roundeu &spect «r€ Ooccasioneily
seen, ezusing pleochroic haloes in the chlorite. Cne notebie
zrein was .2 mm. in length and was included in muscovite.

Monazite : Minute crystals of monazite iess than .. wmn. in
diameter, with & rusty rounded appe&re&nce, and surrounced by
very dark, skrongly pleochroic heloes (plieochroic from pale
yellow to black}), are common in the chlorite fiakes. rlhe
birefringence was strong to extreme. The grains had &
weathered, regoed &nd rusty appeerence,

Guartz ¢ 357 : The quartz occurrec &s irregular, inter-
locking, xenoblastic crystals, averaging 1 um. in diemeter.
The ~reins often contsinred rounded inclusions of the other
major minerals. The mineral had & uniform Jrein size throughout
the rock. Tndulose extinction was a common feature.

Telspear -: 5% : The felisper seemeu Lo be usinly glegloclase
&8s no microcline twinning was seen, and albite twinning was
very common. The greains were xenobiastic, anc smalier than the
associzted queartz, averaging .3 mm. in diameler. The Teispar
occurred in groups of grains often surroundea with queartz, ana
heving cuartz greins interlocking with their eages. There wes
a slight sericitization of the felspers. The plaglociease
compoeition was near andesine (few Zood twin angies coult oe
measured.

DISCUSSION. The rock is & typicel metamorphite, having &
zood crystalloblastic texture. The rock was origineliy a
quertz - sillimenite - biotite - muscovite - felspar schist,
Nuring diephthoresis the biotite was completely converted 1o
chlorite, and the sillimenite to sericite.

D,
Al77 /237,

J&CRO. The rock was & tough, irregulezriy microfo.ued schist
with visible muscovite, chlorite, sericite &and. quartz &nd iron
ore. The rock had a pele 3reen eappeerance and showed &n
irreguler schistosity, with no uniform lineation.
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MICRO, The slide was cut perperndicular to the schistosity.
The texture was a strongly crystelloolastic ome.

Chlorite : 5% : Chiorite occurs as irregudlar Jrains of
variable size throushout the rock. The mineral is pieochroic
from pale yellow to pale sreen.lt occurs &s an &lteration
product of biotite, this mineral having been compietleiy
reduced to chlorite. The chlorite is often staineu by limonite
end snomelous blue interference co.ours &are Coumon.

Yuscovite : 20% : iuscovite occurs as wel. orienteu Tiakes
end bands of flakes. The mineral is generaliy ciear but is
sometimes costed with limonite.

0iens

Sericite : 702 : This mineral occurs &s roumnued, CiLosSeLy
pecked throushout the rock. The mineral is ultrafine in grain
size, and has &n irreguler structuce, with no sign of the
neture of the originel mineral. A compact mineral (e.g.kyanite)
may be indicsated.

Tron ore : 37 : Tron ore sreins of rounaed hapit, Up TO
.5 mm, in diemeter, are sometimes edged with ilmenite granules
Tlmenite commonly occurs es smell, irregulsr grains included
in chlorite, being an alteration product of biotite. Limonite
is common along the grain bounderies &na occurs &s pseuaomorphs
sfter 3pyrite.

Zircon : sccessory zircons of & rounded hapit are couwmmon.

suertz ¢ 5% : This minersl occurs &s groups of grains. It
lacks strsin effects.

Telspar : apparently ebsent.
DISCUSSION. The rock is a sericite - muscovite - chiorite -

cuartz schist, with inaicacions of ithe alteration of original
biotite, but no evidence for the origin of the sericite.
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UNUSUAL ROCKS OF THE MAIN SCHIST SaQUENCE.
a177  Lyzav.

MaCRO.The rock is & fine-graineu, tough, siightly iron-
stained schist rock. Visible minerals &are biotite, muscovite,
guartz and felspar, with minute pink gernets. The schistosity
is weak, gneissic banding is visible &and lineation is prominent.
The constituent minerals « re spread eveniy throughout the reck.

JMICRO., The slice was cut perpendicuisar to the iineation
and the gneissic banding.

Biotite : 10% : The biotite is pleochroic irom pale ye.LLlOW
to musterd green. Monszite inclusions with & rouncce form are
sometimes seen, surroundea by thick black haloes. Iron ore
inclusions also occur. The flckes ere weil oriented, &although
some do traverse the schistosity, ana they averesge .5 mm. in
length. The flskes show all steages in the repiacement of the
biotite by sillimanite, especiadly in certain of the gneissic
bands. The first stage in the reaction is seen in some flekes
where a few spindles of sillimanite zre founa penetrating the
nica. These fibres of sillimanite intésify until the bpiotite
t'lskes begin to breskup into twistea s.reaks vetween the
sillimenite ribres. The biotite ceco.ourizes Guring the
replacement.

Muscovite : 5% : This mice¢ &lso shows strong repiecewent oy
sillimanite.

Chlorite : One zmall flake was recognised as &n aiteration
product of biotite.

Tron ore : i% : Trregular greins of iimenite &nd haematite
tp to .3 mm. in dizmeter, are developed ne&r siiiimanite
fibres.

Sillimenite : 5-107 : “illimenite occurs fine, clear,
unaltered, oriented fibres. These fibres occur in flat lensoid
groups. The fibres extend into the surrounding cuariz greins.
The sillimenite may be seen in all stages of development from
biotite and muscovite. This adequetely explains the occurrence
of festhery chlorite flakes extending into the sericite knotls
of the altered specimens. The production of siiiimenite Ifrom
biotite probably demsnds shear, &long with incoming sodutions
to remove the potash released. There is & concomitant reiecse
of iron ore.

Steurolite : 1% : “mall ( .2 mm.) rounced grains gf ]
stérolite, showing no crystal faces, occur &s inciusions 1in
quartz. The mineral is pleochroic from very pelé yeL.LOw to
yellow.

Garnet : 2% : Clear colourless,unaltered, out siighiiy
shatterc<d, isotropic garnets are common. The Zrains show no
sign of their methoa of growth.

Apatite ¢ 17 : apatite occurs &s rounded to subhedral grains
with & high relief znd low birefriéngence, up to .2 mm. in
diameter. '

Tourmaline : Zomned grey crystals of tourmaline are of ten
seen. They &re pleochroic from pale pink to grey.

tuartz : 507 : The quartz occurs é&s xenoblastic, sreains,
aversging .4 mm. in diameter, and showing some strain shazaow
effects.

Felspar : 25% : This mineral is largely untwinned, put is
often strongly zoned (may be produced by K30 release) . S0ime
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&lbite twinning was seen but not sutfficient for & composition
determinetion.

DISCULwION. The rock appears to be an arkosic schist, having
quertz, plegioclase, biotite and muscovite, and showing the
development of garnet, staurolite and siiitimenite. The
sillimenite is being produced from the micas. The released
potash may be causing the zoning in the plagioclase. aAccessory
zircon, spatite, tourmaline and iron ore are common.

Al77 2/337.

MACRO. A touch, medium greained rock, heving an heterogeneous,
structureless mixture of cuartz, felspear, tourmaline, muscovite,
gillimenite, biotite and megnetite. The megnetite occurs in
crystale up to 4 mm. in diemeter.

#ICRC. The slide was cut perpenuicular to & sil.nt iineation.

Biotite : 5% : FlaKes of biotite were picochroic from pe.e
jellow to & cark green black. The mineral shows some &aiteration
to chlorite and ilmenite. Pleochroic h&aloes were comion.

luscovite : 5% : This mineral occurs in broca flakes wnich
sre often regleced strongly by sillimenite.

3illimenite : 5% : The minerel has developet irom lne wices,
end is now pert altered Lo sericite.

Tron ore : 3% : TJagnetite occurs in large wel. formeu Crystadi
shapes up to 4 mm. in diameter. TIlmenite occurs as smalier :
irregulsr crystasls due to biotite replacement Oy siilimanite.

Zircon : Zircon is &n sbuncent accessory as smali rounced
Ireins.

Tourmeline : 57 : This minersl is plecochroic 1rom aars
green to pele grey green. Some crystals &appear to have fibrous
2ciliimenite inclusions. The tourmaline apparentliy QeveLoped
at a late stage as it tends to force the &ugj&cent gralns away.

Guertz : 50% : Guertiz occurs as largeé xemobL&éstic sreains
avereging .5 mm. in dismeter,,and showlng Sirain shauows.

melspar : 30z : Felspar grains average .O ., &nu are
strongly zoned. They are often untwinned althouzh some very
thin glbite twins were shown.

DISCUSSION. A medium grained, non-schistose, quertz, felspar,
muscovite, biotite, sillimanite rock, showing the development
of sillimenite from mice (lergely muscovite). Accessory
magnetite and tourmeline &re noteble.

Al L/427.

ACRO. The specimen is a tough. knobbliy rock with &
weathered sppesrance. Staurolite knots are etchea out on the

erosion surface of ihe rock. ifica is elso visibie, but in &
lesser amount.

MICRO. The slide is cut &t ranaom.

2jotite ¢ 10% : The biotite is plieochroic rrom pale ,jeLliOW
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to psle mustarc green. lhe crysteis &re citering Lo sericite,
the crystals being very ragged, end showing sirong repliacement
by sericite. The clezvages éare irregular due Lo .imonite
precipiteting in them. Two petches of concentreated pbiotive
oceur in the slide, end these seem to have aeveloped in the
interstices of the originally ciose packed staurolite crystals.
Tn the centre of these biotite rich patches é&re & few quartz
graine radially surrounded by biotite flakes.

~“hlorite : This mineral occurs &s traces only, ana
diaphthoric alteration does not seem to have been as active
in sltering the biotite as the recent weathering of the
biotite to sericite and iron ore. A little chiorite aoes occur
£s en alteration product of The biotite however, and is olten
filled with minute rutile spindles. The opticel chearecter orf
vhe chlorite is not obvious, but & biaxiszd negative iilgure
was obtained on one fragment.

iuscovite : Alinhou.h mostT of the muscovite recognisapie in
the slide hes recrystallized from sericite, & littie associateu
with the biotite rich peatches &s well roruea fiskes, m&y
represent original metamorphic muscovite.

sepicite : 85% : Most of the rock is serieilte, which heas
partly recrystellized to muscovite zlong cracks and fractures.
The rezular structure of the sericite near the staurolite
relicte indicetes the originel size of the staurolite crysteds.
Jericite has zlso bien formed by the alteration of biotite,

znd limonite acpeers to be the mefic product of this
weathering reaction. Yo intermediste alteration products
hetween the staurolite and the sericite were found. However

¢ few stzurolite “regments were edged by & thin bend cf
meterisl of & low birefringence, containing very smell spinales
of & clear, high relief mineral, orowing perpendicular 10 the
steurolite edges.

3tauroiite : 3-5% : . The mineral is of & hizgh resief, the
sraéins being length slow, end optically positive with a hizh
optic &xiel angle. The crystals were originally liarge
porphyroblasts averaging .5 - 1 cm. long, but are now mostey
sltered to sericite. The ragged fragmentel reiicts &re pieoch-
roic from very pale yellow to yellow. The cieavage of the
mineral hes been made conspicuous Dy glteration. No inciuslons
were seen. A simple twin occurred in one group of fragments.

Tron ore : Ilmenite occurs &as small greins showing
zltzration to leucoxene. Limonite is a common alteration
product of the biotite end the stasurolite, am tlends to

migrete to the biotite flaskes where it loazes in the cleav&ages.

Zircon : seversl minute roundec greins were seen in one
quartz grain. -

ouartz : A few greins to .5 mm. were seen surrounded by

hiotite fl= kes and rimmed with limonite.

NTSCUS3TON,. The texture 1s one of closely packea stauroiive
crystals, which have beenextensively esltered to sericite. e
miotite flazkes occur in the interstices of the packed stauroait
crystals, &nd heve also suffered elterstion to sericite. Rare
patches of chlorite carry cbundznt rutile spindies. The iron
relessed during the sericitization has accunulated as Liwonite
in the biotite cleaveges, and 1in certezin freactures in the
rock. fuartz is a rerity in the rock &nd occurs surrounuec by
niotite flekes. The extent to which surface alteration has
changed the rock is not sccessible from the sliae.
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UNUSUAL HOCKS OF THE MsIN SCHIST 2u UsNCE (cont.).

A4177 f/ggg.

1ZACRO. The rock is & medium grained cark green biotite -
quertz schist, conteining irreguler knobbly porphyroblé&sbs of
e chioritic appearence. Toliation is evident but is poorly
developed. The visible minerals are cuartz - oiotite - chiorite
- iron ore.

MICRO. The slide was cut perpendicular to the schistosity

The texture is a porphyoblastic one.
The rock may be described in two paris :-
(). The Groundmass.

3iotite ¢ 50% : The average grain size is .4-.5 cm. in aiem.
the pleochroism is from psle yellow green to péle oralige green
to dark mustard green. 3ome edges show & pieochroism from
pele yellow to orznge, and this may refiect weeathering &t tne
greain boundaries. ,ome greins show & s.ronger pleochroism To
dark 3reen black. 4 few minute inclusions of zircons cause
pleochroic hsloes in the biotite. Iron ore inciusions &re a.so
common. Alteration to chlorite (pennine) is noticeable,
especially near the edge of porphyroblastic aggregates. The
rezction appears to involve the release of some iren ore. The
freshest biotite zrains esre those occurring as inclusions of
smell size, up to 1 mm., in the queartz rich metrix. These show
& pleochroism from pale green ye.ilow to aark green. The mices
heve & general tencency for parallel elignment, but this not
sirong. fost of the mica appears to have coliected into foliize
up to 2 mm. across, consisting of closely pecked biotite fiekes.
mhese folize heve been the focel points of the accession of
oxidizing egents and Zround water.

Juscovite : Absent.

Tron ore : 1% : Smell gri ins of meégnetite &re nuuerous
chrouzhout the slide, The _reins occur mosSt.iy in the piotite
where they tend to grow elongated pereliel to the biotite
cleeveges. 3mall petches of iron ore inclusions in The qu&arizose
matrix, show & general rounaness &nd iack of orientation.

Zirecon : 3mell greins of zircon, up to .0o wm., occur in the
siotite flskes. They sppeer to be well rounded.

Apetite + .5% ; Apatite occurs &s sin&ll inciusions in cuertz
sreins where they sre always rounded and aversage .l1-.2 mm. in
diemeter. They hzve a grain elongeétion of 2:1 to 3:1. Other
crystelsat the grain boundaries show a better crystal fomm,
end grow up to 1 mm. in length. When growing in the biotite
the minersl has a good crrstal form.

tuasrtz : 50% : The cuartz greins &verage . (. in uiszmever
and commonly heve inclusions of epatite &nd iron ore. The
rreins ere even in size end xenoblastic in form.

Telspar : Absemt.

(b) . The Porphyroblastic ¥nots. '
These often show & rolled form with rotation through wQV.
Siotite : A few irregular rragments of biotite occur neer the

:dge of the knots.

Chlorite (Pennine) : 45% : The pieochroism or this minersi
veries from pele yellow to deep green. A few small zircon
inclusions czuse sn irregularity of colour. The interference

-
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UNUSUAL ROCKS OF TH® MAIN _CHIST SmiUkLCE. (cont.)

coiours are slightly anomalous, there oeing & very week
birefringence. The grein size averages .4 mm. &nd the grains
in cross section have an elongetion of 4-5:1. The chlorite
tends to heve a decussate scructure, the fletkes being rather
curved and the clecvefe not as regular as that of the biotite.

Iron ore : 2¢ : The iron ore occurreca &s .Lerge rwsged
grains upto 1 mm. in diameter, and as hosts of smeil elongete
grains swarming through the porphyrooblastic knots, being
oriented into the S shaped rotery form of the porphyroojast.
The average length of these gbeins is .2 mm. and their grain
elongestion is 3:1.

nutile : 3small irregular .rains ana feethers arc spreac
throuchout the aggregate.

Cuartz : 50% : The quartz greins average .2 um. 1n aieme wr.
Thus they ere much smaller than those of the mateix. Very
small rounded spatite inclusions were common.

DISCUSSION. Large porphyroblastic aggregates up to 2 cm. in
diameter occur throuzhout the biotite - guartz schist. The
knots consist of chlorite, well oriented ilmenite grains and
quartz, with accessory rutile. The ilmenite ireces out strong
3 bends in the knots, the axis of the twist lying in the schiste
osity plene.fccessory zircons and spatite occur throughout the
rock.Apatite nezr the grazin boundaries has zrown 1o & Llarger
size. The knots appesr to be in eiposition to produce gernet,
but this minersl was not detected.

a7 1/420.

1:CRO. The specimen is & cuartzofe.spathic rock with.u
pink appesrance. Irregular "slumped" structures of quartz ana
felspar, with accessory biotite and mugcovite, &are_ purtisiiy
shezthed in muscovite.® The aver&ge graln slize 1S .O mm. 1n
diamecer, and the rock is evem.greined. fhe rock is essentiesry
structureless, although & partisl orientation of the mica is
noticeseble.

[ICRO. The section was cut at random &cross the grkosic
part of the sp.ecimen. The rock is very even grained st about
.5 mm,

Riotite : 57 : Riotite occurs as smell fiakes up to 1 om.
in length, 2nd with a grein elongetion of 2-4:1 in section.
The pleochroism r&enges from pale green yellow to cueep red-brown.
A little weasthering to green chlorite ie noticezble. The fiekes
ere only slightly criented. Lemelle twinning occurred in &
few flekes. Small zircon inclusions produced pleochroic haiees.

Muscovite : .2% : Leveral flakes occur associated with ine
biotite, but were not abundant.

Iron ore : Several grains .05 - 1 mm. in dlaweler occurred
in the rock but were partly weathered. Liuonite &nd &n iron
oxidstion minerel of an orange-red colour, &nd subtranspirent,
was commonly cdeveloped throughout the slide, especially aiong
the sreéin bounderies.

Tutile : i few rounced =reins .05 mm. in ciameter, were
present in the cuartz - felsper metrix. They appear seaimentery
in origin.

Zircon : Zirecon greins to .1 am. in dismeter were commonly

cseen as inclusions in biotite. A few greins slso occur in the
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TINUSUAL R0CKS OF THE MAIN GCHIST SHGUENCE (cont.)

auartz - telspar metrix. These are always rounued.

(uartz : 2-3% : This mireral occurs as smeli greains o
«2~-.3 mm. in dismeter. 3train shadows were rare.

Felspar : SO : lost of the feispar showea aibite Twinning
but many zZrains were untwinned. No microciine twinning was
aetected.

Fxtinction eénzgies on &elbite twins ;- " &
1330, 1440, 1410, 130, 1140, 11,9, .39, 12°, ie“.
This imiicates & composition near Angg (Amdiesine-oiigociase

OISCUSSION. The rock mgy be & sedimentary rock of an arkosic
composition. The rerity of gquartz and mica and the nigh
proportion of plagioclase are noteble festures. Biotite eppears
be the msjor mica in the arkosie parts, but in the mica rich
perts, muscovite is the mejor constituent. Zircon, rutile
and iron ore are common accessories.
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F4ACIES ECUIVALENT OF THE UPPER ARKOSE BuD.

AL77 S/14.

——

MACRO. The specimen is a2 light coloured, Zine, even Jrained,
tough, felspar rich rock, with accessory muscovite, oiotite,
end limonite pseucomorphs after pyrite. The micas &are weld
oriented into the schistosity plane. Frecuent smeldi pores
mey indicate a sedimentary origin. The rock hes a coupact
srenular appearance.lhe greain size averages .1 mil.

[ICRO. The sliide was cut perpenaicui&r to uhe schistosity
and the slight lineation.

Riotite : 1-2% : ihe flakes average .3 mm. in iength, are
stumpy &nd regzed in form, and sre often iron stained. They
are pleochroic from pale yellow to deep yelirow. The flekes
are strongly oriented into the schistosity piene.

Muscovite : 3% : 3mell non-oriented riakes occur taroughout
the slide, osrobebly occurring &s a late alteration product of
the felsper.

Jutile-Leucoxene : ""inute blebs of solden yeliow rutiie
may result from the slterstion of biotite.

ouartz ¢ appears to be absent.

Felsper : 95% : Firagiociase Lwinning was & common Leature.
o

Yo microcline twinning was seen. Untwinned felsper was &iso
zommon. &4l1 felspers were slightly weathered to sericite.

ixtinetion &ngles on aibite twins :- 5 .
150, 130, 16°, 79, 79, &9,i7°, 18%, LG, 87,.
These inuicate & composition neer an g (ancuesine).

DISCUSSION. The rock sppears to oe e.seuimentary one. IT
consists almost entirely of endesine felspar. (uartz appears
to be sbsemt. Accessory biotite end muscovite &lso occur.



26

THE UPPER TREMOLITE 3ED.
ALl77 3/168.

MACBO. The rock is vough, dense white rock heving eLongstle
tremolite crystels set in a decussate arrangement in an
ooeline matrix. Accessory pyrite is.a common constituent.

LUICRC, The slide was cut &t rancom.

The texture is one of subhearal tlremolites set in &
chealceaonic getrix which hes repieced che trewolites near
their edges giving them & fractured &ppearance.

Tremolite : 80%: Tremolite occurs as colouriess suvhecradl
srains having a high relief and gooG cleavages. The mineral
is gleesy in reflected light. 'ost gréins appear fractured.
rposs-sections of -the mineral show symmetricel extinction. The
crystels are opticelly negative, with a high optical axiel
angle and & moderate birefringence. Some grains show & fine
polysynthetic twinning. The grzins ere often ragged and show
chelcedonie replacement along the fractures and cleaveges.

Chalcedony : 20%4 : This mineral occurs &as spheruiitic
ecryptocrystalline blebs and irreguler crack fillings ifh the
tremolite. The spherules have a rotating-cross extinction.

TVuscovite : A few rare flzkes or smali size were seci.

DISCUSSION. The rock &ppesrs to have ogen & pure aoromite
silica rock which heas been reised tocthe status oI & tremosive
rock by metsmorphism. Thalcedony is repiscing the rock first
along the grain boundaries &nd thern slong the cieaveges in the
tremolite.

4177 t/so. )

ACRC. The specimen is & fine srzined tremolite rock. The
tremolite is white and very fine spindles, with c aaplete
discrientation, constitutes most of the rock. Tsoleted veiniets
of opzl and small iron ore crystels ere elso visibie. T hand
specimen has & general bedded strudure.

MICRC. The slide was cut perpvendicuizr to the beduing.

Tremolite : 70% : The tremolite is coiouricss,dlaxial
negetive with & hizh 2V, and hes symmetrical extinction in
cross-sections. The elongate sections &re lenzth siow. t(he
clesvsges meke &an angle of 569. The optical axisl pisne is
perellel to the cleevage. The miner el is clieur &na CoOLOUrless.
'"he crystwis &re well formed &né occur in ali orientwtions in
the rock. The greins arc very irreguler in size &nd rermkge up
to 2 mm. in length and 1 mm. in width. The tremolite crystals

are set in an opaline metrix.

Opal : 30% : This minersl is icotropic ané heés irregulsr

ctructures and fractures throughout. Some of the op&l rich perv
heve teley =2lterstion products of the tremolite.

Tron ore.: A few isolated crystals of heemetite reach mm.
in diemeter and stein their surroundings yellow.

DISCUS3TON, The rock is = pure tremolite rock which shows
stronz replacement by opal.
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ARKOSIC BEDS IEAR THE UPPui TiiuCLITH wUCK.

M:CRQ. L weathered porous felspathic sanastone, with visibie
rounded cuartz greins set in a felspathic matrix. The pores
have limonite coatings. Parts of the rock are silicified.

¥ICRC. The texture is rather irreguler, consisting of Lerge
irregular cuertz grains set in & granoblastic matrix

Muscovite :+ Afew smell flekes of muscovite, with & ragiea
eand bent eppeerance occurred throughout the :lide.

Zircon : 5mell,re&re, rounded grains.
sutile : 4 few smelil roundea greins occur chrough .ihe rock.

cusrtz : 60-70% : The quartz gisins are very irreguiar ooth
in size and shepe. They average . mm. in dizmeter, oput reach
2 mm. The grein bouncaries are generally smooth. The Jrains
are free of inclusions, and are unsitrained.

‘"icrocline : 257 : These greéins were recognised by tneir
aicrocline twinning. The twinning was not well-cevetopeu. The
microcline occurred in associetion with the piagiociase s
e finer mstrix between the larger quartz grains.

Plagioclase : 5% : Some polysynthetic twinning occurred
but the twin laminae were not well deweloped. Twin measurements
indicated sn olizoclasse-andesine composition. Some grains
zppeered to have been crushed.

DISCUSSION., Tre rock appears to be a sedimenteary &arkose
with cusrtz, plagioclese and microcline &as the main constitu-
ents.



THE PINK S4NDSTONE BED.
4177 2/170.

LACRC. The specimen is & tough, pink, fine to meaium
srsined felspathic sendstone. The grain size averages .5 am.
The rock is very compect but has a smell number of pores..
Accessory iron ore is visible,; &nd stains some of ilhe pores.

MICR0. The slide is cut &t remcom. The grain size averages
.25 mm. The texture is an interlocking mogzic of guartz and
felspar grains of en even size. T

-

uscovite ¢ Flakes of this mice& ere rare.

Iron ore : 3ome unweatherea iron ore anc rimonite occur
throughout the rogk.

Zircon : i few very small grains of zircon were noteu. lhey
are rounded alithouch some e¢longate grains inciuued in quartiz
heve an elongation up to 4:l.

jutile : A few rounded grains occurrea &s inclusions in
the quartz.

Tourmsline : 3everal smell spinculer crystals cccurrea as
inclusions in the quartz.

Guertz : 78% : The guertz greains average .5 mm. in aismeter
and often heve spindulzr inclusions.

Telsper : This mineral was esgily uistinguishec from the
quartz by it & lower refringence. The grains were often
sericitized &nd cloudeé. Cross-hatched twinning was comaon
and most of the felspar was, probebly microciine. o &loile
twinning was seen. Zpinduler inclusions were Coulncn.

DISCUSSION. The rock is &an arkosic seanastone in which the
asjor felspar wes microcline. This is in merkea contrest 1o
felspers of the main schist seguence.
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THE PINZ Ga,INED SCHIST Sh(UzECE.

4177  L/6b.

—— ————

HACRQ. The rock was & sreenish jrey, medium _:&aineaq,
laminsated mica schist. The visible minerals weire biotite,
muscodvite, quertz end felspar. The schistosity is well

ceveloped perallel to the bedding lemination.
1ICRO. The slide was cut perpenaicular to the veading.

iiotite : 20% : The biotite is picochiroic from sreenish
vellow to & derk red-brown. The flekes cre strongly orientec
perallel to the schistosity. The fleckes, which ere fresh &and
unsltered, are even grained with a iength of .5 mm.

luscovite ¢ 32 : The flakes showed an average size of 1 .
in iength, althouzh some t'izkes reached 2 mm. The fiskes had
& lesser degree of orientstion than the piotites, and some
traversed the schistosity. The flukes had &n irreguler
distribution, many being intergrown with the biotite fuitkes
in the mica folize.

Tron ore : Absent.

Zircon : Zircon occurred as very small grains proaucing
pleochroic hsloes in the biotite flakes.

Spheme : Rare accessory grains.
apatite : This mineral was & feairly common &ccessory.

Tourmeline : Tourmaline was & COMMON &CCES30ry «bs Small
rounded well formed grains, pleochroic from paie yeliow TO ucep
grey snd often showing a slight zoning.

wuartz : 45% : This wineral was e&sily ailstinguisheu Irom
the felspasr by & higher refringence, iack of twinuing ena
lack of alteration.

Mierocline : cliear, unwesthereda grains showing strong
cross-hetching. The greains were even in size &nd regulearly
_istributed throughout the rock in a decussate textire. The
zreins averaged .25 mm. in diameter. 25%.

Plagiociese : 2% : Unweathered piagioclese isulstinguished
readily from the quartz by its hisher cegree of clouuiness end
from the microcline by its albite twinning. The twinning
indiceted an oligoclese comcosition. The greain size everaged
.25 mm. in dismeter.

DISCUSSICN. The rock is intermediete in grain size odetween
the schists of the main schist sequence to the west, and the
the finer geained schists to the east. The abuncance of
microcline was notable.

.n.-l-77 .L/ 3 L]

4CRO. The rock wes a fine greined herda pyritic siit schiste.
The grey unwesthered rock hes thin laminetions gf pyrite
~ivinr a bedded appeerance. The average r'éln S1Z€ WS ..l udii.

MICRO. The section was cut perpendiculsr to the beacec
laminations.

uscovite ¢ 10% : This was the only mice present snd
occurred as smell well oriented, elongate flakes. They aversage
.4 mm. in lenoth and .05 mm. in width.
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I FTME GRAINED SCHIST SEQUENCE. (cont.)

Putile : .59 : This wes &n cbunuant accessory &s Smaad

rounded yellow greains often showing & cileévege. The redlief of
the minsral was very high.

Fyrite : 1% : This mineral occurred &s smail OpaGUe & ECKS
which asveraged .05 mm. in diameter. These Bpecks consisteu of
agsregates of fine crystals. The grains were characiteristicaissy
golden in colour in reflected light. The pyrite occurea evenliy
througzhout the slide.

uartz : 50% : uartz occurrea as even sizeu grains (..o ai.)
throughout t:erock. 3ome rarer grains reach .3 mm. in acizmeter.

Felspar : 40% : This may be cistinguisheu from the wueartz
by its lower relief. Most of the felspsr is untwinned slthough
microcline and albite twinning were sometimes seen.

Niscussion. The rock was an even graineda quertz, feispar,
quscovite schist with accessory pyrite. The rock had & siight
schistosity due to the mica orientetion. In the hand specimen
the pyrite occurred in bands, but this was not obvious in the .
slide.

.c:.lr?'? 'L/lb =

1hCRO. The specimen was & fine-greained, hara, uniform,i.izht
coloured zrkosic siltstone. The grains were barety visibie to
the nskea eye. The rock had & bedued structure. (ccasional
tale ecrystels to 1 mm. in diameter occurred embeaued in the
fine-greined felspethic metrix.

MICRO. The slice was cut perpenaictuier Lo the pbeauing.,

Tale? : 1% : 4 yeliow, limonite staineu, talicose wmineral
resembling chlorite, occurred throuzhout the rock as smell
greins up to .4 mm. in dismeter. The minerel wes oule green
in colour end slicshtly pleochroic when fresh. *

Leucoxene-limonite : 1% : Treces or leucoxene-limonite
blebs occurred and often outlined the beading Lemination.

wuartz.: 10-15% : Cuertz occurred as &ngular grains fiiiing
cavities between the felspar greins. The grairns &Ver-age &boutl
-1 mm. in diameter, but ther:s zre grains ranging to .4 ma.
The greins were far ‘rom streined and showed few inciusions.

welspar : 85% : The major mineral wes microciine, with
jreins averaging .. mm. in diameter, cithough some reached
.5 mm. Exceilent cross-hztched twinning wes shown by most of une
felsper 'reains, but some were untwinned. Ko pligiociase was
detected.

. UISCUSSION. The rock was originally & rine-. rained
microcline siltstone, with a smeli percent of guartz anc winor
impurities, which li¢ter gave telc, iimonite and ileucoxene. lhe
rerity of plegioclzse is very noteble. This rock inaicates
thet some rocks neszr the sranite are very microcline rich.,

Al77 2/94.

ACRO. The rock was a herd, Tine-zrained, porphyrooizstic
schict. The grein size was such thet the individusl minersals
could not be distinguished by eye. The shistosity is phyllitic
é¢nd the schistosity appeared paraiiel to the bedwing, which
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THE FINE GUAINED SCHIST SEGUENCE (cont.)

W

was inciceéted by flattened porphyroblestic knots of sericitic
materisl. The rock was a light brownish-grey coiour &ng hau &
touzh texture.

#iICRC. The siide was cut perpendiculer to the veuuing.

The rock was & fine-grainea phyiiitic schuist, witha
oriented mica &nd sericitic knots. The aversage grein size was
less than .05 mm.

Riotite .+ 20% : The biotite was pleochroic ifrom very .&dle
yellow to & pele red-brown. Zmall pleochroic haloes occuired
about microscopic zircons, but were not common. The I'Lakeg
were of zn irreguler shepe end most of them snestomose
together. They by-pass sericite rich knots, leaving them &s
eves averaging 1-4 mm. im length.The zrein size of the biotite w
wes ‘rom .N65-.,1 mm,

sericite : 259 : Sericite wss an sbundaent mineral chroughout
the slide as agrregates of ultremicroscopie grains, which
showed come recrystellizsation to muscovite.

Iron ore ¢ =:mall irreguisr fiecks of iron ore or liamonitic
meterisl occurred throughout the slide in accessory amounts.

Fyanite, : 1-2% : 4ithoush aifficult to idencifly vecause
or the small grain size, small strings oi Jrains in iess
weathered sericite knots, were thouzht 1o be kyanite based
on their high relief, lack of colour, low birerringence(up to
~iret order red), and the existence of &t least two .rominent
cleavage directions. The slow rey was tound to peraiiel ihe
more prominent cleavege. The grains were sm&ll, relicts of
larger erystals, and show &lterestion to sericite.

Zircon : “ubmicroscopic greine cause pieochroic heloes in
the piotite.

apetite ¢ 4 few apetite crystals were seen. These were
nele vellow green in colour and showed hexegonei Cross-seciions,

"uartz - Felspear : 35% : Recause oif the fine greain of. (his
rock these minersls could not be sepereted. The zrains averaged
.05 mm. in diesmeter end they occurrec spread eveniy throushout
the slide. ‘

LISCUSSION. The rock is & fine-grained, siizhtiy scnistose
rock with sericite rich knote (sometimes containing kyeanite
~elicts) in & uniform mixture of scricite, guartz, felspar,
piotite and auscovite. :
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ROCKS OF TiAE CaLC-SILICATE 3ROUE.

ad77 +/00z.

ACROU. The specimen was a pele 3reen well crystaiiizec
calc-silicste rock, with visible actinolite, cdiopside &and -
scapolite. The grein size wes very irregular. .. beddea egpearanc
is well shown in the sw»ecimen.

ICRC. The slide was cut perpencdicular to the bedding.

NMopside - Actinolite : &07 : ‘ctinplite was reco-nised by
its slizht pleochroism an¢ its cheracteristic cieavege. The
diopside was opticslly positive with a 2V nsar 60°, &and
non-pleochroic. Heloes were common about small sphene inciusions
and these were often pleochroic from pale yellow to pale brown.
The crystals were clear, except for a few inciusions of sphene
and scapolite, and were subhedral to anhedral. The grein size
was verisble but avereged 2 mm. When the cwstals were grouped
closely together they tended to be xenoblastic, bdut when
isolsted and embedded in the scapolite they tenuea to e
idioblastiec. Jiopside often showed the characteristic neer
perpendiculer cleavages, and its birefringence was sirong.
In the diopside the extinction direction that maue the sualier
angle with the clecvege treces in the longituainal sections
was the slower ray. Twinning was rare &nu when present wes simp-
le. :

3cepolite ¢ 45% 3 This minereal occurrec in & mosaic
patchwork of low relief grains, showing & nocerate ciewuvage.
The grain size averaged .2 mm. In the coarser pirts of che
rock the pctches tended to orient themselves into larger
crystals, which still showed & slight mosaic texture (amottlec
extinction). Tn the lsrger crystals the uiopside occurred
&s poeciloblasts. The extinction of the greins of sceapoiite
wes Zenerally réther ragged and diffuse.

Sphene : 2% : This was a2 common accessory minerel aistinguish-
-2d es small greins distributed throuchout. tne rock. The
sreins veried in size up to 2 wm., ma&hy veing wuch smalier.
‘hen incliuded in the diopside and &actinoiite the _reins were
often surrounded by smell pleochroic heloes. The bireiringence
was high and the interference figures were hard to obtain uue
to the cloudiness of the grains. The greins were alwmost
wholly xenoblastie.

Plagiocicse : 3% : Tlear greins of plagiociase averaging
.2-.3 m. in diemeter were commonly encountered but were
difficult to distinguish from the scapoiite. i few grains
hed a vague slbite twinning. The plaglociase showeda & clearer
and sharper extinction than the scapolite.

LISCUSSTION. The rock wes originelly en impure wolomitic
shele, which hes now been recrystallized to a diopside -
sctinolite - scapolite - plagioclese rock with accessory
svhene. The average 3Irein size was .2 mm. &nd the texture was
an interlocking moSaic of gréeins.

L7 +/18.

aCRO. The specimen was & pele irregulerly Crysia.sizea
calc-silicete rock, with visible geeenish ulopside ana white
scapolite. The grain size wes rather small DUl coarser banes
occurred.

KICRC. The slide was cut at r&anaom.

The texture was one of interlocking xenoui&sTic L1D€ &NG
coarse greins, forming an irregular patchwork mogaic oi ulopslae
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XCCK5 OF THE CALC-SILICATE 3ROUP (cont.)

scepolite &nd tremolite. The slide showsath&at the rock nad &
slightly bedded appe&zrance.

Diopside : «0% : This mineral occurrea &as  rains averagling
e3=.x mm. in dismeter, of & very pale jreen co.our. [he reins
were not pleochroic, h d a high relief anu showeo & ZooQ
cleavage. The crystals were xenoblastic to sub-idiobiastic.

'he mineral was optically positive with a high 2V, enu & strong
nirefringence. Twinning wes rare., /hen ciosely packed uthe
greins formed an interlocking mosaic, but many of the srains
showed isolated round forms in the scapoiite mnatrix.
Polysynthetic twinning w&s occas.ional.y seen.

Tremolite : 15% : & tremolite rich peana occurrea on one
side of the specimen. This mineral was distinzuished from
the diopside by its lower refringence. Tt was of & pale green
colour resembling the diopside. The srains were ciear, haa an
obvious cleevage snd bright interference colours. 2V was higzh.
The orains were slivhtly pleochroic from yellow to green. The
grein size was even &t .2-.4 mm.

3cepolite : 40% : This mineral occurreu &8s & .LOwW reiict
metrix between the higher relief diopside &nd tremoiite. ine
cleavage was of'ton well shown and hed a perea.ier extinciion..
The birefringence was low to moderete «nd uniaxiel figures
with a nezetive sign were characteristic. The zrains &évelageu
.2 mm. in dizmeter. The scapolite coumoniy h&d inciusions of
sphene and diopside.

Tron ore :.3everal well Tormed iimonite pseucomorphs arter
pyrite were seen.

3pheme : 19 : This mineral wes &n abunaant accessory &s
smell neutral grains of hich relief and extreme birefringence.
The irreguler end rounded xenoblastic greins occur in groups
snd strings. They everage .l mm. in diameter. The c.iouced
neture of the grains prevented the occurrence of good
interference figzures.

DISCUSSICN. The rock was a calc-silicate rock made up

largely of Giopside, tremmolite and scapolite. iAccessory
sphene was prominent.

aL77  L/167.

MACRO. The specimen was a massive, uark green grey, caic-
siliezte rock, with visible snd sbunoant actinolite crys.els
in &n interlocking mosaic. The rock haa an everage grain size
of 2-3 mm. Small Thecks of felspar? were visiobie &s a minor
constituent, and small pyrite grains were occasionally scen.
The rock was essentially structureless aithough the actinolite
crystals may heve been slizhtly oriented.

¥ ICRO, The slice was cut at rendom.

fActinolite : 90% : The pele green actinolite was pieechroic
irom pele yellow zreen to pale green. 3lightly pleochroic
green heloes about abundant sphene inclusions was & constent
feature. Tndividusl crysiezls averaged 2-3 mm. in length, and
were msde up of unusual fenlike aggregetes of smell irreguléer
actinolite crystals. This feature geve the grains &n unaulose
or wevy extinction. The indivicuel catches meking up ezch
crystel were elonztte in shape but were very aiffuse. Ihis
structure sppeers to be & type of crysteal growth rather than
& mechemrical agrregste of smeller actinoiite grains. Tne
ectinolite funs were closely opecked and interlocking, ana
enclose small petches of fine grainea feisper netrix.
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ROCKS OF IHE CALC-3ILICATE SROUF (cont.)

Sphene : % : This common &accessory minerald cccurred as
amall greins of irregular shepe, with the cheracicristic
extreme birefringence, neutral colour and clouainess uue
to roughened surfaces during srinding. some Zrains wre the
ioci of formation of zoizite.

Zoizite : 17 : This mineral occurreu &s xenoplastic grains
up to .4 mm. in dismeter, zrowing apout small sphene neuclel
in the quartz - felspar metrix. Cleavage was seen in some
*rains eénd anomelous blue interference colours were usual. The
relief was between that of the sphene and the &ctinolite. The
outer edges of the grains were often clouded and aid not show
the anomelous blue of the cleczr inner parts of the grains.

Scepolite : 17 ¢ One large poeciloblestic crysual of
scapolite {2 mm. in éiesmeter), showing & low relief, low to
moderate birefringence and cleavages with perallel extinction
was seen.

felsper and/or Luertz : 77 : L very rine-greainew aeilrix
( .05 mm. ) existed between the large actinoiLite crystedls,
consisting of cuartz or felspar. Some of these small grains
show a weak twinning on the albite iaw &and & creavage, bul
others of & higher birefringence may be quartz.

DISCUGoION. lL.erge fan-like actinolite crystels wie set in
& Tine-zreined metrix of gquartz and felspar. Ihe texture was
&n interlockinq intergrowth of crystals, with abuncant
inclusicns in the larger greins. Zoizite ana sphene were
subordinate constituents in the rock.

£177 a/luu.

MACRO. The rock was & Tine to meuium ;ralned caLc-silicete.
The visible minerals were sctinolite and felspar.zna small
flecks of a yeilow-orange minerel. Seaimentary vanding was
vieible be0ouse of assorted bands of verisble grain size.

I{IJCRO. The slide was cut perpendicular to the beuaing.

Actinolite ¢ 202 : This mineral occuried &s .ale srecn
crystels of mouerate religf, showing the cheracteristic
amphibole clesvage &nd a slight pleochroism from pale jellow-
sreen to pale green. The srains were of & vericble size
ranging up to 2 mm. but averagea .5 mm. They ienaed Lo be
subidiomlastic to idioblastic in form, the sm&iler grains
having a greater tendency for & euhecral shape.

Sphene : This was & rere &Ccessory. i yellow orange
ilteration product mey be leucoxene.

guartz : 5% : This mineral Fenerally occurrea &s rounded
inclusions in the felspar zrains.

Flegioclase : 75% : Albite twinning was commnon and the twin
extinctions would incicate that the plsgioclase was ne&ar
oligoclase. A lot of the felspar was not twinned. The Jrains
aversged .5 mm. in dismeter, and were commoniy crowdea with
small inclusions of cusrtz and felsper. The srains were often
sericitized.

“xtinction anzies -on the aioite twins :~-
35°, 59, lOO 740, 120, 189, 129,

LISCUSSION. The rock was an even ra inea mogaic of feigpar
rein: dearing petches and indiviausal crystals of actinoliite,
end having abundent inclusions of guertz &nd felsper granuies.



9s.

IHE GRaNITE.

4l77 3/95. (unavyseu).

ACRO. The rock was & jellow colourew, hard, coupaCl, sVen
srained grenite. The visible minerals were quartz, feispar,
biotite and haemstite. The everage gZrain size was . mu. The
biotite flakes were oriented into the schistosity piane and
azgregated into patched mosaics, which were eiongatea a.ong
the lineation. The rock had & slizhtly gneiswic sppearance.

MICRO. The slide was cut perpenaicular to the .ineation
end the schistosity.

Piotite : 6.4% : This mineral waspleochroic 1rom p&le
ellow to dark zreen black. The flekes showed & well cefined
stumpy shape, andwere irregular in distribution ana size throus
-out the slide. Slightly pleochroic haloes were sometlimes
encountered about included zircons.

Tuscovite : Very rare.

“eematite : 1% : Rounded areins of haemetite up L L di.
in diemeter were associested with small zircons. [he zircons
were often seen embecded in the surface of ihe iron ore.
One small heemetite zrein with & cubic outiine was probably
& pseudomorph after megnetite.

Zircon : These occurred as,rare accessories sssocisted
with the piotite and the 1rompre. "hey hau a rounued irreguiar
shepe and aversged .1 mm. in‘diameter.

Luartz @ 407 ¢ fuartz occurrea often in grains reaching
2 mm. in diameter, but the average was &bout .5 wm. . The
Zrains were of an irregulear shape and occurred throughout the
sllae. The extinction was slichtly undulose. Ziotite,
felsper &nd cuertz inclusions were common.

Felsper : 54% : "icrocline (22%) was readily recogniseu

by its cross-hstched twinning and low relief. This felsper
was slightly weathered. Plagioclese (1l(%) was recognised by
ite al“ite twinning.

xtlnctﬂon dndles on albite twins :-

51 ) 54 ’ lo’ 310 ldé 3

This Ineic&ted & compos1tlon neer algpe. GilgocLase.
Tntwinned felspsr eslso occurred. The felspars were aii siightoy
sericitized. Yo exsolution festures were noted.

DISCUSSION. The rocik was & zgneiss witn & granitic compositliolr
The iajor minerals were cusrtz, plagioclase, microcline,
niotite, &nd iron ore. uscovite was notatly rare.

&L77 17572,

"TACRO, The specimen was & pale pink, hard, schistose and
linested, medium creined sranite. The visible minerals were
quertz, 1"elsncr, biotite and muscovite. The mieas occurred
in thin patchy aggregstes parallel to the schistoeity. 4
lineation was Droduced by t he elongeate nature of these mica
catches.

MICRC. ihe slide was cut perpendicular to the Lineation
and the schistosity.

Biotite : 5-8%7 : This mineral occurreu &s wel. formec
nunaltered flekes pleochroic from pale yellow green to dark
green black. Vost fiakes occurred in large well-oriented

flekes occurring in sneissic bands, bul some sme.ler _r&ins
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alsooccur in the cuartz - felspar matrix. The fiskes averaged
.o mm, in length.

Muscovite ¢ 1% : ™Muscovite occurs as smail fickes occurring
between and around biotite flakes.

Tron ore : This was rare, occurring as smail flecks in
associstion with the micas.

Zircon : This was a common accessory anu was eventy
distributed throughout the slide, but generally &ssocicted
with or included in the biotite flakes.

Apatite : This was a rarer constituent occurring as crysta.s
inciuded in the quartz greins.

uertz.: <09 : This constituent averaged .75 mm. in uiameter
out some grains reached 3 mm. In generesl the cquartz was of &
larger size than the surrounding felspars. The griins were
xenoblestic in shape &nd were closely edged with feispar.
Undulose extinction was not strong. The grains were ciear of
inclusions except for a few felsper &nc &patiile grains.

Yierocline 3 30% : The microciine was ciear and unaiterea
nd had very zood cross-hatching. The grains averaged .o 1.
n dismeter.

e

Plagioclese : 20% : iAlbite twinning was sometimes shown
althourh meny untwinned grains occurred. Zoning was rare.
Txtinetion angles on albite twins :- _
740, 110, 20, 100, 139, 109, 50, 104°, 10%, 8°, iiv.
This indicated & composition near an 31.

DISCUSSION. The rock was & medium grained normal greanite.
icrocline was in slight excess over the plzgioclese and
biotite was the dominant mica. The micas were strongly oriented
into gneissice bands. The quartz zZreins were general.ly .isrger
than the associated felsper grains. luscovite, zircon end
apatite were accessories. :

ALTT  2/a5.

MACRO. The rock was a medium grained, crumbly, pink,
gschistose granite. The visible minerels were biotite, muscovite,
guertz and felspasr. The biotite and the muscovite are arranged
into platy patches flattened parallel to the schistosity.

These nica patches also definea & strong iineation in the rock.
fhe specimen was slishtly weathered and the outer iayers of
felsper were steined pink.

IICRO. The slide was cut perpendiculer to the ilneation
ané the schistosity. The rock had a crystallobleastic, siizhtiy
Tneissic texture.

Niotite : 3% : This mineral occurrec &g short strings of
closely packed crystals and as short stumpy, isodieateda fickes.
The pleochroism was strong from pale yellow green to dark
sreen black. The average zsreain was .4 mm. but some reach 3 ..
in length. The zrein elongeation in cross-section wes Z:4i 1O
10:1 (average 3:1). Some flazkes had zircon ineciusions up 1o
.2 mm. in dismeter, surrounced by siight.iy pieochroic hawuoes.

Muscovite : 3% : This mineral occurrea in & similar amount
and habit to the biotite. The flskes hed the same cimensions
and the same well developed form. Much of tThe muscovite occurred

i somorphously intergrown with the biotite.
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THE GRAMITL (cont).
Iron ore : Rare or absent,

Zircon : 3mall, clear, colourless, iounceu,fractured; &na
unzoned zrains of zircon often occurred as inclusions in and
in association with the mica flakes.

Lpatite s This wes & réere accessory occurring as minute,
wellformed crystasls inclosed in quertz zrains.

cuertz 50% ¢ “rains of this minerel averasged .5 mm. in

cdismeter although some grzins reached 3-4 mm. The grains

had the typicel xenoblastic form. One grain showed sharp
twinning. The ierger greins were often surrounugd by crowas

of smaller quartz and felspar Zrains in & Zi anobiastic
texture. 3train shadows occurred in the guartz bul were nov
well developed. The zrains were cleer &nd colouri.ess, aithough
showing some biotite inclusions.

melspar : 5% : /ierociine (20%) showea well uevelopeéd

eross-hetched twinning. The zsrains were Zxenobi&sstic, cles&r,
and weathering features were absent. The microcliine had no
visible exsolution siructures. Flagioclase (25%) sometlimes
showed well developed albite twinning. Untwinnea plagioc.izse
was also present. The plagioclase showed slight we&athering
and zoning wes: not seemn.

mxtinction angles on albite twins :- _

100, 100, s5lo, 110, 120, 20, 119, 1i4°, 1139,.
This indicetes a composition near An 33 (Oligoclase-
Andestne) .

DISCUSSION. The rock showed the characteristic
erystalloblastic slightly gneissic texture of most of the
other granite specimens. The zZrain size was small. Biotite
snd muscovite were present in equal amount, &s siishtliy
oriented flekes ~ethered into gneissic bands. Some Leérge
xenoblastic quertz greins occurrea in an equigrenuler quartz
felspar metrix.The plagioclase showed the usual oiigociase-
sndesine composition.

L4177 2/642.

1ACRC. The rock waes & crumbly, medium gre:inea schistose

g?anite. The scpistosity was well shown by the rlziteneu
mice patches which ere well oridted in this plane. The
visible minerals were muscovite, biotite, quartz and feispar.

MECRO. The slide was cut at rancdom. The texture was the
normel crystalloblastic gneissic one. '

. Riotite : 5% : The biotites were of an irreguisar size rang-
ing yp to 2 mm. in length, and having & grain elongation in
cross-section of 5-6:1. The grains had & strong pleochroism
from yellow green to dark green black. The grains were rather
cleer, but some showed & little limoniive weaihering aiong the
cleavages and the greain boundsries. lost fltkes were wed.
orientec crysiallogrephically. Pleochroic haioes &oout

zircon inclusions were commonly seen. [he griine were Jousroisy
smooth edzed. |

Muscovite : 52 : The muscovite occurred as short irreguicr
eprlngs of closely packed,well oriented, flzkes associatea
with the Bidtite, although many flakes were isolated. Both
mices occurred in equel emounts, the muscovite fleakes being
similer in shape and size to the hiotite flakes.

Uzematite : Rare, ragzed heemetiie grains occurred in
agsocietior with the pestches of mica. Weéathering was common.
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Zircon : %oundecd zircons reaching .1 mm. in diesmeter were
commor as inclusions in the biotite flakes, ziving pieochroic
hzloes, &nd in the cuartz.

Apatite : Small inclusions of apstite in the quartz were
sometimes seen .

‘uartz : 307 : The cuartz zZreains averagea .75 wm. in diameter
er.. were renerasllyiarger in size than the associated feisper.
Twinning was sometimes seen but streain shaaows were reare.
smell rounded inclusions of biotite &nd zpatite were comuon.

Teisper : 607 : Good cross-hztched twinning was rare, out
some grezins of felspar showing a diffuse lamine twins may be
microcline with poorly developed twinning. Pleagioclase wes the
major felsper, albite twinning being very common. Zoning was
absent. Some &%winned plagioclase was probecbly present.

Extinction angles on albite twins :-
89, 540, 1110, 120, 70, 00, 90, i0k0, 9.0, 640, 169, .
This indicates & plagioclase near Ain 34+ (Lnuesine).

DISCUSSION. & striking festure of this specimen wes the
rerity of well twinned microeline, slthough some poordiy
twinned mierocline could be present. Plagioclase of &an sndesine
composition was the major felspsr, and showed zood albite
twinning. Biotite and muscovite were present in equal amount.
Iron ore and zircon were accessories. A merked schistosity wae
present but gneissic bending was poorly ceveloped. The feisper
and guértz were unstrained end epperently disoriented, whidie
the micas showed the ususl atrong orientation.

L1777 +/206.

#ACRO. The rock was & fine to meaium grained, while,
crumbly, schistose, slightly gneissic granite. The sverage
srein size was 1 mm. The visible minersls were biotite,
muscovite, cuartz and felspar. The rock wes even in couposition
and texture throughout.The micas occurred in patches of smedil
flekes, which were flattened psreallel to the schistosity.
Lineetion was elso a marked feature.

TICRO. The slide was cut perpendicular to the iineation
en¢ the schistosity. The rock had an even .reined
crystalloblestic structure.

2lotite ¢ 69 : The flzkes everaged .5 mm., in ilength anc in
cross-section hed an eiongstion of 2:1 to «:l. The biotite
~&a8 arranged into strings or platy zgiregetes of weli orientea
flekes. The flzkes were pleochroic from peéle yeiiow to cark
sreen bleck, Clear roundeda zircons were often found &s inclus-
ions giving rise to pleochroic hé&loes.

‘uscovite : L% : 4 gmall amount of muscovite occurreu
throughout the slide, generally intergrown with @ e biotite.

Iron ore : Yo originel iron ore greine were seen but & Tew
patches of limonitic material in the crystes interspeces
could represent cltered iron ore.

Zircon : Zircon was & COmMIMOn &CCEeSSOry genersealiy occurring
&s inclusions in the bjotite flekes. The greins were ciear,
rounded, an’ lescked zoning. Some biotite patches were reather
rich in zircon.

Juartz @ 207 : ‘vartz occurred &s irreguicr xenoo.iastic
sreine eversging .75 mm., in dismeter. The zreins were clesar,
‘re¢ of inclusions, and lacked strain effects. The guariz
greins were generally lerger than the cssociatea felsper grains.
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ierocline ¢ 259 : The microcline, recognised by ite crosc-
hztehed twinning, hed an &sverage Jréin size of .5 mm., aithough
some greins reached .75 mm. The greins were generaily clesr '
and unaltered. Some Frains showeo a very s¢1ght exsodlution?
glong the cleavages. Some of the lerger greaine hed guartz
inclusions.

Flegioclease : 25% : The avereage grain size was .o ul.
Some greains showed &ibite twinning but meny grains appesrec
untwinned. 3light zoning was sometimes seen.

Fxtlnctlon angles on olblte twins :-
00, 640, 510, 7%, 99,.

JIQC”S ION. The grenite was & fine-grained o medlum-grainec
tyre, heving well oriented pstches of mica showing & 5¢1Jht
tendenc3 for cneissic bending. The felspars hed & smal;er aver -
ege size thean the guartz. Both the ¢q.artz and the felspar were
xenoblestic. “ome &lbite twinning was shown by the plagioclase
enc slicsht zoning was sometimes seen. The microcline was well
twinmed 2nd sometimes enclosed smell guartz grains.

A177 1L/887.
M&CRO. The rock was & massive "non-schisiose! granite.
The visiblie minerals vere piotite, muscovite, quaruiz, &nc
felsper. The mices were grouped into small irreguiar patciics,
sm although slightly orientea, c¢ic not show the strong
schistosity of the normal granite. The grain size was Tfelrdy
unitorm &t .5 mm., however some feispere had grown to 2 mm.

FIORO. The slide was cut &t random. The wexture was very
irregular,

Qjorite : 29 : The greins averaged .2 mm. in diameter, LSut
& zrest range or grein size was present. The pleochroism was
stron> rrom yellow 3reen to dari green black. The flakes were
not well oriented. Yo elteration or wezthering of the biotite
wes noted. A notsble testure wee the close packeC grouping
of the léereser ilzkes.

Yuscovite ¢ 2?7 ¢ Thie mineral wes similar in heabit to
the hiotite, znd was likewise disoriented to & lérge extent.

Zircon : Jome very rough «nd irregudiar zircon . lelins were
noted &s irclusions in the biotite. r[hese rengea to .3 wu. in
lenzth, &nd ceused pleochrole haloes in the biotite.

Iron ore : Appe&ars to be ausent.

Luertz 1 40% : The uartz eppesared in general to e of
& smeller size than the associated ’e;soars. .. few zraine showed
strein shedows. The greins were of o rether 1rregulor size,

ranging from .3 mm. to 1 mm. in cizmeter. This range in -rain
size ~ave the rock an esrkosic appesrance. Smail inclusions

of muscovite were common ‘n some zreins, dut most were free
of inclusions.

T4

|‘\

1.sper : 507 : The felsper, like the quartz, hed @ large
Taln size renge, all sizes up to .3 mm. Deing present.
Twinning wes common in most Ireins. Twinned sisgiociase (20%)
wes readily recognised by its slbite twinning. Pericline
twinning, &s in the other grenite samples, was &bsent.
“*t*nctlon onﬁles on elbite twins :-
‘:L 9 3 50, ..LBO 60, 0
This 1nulcc%es a composition nesr .l 33 (anuesine-
Cliigoclease).
Tntwinned felsgar (10%) was aiso comuon.

r
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icrocline : 10-15% : 'Microciine twinning was gJiesgent in some
sreins, but was very poorly ceveloped, &nd in weny ceses the
twinning in one direction was appearec to be more siromgiy

developed than twinning in the direction perpenaiculer Lo itT.

LISCUSSION. The rock appeared to have lhe normas sienite
composition and was senerally unaltered. The texture, however,
was very irregulsr and resembled & recrystaliized &rkose. Both
. the quartz and the felspar were of &n irregul&r grain size,

but the felspar greins were generally larger than the guartz.
The plagioclase had the usual andesine-oligoclase composition.

4177 3/76.

MACRC. The specimen was a rather weatherea, herd, siiiceous
grenitic rock. The wisible minerels were quartz, feisper,
muscovite end iron ore. The muscovite was very aitered in
appearance and of a greenish coiour. The average Jrein size
of the rock was .5 ~ 1 mm. The schistosity was sidightiiy
developed by the orientation of the mica fizkes. Linestion
was good.

MICRC. The slide was cutl perpenaicular vo the schistosily
and the lineation.

wuscovite : 15-20% : The flekes were very irregulir, riggel,
and pitted. They ranged to 1 mm. in length. fuch of the uicsa
zppesred to be recrystellized sericite. '

Zircon : Several greins up to .2 mm. in length were noted,
hut few showed good crystsl outlines. Zoning v.as sometimes
seen persllel to the prism. The greains were alwe /s associated
with the iron ores.

Tzematite : 1.5% : This mineral occurred as crystaciine
to rounded srains probably representing pseudomorphs after
nagnetite.

Timenite : .5% : This was commaon &s DLi&Ck grains allering
sionz the cleavages to leucoxene.

jeucoxene : L& well as occurring as &n &lterevion proauct
of the ilmenite, leucoxene occurred &s Sié.l, irreguier, JeLLow
white, stellate blebs,and as orange fiecks, aistriouted
throughout the muscovite. Ifuch of this materisl may represent
zn slteration product of the rutile.

wutile : Blebs of rutile partly repiacec Dy Leucoxene
occurred throuchout the muscovite flakes. The ruiile &na che
ilmenite may have been relezsed curing the &lteretiom of
originel hiotite.

Luertz : 55% : tuertz was the most common gelic mineread
snd oceurred as xenoblastic grsins of varisble size up to
5 mm. Strain shadows were prominent in most grains. The
grains interlocked with each other in &n irregudlar
crystelloblestic texture.Inclusions were T&re, but occasionadl
small biotites which had escesped the alteration episode were
found in the quartz grains. They were pleochroic rrom g&le
vellow oreen to dark green black.

Pelspar : 30% : All felispar grains were vely weathereu &
were in pert dissolved and trensported.ilicrocline was reaaily
recognised by its twinning, the greains peing much altereu.
rlagioclase twinning was seen in some grains but editeration
prevented a composition determinetion.
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THE ZRadNITL (cont.)

s

DISCUS3ION. The rock hau & vefinite grenitic textiure, anc
has the normel srenite minerals developea, but alteration,
orobably by deep weathering, has caused alteretion of the
original hiotite and the felspar. There were relicts of biolite
hidden in the quartz grains. Rutile, ilmenite and leucoxene
probsbly represent elterstion products of the biotite.

AL7Y 3/ i83.

VACRC. The rock was a light pinkish gzrenitic gneiss. The
tough rock showed & good folietion and a slight lineation.
The visible minerals were quartz, felspar, muscovite-chiorite
and iron ore. The guartz occurrec in grains of various sizes,
senerelly lerger then the felsper. The micas had & green,
westhered and leached appearance, snd occurred as aggregates of
small flakee throughout the rock. The iron ore occurrea in smadii
ireins.,

YICRC. The slice was cut perpencicular to the schistosity.

Tron ore : 17 : The iron ore was Largely hsematite, which
cccurred in regged sreins, some showing food crystel feaces. Tne
orzins ranged to .5 mm. in diameter. Limonite pseucomorphs
zlso occurred.

7ircon : Several srains of zircon up To .2 mm. in ulameler
occurred in associztion with the iron ore. The grains were
‘enerally rounded &nd had common inclusions.

*uscovite-Chlorite : 92 ¢+ This minersal occurred &g disoriente
ed agoregates as if recrystallized from sericite. The associe-
tion of iron stesining, iron ore, leucoxene ana zircon with
these aggregates suzgests the original presence of biotite.

The individuasl gréins seldom reach 1 um. in dismeter, the
sverage crein being .1-.2 mm.

Teucoxene : Thig mineral occurred &8 irreguisr o.eos in
the rock &nd &as a jre&in boundary precipitete. It proo&biy
results from the breek-cown of biotite.

wuertz @ 309 : (uertz occurrec &e& raggea Xenoouiasits 1o
3 mm. in diemeter, and averaging .75 mm. Strain shaaows were
common end inclusions ot felspar and mica occurred.

wierocline : 50% : This felspar occurred @s cicar, unaitered
xenoblestic gr-ins showing wood cross-hatching. The greing
everage .5 mm. in diameter, but some reach < mm.

Plegioclase : Tere or sbsent. i few untwinned felspars
could he plagioclase.

DISCUSSION. The rock was originelly & cuartz - microciine -
nuscovite - biotite - iron ore rock. Tt has now been reduced
to & quertz - microcline - muscovite - sericite - iron ore

rock, Pla~rioglese was & rare constituent.
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VARTATIONS IN THE GRANITE.

.':..L?rl_‘ J'/ \)J.'? L]

MACROC. The hargd specimen consisted of & normel gneissic
muscovite biotite grenite with two small Tine-greained, peloaléd,
eplitic veinlets cutting the speciuen &t ¢ siight ungle Lo Uae
gchistosity. The visible minerals were quertz, felspar, odiotite
anc muscovite., Mme micas were well. orientec giving the rock a
rether schistose appearance. The average zZrein size of the rock
wag .5-1 mm. The lerger veiniet was 1.2 cm. in width &nd the
gmailer .2 cm., wide. Soth were icenticel in appecrance bdeing
mede up quartz end felsper in & fine greinea (.2 mm,) watrix.
Accessory biotite and muscovitz in the veinlets was &iso of
& smell size. The engle between the veinlets and the schistosity
o the rock {pezrallel to the schistosity of the veinlists) wes
5-109 , end indicates that the veins were prevabiy Lorimeu
npefore the zneissosity vevelopeda, for exaupie in & ,olnt Jiaie,
or @he structures mey represent some originel sedimenlary
panding.

wICRC. The siide was cubl perpencicuisr 10 Lhe veins auc

showea & complete section of the Larger vein.

L]
{&"., The grenite adjecent to the vein.

’=

Nictite : 5% : The silrongiy oricnied lics€s average .o dm.
in length, =nd in section show &« grain elongetion of 2+=:i. The
pleochroism wee strong from psle yellow :creen to derk sreen
black. The flekes &re neerly alweys intergrown with muscovite,
The zrsins contain smell zircons with pleochroic haloes about
them. The micas =enereally occurred in bands and were seldom
sltered.

Tuscovite : 57 ¢ This minsral was common ag fiskes associail-
ed with the biotite.The flazkes were strongly oriented, and
had an elongstion in cross-section of 5-o03d

7ircon : Sounded zircorg occuLrreC &s inCiwsiviis in olotiile.

uertz : 50% ¢ The cieer rains showsd &li ullluLdsSc extinction
zna often contained inclusions of feispar and biotite. The
sreins everaged .75 mm. in diameter.

icrociine 25¢ : The ciear, xenobiastic Jreine, wilh shary
arocs-hatched twinning, averageu .< mm. in ciameler. They were
oTten clustered sround cuertz :sreins.

Piegioclase : 57 : Some graing were twiuned ane soue
untwinned. Some twin messurements were 20°, 1sC, 169,

(bY. The vein.

“iotite : 3% : This mice occurreces smeil Tlakes averaging
.2 mm. in length and heving en elonzation in cross-section of
)-4:1. The Tlakes were smooth edzed and isolutea. The pleochro-
ism was from pele green yellow to dark Sreen bDlack. Tfhe greins
were fresh anc lasckeu inclusions,except for scveradi muinute
zircons which caused pleochroic haloes. The fiakes were weld
oriented pareliel to the schistosity.

Tuscovite : 2% : The cleer,c Oongate, COLOUrLESS il&Kes
gveraged .+ mm. in length. The grain eiongatlion in section was
4-611l. The flakes were well formed, strory oriented, &angular
end urweatlhered. The muscovite occurred largely on one side or
the vein.

cuartz ¢ 45¢ : The quartz occurrec &s Xemooiwsltic Srreins
averaging .2 mm. in dismeter. The grains were sometlimes twinned,
znd strain schadows were week.
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VARTATIONS IN THE GRANITE (cont.)

icroeline : 309 : Strongly crosa-hatched, xenvb.oeslic ains
were evenly spread throughout the siide. The twinning was ol'ten
diffuse. The grains averaged .2 mm. in dizmever.

Plagioclase : 20¢ : The xenonlastic grains were sometiiles
twinned, but meny were untwinned. The srains were siightly
sericitized. ,

“ztinction angles on albite twins :-
69, 100, 190, 189, 79, 159,
This indicetes & composition near angy; (undesine).

DISCUSSION. The grenite was of the normal type with the
asusl minerals and structure. The veins notsbly finer greincd
and less micaceous. The contacts of the veins were aicro-
sredational. Muscovite was the mejor minersl one siue of Lie
vein, and biotite the other. In the vein the micas were casil
and stumpy, but weil formed &nd isolatea. The schistosity was
et a slizht angle to the vein and this inaicated a pre-tectonic
origin. "hether the veins represented intruded ¢ litic aaterieadi
leter metemorphosed,or original sedimentery benaing, coula not
ne determined. '

AL7T /478,

ACRO. The rock was & herd, compact, strongly Lineated,
quartZotelspsthic rock. The visible minerals were quartz,
felsper, iron ore and muscovite. The ¢uertz occurred in stringe
end banas of grains perallel to the schistoeity &rd lineation.
The iron ore occurred in strings of greins perallel to the gE.
iineation. The rock w:s rather even grained at about i+ um.

TCAC. The slide wes cul perpenaicuidr Lo Lhe Lineation.

———

Vuscovite : 2% : The fiskeg sverayed ,o wm. in ulauwevess 1
were not well oriented in the rock. Inclusions were rare in the
flskes. One grein was twinned paraiiel the cleevage.

Hgemetite : 3% : Some greine were cubic in outline and ey
have represented pseudomorphs after magnetite. Other grains
were rounded to irreguler in form.

Tlmenite : 17 : “lsck ilmenite greins of ziongatle (O irregu-
lar shape were commonly found. They renged to 1 mm. in alameter.
The rreine were senerally rounded snd pert altered Lo .ieucoxene.

inetase : i Ffew greins of very high relief anatase were
noted. They had @ transpzrent to translucent blue . reen co.lour.

Zircon : Zounded to irregular zircons were common in
association with the iron ores, being commoniy embedaced in
their surfeces.

Chlorite : 27 : Tli-cefined, weathered, pieochroic jye..ow
{lekes were common throughout the slice. They grobebly
represented an oxidizea chliorite mineral .

cuertz @ 259 : (uertz sreins were common in stringe end
hende throughout the sliae.

Ffelspar : 70% : The tTelspsr was readiiy crecognised Dy v
alteratiqa products and seneral cloudiness. Zmall auscovite
rreins wePe sometimes seen as inclusions. fost of the gFrains
were untwinned, but some grains showed well Geveiropec aibite
twinning. Yo microcline twinning was seen. The untwinned
felsper (5073} weas structureless except for occasional zoning
end incipient alteration. Yo exsolution feztures were seen in
eny crzins. uch of the twinned felspar showed broad, diffuse
twin lemellsze.
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TARTATICWS TV THE GRANITE (cont.)

“xtinction engles on albite twins :- s ' "
15?’ Q%SP 5 ’1$Ofo’ ll}os 1lo, 150, 129, 59, &%, S3%, idY,
139, 537, 163%.

These indicate & composition neer .n 35(“nuesine.).

DISCUSSION. The rock does not appesr to have ever Leen of
sranitic composition. Tt is rich in both iimenite and heemetite

and very poor in mica. &lthough microcline twinning was sosent

some of the untwinned felspar may well be potash rich. [lhe

%ellog_orange chloritic meterial present may have once deen
ictite.

JL-L'? 7 J-/630 .

MACRC, The specimen was a fine to meaium greined epiivic
rock of light colour. The rock has the outward form of &
strethed pebble end wes found , along with seversl others, in
a large granite outcrop of uniform lithology. The visible
minersls were quartz, felsper and muscovite, with reare iron ore
and biotite flecks. The rock has a slight lineestion parallel
to the length of the "npebble".

IICRC. The slide was cut perpendicular to the long axis of
the rebble.

Tuscovite : 5-7% : This appeared to be the only mice Jresent.
It occurred as irregular stumpy grains of & &verage grain size
of .5 mm. in diesmeter. The fltkes were rancuom in orienteation
anc petchy in distribution.

Tron ore : .5% : Yaemetite was & common &ccessory in the
rock occurring &s irregulzr to well formeu grains. The prains
were not evenly distributed and there was & close &ssociztion
of the iron ore muscovite &nd the zircon.

Zircon : Ceveral smzll grasins of zircon were seen dul none
showed evppreciable crystal feces.

cuartz ¢ 40% 3 Luertz occurred as clear, xenobiastic grains,
free of inclusions. The srein size veried from .2-2 mm. in
diemeter. Strain shadows were strong in some Jreins, dut were
absent in others.

Telspar : 507 : The felspar was made up of amicrociine (35%)
enc plegioclise (15%¢). The microcline averaged .o mm. in diamet-
er znd showed very zood cross-hatched twinning. The _reins
were clear and showed no exsolution features. nibite twine
were common in the plagioclase, but were often pooriy ueveioped.
Tntwinned felspar was &iso resent.

Esxtinction &ngles on slbite twins :-
90, 11°,12°, 159,131°, ¢°, 10°, is°, .
'is indicestes & composition neer An g7. (anuesine)

DISCUSHION. The rock was composea essentiariy of guartz
and Telgper, “with accessory muscovite, iron ore and zircon.
The felspar was made up of microcline with subordinate &ncesine.
The absence of biotite end & strong schistosity are lestures
thet distinguish this rock from the usual Jranite texture anc
composition. ¥o conclusion cen be reached concerning the
origin of the rock.
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THE BNCLAVES.

AL77/38
S —————
«4sCRO. The rock was & crenulated mica schist with thin

bands of quartz and felspsr irregulirly aeveioped., Knots oI
guartz end sillimenite were spasmocically ceveloped throughout.
The smell foldas, which have a wavelength of &oout 1 mm, &are
not reguler in form &énd heve a verizble pitch in uetaii. However
a general fold axis may be defined for the outcrop. lhe visible
minerals were muscovite, biotite, quartz &mc felspar.

MICRO., The slide was cut perpenaicuiar (o the iineation.

Riotite : &=7% : Biotite occurred in flekes to 3 mu. in
length #nd wes pleochreic from very pale yellow to yellow bDrown.
Tery small zircons often ceused pleochroic haioes in the mice.
The hiotite had suffered nc alteration.

"wscovite ¢ 5-7% : Thie minersl was closeliy intergrown with
the Biotite.

~ 53illimenite : 2-3% : Sillimenite occurred &e lrreguscer
bunches of ’ibres. It was relsatively fresh and free of sericit-
izaetion. Tt &ppeared to replace the mices.

uertz ¢ 50-60% : The guertz occurred in rairxy unitform
reins everaging 1 mm. in diameter. Strain shaaows were preseat
in some gZrains.

Welspar : 15% : Yo microciine twinning was ceen DUT &owe
albite twinning was present. Insufficient twins were present To
indicate the composition of the plagioclase, Some pisgiociase
-rains reached 5 mm. in dismeter, snd often contsined fliat
rounded tablets of cuertz, strongly oriented elong one airection
in the plagioclase. Several grains of felsper showed this
reletion and the cuartz tablets from the verious srains had &n
overall elongation. 7o zoning wss seen in the plegioclese.

DISCUSSICN. The rock consisted of & guartz - p.agicclase
metrix conteining small sillimenite knots and fibrous &aggregates
end with mica showing the existance of small crenulstions. The
micas showed post tectonic crystallization. The foius were not
regularly developed slthough & general fo.d plunge was present.
o mierocline was deuvected.

.".-L.?l/ '/OO .

~y

JACRO. The specimen wés & dense, Gars, Diotite - quaritz -
sernét rock with & knobbly appearance &nc & pOOrly wevelooed
schistosity. The biotite flskes defined & siight lineation.
Trreguler gernets up to 2 cm. in diameier were aeveloping
°rom the biotite and the quartz., The specimen &iso showea &
rernet - quertz vein ' in width, apperently nobilized from
the rock.

iero. The slide was cut sub-perallel to the lineation.

iotite : 15% : “much of the biotite occurrec in dands and
f£olise in the rock, the bands of flakes being distorted cround
the growing ~arnet porphyroblests. The foliae consisted of
interlocking stringe of closely packed bilotites. The grains
sveraged 1 nm. in length and .1 mm. in width. The filakes were
pleochroic from pale yellow to derk jreen. the fiekes sowctimes
showed & slight alteration to limonite &t the grezin edges. Lne
amell pennine flake was noted in the sdiide and was Jrobabiy
en slteration product of the biotite. Inclusions of iron ore
end zircons, surrounded by cerk helocs up to .05 am. thick,
were sometimes zeen. Near and in the garnet porphyrobiasts the
biotite fiakes were iess oriented, highiy alterea, ana shovwea
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repracement by Zernet. Year the gernets the Jiolite was asiwmred
to pennine and limonite. This mey have been a pre-reguisite Lo
Zarnet formetion or mey have uay have been the resuit of
incoming soclutions treavelling elong the garnet - biotite
interfaces..

Tuscovite : “nly one small muscovite flake was detectea in the
rock but sericitic materisl occurred in the alteread gernet
Frectures.,

Farnet @ 30% : The psaie pink zernets were isotropic and
contained many ~ross-cutting frectures. The zarnets occurrea &as
lerge ferthery porphyroblnsts, which grew by the replacement
of the guartz and biotite along the grain bounderies, these
minerals being included &s eelicts in the garnel &s the reaciiomn
proceeded.The greains of quartz inciuded in the Sernet were often
guite large. Manetite was another common inclusion in the
garnet,where it occurred larzely in the fractures. lhe freaciures
were zenerally 2 mm. apert. Minute isotropic gas or iiquia
inclusions were common in the garnet. i few zircon inciusione
were £lso seen but these were SmGlL ana rare. pPennine &ana
limonite were common alteration products occurring in the
fractures. However enly a few frectures were opened out anc
£illed with slteretion products in this way. The pennine wes
beéle =reen in colour end very slightly pleochroic. It was often
vellowed by the limonite.

Tourmaline : 4 few small zoned tourmelines, with iizht brown
cores end green-grey exteriors were included &s weil formed
trizonal prismes ir the cernet.

uartz : 507 : Luartz averaged .75 tm. in aiesmeter, &aithough
some reached 2 mm. The creins were clear and hed few inciusions.

DISCUSSION. The matrix of quartz conteing biotite foliwe
which heve been folded about centres of zarnet crysteaiiization.
I'he irarnets appear to be the cirect result of & resction
between the qusartz, biotite and & littie iron ore. rne reaciion
occurred along the grein bounderies and then spreac across the
enclosed “rains of quamtz and biotite &s these were replaced.
Inclusions were common. in the gernet &na aiteration aiony
certain fractures to pennine, sericite ana Liuonite wes warked.
Pelspar and muscovite were rare to absent in this rock.

) i i
al7Y "‘/O;’O.

ACRC. The specimen was & ~ranitized crumpied schist from the
western grenite contect. The rock was a Slldhtiy weatherea,
knotted and pertly recrystesllized; heving a grenitic textured
metrix of quartz, felspar, muscovite and biotite, with large
knots of quartz and sillimenite (largely sericitized). The knouls
of sillimanite rezsched 1 cm. in dismeter &nd were eliongated
parallel to the linection, which was the strongest structursadi
feature of the rock, schistogity beinz poorly uevelopea. o
orizinal sedimentary banding could be seen, the rock being sirong
-1y recrystallized. the knots meke up about 10% of the rock.

1"TCRO. The rock w&as cut at renaom.

Riotite 107 : The fliekes averege .7c am. in iength. Llost
flzkes have been strongly weathered. The fresh greains showed &
pleochroism from very pale yjellow green to sreen -rey. Lhe '
more weethered grains showed a redder coliour. & siishi siterailor
to sericite wege noted about some greains. :

TTuscovite ¢ 1-2% ¢ Thie mica occurred as smélili stabie LLaKeES
associated with the biotite y
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Sericite : 10% : This hed lergely resulted rrom ihe
alteretion of sillimenite, no remnants of which remainec in the
rock. The sericite is of & fine grein and showed relict fiorous
suructures.

Tron ore : Aranular iron ore was absent, but limonite
resulting from the weathering of biotite was often found
deposited on ~rain boundaries and cleavages.

Zircon : Zircon occurrec &s rounded grains inciucea in
biotite flakes where they produce pleochroic haloes.

uartz : 507 : The greins vary from .2 - 2 mm., The grains
were clear of inclusions but have strain shadows.

Telsper : 15% : This was apparently the oniy ierspar
oresent, although rare grains of untwinned potash leispar
could be present. Albite twinning was common.

ixtincpion angles on alb%te twins '3 5 " o
1030, 109, 2°, 40, 8°, 151°, 158°, &°, &Y, 947, .
These indiczte & composition ne&ar An g, (Andesine).

DISCUSSION. The rock was & normal schist of the thick Lower
schist sequence which h&s shown some recrystallizeation o &
renitiec texture. The sillimanite has suifered sericitization.
'"iecrocline appeared to be absent.

a177 2/622.

JACRC. The rock was & light colource, siightly weathered,
crumbly, granitized schist. The crumbly nature ol the rock
was probably due to slteration slong the gra&in boundaries.

The visible minerals were biotite, chlorite, siiiimanite-
sericite, quartz ard felspar. The aversage grein size wes &oout
1l mm. The schistosity was poor but the line&ation was marked.

TTICRC, The slide wae cut at rendom. The rock h&a an irreguler
crystalloblastic texture.

Riotite ; 5¢ : The flakes were not we.i orientec, occurreu in
irresulser patches throuzhout the slide &nd the flakes were
;enerally sltered to chlorite, sericite, liwonite etc. The
flekes avereged 1 mm. in length, with sn eiongation of 2-3:4&i
in ecrozssecticn., The fresher grains showed ¢ pleochroiem from
osle vellow oreen to mid green brown.Smell zircon inciusions
were sometimes present giving rise to pleochroic héloes in the
biotite.

Thlorite : E7 : The chlorite was & common &lteration jroauct
of v he biotite. ALl staszsee of the alteration were visibie. The
chlorite cshowed enomalous hlue interference colours &nd was
pleochroic from very pele sreen yellow to mié _reen. The s.udeid
flekes (averasging .2 mm. ) were generaily cisorienteu. poule
larger flakes reached 1.5 mm. in length.

Yugcovite : This mica was rare or &absent,

Sericite : 59 : Sericite wes & common &iteration Jrouuct
of the siliimenite, steurolite &nd bictite. thirly fibrous
agoregstes probably represented sillimenite knots originadidiy.
Imell staurolite crystels showed alteration to sericite &aiong
their edges. The chlorite may slso be &ltering to irom ore,
sericite and¢ talc.

Iteurolite : “everal smell ¢rains of this wmineral were
present in the quertz oreins where they escaped sericitization.
They h2d the usual pleochroism, hich relief and low birefringenc

Zircon : Zeverel smell corains were noted es inclusions in
the biotite.
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Tror ore : This mineral occurred largelig s minute zrains,
en elteration product of the biotite. & few larger regged
agoregates of haematite slso occurred.

waartz ¢ 50% : The average grein size was .0 am. in aicuger
but erazins renged from .2 - 3 mm. strein shacows were proaminent
in the learger grains. The zrains were seneraliy free of
inclusions.

Peleper : 407 : Plagioclase was the oniy relspar recognised.
It occurred in crystals from .2 to « mm. in aiemeter. ;00Q
elbite twinning was common, The zrains were slightly sericitizea.
Jome grains showed gbundent inclusions of smalli biotites. Mo
zoning was detected. Pericline was seen in & few grains.
Mislocated albite twinning weas present in some grains ziving
them & unidirectional cross-hztched effect.

“xtinction angles on a&lbite twins :-

109, 179, 129,4°, 12°, 39, 139 9.9, |
Thie indicates a composition near An 35 (indesine.)

DISCUSSICH. The rock originelly had the ssseumblege guartz -
biotite - sillimanite - staurolite - plagioclzse , but later
elteration hae =zltered the sillimenite to sericite, the biotivce
to chlorite,sericite and iron ore, ana stauroiite to sericite
end limonite. The presernce of staurolite was significant.

A 177 %2/224.

I'ACRO. The specimen was & granitizeu schist of an irrezuiar
texture. The schistosity was poorly Geveioped clithough iineation
was strong. The irregularity of texture was caused by the pres-
ence of sericitic and chloritic knots.The metrix arouna these
knots was relatively even zrained. The visible minerals were
aguartz, felspar, biotite, chlorite &nd iron ore.

MICRC. The rock was cut perpendicuier to the iineation.

Piotite ¢« 57 : The biotite averaged .5 mm. in length, ana
were not well oriented. The fresh flakes showed & pleochroism
"rom pale yellow green to a deep green black. The greains were
commonly ragged and altered to chlorite along the cleavages.
jericite and limonite nay be further steges of this alteraiion.
Fleochroic heloes were sometimes present &bout cmelli zircons.

~ Chlorite : 57 : Chlorite, which occurreu irn smei. ulsoriented
flekes was pleochroic from very pale yeiiow green to mid jreen.

Ifuscovite : This minersal was eilher rare or &bdsent inthe
originel assemblsage.

Sericite ; 107 : Sericite was the result of aileration or
che staurolite. A relict cleavege in some of the sericite
aggregates mey reprecent an originel steuroiite cleavege. .
smell emount of limonite often colours the sericite giving it
& Telse relief,

Steurolite : Steurolite occurrec as smerl reiict greins
surrounced by sericite alteration products. It sheoeed &
pleochroism trom colourless to pale yellow.

Iron ore : 1% : This wss ar abunaent accessory with greine
reachinz .2 mm, in djameter.

Zircon : Small rounded zircons were common throughout Lhe
siide, =iving rise to pleochroic haloes in the biotite.

uartz + 407 ¢ The IJrains were Zenerailly ciear. Surain
shacows were present in the lesrger grains. IThe grains averageu
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HE ENCLAVES (cont.)
.75 mm. in aiameter, but some vari&tion ITOMm .2 Lo
present.

Jouillie Wad

Pelsper : 407 : Plagioclase was the mejor leispar &nd day
be the only felspar present. Albite twinning was wel. shown
in most grains, end some grains showed both elbite and periciine
twins. Yo zoning was noted. Some grains showea & strongly
disjointed slbite twimming reminiscent of albite twinning.
combinecd with pericline twinning to zive & cross- hatched eirect
The aversge grain wes 1 mm. in diameter but some reached 3 mule
The zrains were relestively fresh &snd free of inclusions. The
were slichtly weathered. Jome untwinned telspear wes also
sresent.
Zxtinction &ngles on &lbite twine :- . R
.0 160, 50, 120, 159, =2¢, 149,109, &

.1.40, .—!.50, l‘i’ O,
These indicate £ composition ne&r an g, .

J

many

GISCUSSION. The rock had an originel assemoieage O Guartz,
biotite, plezioclese sna staurolite. Suosequent alteralion
hes char~ed biotite to chlorite end steuroliite to sericite.
There wae no evidence ror tne presence of microcliine, ana
the plagioclase had the usual composition of anuesine.
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4CRO. The rock was & schistose muscovite rich rufiite. The
yieihle minerals were nuscovite, biotite, quartz, wud feigper.
The sverese srains were from .5 to 1 mm. in aismeter. fhe
micss were well oriented psralicl to the schistosity. winecilon
was & merked fzature. The rock X d & soft crumbly texture.

TIORU. The siide was cut perpendicular to the schistosiiyy.
The texture was & crystalloblestic lepidobiwstic one.

niotite : 1% : The biotite occurred &a& sgari lakee in Lhe
cuartzose metpix and a flskes in the muscovite rich banus.
7his minerel wes pleochroic from pale yellow brown 1o red
brown.

“yecovite 10% : The muscovite occurred in weili crientec fiekE
with zn aver age length of 1 mm. &nd an elongatiomn in cross-
segtion of f:1. Tany of the clesvezes contein Llimonitie
naterial.

Tron ore : A Tew traces of ilmenite occurred throushout
the slide.

Zircon : One rounced zircon grain was noted.

Lertz ¢ AC% ¢ The greins aversged 7o mu. in cicueter snu
were éistributed evenly throughout the slide. The greins
were xenoblestie and interlocking. The graine were veriudie
both in size anc¢ shepe, snd they often showec strain shadows.
mxcept for eccasionel biotites, inclusions were uncomion.

Telspar 2Q% : 7o microciine twinning wes seen arthough awbite

twinning wes common. The grains averaged .O mi. in diame &er
and were smaller tham the gquartz in generel. lhey often forumed
& metrix for the lerger quertz grains. To zoning wes noted in
the felspars. lany felspsr grains were not twinnea.

mxtinction angles on &lbite twins :- ]

30, 70, 150, 510, 70, 1310, 4°, 123°%, 1&°, 12°.

ghis indicetes ¢ composition ne&r An 31 (Andesine-GLigo-

nloeel,

5L
55
o

nISCUSSION. The rock was & relatively even greined mice
rich -renitic rock with & strong preferrec orientation of lhe
muscovites.As usual,exsolution structures were absent in the
felspars, which were largely plagiocluse of an &ndesine-
oligoclese conmposition. The presence of limonitic materied in
the clesvagzes suzgests that the muscovite might pe considered,
in part, to be proaucec from the biotite, but this is very
dgoaubtful.

ALT7 t/a34a.

ILCRC. The rock was & crumbly, fine to meaium _reainedq,
pinkish, miez poor zreiite. The visible minerals were UEIrLZ,
celsper, ociotite, muscovite and iron ore. The Zneissic banuing
was poor &nd the schistosity weak. The miczs occurred in patche
ES.

UICRO, The slide was cut &t rendom. The rock hsd &n even
grainec -renoblastic texture.

~iotite : 2% : This mineral occurred¢ in smail fidkes iest
then .5 mm. in lengzth. The flakes were pleochroic from pale
vellow rreen te grey black.

Muscovite : 1% : lluscovite flizkes reached L mm. in iength
wnc were essocisted with the biotite.
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Iron ore : 2% : Haemctite was common &g irregu.er _rains,
but some showed crystel faces. The minereal was essocictea
with the mica &nd zircon grains. Zircon jreins were couknonl;
included in the iron ore.

Zircon : Small zrains of this sccessory were coften rcunc
in association with the iron ore. The srains were jenera.ly
rether angulsr and clouded with inclusions.

guertz ¢ 50 : The grains esveraged 1 mm. in uiesmedier; They
were ~enerally rather clear but had some inclusions.

Pelsper : 45% : Almost &1l of the felspar w&s weil twinnec
microcline. The grains averaged .75 mm. in dismeter. The
minersl wes sometimes clouded and hed inclusions of quertz,
muscovite and iron ore. 4 few crystels of plagioclise showing
albite twinninz were noted.

JISCUSSION. The rock head & Tine even grain size. Jowpareu
with other. specimenz of the greanite this rock weas richer in
iron ore and very poor in micas. Ilidcrociine wes &bunasnt.
Accessory zircon occurred in close association with the micas
and iron ores.

¥ Y .L77 / ‘I.L(b)

WaClQ, The rock weas @ fine to medium grained, cquartz -
Telsper - muscovite - biotite schist. The rock hau & strong
achistosity and lineetion. The prein size was varisblie, some
quartz greine being large. The rock showed & slight gneissic
banding,

"ICRC, The slide was cut perpencicuisr to the iineation
end schistosity.

Riotite : 2-5% : This minersl was strongly pleochroic
from pele /ellom green to & green-red-brown. It weés & Llitiie
iron steined due to weatheri ng. Inclusions of zircons giving
pleochroic haloes were common. The flzkes averaged :5 mm. in
length, &nd were well oriented parsllel Lo the schistosity.
3ome tendency for sneissieg handing was &iso observed.

Tuscovite : 157 : Muscovite weas common &s strongiy orientea
bands of flakes. The fleskes in section had an eiongation of
3:1 (c.f. biotite 4:1). Limonite was commonly grecipitatea
elong the ~rein boundaries.

Limonite : Thisc was commonly seen along Jhe grein pounaeries
where it probebly occurred.as & weathering product.

suertz 3 509 : The guartz was veriabie in grein size,
averaging .3 mm., althouph some grains reached « mm. in
dizmeter. The grains, elthough clear, showed slight strain
effects, The ‘Toln.boundar1es were of'ten outlined by limonite.
Nccasionsl inclusions of biotite end felspar occuried,

Pelespar : 30% : 'Microcline twinning was commonly seen, the
reine heing generally smaller than quartz. some 3Zraing hed

elbite twinnineg. Much of the felspsr was untwinned.

53JON,. The rock is & quertz - microciine - _i&gioclace
1tu biotite schist showing siight we&athering effects.
e not251y 25undant. The rock hat & .ranitic

ition except for the zbundznce of micea.
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AY77 */um;(b}.

T T .

4CRC. The rock was & crumdiy cusrtz - Teispar - odlotite -
muscovite schist, showing & strong lineation &nd & siight
gneissic streesking of the hiotite fleakes.

TICRC, The siide was cut perpenuiculer to the schistosity.

niotite : 5% : The biotite wae fresh, &nd showed & picochroic
colour range from pele yellow ¢reen to deep ‘reen black. The
hiotites chowed = moderate greferred orientetion and & Lendency
?or zneisscie bending with the muscovite. The flekes were
verisble in grein eize up to 2 mm. in length. Zircon ineiusione
snd essocisted pleochroic haloes were common.

ruscovite : 5% : lluscovite oceurred intergrown with the
biotite. The flakes were clesr, and were stronzliy oriented
parellel to the schistosity of the rock,

Iron ore

)
-
)
L]

7ircon : Bounded zircons were common in assoclation with ‘tine
hiotite,

LJuartz : 607 : The cuartz wae clesr ani Jemere..y free of
inclusions. The larger :reins showed freguent strain effects.
The grein size averaged .3 mm., &lthough some rains renged
1o 2 mm. The greins were always xenoblastic -and generally
larger ther the associated felspars.

melsper : There was little tendency for the banding or
orientetion of the felsper grains. Yo microcliine twinning wee
observed. slbite twins were common asnd untwinnea felsper wéas
also present. The grains were Zencrally clear, ,elthough the
-rzin boundsries were sometimes slightly altered. The gJreins
averaged .2 mm. in diemeter, oul some reachea 1.5 .

Extinction e&ngles on albite twins :-

159, 149, 4%, 160, 169, 149, 100, 129, &u°, .
These indicate & composition nesr an 35. .(Lnaesine).

DISCUGSION. The rock is & quartz - felspar - muscoviie -
biotite echist. The grain size of the guartz and feispér
veried sreetly. The rock was fresh and unaitered. The &bsence
of microcline wag & notable festure.

Al?77 2/319.

TACRC. The rock was & rather rresh, knotted, sillimsnitic,
schistose rock, with visible sillimenite, sericite, felspar,
cuertz, muscovite, biotite, chlorite end smell pink gernets.
The sarnets range to 1 mm. in diemeter and are rere. Iron ore
(propebly limonite pseudomerphs after pyrite} was eiso present
es an accessory. the rock hed = very irreguler texture.

wIORG. The slicde was cut perpenaiculer to the iineation.

2iotite - Chlorite : 10% : The violitle showcC,&.l sTLE S8
in the slteration to chiorite and iron ore. The fiakes
averaged 1 mm, in dismeter, and were rather stumpy &na
disoriented. The original biotite showed & pleochroism Irom
nale yellow oresnge to dark red black. Sxtreme elitcretion aLolig
the cleavages to pale green chiorite was common. The chlorite
wae pleochroic “rom pale yellow green to mid green. Home of
the biotite had completely recrystaliized to chlorite &nd iron
ore.- The recrystallized chlorite was presenl &as very ciosely
packed cisoriented flakes everaging .2 mt. in iength. The
iron ore was distributed throush the fleXes as smali flecks.
The chlorite hed snomalous blue interference coiours &and &
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’

streisht extinetion. Irregular Yeathers of chiorite were often
closely interwoven with the sericite rich knots.

Tuscovite : 15% : Tdsoriented muscovite TiLikes were
distributed throuﬂhout the slide. The fleskes avereaged L mm, in
length &nd were fonrly ecguidimensionel.,

Zarnet : Tme small &guregate, Giameter L mmi. , O SeVerad
small, isreguler, isotropiec, sliightiy pink, Jearnet Ifreguente o o'
were seen, The fragments were xenobiastic sna appeareu to
have suffered sericite aiterstion at the edges. Fractures were
sbsent and the fragments themselves werc cleer.

Zircon : Small rouncec zircons, &versging 0o am. in Giometer
were sometimes seen included in the biotite and chiorite where Ui
they wroduced small pleochroic halioes.

Jericite ¢ 35% : Irreguisr ragzeu ¢iols Of Ilne Jraineu £6r-.
icite, up to 5 mm. in olameter,wwre ¢bundant in the rock. rhe
knots appeared to anastomose into one another. telicts of

inely fibrous sillimenite cen be seen in one o the larger
sericite knots. Splinters of sericite pseudomorphe after
sillimenite could be seen penetrating most of the adjacent
guartz ~reains.

uartz ¢ 4097 : The quertz grains averaged .75 mm. in
ciemeter., The grains were feirly even 'reined &nd lacked girain
shadows. The greains were clear, =xcept for occesional inciusions
of sillimanite (sericite) and muscovite.

felspar : Vo felispar wag idencified in the silide.

DISCUSSION,. The rock, &a&lthough unweathered, has been alieresd
by petroarsde (or hydrothermal) metamorphism. The originad
essemblage of cuartz - biotite - muscovite - siiiimenite -
and zernet hes heen eltered to sn assembi:ge with stabie
sericite and chlorite. 4dl steges in the siter etion were visiuie
in the slide. The ziteration of the biotite to chlorite nea
undoubtedly supplied some of the potash for the sericitization
of the sillimenite.

K177 1787 .y

"TACRC. The rock wes & grey-black. fine zrained. schistose
and Tinested amphibolite. The smell hornblende spindles wer
well oriented psrallel to the lineation, and partielly

rsthered into strings along the linestion. fuartz and feisper
were v151ble but very finegreinec. The averdge Zrein size of
the rock was .5 mm. The rock wes rather even greined. On the
wegthered surface the hornblendec weatherea outl referentic.ly
ieaving smell knobs of cuartz - Yelspar.

VICRO. The rock was cut persilel to the iineation end
serpendiculier to the schistosity.

Tornblende ¢ 607 : The average Tein ;engtw was .o Mlle SUME
treins resched 2 mm, in length ¢nd .2 sm. in width. The zrein
size was reauvner neven. The pleochroism wees stronsg from séle
yellow green tc deep olive zreen. Twinning wes not secn. lany
of the nnwe+ 1s were bundled together due to & slight devediop-
ment of & { l:rtiCﬂ. Smell inclusions of guartz and felisper
were common in the Larger sreins,

Riotite ¢+ A few sperse mlakbL of hiotite were noted
segociated with the hornblende. The flaXes were plecchroic

from pele yellow to ceep thAOﬁ Rrown.

in

Sphene : 3% : This mineral was readily recognised by it

-
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high relief and extreme Hirefrinsence. It occurred as &agiregates
of small rounded :rains oriented psrailel to the lineation in
the rock. These sphene aguregates are closely associated with
the hornblende, occurring zenerelly between the hornolende
zpindles.

Iron ore ; Rare fine grains associstea with the sphene anu
the hornblende.

uartz - FPelspar : 35% : Plagioclase was the omy Lelspar
recoynised. It was twinned on the albite and Carisbad twin.iaws.
Tntwinned felspar was also present. Quartz was present out was
not differentiated from the felspar.
Extinction an?les on albite twins :-
139, 09, 8°, 139, 180, 189, 139, 200, i5°, 20°, .
These 1ndicate & comgosition near Jqﬂj (Andesine).

NI3C733I0N. The amphibolite appeared to be of the normel
fine grained type. The plazioclase appeared to be & little
more acidie than the plagioclsse of most amphibolites. The sphene
occurred in elongate azzrexzctes of smali grains. The hornbienae
was stronzly linezted and showed a tendency for gneissic banding.

— -

IACRO. The rock was a light coloured hornbienue vramatc
The rock was hard, compact and nassive, but heaving a eiight
schictoge tendency. Hornblende occurred &s sma;¢.aggregatea of
ainute crystels of irreguler shape aistrioutea unevenly
throughout the slide. The guartz was common &nd occurreu &s
flattened aggregstes upto 2 mm. in thickness &nd seversadld uum.
in length. White felspar occurred as & iine sreined metrix.

MICRO, The slide was cut perpendicular to the schistosity.

Hornblende : 15% : This minersal occurred a ragged crysteals
unevenly developed throughout the slide. Some patches showed
a crowding of better formed hormbiende. The pleochroism &na
cleavage were distinct. The pleochrdism ranged from paie yellow
green to deep green. Pleochroic haloes were common in most of Tne
hornblende grains. These haloes, pleochroic from yeiiow brown
to brown black were caused by small inclusions of sphene. The
greins of hornblende 3 - .5 mm. in diemeter. & major fecture
was the irregular aistribution of this minerel.

Biotite : 1% : This was a common &CCESSOry occurring &s
irregul:r greins and agsregetes of grains. It appe&rs to result
from the alteretion of the hormbiende. Chiorite also occurrea
with the biotite. Only a few oif the hornbienues showeu this
replacement by biotite.

Sphene : 1% : This wss a common accessory. Isolaleu grains
end agyregates of grains occurred throughout the siide. Some
recrystallization to larger greins (.3 mm.) hua occurred.

Tron ore : sbsent. ‘
Apetite : A few crystels of apstite of & very smeli size were
noted.

Guertzo - felsrathiec metrix : This metrix was extremely .
varieble in greimusize, with gr&ains varying from .02 - 4 mm. in
dizmeter. The aversage grain size was .2 mm. The iarger grzins
were prodominantly cuartz &end the remainuer felsper. )
Poeciloblastic grains were common.

Felspar : 25% : » few crosshatcheu microciines were Scen.
They were inveriably full of roundea inclusions of quartz enu .
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Telsper.Inclusions of & similear t,;pe were &ilso cowion in
the plagioclsse where they permected both the Twinnea aliu zZ0LEu
greins. Zoning was often strongly shown in che pleglocluse.
Albite twinning was common although some greine showgua no wwins.
extincetion eéngles on albite twins :-
179, 79, 220, 17°, 139, 1«49, 189, 279, 10 .
This indicetes & composition near Abgg .(sndesine-. uoraaorivg

Guartz : 50% : The quartz zreins were generaiiy L&rge (up
to 4 mm. ) compered with the felspar &nd was relztively tree
of inclusions compsred with the inclusion louzded smaller
felspers, squeezed into the interstices of the quertz greins.
Tndulose extinction was absent. The cuartz tended to be lineated
into bends parzllel to the lineation of the hornblendes.

DISC SSION. Trregulesr hormblenae crystals, of'ten having
pleochroic haloes about sphene inclusions, were aistributea
irregularly throughout the slide. Some tlteration to biotite
had begun but this was local. (uariz occurred &s large aralns
in 211-de**ned -ands and was unsireined. The Yelispars were
strongly poeciloblastic in siructure. Pig&dioclése was coiulon
2s twinned end untwinned grains. Zoning wes & feature. The
plagioclase w as basic in composition. & few micirociines were w.
noted, end were generally crowdeu with inciusions of guertz
end felspar.

A177 L/487 (o).

¥nCRO. The rock was a medium grainea crumbliy grenite. The
texture was uniform tnd somewhat schistose. The micas procuced
a slight lineation. The visible minerals were quartz, felspar,
biotite and muscovite. The micas occurred in patches parellel
to the schistosity end showed a slight lineation.

MICRO. The slide was cutv perpendicular to the schistosity.

Riotite : 5-10% : The averege grain was . mm. in iength and
.3 mm. in width. The grains were pleochroic from pale yellow
prown to dark green black. The mica is weil &lignec &iong
the schistosity end is segregated into gneissic DeIds. Fieochro
haloes about sm&ll zircon inclusions were common. The euges
of the biotite grains were generally rather reagged in
appe&arance.

¢
1

Muscovite : 1% : The muscovite occurrea &S Sinéii Crysteass
associated with the biotite.

7ircon : The grains were genesally .l mm. in diameter or Lese
and were common throughout the rock. fhey generally occurread
as inclusions in the piotite tlakes, but an eggreguate of some
cwenty grains were noted in the guartz - lelspar metrix in
one p:rt of the slide.

Cuertz : 50% : The greins were readily cistinguisheda firom
the telspar by their higher relief. Strain shadows were &bsent.
The aversge grain size was .5 mm. in diameier, & lthough some
grains reached 2 mm. This mineral generally even greainea.

Felispar : 407 : licrocline .as the preaominant relspar in
_ihe rock and was reedily aistinguished by its well aeveioped
cross-hatched twinning. The aversge _raln size was .3 mim.
PlagiocLase was recoznisec by iw &lbive twinning. Tne
piagiociase may make up O% oI Luhe IeclSpar. Unuwlinlicu leasSpar
wee also presSent oUl was minor in &mount. Joae oL Lhe
plegioclase showed reversed zoning. 30 Jlegloclase _.elus
conteined small quartz inclusions.
Txtinction angleg on glbige tw%ns e
1210, 139, 2°, 15°, 79, 13°, 73°,

These incicate & composition near An 33 (ancesine).
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ISCULSION . The rock was [eirly even graineu. the diotite
welloriented into bends and line:r streaks. Microciine was the
major felsper, plagioclase of an andesine composition wes
subordinste in amount. Zoning was present in some felspar
grains but was of the reversed type. No strain shadows were

visible in the quartz greins.
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THE AMPHIBOLITES. .
AL77 S/202. (Aneiysea).
1ACRO. The rock was fine greined, schistose, ilneateu
amphibolite. Hornblende, guartz and felspar were visible. The
hornblende was well lineated. The quartz and the felspar occurret
as lineated aggregates throughout the rock. The rock haa &
very uniform structure and composition throughout.

Slide A.
MICRO. The slide was cut parallel 1o the iineation ana
perpendicular to the schistosity.

Hormnblende : 65% : The grains averaged .+ wfl. 1D length &and
.2 mm. in width. Some grains reached 1 mm. in length. The grain
size was rether irregulsr. The mineral was pleochroic from
pale yellow green to derk green. The relief was moderately
high and the cleavage distinct. The grains were generally
very clear, but some grains had abuncant quartz &nd relspar
inclusions of smell size. The small greins were clear, pul tne
lerger ones were precominantly poecilobLiastic. Twinning was
a rare fesature.

Sphene : 3-%. : Sphene was a very comuon accessory. the
mineral occurred as groups of small grains. The relief was
characteristically high and the birefringence exireae.

¥Yagnetite : 1% : Small grains occurrec occasionairy in
association with the quartz and sphene. Iron ore was rarely
found outside clots of sphene grains.

Apatite : This was & rare accessory.

Quartz : 5-107 : Clesr, equidimensional grains averaging
.4 mm. in diemeter.

Pelspar : 25% : Flagioclase was the only Tfe.sSpar seen. It
was commonly twinned on the albite and pericline laws. Untwinn-
ed felspar was also present &nd eppeesred to have the saue
relief as the twinned plagioc¢lsase.

Extinction: angles on &aibite twins :-
129, 27°, 30°, 189, .
These indicate a composition near s~n s5.

DISCUSSION. The hornblence is notably e.ongatea &nu &
ciustering of the hornblende spindies into rouzh foilwue 18
evident. Eiongste, ovoid clusters of sphene &nd magnetite
grains were a feature. The quariz and the telspar haa a
uniform grain size and an ecuigranular texture.

S1lide BR. .
MICRO. The slide was cub perpendicular to the limw&ation
and the schistosity.
The slide was rather structure.iess.

Hornblende : ©5% : The grains were pleochroic rrom pale
;ellow to cark green. The average cross-section of the spincles
was .2 mm. Yo twinning was seen. Poeciloblastic crystals were
c ommons.

Sphene : 3-4% : The sphéne occurrea in lineated e.ilpsoiasl
aggregates of rine grains, uLas circular cross-gection of
which occurred in this siide. Sphene greains &i80 occurred &
sbundent inclusions in the edge of the hornbiende crystals.

Lpatite : This gineral wes not & common &CCesSOry.

Queptz : 5-10% : Small grains of quertz, .3 mm. in dizmeter
were spread throughout the slide.

Telspar : 20% : The only felspar recognised was pragloclase
with an everage grain size of .4 Ml Both slpite &na perilcline



nea

THE AMPHIBOLITES. (cont.)

twinning was commonly seen. The twinning was sh&arp in most
grains but some showed diffuse twins, probably representing
combinations of albite and pericline twins. Untwinnea felspar
was distinguished from the quartz by its cleavage ana its high
relief. Several greins were strongly zoned from the centre.
_Extinction angles on &lbite twins s-
13:°, 290, 280, 230, 260, 280,200, 239, 249, 12°, 209, 239,
These suggzest & composition near An g, (Labreadorite).

DISCUSSION. The hormblende was strongly orientea and of
a veriable grain size. The pleagioclace was of & .Labradorite
composition, was commoniy twinned, &and sometimes zoned. Luariz
occurred sparingly. Sphene and iron ore were common accessories.

-

A177 L/245.

UACRO. The rock was a strongly lineated amphibolite, with
visible hormblende, felsper and quartz. The rock showed a sirong
schistosity and a fine grain ( aversging .5 mm. ).The hornblende
was a dark green black colour. Epidote was seen cocting some of
the joint planes in the rock.

UMICRO. The slide was cut perpendicular to the line&tion &na
the schistosity.

Yornblende : 50% : This mineral was pleochroic from pele
yellow green to dark gr:en to blue greem. The grains were gener-
ally idioblestic and often closely pscked. The crystals were
strongly oriented with their lengths parsilei to the iineation
direction, and their flatter faces parailel to the schistosity.
Oross-sections averaged .25 mm. in dismeter. Rare felsper or
sphene inclusions occurred. The grains were generalliy cle&r &nu
unwesthered. Cleavege was a prominent structural element in The
crystals. Fractures were rare.

Tlmenite : 1% : Grains of iimenite of &n even size ( .2 nm. )
occurred sparingly throughout the rock in &association with the
hornblende.The grains were generslly idioblastic.

Sphene : This was common throughout the rock as aggregates
of small rounded grains with & high relief, and often
ascociated with the hornblende ené the iilmenite. This mineral
sometimes caused pleochroic haloes in the hornblenae.

Lpetite ¢+ This vas a common &ccessory.

Limonite : This mey be replacing pyrite. It occuired &s rare
pseudomorphs.

Guartz : 10% : Greins of quartz aversagea .3 mm. in diameter,
They showed few strain effects and were soumetimes twinnea.

Plagiociase : 20% : The plagioclase wes ver'y often zoned.
Twinning was not common, much of the feispar being untwinneu.
Extinciion angles ontalbite twins :-
220, 189, 199, 329, .
These suggest a composition near an.. (Laoraaorite) .

DISCUSSION. The rock appears to have the usual composition
sna texture of the more schistose type of amphiboiite.
The plagioclzse appears to be strongly beasic in this speciaen.
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THE LAIPHIBOLITES (cont.)
AL77 +/326.

I'ACRO. The rock was & non-schistose amphibolite with visioie
hornblende, quartz and felspar. The hornbienues were large

(up to 3-4 mm. in length), and of & rouchly scuidimensional
shape. ™e quertz and felsper occurrea &s & fine Zainea malrix
between the large stumpy, disoriented, hornblenue cpystais.
Except for & airection easy spilitting the rock was essentially
messive.

«ICRO. The slide was cut perpenuicul&r to the easy airection
ot spitiing.

Hornblende : 70% : The hornblende occurreu as lLarge irregusr
anc partially intergrown crystsals up to < mm. in uismeter, out
averaging 2 mm. The pleochroism wes sirong ifrom peale yellow
green to mid green to dark olive green. One of the striking
fectures was the presence of exsolveu iron ore in sme&lil biack
granules. These zrcins often occurred in we.l cerined strings
which cut across the hormnblende with no apparent relation to
geometry of their lattice. Of special significance we&s tThe
occurrence in seversl crystels of two sets of strings of iron
ore granules perpendiculer to each other, and superimposed
upon the hornblende structure. The exsolved neture of the iron
oi'e greins wes suzgested by the extreme population in some
hornblende crystails where the iron ore had not gathered into
larger grains. The presence of original pyroxene was thus
sugzested by these granules.

Diopside : 1% : A few optically positive, coiourless and
non-pleochroic diopside greains showing perpenciculsr eleavages
weie noticed. They occurred &s smali inaividual crystels in
the cuartz - telspar matrix, and as reiicts in the hornbiende
crystals.

Sphene &appeared to be ebsent from this specimen (perh&ps
it is still held in solid solution in the hornoience).

Zircon : Cne small roundec zircon mineral occurreu in a
hornblende crystal where it was surrounded by a pleochroic
heloe.

Iron ore : A few large original grains or iron ore we:.e
noted in the slide, but Lhese were suborcainate to the grenuies
exsolved from the hornblence.

p Quartz‘- felsper : 30% : Quartz coulu not wve vistinguishea
from the relsper except by interrerence figures. .iuch or the
ielsper showea Zood slbite twinning. Zoning was souetimes secn.

ixtinction angles on albite twins :- )

_ 2569, 209, 130, 189, 2430, 1%, 8%, 1.9, .

fnese suigest & composition near AN 47 (anuesine-Lebrau.)

DISCUSLION. The absence of & schistosity is a notedie
feature o1 the rock. The presence of exsolved iron ore in che
hornblende mey indicate that pyroxene was originealiy the msjor
mzfic minerel in the rock. The small amount of pyroxene present
in the rock may be relicts of this original pyroxene.
Plagioclase had a composition necr lebredorite and was often
zoned. FPotash felsper was not identified.

AL77 17276
MACRO. The rock was a dark, medium to coarse grained
amphibolite with visible hornblende, quartz and felspar. The
rock was essentially massive and structureless, but possessed
an e¢asy direction of splitting.. The hornbiendes averaged .2 um.
%g_diameter, but the qguartz - felspar was finer greined than
is.
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THE AMPHIBOLITES (cont.)

MICRO. The s=ilide was cul perpenaicular to the uirection of
easy splitting.

Hornblende : 70% : This mineral occurred in zreains of &«
variable shape and size. The average grain size around l-z mm.
Some of the large zrains were relstively free of inciusions
but others were very poeciloblastic, enclosing large numbers of
quartz and felspar greanules &veraging .1 - .2 mm. in aizmeter,
I'he mineral was pleochroic from pale yellow green Lo mid green
to olive green. The larger grains containea smali inciusions
of exsolved iron ore grenules and dust. This eff'ect may be
indicative of converted pyroxenes. The hornolende crystals
which contained abundant gquartz and felspar incluslons were
free of iron ore inclusions and may represent hornblendes
growing along the grain boundaries in the cu&rtz - felspar wal-
rix. Some of the larger crystals were rich in stumpy grains
sphene which showed merked orientaetion &long directions not
related to the amphibole structures, but probably relateu 1o
the original pyroxene structure. Sowme inclusions do occur in
the hornblende cleavsges, and indicates that the exsoiution of
sphene was still active in the hornblenae stage.

3phene : & few grains ot sphene aiso occurred outlsiue the
hornbiende crystals.

Tron ore : iAssocisted with the sphene.
Diopeide : i few fragments of suspectea diopside were present.

Quartz - Felspar : 30% : Plagioclese was in great excess of
quartz, end the greins reached 1 mm. in diameter. The piagiocias
was of a labradorite composition. It was &almost invariably
poeciloblastic, having small rounded quertz inciusions. These
inclusions ranged from .l - .2 mm. in dismeter.

DISCUSSION, The rock was a massive amphiboiite with 70%
hornblende, some of which showed exsolution structures after
pyroxene. Iron ore znd sphene were common &8 inclusions in
the hornblende. Some of the hornblende had crystaiiized along
the grein boundaries and contained inclusions of guariz anc
felspar. The plegioclase was agsin notably oesic, and in this
cese was full of inclueions. These inclusions were mainiy
guartz.

; AL i s
ALT7 /192 ( a) .

MACRO. The specimen was a predominantly Light coiourea rock,
having about 10% hornblence occurring as large, black, spinale
shaped, pointed, poeciioblastic porphyroblasts up to 2 cm. in
length. These crystals avereged .5 cm. in length and 2 um. in
width. Wost of the rock was made up of quartz &nd felspar in &
rather even grained texture, with greains averéaging .3 - .5 mill.
in dizmeter. The rock possessed a roughly bedded &ppearance,
with bands of & slizhtly varisble composition snd grain size.
The hornblendes were often flattened perallel to the "bedding"
plznes, &nd showed different concentrations and grein sizes in
different bands.

#T700. The rock was cut perpenuiculer to the banas.

Hornolende : 10% : This mineral occurrea as optical.sy
continuous crystzls up to 2 cm. in length growing along the gran
boundaries of the quartz and felspar grains. The pieochroisam
was from pele yellow green to mic green to Geep oiive sreem.
ITinute sphene granules were common in the hornbiende cryste.s
where they caused pleochrdic haloes of & brown coiour.

Iron ore : 1% : Iron ore occurred as smeall eilongste granules
averaging .2 mm. in length. They were evenly uistributed
throughout the slide, both in the hornblende andi the malrix.
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THE «nPHIBOLITES (cont.)

The Guartz - Felspar Matrix : This matrix he & fairdiy
even grain size, averaging .3 - .5 mm. , and & unifora
zrenoblastic texture. The quartz grains tendeu 10 be suealtier
then the sssociated felspars. The disiribution of the gquartz
end felsper appeared to be related to the presence of vands.
These bands could be distinguished by the amount of quartz in
ezch, &nd the grain size. The coarser pands were richer in fels-
per, and the finer bands richer in quartz. The banding appeared
to he of a sedimentary origin.

Quartz : 20% : The quartz grsains averaged .3 mm. in ajiameter,
were always cleasr, lacked str&in shadows and had sharp contacts.

felspar 70% ¢ The felspar appesred to be precominant.iy

plagioclase. No microcline twinning was presenk, out untwinuea
1elsper mgy be partly potassic. Very fine &albite twinning was
common &lthough not well developed and often aiffuse. Liost of
the relspar showed strong zoning throughout ithe grains. Ihe
zoning was diffuse and not often essocisted with the aioite
twins. The zoning &ppeared to pe reversed.

Extinction asngles on albite twins :-

3340, 2340, 1749, 2049, 220,
These suzgest & composition near An gp,

DISCUSSION . The rock appearec to be aetrinitely seaimenteary
in structure nut much recrystallization had occurred, giving
rise to & Tanohlastic texture, reversed zoning of the plagio-
clase ete. The hornblende appeered to be growing by the
intiltration of meterizl slong the grein boundaries. The

legioclese was very pasic end strongly zoned. Its origin
is obscure.

AL77 +/304.

«6CRO, The rock was an amphipbolitic peguwtite velnwet. The
nand specimen showed coarse giessy quartz (20%), in grains up
to 1 cm. in aiameter, felsper (10%) in smailer greains, iopsiue
(1+2%) as small yellow green crysteals enclosed in the amphiboie,
ilmenite (1%) as small platy crystals to o wm. in iength
between the quertz and hornblende, znd hornblende (©5%) occurrii
&s well formed crystsls up to 2 cm. in length, but of &
veriecble size. There were nd appsrent directionsl properties
in the rock.

i«JCRO, The slide was cut at rendom.

Hornblende : 20% : The hornblence was common throughout the
rock, end was identified reacily by its cleavages and strong
pleochroism from pzle yeilow green to & very ceep green. The
crysials were sometimes bent and fractured near the growing
guartz grains (es is ilmenite). Alteration to chlorite was
evident, but it was uncertein whether the diopside was forming
from the hornblende or vice versa. The hornbiende was more
eltered than the diopside. 3ome of the hornbience was
poeciloblastic in strugture, having quertz inciusions. Diopside
was free of such a structure. A few isoleited pleochroic ha.ioces
were seen but these were rare.

Chlorite : 30% : The chlorite was sbuneant anu appsarec 1o
represent an alteration or retrograue proauct of the hornvienae.
Diopsive did not sppesr to be altering to this minersi.The
chlorite was of a rather unusual type. It occwrea &s extremely
equigrenulsr flckes ( aversging .3 mm.) which had a reaiczte
structure. The overeall structire was a strongly decussate
"cart~-wheel!" effect. Tnclusions were rare in these fiakes anc
weathering products were absent. The pleochroism was from &
pele yellow to a deep 7recn. The pireiringence was very Low
being mede up of deep anémslous lavenders, blues and browns.
The mineral hed & psrallel extinction. The chiorite had &
uniform eharacter throughout the slide.
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THE AMPHIBOLITES (cont.)

Tlmenite : 1% : Strongly elongate, tabloiu crystais to
5 mm. in length, showing good crystal form, out sometimes
vent and fractured, were common in the slide. Minor irregu.izr
greins also occurred scattered in the diopside grains.

48 well as iimonitic staining along the grain bounasaries,
goethitic ring growths in cavities formerly occupied by pyrite?
were cormon in the slide.

Sphene : 1% : Sphene was & commueon accessory in some paris
of the slide, occurring as irreguisar grains anc &ggregates of
greins. Smell sphene overgrowths on ilmenite crystals were
also seemn. Slight alteration to leucoxene was seen aoout soue
Zrains. :

Diopside : 20% : Abungant cleer, high reliief aiogpside
crystels with extremely bright first oraer interrerence colours
were e¢sily detected., They possessed & slight yeliow to colour-
less pleochroism and resembled epidote, but did not possess
the parsllel extinction of thst minerel :nd have &i least two
well developed cleavages. The crystals &aversged 1L mm. in
diem eter and were irregulsrly ceveloped throughout the siide.
when isolated the crystals hed en idioblastic shape, but
interlocking and fan-like aggregates of tabloia crystzls were
also & feature. Some grains showed a fine greined mozeic siruct-
ure, Quertz and felsper inclusions were common. The re.ation
of the diopside to the hornblemie ana the ch.orite was not
clear. The diopside was often seperated from the hornbienue
crystals by the chlorite. However some o1 the diopsice cppeared
to have grown at the expence of the hornbiende.

Unknown :* A small development of & very ragge.u winerai oif
& dark grey blue colour occurred as &an inciusion in & aiopsiue
grein in one part of the slide. The mineral w &s siightliy
pleochroic snd had a similer relief to the aiopside. The
birefringence was very low. The minerel mey De tourmaiine.

Quertz : 204 : Large, clear cuertz grains up to 3 mm. in
width were common in the slide. Strain shadow effects were
strong in these grains.

Felspar : 5% : The relief of this mineral was greater then
that of the quartz and indicates & basic plaglocluse. uraphlc
intergrowths with the quartz were a feature.

DISCUSSION. The rock was undoubtedly a pegmatoidadl
veriation &f an amphibolite. The mugOr minereals were Guartz,
plagioclese, hornblende, chlorite &nd diopside with minor
sphene, ilmenite and limonite. The interreiations of' the
Giopside, hornblende end chlorite are puzzling. The originad
rock may have contained hornblende, quartz &na piegioclese
( and perhaps diopside). Later retrograde eiiects could have
converted some of the hornblende to chlorite, iimenite &nd
sphene. However where diopside tits into this scheme is not
known. The diorside &t present occurs in weli forumea clesar
crystals and is &ppéerently steblie in its present environment.
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PrGualTTIC wyLONLTES.

2177 _2/327.

MACRO. The rock was a light coloured scnistose, arkose irom
outcrops resembling & shear zone or mylonite in the field. The
rock was tough, fresh, and slightly gneissic. The visiple
minerals were quartz, felspsr, muscovite and biotite. The
grain size averzged .5 mm. in diemeter.

MICRO. The slide wes cut perpendiculer o the schistosity.

Riotite : 1% : Intermittant, streaky oznas of biotite
occurred throughout the rock. The 1lakes were strongly
pleochroic from a psle yellow to a deep green brown. The ierger
“lakes showed some elteration to chiorite. The chiorite was
pieochroic from pale zreen to pale yellow, &na &noiu&ad.ous
interference colours were common. The piotite f'iakes re&chec

2 mm. in length. Smell well formea biotite fiukes wer'e comuon
throughout the slide. Some of the muscovite was interiockea
with the biotite. The biotite had & strong preferred orientation.

Muscovite : 4% : Strongly oriented, elongate, muscovite
flskes occurred throughout the slide in broken gneissic streaks.
This mice was associated with the biotite. One felispar had
minute dis-oriented muscovite crystals throughout.

Iron ore : Magnetite was a common &accessory associated
with the biotite.

Zircon and Yonazite : Monazite was sometimes seen as
ipclusions in the biotite. The largest zircon seen (.1 gp. in
length) was strongly zoned.

Apatite : This was rather common as sub-rounded grains to
.2 mm. in dicemeter.

Guartz : 50% : The grains were xenoblastic ana showea &
varistion in size trom .1 - 5 mm. ( &verage .5 mm.). Strain
shadows were prominent. The Jrains were clear except for
occasional inclusions of muscovite and apatite.

Felspar : «5% : Good albite twinning was coamoniy seen, oul
nost of the felspar was untwinned. Potash fedlispar mey e
present as untwinned felspar. The grains were ciear and free
of inclusions. The average greain was .S mn.

Extinction angles on &lbite twins :-
11°, ¢°, 109, 109, 20, 349, 10°, 8°, &°, 6%, 79,.
These suggest a composition near An pg. ( Oligociase ).
The felsper wes optically negative. o

DISCU3TION. The rock appeared to be a sheared, Zneissic,
qguartzofelspethic having accessory muscovite, biotite, &patite
etc. The quartz was notably shesred, and the felspar rather
more sodic than others in the area. The rock m&y have been
an arkose bed which has suffered strong shearing cue to
incompetence during folding.
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SILLIMANITE PODS.
AL77  t/34.

MACRO., The rock was very tough and medium grainsu, being
made up of l:srge quartzose areas surrounded by messes of fine,
curved sillimanite fibres. These fibres also sti-ongly
impregnats the quartz. Traces of rutile and muscovile was &also
visible in the hand specimen. The rock was rather tresh, &na
alteration of sillimanite to sericite or ciay was not strong.

MICRO. The slide was cut at random.

5illimenite : 80% : This mineral occurres &s shears of
minute fibres. Some of the lsrger fragments of siilimeanite
were fractured across their fibres. Inaividual sheafs were
made up of countless numbers of fibres reaching 4 mm. in iength
and 2 mm. in width. The mineral showed & first order
birefringence and a high relief, The fibres showed & straight
extinction and were length slow.

Quartz : 18% : The quartz occurred as interlocking grains
up to 2 mm. in width (average 1 mm. ). Siliimanite spindles
penetrated well into the quartz grains. The grains of quartz
were strongly interlocking , this accounting for the toughness
of the rock. Strain shadows were notably sbsent, the grains
in general having a very sharp extinction.

Muscovite : 2% : 3mall muscovite flakes were often founa
enclosed in the quartz matrix. They were gencraliliy smalli ( .3
-,.4 mn. in length), and occurred in petches of several fiakes
closely associated.

Rutile : No rutile was seen in the slide.

DISCUSSION. The specimen was a massive siiiimanite -, quartz
rock with accessory muscovite. The siliimanite occuried &s
sheafs of minute fibres of & radiate structure. The quartiz
occurred in pstches of interlocking unstrainea grains &na was
strongly interpenetrated by sillimanite spiinters. The rock
waiprather tresh and no sericitization or clay was sc<en in the
Sl He.
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KVANITE FPECMATITES .
ALT7 _*/¢80.

JECRO. The specimen was & tough iight coioured rock showing
& slight foliation. The visible minerals wre guertz, feispar,
sericite, kyanite, sillimsnite and rutile. Large blsded crystass
of & pale green mineral were prominent in the rock. Ihese were
gsericitized ky&nite crystals. Irreguler amicrofodaing wes a
feature of the hand specimen.

Wicro. The rock was cuu perpendiculer to the lineation anu
the schistosity.

Biotite : Minute flakes to .2 mm. in aiameler were sparsely
developed throughout the slide. They were pleochroic from pele
yellow to orange.

Kyanite : 1% : Relict fragments of kyznite crystals were
often seen. They were length slow and showea a low birefringence
and the cheracteristic cleavage. The fragments were ailered
to sericite around the edges.

§illimenite : 2% : This mineral was largely weacherea TO
sericite but a few relict fibrous aggregatles were present. The
mineral was distinguished from the kysnite by its lower retief
and its more spinduler form. The mineral was aitered 1o
fibrous sericite aggregates.

sericite ¢ 107 : Elongate bliotches of sericite will &
fibrous pattern resulted from the slteration of uhe siitiimeanive.

Muscovite : 3% : Small oplong crystals to .. qi. in Leugth
were common in some felapar crystals where they were often
oriented and showed helicitic twisting in soume crystuirs. This
structure probebly retlecteG the microtfoiaing.

Rutile ¢ 1% : ‘his mineral occurred as clear roundaec Sgrains
with an orange coiour. The grains everaged .1 mm. in cizmeter
eng ranged up to .3 mm.

Zircon : Several Tounced, fractured, clesr, minute zircons
were noted e¢mbedded in the quartz anc felspar.

Guertz : 20% : ZounGea Xenoplastic srains 01 various sS1ze€s
renging to 1.5 mm. in alzmeter were developeu irregulally.

"elspar : ©5% : Much of the feispar w&s uhtwitneu, bul
some grains showea both pericline eand aloite twins. '
Sxtinction angles on albite twins :-
60, 40, 96, 80, 59, &%, 4°,

These suggest & composition near an ;7. (Oilgociase).

DISCUS3ION. The rock appeared to be &an arkosic rock which
had been pepsmietized and metasomatizea. The siiiimenite and
kyanite may heve originally been present in equiiibrium. The
felspar of the rock was albite rich. Rutile was & notaodle
accessory.

ai77 1/89.

“ACRO. The rock was a decussate aggregate ol uLiue grey
kyaenite blades embedded in a glassy quartz matrix. The kyanite

crystals reached 2 cm. in length snd were strongly &altered
to sericite and muscovite.

TI2RO, The slide was cut at rancom.

[he rock consistec of even intergrowths of kyanite ana
its alteration procucts in quartz.
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KYANITE PEGMATITes (cont.)

Quartz : 50% : The quartz occurred &s l&rge Cieel Cryslals
with sericite intruding as spincles from the euges of the
grains. Adjacent quartz grains showed interiocking saw-1o0Th
edges. Some grains showed a wavy extinction. The grain size
renged to 1 em. in dismeter, but averaged S ma.

¥yanite : 50% : The crystals were colouriess, optically
negative, with a high optic sxisl angle. Cieavage was silrong.
The grains showed & moderate birefringence. The mineral was
highly eltered along the clezvages to sericite. Sericite rims
completely surrounded the kyanite fragments and nowhere were
quartz - kyanite contacts seen. The kyanite showea two stages
of alteration. The kysnite was rimmed by & thin bend of gipbsite
occurring in fine fibres of low relief (less than the sericite)
developed perpendicular to the kyanite borcers. Further frou
the kyanite this mineral gave rise to sericite. which recrystaii-
ized to muscovite further from the contact.

DISCUSSION. The rock was & kyenite quartz pegmatite. The
kyanite showed alteration first to gibbsite and then to sericite
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