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SCHISTS AND GNEISSES FROM THE MORANES.

I INTRODUCTION.

THE rocks to be descnbed in this section compnse schists and gnelsses collected
from the moraines at Cape Denison. The terms * “schist 7 and * gneiss  are used in a
general way so as to cover those metamorphic rocks, both of igneous and of sedimentary
origin, which display schistosity and foliation. The more basic igneous types,
the amphibolites and the calc-silicates, have already been described elsewhere.

‘All the rocks described in this section have been altered by Regional Metamorphism
. as defined by Harker (1932, p. 177). Dynamic Metamorphism can be included in

the scope of Regional Metamorphism as the lower limit in which pressure reaches its
maximum and temperature its minimum. (Diagram see Harker, p. 183).

From evidence adduced elsewhere it is believed that the granodiorite seen wn situ
at, Cape Denison had been intruded and completely solidified before the onset of
metamorphism. It is equally likely that the amphibolites at Cape Denison also
antedate the r'netamorp‘hism. The granodiorite had, no doubt, produced its own aureole

-of contact metamorphism but the regional metamorphism would obliterate this as it is -

the nature of regional metamorphism to destroy all structures and textures which dre
not in equilibrium with it.

‘'The Rocks as they existed before this reglonal metamorphlsm are to be grouped as

follows :— _ -
I. The granodiorite and assbciated igneous rocks which include (1) aplites and

pegmatites and (2) basic intrusions now appearing as amphlbohtes

II The metamorphic rocks of the granodiorite aureole.

III. A sedimentary series intruded by the granodiorite but not within its aureole :
(1). Phyllites as exposed at Cdpe Hunter. (
(2) Quartzites, etc.
(3) Calcareous rocks Whlch occur abundantly in the moraines at Cape

Denison and which are thought to have come from an area to the south
‘west of Cape Demson

In addition to these are some granitic rocks which had been injécted during
metamorphism. Some had been injected before the attainment of the maximum and
some after, so that they can be seen in all gradations from granites simply altered
by . metamorphlsm to rocks in which the effects of pressure during solldlﬁcatlon are

- only too evident,
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Of all these classes, the rocks #n sitw at Cape Denison, the granodiorite and the
amphibolites have been dealt with by Dr. Stillwell (1918). The granitic rocks associated
with the granodiorite so far as they are found st are also described in this paper
The amphibolites and related rocks from the moraines are the subject of two papers;
one by Stillwell (1923) and the other by Glastonbury (1940 a). The calc-silicates are the
- subject of two papers ; one by Tilley (1923) and the ‘other by Glastonbury (1940 b).
Coulson (1925) has described a suite Of- schists rich in magnetite and garnet.*

The rocks of the metammphm aureole h;:we heen altered and masmuch as they

- cannot be collected in situ are mdlstmgulshableﬁom those types formed by hhe reglonal‘ :

meta,morphlsm of the phyllites and wﬂl be dOSGl‘led Wlth them in this’ papel

Spemmens of the aplites and pegmatltes belongmg to the granodiorite; when found
in the moraines are not readily to bé distinguished from the later granitic following which
was introduced during the period of Regionial Metamorphism and consequently these two
classes will be described together in the second portion of this paper.

' ) ) Lo . ey R

1I. THE REGIONALLY METAMORPHOSED SEDIMENTARY ROCKS

The area from which these rocks were collected 18 beheved to lie to the south Westv
of Cape Denison, for the movement of the ice is recorded as N 32° E. At Cape Hunter_

there 1s a series of schists which strike in the direetioﬁ S 20°E so that if they continued
on the same line of strike they would pass to the southward of.Cape Denison. Thus
it would appear that the original sediments from which the highly metamorphosed rocks

found in the moraine were derived are similar to the rocks found #n situ at Cape Hunter. .

We must assume from this that Cape Hunter is only on the fringes of the metamorphic
province and that the grade of metamorphism increases as the rocks are traced inland.
No doubt the intrusion of granites and pegmaltites, boulders of which are found in the

moraine, added to the complexity of the metamorphism by introducing volatiles such as

boron and water vapour.

- The only sediments to. be seen in the limited area exposed at Capé Huhter are
~ phyllites but there is no doubt that there are in the serles quartzites asiwell as calcareous
slates and other mixed types. .

The rocks of this group will be descrlbed under the following headmgs —
(1) Argillaceous rocks. ‘ '
(2) Argillaceous rocks altered by the addition of vola,tlles
(3) Semi-calcareous argillaceous rocks.

(4) Impure .arenaceou's rocks,

(5) Unusﬁal types.

*This report by Kleeman was completed for publlcablon early in 1935. Subsequent to that date other petrologlcal
reports on sections of the Expedition rock collectlons were completed.

, ?\
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(1) THE- ARGILLACEOUS ROCKS

These rocks are the metamorphosed eqmvalents of the slate series at Cape Hunter.
The descmptlons are arranged in order of increasing metamorphism as shown by the .
appearance of the various index minerals, biotite, garnet and s1ll1man1te (Barrow,
1912; ‘Tilley, 1925) : »

There are few rocks typical of the Chlorlte Grade in this' collection, although
chlorite has been produced by retrograde metamorphism in some specimens. The
phyllites found -in sttu at Cape Hunter (Stillwell 1918, p. 126) have the appearance of
having just passed out of the Chlorite Grade into that of Biotite. Most of the rocks

~ found in the moraine at Cape Denison are of a higher grade and belong to the Biotite, -

Garnet and Sillimanite Grades. There are, however, some few specimens which contain
chlorite but, with one exception, they are all products of rettograde changes in rocks that

‘have been elevated to the Biotite Grade. Moreover, these rocks all contain a garnet that -

is s.:uspected to contain a large proportion of the spessartite molecule and for this reason
they will not be described with the normal representatives of the class. The exception’
mentioned above shows every indication of being 2 normal Chlorite Schist and is descrlbed
below. ' ’

~ No. 290 is a crenulated chlorite sericite schist. The only minerals visible in the
hand specimen are chlorite and sericite. There is a well developed schistosity, but
contemporaneous folding has thrown the lammellae into a series of gentle folds.

The rock is very fine grained and has a lepidoblastic structure. Quartz makes -
up about 50%, of the rock and oceurs in grains about 0-02 mm. across. The chlorite
and sericite form flakes about 0-06 X '0-01 mm. in size. There are also many quartz
grains about 0-15 mm. in diameter but most of these have recrystallised to a mosaic of .
smaller grains. Magnetite has attained a porphyroblastic development and forms f

~ crystals about 0-30 mm. across.

. The quartz is recrystallised and is clear and free from all inclusions. The sericite
is clear white and has a high birefringence.- It is mostly concentrated into bands which

~ " are almost all sericite. The many flakes all extinguish together ‘and under crossed

nicols give the appearance of one big crystal. - The chlorite is green and pleochroic from
light yellowish green to an emerald green. It is in small flakes which have clear cut
edges against the quartz and presents a striking contrast to the ragged chlorite developed -
by the alteration of the biotite in such rocks as 458. It has a low birefringence. The
accessories are magnetite and apatite. The magnetite forms large sub-idioblastic grains
and the apatite small rounded gra,ins. .

The estimated mineral composﬂ:lon is Quartz 50%, Serlclte 30%,, Chlorite 15%,,
Magnetlte and Apatlte,
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The structure is very fine.and is that of a low grade schist or phyllite. The

directional element is well shown in the sericite which has become concentrated in
bands and is elongated parallel to the schistosity. ' The  chlorite is associated with the
quartz in bands. rélatively free from sericite. *-The clysta,ls are not orientated in any
one direction although taken in the mass the effect is to increase the schistosity-slightly.
* The rock is completely recrystallised but is still within the Chlorite Zone.

The rock is a Chlorite Sericite Schist.

No. 236 is representative of the Biotite Zone, and is a two “mica schist. lt isa da;rk

~ grey rock with a moderate schistosity. When cleaved it shows numerous large but,

ragged crystals of muscovite up to 1 cm. in length, which give a mottled appearance

to the cleavage face. The biotite flakes are less conspicuous but more abundant. Quartz

a,nd felspar are the only other recogmsable minerals.

Under the microscope the quartz and felspar look more abundant than in hand-'

specimen and are seen to constitute more than half of the rock. The average grain-size

of the quartz and felspar is about 0-15 to 0-30 mm.  The mica is somewhat larger, the.

average for biotite being 0-45 X 0-15 mm., while some of the larger muscovite
crystals are in excess of 1:0 X 0-30 mm. The quartz and felspar crystals are roughly
equidimensional with but a.slight tendency to be. elongated parallel to the schistosity.
The micas show a fair degree of parallelism and give the schistosity to the rock.
There is no obvious banding discernible in this section. The structure of the rock is
18 seen 1n Plate 1X, fig 2.

The biotite is brown, X = light golden brown, ¥ = Z = dmk greenish bmWn

Some pleochroic haloes are to be seen around grains which appear to be zircon. - There -

no sign of alteration in the biotite.

The muscovite forms.large clear flakes which aré usually intergrown with biotite.

The muscovite always exerts its greater crystalloblastic force and grows across and
through the biotite crystals.: - : ‘ -

. The quartz is clear and unstressed and has few inclusions.

Plagioclase 1s present in considerable amount and has the composition of Ab,,Ang,.

Orthoclase cannot readily be distinguished from the plagioclase but appears to-be present.

in smaller amount than the plagioclase. Both felspars are clear and pelfect]y fresh.

The accessories are apatite, zircon and magnetite.

From the mineralogical composition (see page 211) the rock appears to'have been

‘an argillaceous sediment to which a considerable amount of fine detrital quartz and"
felspar had been added during the processes of sedimentation. This has a notable effect -

on the course of subsequent metamorphism in that plagioclase appears in the early stages
. of metamorphism instead of being delayed to the latter stages of the (arnet Grade as it

would be in normal qrgillaceous rocks (Harker, 1932, pp. 228-9). In this respect it

resembles the argillaceous quartzites (Harker, op. cit., p. 248).
| The vock is a Quartz Felspar Mica Schist.
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‘No. 53 is a rock which has just reached the garnet stage. It is a fine-grained
grey rock with a well developed sohlstoswy The cleavage face is shiny because of
much muscovite and has a knotted appearance due to small (,lumps of biotite.

The structure is lepid'oblasbic. The mica flakes have a.common direction of
elongation and ‘most of the quartz grains are elongated parallel to this direction. The
schistosity is broken by larger *“ books ” of biotite which are set across the lamellae and
force them apart. The average size of the quartz grains is 009 X 0-04 mm. and that of
the muscovite flakes 0-13 X 0-02 mm. - The small flakes of biotite are somewhat larger
than the muscovite flakes and the larger ““ books ” average 0-55 X 0-20 mm. There is
no tendency toward segregation of the quartz and the micas into separate bands. The
structure of the rock is shown in Plate IX, fig. 1 ’

The quartz is stressed to a slight degree and shows undulose extinction. It is
free from dust inclusions but contains small grains of tourmaline and magnetite. There
does not appear to be any felspar in the rock but some untwinned, unweathered grains -
. may be present. '

. The biotite is greenish brown in colour and has X = very light yellow, Y = Z =
brownish green. Th¢ colour is not nearly so deep as it is in some of the more highly
metamorphosed rocks (cf. 813 and 521). It is biaxial negative with a very small optic
axial angle. Tt contains many pleochroic haloes surrounding inclusions of zircon and -
monazite. The larger “ books” are poeciloblastic and contain many-grains of quartz
and a few of tourmaline and magnetite. The muscovite is typical metamorphic muscovite
. and forms well shaped flakes which are IleblaSth against the biotite. ‘

The garnet is very pale pink and is perfectly 1sot1'0p10 The_ grains average
0-30 mm. in diameter Aand contain many inclusions of quartz and magnetite. '

The accessories are tourmaline; magnetite and apatite. The tourmaline and the
apatite form small subidioblastic crystals. The tourmaline is pleochroic in shades
of green. The magnetite is fairly common and oceurs as xenoblastic crystals smaller than
" the quartz and elongated parallel . to the schistosity.

The rock was originally a siliceous slate rich in sericite. The original chlorite
“formed big crystals across thie schistosity and the later biotite has psuedomorphed it.
The garnet is just begmnlng to form and is in crystals much smaller thdn those in later
rocks. ‘

" The mineral composition is given on page 211.
The rock is a garneliferous two-mice quariz schist.
No. 161 is a typical quartz mica schist in which the presence of a feivscattered
- garnet crystals shows the elevation to the Garnet Grade. It is a dark grey rock with a -

rude cleavage due to the parallelism of the mica. The abundance of ‘quartz and felspar
is evidenced by the absence of a good cleavage. '
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In thin section the stiucture is granoblastic modified by the parallel arrangement
of the biotite. There is no elongation of the quartz and felspar grains. The average

graiii-sizé is between 0-1 and 0-2 mm. ~The ratio of elongation of the biotite is about

4’501

The quartz is clear and free from strain shadows. It contains a few strings of

dust inclusions and a few small grains of apatite and zircon.

Most of the felspar is plagioclase of a cm_nposition near AbyyAng,. 1t is clear and
unweathered but has a certain amount of dust ” along twin planes and around the
' edges. .
The biotite is very similar in appearance (md pleoehrmsm to that in 236 but h&s a
slight gr eemsh tinge in the hghtesb pos1tlon A few graing are altered to chlorite.”

The garnet is hght pink and perfectly isotropic. It occurs as large irregular
grains with inclusions of quartz, biotite and apatite. In some cases it appears to have
grown around a portion of the mass of the rock. It is probably almandine.

Magnetite forms a few relatively large mystals in some cases well crystalhsed but ,

for the most part xenoblastic.
The accessories are apatlte ‘and  zircon.
The mineral co'mposit.ion‘ is given on page 211,

~ The rock is a garnet biotite quartz schist.

No. 5264 is a garnet biotite gheiss in which .quartz is much less abundant .

“than i the preceding rocks. Biotite constitutes the bulk of the rock and gives a
well developed schistosity but the garnets have forced the foliae apart producmg an
augen structure. ‘

The gamet is pink and isotropic and contams numerous inclusions of quite large
crystals of quartz and biotite. Some of the smaller crystals are xenoblastic but the

larger crystals are irregularly shaped. . Its Refractive Index is about 1-787 which indicates
a composition of about 65%, Almandine and 35%, Pyrope.

The biotite is dark reddish brown X — very light yellow Y =7 = dark reddlsh
brown. - Pleochroic haloes around minute mystals of zircon are common.

Quartz is the only other mineral present in any quantity.
Felspar is not present. | |

The rock is notable because .of the evidence of structural rearrangement due to
retrograde metamorphism. The rock had originally been a garnet biotite gneiss in which
the biotite had formed crystals.of about 0-20 X 0-50 mm. The garnet crystals contained

large included crystals of quartz and biotite. - The biotite crystals had a ratio of -
elongation of 2:5 to 1 showmg high temperatures and medium stress. At some time

~ during t the waning stages of metamorphism the stress factor beoame dommant and the
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‘tock “was subjected to metamorphism corrésponding to the lower pzirt of the Biotite
. Zone. This resulted in crushing'and granulation of the rock: The garnet grains were

cushioned by the mass of mica around them and so preserved but the quartz and biotite
were crushed ‘and drawn-out. The temperature was still sufficient for these to be
recrystalhsed One large crystal of quartz was bent round into an S shape and

. recrystallised (see Plate IX, fig: 3). The biotite was shredded and wrapped round the

garnets.  Some of the biotite crystals are preserved, cushioned by a mass of flakes many

" of which. are less than 005 >< 002 mm. 111 31zo

The mineral compos1t10n is glven on page 211,

- - The rock 1s a garnet biotite gneiss.

No.. 238 is a rock which is typical of the lower stages of the Sillimanite Zone where
sillimanite is beginning to form at the expense of the micas. It has the appearance of a
typical quartz mica schist except that it contains a golden brown mica. Sillimanite
cannot be seen In hand -specimen.

The structure 1s granoblastlo modified by the p&rallelism of the mica. " Quar‘t-z
and felspar, which constltute the bulk of the rock, have a glalll-s1ze of between 0-15 and

025 mm.

The quartz has a few molusmns but is quite clear and unstressed.

The felspar is mamly plagioclase Abg,An,,. The twmmng is obscure but Alblte ‘
and Pericline twins can be see.. Some microcline i is also present. The felspars are all

' perfectly fresh.

Biotite forms well developed crystals w1th ratio of elonga‘mon 5to1. Pleochroism
is strong, X = very light yellow Y = Z = dark reddish brown. It is biaxial negative
with a very small optic axial angle. " "There are some striking pieochrom haloes up to
0-08 mm. in dlameter developed round crystals of zircon. ‘

Muscovite is present in small amount. It is usually mtergrown with the biotite
when 1t exerts its greater crystalloblastm force against the biotite.

Sillimanite can be seen developing at the expense of both micas. "The earliest
stage is the formation of small needles of sillimanite inside the crystals of mica (see
Plate X, fig. 1).. These increase both in size and abundance until they form a mat

- of more or less parallel needles through which .the original colour of the original mica

can still be seen. .In the next stage, better illustrated in the next rock, No. 521, when
the mica has completely disappeared, the sillimanite is aggregated into bunches not unlike -
sheaves of wheat, in which the needles in the middle of the * sheaf have grown- together ’
in one crystal while the ends of the needles are quite free. -

Tourmaline . is preéent,in small crystals pleochroic from colourless to yellow.
The imineral composition is given on page 211.

"The rock is'a sillimanite quartz biotite gneiss. - -
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‘No. 521 is a coarser mica sillimanite gneiss in- which the sillimanite has segregated
. with quartz into knots and lenticles about 8 mm. in diameter. Muscovite and biotite

are in small flakes with little apparent orientation. . A few crystals of garnet can be seen.

Under the microscope the rock is seen to héwe that directionless texture common
to the higher stages of metamorphism. The quartz grains are about 0-25 mm. in

“diameter and those of biotite a little bigger.

The qu.:ntz is mostly clear but in the sillimanite knots it 1s clowded with needles
of sillimanite. There is no shadowy extinction.

The felspar which 1s quite flesh is basic oligoclase, Ab;qAng,, acoompamed by

some orthoclase.
~ The biotite is biaxial negative with a small optic axial angle. The pleochroism

is X = light golden yellow, Y = Z = dark greenish brown. Minute crystals of zircon
induce pleochroic haloes. |

The muscovite 1s biaxial negative, 2E = 65° approximately, It contains zircon
g : PP y :

. erystals which do not produce pleochroic haloes in thin section but which cause light

yellow haloes in thicker flakes chipped out of the rock.

Sillimanite occurs in knots together with quartz and some little mica (see Plate X,

- fig. 2). It forms irregular bunches and sheaf-like aggregates of fine acicular crystals.

It can be seen developing from the mica but in most cases the sillimanite areas contain
little mica.

The gérnét is ordinary‘ pink almandine and is not abundant.
ITourmahne O = blue green, I = light pink, is also pr-es'enﬁ”

The usual accessories zircon, apatlte and magnetlte are not abundant,
- The mineral composition is given on page 211.

The rock is a sillimanile quartz mica gneiss.

No. 1233 is similar to No. 521 but has been subjected to greater stress so that the
knots are drawn out to lengths four or five times their widths. The micas have a common
orientation not noticed in No. 521. The schistosity is linear rather than planar. Small
clear garnets are to be seen. ‘ '

< .

Under the microscope the rock is seen to be of coarser development than No. 521.
This 18 espemally noticeable in respect to the sillimanite, which forms crystals up to 0-1
mm. in diameter. The grain-size of the quartz is very variable but the average appears
to lie about 0-20 mm. The biotite is about 0-3 X 0-1 mm,
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The most obv10us difference from No. 521 is the absence of muscovite. The quartz
is unstressed but in some areas is crowded with sillimanite. There is some little felspar
mostly ol1goclaSe with a little orthoclase. It is fresh and unaltered. The biotite is similar -
to .that in No. 521. Pleochroic haloes are well developed. The garnet forms small
xenoblastic crystals. R

The sillimanite has formed good crystals. The needles noted in Nos..238.and 521
have all disappeared and instead are small but definite crystals which, as the section is
cut perpéndieulaf to the schistosity, exhibit prismatic cross sections with a pinacoidal
cleavage (see Plate X, fig. 3). Few of the crystals are less than-0-003 mm. in diameter

-and some of the bigger are 0-45 X 0-05, giving a ratio of elongation of about 10 to 1.

Magnetite is rather common as an accessory. )

The other accessories are apatite, zircon and tourmaline.
The mineral composition is given on page 211,

The rock is a sillimanite quartz biotite gneiss.

No. 813 is another high grade sillimanite gneiss. It differs from the two foregoing'
in that it has a strongly marked schistosity. In cut surfaces sillimanite can be seenin
lenticular streaks about a millimetre wide and 2 ¢m. long: Biotite, quartz and garnet
are V131b1e in hand specimen, and a few pink grains on a weathered surface suggest. felspar.

The IIllCI‘OSCOPlC appearance is typical of these high grade schists. The quartz
which constitutes about 509, of the rock has a grain-size of about 0-4 mm. The biotite
crystals are about 0-8 mm. long and appear much b]gger than the quartz. The sillimanite
is in lenticles ‘of needle-like crystals.

The quart is clear and with few sillimanite inclusions.

Some felspar is present, mostly acid plagioclase AbmAnsn It is twinned on the
Albite and Pericline laws. '

- Biotite is sﬁi‘ongly pleochroic, X zvve'ry_ light yellow, Y = Z= dark greenish
brown. There are some well developed pleochroic haloes around zircon crystals.

Sillimanite is plentiful and usually has some biotite associated with it. Tt shows
less tendency to be scattered through the quartz and is usually segregated into lenticles
of fine needles. That it is derived from the biotite is apparent: from the presence of

. some altered biotite in these lentacles

Garnet forms ]arge irregular pink gr‘ains,slome of which hav.é been fractured and -
““ healed ” by recrystallisation. The garnet has small inclusions which tend to be aligned
parallel to the schistosity.

Of the accessories magnetlte is not rare and apatite and z zircon are present

" The mineral composition.is given on page 211. =

The rock is a sillimanite quartz biotite gneiss.
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A notablé feature of this rock is that it has undergone weathering. The slide
shows a zone 5 to 7 mm. in from the edge of the specimen in which the biotite has been

altered to ¢hlorite. * The nature and cause of this dlteration 1s of interest because there:

are several other rocks in this suite in Wthh all of the biotite has been oompletely changed
to chlorite.

" The biotite is replaced by chlorite, muscovite'and epidote. The chlorite has that

peculiar ' ultra ” purple typical of it.- It is faintly pleochroic in green and contains brown

pleochrow haloes around crystals of zircon. It contains some granular epidote formed
as a by-product of the change. Muscovite is intergrown with the chlorite. Most of it
is original but some appears to have been derived from the reaction. T

The sillimanite also has undergone alteration. - A lenticle of sillimanit:,e when
followed. toward the weathered portion of the slide gives way to a mass of micaceous

material ‘which is probably near to sericite in composition. The alteration of the

sillimanite and of the blotlte appears to have penetrated about’ equal dlstances into the
rock. : : '

No. 811 is a similar rock to No. 813 but seems to have attained a slightly higher
- grade of metamorphism. The foliation has been twisted and sharply folded giving a

herring-bone structure which is seen in weathered surfaces.. There is less biotite and

more quartz than in No, 813 but otherwise the rocks are much the same. There is in

part of the specimen a vein of clear moonstone ”” felspar Whlch has been buokled and
folded. . : '

The grain- size although variable is of- the same order as in No. 813 and the

“appearance under the microscope apart from the less biotite and the ccoarser sillimanite
13 similar,

‘The quartz contains lines of inclusions in which the inclusions are somewhat largef
than those previously noted. Some of the inclusions can be seen to be fluid and to contain

bubbles of gas within. = These inclusions are not nearly so.numerous or so. well developed -

as in rocks formed under pneumatolytio condltlons
The blotlte and ga.rnet are the same as in .N0.~ 813.

~ The sillimanite wisps have been replaced ’oy crystals which although definite are
still small. Larger crystals, however, are common with their nearly square prisms and

010 cleavage, One crystal is twinned on the 010 the twinning being more of the nature

.of an intergrowth in which two crystals have grown together on the 010 gnnng a re-entrant
angle. . . : v o ‘ s
- The accessories are magnetite, apatite and zircon.. |

'_The mineral oomposition was not determined as it is-very close to that of No. 813,

r

The rock is a sillimanite quartz biotite gneiss. -« 7

e
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No. 236 | No. 53 | No. 161 | No. 5264 | No. 238 | No. 521 | No. 1233 | No. 813
Quartz ... .. BLb 43-4. 572 155 | 527 484 } 655 { 36-2
Felspar ... | 2200 ) S 21-0 17-4 T4 15-0
‘Biotite ... .| 20:7 14-4 172 | 674 21-7 . 2008 7 174 29-6
Muscovite - ...| 40 376 . 1-4 142 e
. Garnet . ... .| .. 03 - 28 16-7 P 08 6-0
- Sillimanite U O B o 6-8 84 115 - 12-2
Apatite ... .. 09 0-2 o1 | o1 | p 0-5 P- N
Magnetite PO IV 40 - 1-7 0-3 1 02 71 "1-0
Zircon ... .. - p - p. | P P 0L P P
Tourmaline  ...[ .. .| Ol P .P- P-

The mineral compositions given above were obtained on slides cut perpendicular-
to the schistosity, using a Leitz Integration Table and are in volume percentages. The
ﬁgures for quartz and felspar are not strictly accurate owing to the fact that much of the
felspar is untwinned and quite fresh. They do however, give a good indication of.the
relative proportions of the two minerals. Sillimanite by reason of it being scattered
through quartz grains in ﬁne needles does not glve precise results. ‘

The ten rocks just described comprise a suite shoWing the range of metamorphism

~ and its effect.on argillaceous rocks. The composition of the original rock can be estimated

from the compositions in the table-above: Onfuttmg No. 5264-and No. 53 the average of

the rest shows the original rock to have had about 50%, quartz, 20%, felspar, and 309,
micas. Thus the rock was & rather siliceous shale in which there was 309, micaceous

material in the form of finely divided chlorite and sericite. The remainder of the rock
was composed of very finely powdered quartz and felspar which was t6o ﬁne to be )
separated from the argillaceous material when the’ orlglnal rock was deposﬂ:ed o

The metamorphlsm has pursued its normal course. It is notable that in rooks of
this class garnet is not common and that even where sillimanite is developed garnet does
not exceed 6%,. This appears to be due to the fact that an excess of sericite in the orlgmal
sediment.used up all of the chlorite to form biotite before the garnet zone was reached.
This leads one to suspect that biotite is stable up to the sillimanite zone and that garnet
when it does appear is derlved from the chlorite rather than from biotite (Harker, 1932,

p-219; Tilley 1926, p. 434). The formation of sillimanite is the first sign of any mstablllty

in the micas. Tliere does not appear to be any selective action, the sillimanite needles
appearing at the same time In both micas but ‘once started the muscovite 1s the more
quickly. broken down.

No. 5264 is a variant in which chlorite and sericite were much more common.
The rock reached the garnet zone with an excess of chlorite which then formed garnet.

i . No. 53 differs in that it contamed a larger amount-of serlclte and thus forms a more
typlcal muscov1te sclust o
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~ There are in addition to those rocks described above several which although of a
sirmlar nature and appearance have been altered either by retrograde metamorphism or

by simple weathering. As the rocks were not collected in sitw it is difficult to decide
which has occurred but No. 813 with its weathered face suggests that simple weathering
may have been responsible. - This weathering may have occurred since the rock was left
on the moraine but it is much more probable that the rock was Weathered When it was
collected by the glacier. '

No. 458 is a dense hard black rock with a well developed schistosity. Tt has
the'appearance of having just passed out of the phyllite stage. The only recognisable
minerals are the micas which give a sheen to the cleavage face and magnetlte which
forms porphyroblasts visible on the cleaved faces. -

In thin section the rock 18 seen to be banded due to differences in composmon
of the various layers of the original rock. The bands are about 5 mm. wide and are dis-
tlngulshed by their content of magnetite, the bands being alternately richer (up to 30%)
and poorer in this constituent. Garnet is concentrated in the bands poor in magnetite.

The rock 1s very fine grained, the average size of the quartz grains being' about -

.0-07 mm. The structure is granoblastic modified by the parallelism of the micas. The
‘constituent minerals are quartz, magnetite, muscowte, chlorite, garnet epidote and
apatite.

The quartz 1s clear, unstressed and free from 'iﬂdlusions.

There is a considerable amount of felspar now represented by a mass of micaceous
alteration products

Muscovite_ is developed in small flakes 0-07 X 0-014 mm. size. It is typical
muscovite and not merely sericite produced by alteration of other minerals. The chlorite.
results from the weathering of the biotite of the rock. It is light green in colour and is
weakly pleochroic. It shows a weak interference figure which is psuedo-uniaxial and
negative. Some crystals show ultra blue polarisation while portions of the same crystals

.may show yellows and oranges of the first order (D.R. = 0-01). There are brown
pleochroic haloes around crystals of zircon. They are greenish brown in their darkest.

position but are typically less intense than those in the biotite of other rocks. Much
epidote is developed between the lamellae of chlorite formed in the breaking down of
the biotite. The original biotite was in flakes larger than any other constituent and. in

this resembles No. 53 (see p. 205). It contains many inclusions of quartz and apatite.

Garnet is found in irregular crystals 0-2 to 0-3 mm, in diameter and contains many
inclusions of quartz and magnetite.

~ Apatite is abundant in small clear grains and is particularly concentrated in one
band. ‘ IR ’

¥
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_ Magnétite forms 209, of the rock by volume. and occurs as xenoblastic crystals
and aggregates. It is so abundant that small OhlpS of the rock can-be plcked up readily
by a ‘small magnet.

. The mineral composition is given on page 217.

This rock may be compéred with some from the Cape Denison moraines Whic'h_'
have been described elsewhere (Coulson, 1925).  Of these 55 and 912 are similar in many
respects but Coulson does not give the mineral compositton of these rooks

The rock is a magnetzte quarlz-chlorite schist.

No. 762 is a rock very similar in appearance and mineral composition to 458.
It shows on a face that has been etched by snow-blast-a banding due to differences in the

" composition of the laminae of the sediment. The cleavage face has a finely spotted

appearance due to minute garnet crystals. - The thin section shows a marked similarity
to 458. The banding is not so well-defined and the bands grade into one another. The
main point of difference is that the biotite is less completely weathered. The apparently

‘unaltered biotite is green with X = light greenish yellow, Y = Z = yellowish green, and

has a high birefringence. It is probably the first stage in the chloritisation of biotite in
which the mineral loses its colour without any noticeable lowering of the birefringence.
Much of the biotite has reached the final stage of weathering in which it exhibits ultra
blue polarisation colours. The garnet of the rock is in relatively large and ragged crystals
and contains inclusions of magnetite. The rock is so similar in all other reépects as to-
make further description unnecessary. R -

" The rock is a magnetite quartz chlbm'te schist.
No. 130 is a dark grey rock in which th'ebindi_vidual minerals are not visiblé to the

naked-eye. It has a well developed cleavage and has a sheen on the cleav-a,ge face due to
innumerable mica flakes. It is almost identical in hand-specimen with No. 458.

The thin section shows a fine schistose rock in which the average grain-size is . .

about 0:06 mm._ The schistosity is almost entirely due to the. parallelism of th. biotite
flakes and the elongated magnetite grains as the quartz and felspar show no signs of
elongation parallel to the schistosity. There is also banding due to the lamination of the
rock. The bands are alternately rich in magnetite and chlorite, in muscovite, quartz and ‘

~ magnetite, and in'quartz. They are about 5 to 10 mms. wide and merge one into the other.
‘This composition banding is for the most part paraliel to the schistosity but in one portion

of the slide the banding as expressed by one band rich in muscovite and apatite is seen to.
have been bent and folded in a manner comparable to that seen in certain varve shales.

"That the folding is pre-metamorphic is shown by the fact that the biotite flakes in the

folded band are strictly parallel to those in adjacent parts of the rock where the bedding
is not disturbed, and that-it is contemporaneous with sedimentation is supported by the

. fact that the banding on eaoh side of the disturbed area 1s undlsturbed and parallel. -

*62842—B
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The constituent minerals-are magnetite, quartz, felsper, muscovite, chl_ofite, -gafnet

and apatite. The quartz is in small grains, clear except for a few small inclusions of
magnetite. The muscovite is in clear white flakes with a high double refraction. All of

the flakes over a large area are so perfectly parallel as to extinguish as one. . The chlorite

_is essentially similar to that in No. 458 and shows the same unmistakable signs of having
been derived from original biotite. ~Garnet is uncommon but there are two.or three ragged
crystals in the slide. Apatite is abundant in small clear grains and is particularly common
in one band. Magnetite is very abundant and forms black slightly elongated xenoblastic
crystals. Asin No. 458 it is so abundant that small chips of the rock can be picked up

- with a hand magnet. The mineral composition is so similar to that of No..458 that an
exact determination of the percentages of the several minerals is unnecessary.

The rock is a magnetite quartz chlorite schist. ,

“No. 391 appears to be almost identical with No. 458 in hé,nd-specimen' but
differenices are apparent under the microscope. Of these the most notable is a great
~ decrease in the amount of magnetite and an increase in the amount of muscovite.

It is banded, bands 8 mm. wide rich in muscovite alternating with bands 2. mm. Wide '

~ deficient in museov1te The structure is intermediate between granoblastic and
lepldoblastlc The grain-size 15 about 0-06 mm. . '

After the ubiquitous quartz muscovite is the most abundant mineral and occurs

'm numerous small flakes, with a common orlentatlon
Chlorite is again present and is similar to that in No. 458.

Garnet is rather less abundant. It is pink and isotropic. The epidote is mostly
the iron-free zoisite but the larger crystals have quite a considerable amount of iron.

Tourmaline is presen_t pleochroic from 1_ight to dark green.
The approximate mineral composition is given on page 217.

- The rock is a quartz muscovite magnetz'ie' schast.

No. 737 is another rock similar to Nos. 458 and 391. In hand specimen it ie_"

: 1dentlcal with them

The banc_lmg in thin section is closer and less well defined. The structure is-

granoblastic modified by the parallelism of the micas.

The quartz is clear but in some places shows undulose extinction due to ‘strain.

Muscovite is well developed and is very conspicuous. It is 'intergr'own- with the
biotite now completely altered to chlorite. The flakes are of somewhat larger size than,

in the two previous rocks.

grains. "

Garnet is rather more abundant than in No. 458 and oceurs in small idioblashie

»

»
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: Magnetlte and epldote are both present, the latter demved from the biotite.

The mmeral cor_nposmlon 1s given on page 217.

’l‘he rock 1s a quartz garnet mact schst..

No. 552 is a dark coloured rock in which the bedding is shown up bv a few lighter
coloured bands. These bands show that the rock has been contorted and folded into a

~series of gentle folds of small amplitude.  There are no minerals visible to the naked

eyel but the rock has the dull green appea,rance of a chlorltlo phylhte Thére fs no cleavage
due to schlstosnay

The grain-size is- much smaller than in the, prevmusly descrlbed rocks, and
avérages about 0-02 mm. Chlorite and sericite are both more abundant and the rock has

the compos1t10n of a typical phyllité. The structure 18 lepidoblastic

The quartz is free from mclusmns but shows strongly undulose extmctlon The
sericite is in small white flakes and is slightly ragged in-appearance.. It has a moderate
birefringence. In some bands it makes up 50%, of the rock and is interlaced in & manner
more typical of a phyllite than of a more highly metamorphosed type. The chlorite is
green and pleochroic-and has a low birefringence. It contains brown ‘patches which
have a high birefringence and indicate a retrograde change from biotite to chlorite. It
fo_fms irregular flakes five or six times the size of the sericite.. Garnet is common in
relatively large crystals about 0-15 to 0-20 mni. across. The garnet is colourless and
perfectly isotropic. Many of the crystals show a well developed crystal shape and exhibit

. six-sided cross-sections. The crystals contain included grains of quartz. and magnetite.
- Mignetite is not uncommon as ragged elongatéd xenoblastic crystals. The accessories
- are some small grains of apa,tite and an occasional small crystal of zircon.

The estimated mineral composﬂ:lon i quartz 55Y%,, sericite 25%, ch]orlte 10 /),
garnet 5%, and magnemte 5%,

- The rock i is a garnel chlorite sericz'te schast.

No. 1260 is one of those rarer types in which the schistosity 1s at an angle to the
composition bandlng It 15 a dark green phylhtm rock with an indefinite lamination
and a rather imperfect schistosity. A cut face at right angles both to the schistosity
and to the lamination shows a puckering and gentle folding of the laminae. This is-seen
more effectively in the thin section ‘and it is obvious from the way in Wthh the.
schlst031ty crosses the folded laminae that this puckenng was accomphsbed before the
maximum stage of metamorphism.

_The structure of the rock is lepidoblastic. There is no foliation due to schistosity
but all of the mica is arranged in a common direction at an angle of about 45° with the

- laminae. The quartz grains are elongated parallel to the schistdsity and have an average

size of about 0015 mm. They are clear and contain a few included mineral grains.
Stress conditions arereflected in the fact that most of the grains have undulose extinction.
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The sericite is in small ragged crystals. In the more quartzose bands they wrap round
the quartz grains and in the more micaceous bands they form a mat in which the quartz
grains are enclosed. The flakes are not well crystallised and have the properties of
sericite and form a striking contrast to the well crystallised flakes in rocks such as
Nos. 458 and 762. Chlorite is not abundant in the rock. It is.in small pleochroic green
flakes, but whether it is originé,l or derived from biotite.it is impossible to decide. It is
considered unlikely that a rock of such fine grain could have reached a stage of
metamorphism even as high as the biotite grade. There are in the rock a great number
-of small garnet crystals, the average size of which would be about 0:015 mm. These are
.of the same order of size as the other constituents of the rock but their superior relief makes
them the most conspicuous mineral in the rock. Most of the grains exert their own crystal
shape and are free from inclusions of quartz and magnetite. Magnetite is again rather
abundant as elongated xenoblastic crystals. The accessories are apatite and tourmaline.
The apatite is not uncommon but the tourmaline is quite rare. | "

The estimated mineral éomposition is quartz 509, sericité 35%, chlorite 5%,
garnet 5%, and magnetite 5%,

The rock is a garnet sericite schist.

These seven rocks comprise a group characterised by their fineness of the grain,
by the alteration of the biotite and, with one exception, by the presence of garnet. The
mineral compositions of three of the rocks of which measurements have been-made with
the Integration Table are given in the table below. In others because of the fineness
of the grain the mineral percentages have been estimated and are given in the description
of the rock. Tn three of the rocks the amount of magnetite is high and lies between
15%, and 20%, while.in the others the amount is in the vicinity of 59%,. In all except
perhaps No. 1260 the chlorite is-derived from the biotite and in No. 762 the change.can
be seen in progress: It is the garnet that introduces the anomaly. It is considered
unlikely on'account of the fine grain of the rocks that they have been ever raised to a grade.
of metamorphism as high as the garnet grade and for this reason it is postulated that they
contain a significant amount of the spessartite molecule. Unfortunately it is impossible
to isolate grains which do not contain so much magnetite as to render any chemical test
indecisive. It is significant that Coulson.in describing some rocks which are very.
similar (Coulson, 1925) found the same minute garnets in a rock (No. 348, p. 291) which
contained some 8-23%, of manganese. His conclusions are that in many of these fine
grained rocks the garnet i3’ a highly manganiferous one. S '

Tt is more than a coincidence that, all of the low grade schists from these moraines
should present these characteristics and it is most likely that all of these rocks came
from an area in which the same local conditions obtained and hence rocks of similar
¢6mposition_ have reached a similar stage both in progfessjvé metamorphism and in the
later retrograde changes. It is also probable that the effects of retrograde metamorphism -

IR 3
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were largely conﬁned to the one area. Comparison may bé made Wlth an area In
Unst where Read (1934) has shown that this zone of chloritization is sharply -marked
from the unaltered metamorphzc rocks and is of limited extent.

No. 458. | No. 391. | No.737.
Juarts 0 -t 63 66
elspar . :

- Magnetite 19 5 5
Chlorite... 12 11 16
Muscovite 5 20 19
Garnet ... 5 . P -4
Epidote... P- p- p-
Apatite . p- . P
Tourmaline ... O P- p.

(2) ReEctoNALLY METAMORPHOSED ROCKS IN WHICH THERE HAS BEEN
NOTABLE ACCESSION OF VOLATILES AND. SILICA.

In this group are those argillaceous- rocks which in addition to suffering regional
metamorphism have been altered. in composmon by the introduction of—

(1) volatiles, water and boron

(2) volatiles and silica.

_ Rocks of the first class are noted by the presence of large cryst‘alé of niuseovite.
and an abundance of tourmaline often as small crystals just visible to the naked eye.-

‘As an ‘example of the introduction of water alone and that in moderate quantity
can be cited No. 236 which has already been described under the normal regionally
metamorphosed rocks. It is more than likely that the large size of the muscovite
crystals in this rock is due to an abundance of volatile but there has been no notable
addltlon of water, and tourmalme 18 absent. B

No. 162a has reached a further stage where muscowte 18 developed to a greater
extent_and_ tourmaline in abundance indicates the addition of boron. .In hand-specimen
it is not unlike No. 236. It is a dark grey rock with abundant large flakes of muscovite
on the cleavage faces. Biotite is as plentiful as the muscovite but in smaller flakes in
the mass of the rock. '

- The structure as seen in thin section is gneissic. The quartz and felspar have
become slightly elongated parallel to the schistosity. This is offset by the fact that the
micas, and the muscovite in particular, show a tendency to grow transverse to the
foliation. The average grain-size of the quartz is about 0-10 to 0-15 mm. The. blotlte 18
a llttle larger and the muscovite occurs in crystals up to 20 X 0:5 mm.
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The quartz is clear and contains inclusions of biotite, zircon and mlhmamte There
are also'a few strings of liquid 1ncluslons

The felspar is mostly pla,gloclase AbSUAn a0- 118 usuallsr untwinned and is always
somewhat altered. : o :

 The biotite is 'brown;‘ X =.very light brown, Y = 7 = dark brown. It contains

some pleochroic haloes around crystals of zircon. Much of it has been altered
to chlorite, ‘which is similar in its propertles to that descrlbed in the altered portions
- of N 0. 813: :

Muscovite is very abundant and is quite unwea,thered Tt is, however decompos-

ing with the formation of sillimanite. It is usually intergrown with the biotite (chlorite)

and shows its greater crystalloblastlc strength '
Garnet is present in small quantlty in the form of large ragged crystals.

Sillimanite can be seen developing at the expense of the micas. It has reached the
stage of wisp-like aggregates (see No. 238 and Plate X, fig. 1). In places the sillimanite
- has been weathered and has altered to a mass of small flakes of some micaceous material.
As the sillimanite is in fine needles this alteration product forms very small crystals.
In aggregate they are very light yellow with strong absorption parallel to the long axis
. of the flakes. The double refraction is high as a small crystal shows orange of the first
- order. _ _ SR o '
' The alteration product-is probably sericite.

Tourmaline occurs in notable quantity. It forms idioblastic crystals with
pleochroism typical of tourmaline found in pegmatites and veins amongst the moraine
material from Cape Demson It displays -its greater crystalloblastic force against
the garnet ' | :

Magnetite is present in small xenoblastlo erystals

The mineral oomposmon is given on pa,ge 219. ‘ . cedgnornt

- The rock is a two-mica sillimanite gneiss. | o

No. 914 illustrates the notable development of muscovite whlch oceurs in rocks
of this nature. Inhand- -specimen 1t 1s ‘similar to No. 162a but dlﬁ‘ers in‘that the muscovite
forms lenticular crystals about 10 mm. in dlameter ‘md 4 mm. in tluc,kness These
lenticles are arranged parallel to the fohatlon ‘ ‘ "

In thin section the muscovite is seen to dominate the structure:’ The rock is
foliated but the muscovite thrusts, the foliae apart

The muscovite is clear and colourless but is in pla,ces brealgng down to form
sillimanite. It is biaxial negative 2E = 65° to 70°. There are several faint yellow
pleochroic haloes around crystals of zircon. The muscov1te forms small crystals i in the
mass of the Tock as well as the larger « books ”?

Fl
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.- The original blotlte 1s almost completely altered to ohlorlte as in No 162A

Sllhmamte is Well developed and has formed mostly from the muscov1te It ocours -
mamly in sheaf-like bunches which grow together in the middle. It can be seen altering
to that micaceous mineral observed in other slides. This mineral has positive elongation,

straight extinction and a birefringence similar to sercite. It can be readily distinguished

from sillimanite by its much lower relief.

Garnet forms small subldloblastlc crystals, pink a,nd 1sotr0p10 with-a few in-
olusmns , . ,

o Todrmaline is similar to that in No. 1624 but is not, very abundant.

~ .Quartz is recrystallised and some has segregated into lenses under the action-of
the abundant volatile. It is possible that some liftle quartz has been introduced with the

':yolatiles. It contains strings of inclusions and abundant needles of sillimanite.

Magnetlte forms xenoblastlo orysta,ls elongated parallel to the sehlst051ty
Zu‘con a,nd apatlte are accessories.

The mineral oomposmon below,ls recalculated. The shde had 52% of muscovite
but the rock as a whole did not seem to contain more than 40%. '

- The rock is a sillimanite muscovite gnesss.

- The miﬁeralicompos.iﬁion of the rocks of this class is given below. No. 236 is

- added for comparison as representing the original rock before the addition of the volatiles.

| No. 236-| No.162a| No. 914
: Quartz ... .. 515 | 322 29
y ' © Felspar ... . .. 220 16:6 ‘8
e ‘ " Muscovite ... 4-0. 211 40
B " Biotite S o207 ©20 12
L - Sillimanite ... ... 34 6
Garnet e P 1
Tourmaline ... . e 29 - [ p
Magnetite ... ... 07 38 | 4
Apatite | ... . 09 P: p-. -
Epidote . p-
Zircon . . P P p-

, These ﬁgures show clearly the increase in the amount of muscovite. The appa,rent
decrease ‘of quartz can in part be explained as due to the addition of volatile. ‘There is

" a real decrease in' the amount of felspar and it is probable that some of the felspar has

broken down to form muscovite. It appears, however, that in the last stages of
metamorphism the rocks had a drier environment as the muscovite has decomposed
with the formation of sillimanite. This change could not proceed as readily as it has
in No. 914 in the presence of so much water-vapoyr as would be necessary to

3
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“produce 40%, of muscovite. No. 256 and.No. 550 represent rocks into which silica has
been introduced in addition to the volatiles. They are similar in appearance but
- No. 550 is traversed by numerous quartz veins.

- No. 256 is a transition between the rocks of the previous class and No. 550. The
rock has recrystallised in the presence of abundant quartz and has become saturated with
_it, but the quartz has not formed any distinct veins traversing the rock. It is a fine-
grained rock with porphyloblas’cs of muscovite. The smaller biotite flakes serve to
mark the foliation and can be seen bending round the muscovite crystals.

The grain-size is very irregular, the quartz varying between 02 and 1-0 mm. with

no preponderance in any particular size. The muscovite forms more or less spherlcal ,

crystals about 10 to 15 mm. in diameter and the biotite 0-5 to 1-0 mm. in length.

The muscovite is colourless i thin section but has a marked absorptlon

X <Y =Z. It is biaxial negative, 9E = 65° to 70°. It contains inclusions of zircon

which induce pleochroic haloes. The muscovite occurs in smaller flakes in the mass of
the rock as well as in larger crystals. In the larger muscovite crystals are inclusions of
quartz, which in turn contain fine needles which appear to. be sillimanite but are too
small to be pos1t1vely 1dent1ﬁed

Biotite is brown X = light yellow Y=7Z= dark greenish brown. It contains
- some good pleochroic haloes around crystals of zircon. :

Garnet occurs in small 1d1oblastlc crystals which although not plentlful (1 to 2%,)
seem more abundant because of their small size. .

There are a few scattered crystals of felspar; but most of the felspar has been
changed to mica, although this change is not apparent in the shide.

Quartz is abundant and shows no sign of undulose extinction or other such
“evidences of stress, It is crowded with inclusions which are arranged in strings orientated
~ perpendicular to the foliation. Under high magnifications they are seen to be liquid
- and to contain each a small gas bubble

Magnetite forms: 1rregular grains elongated parallel to the schlstos1ty
Apatite and zircon oceur sparingly as accessories.

The mineral compositioh was not determined as it is impossible to obtain a
representative section, but is close to that of No. 914, with the exception of the
tourmaline which is more abundant, and of sillimanite which is absent in thlS rock.

N 0. 550 1s a rock similar to No. 256 but Wlth the addition of numerous quartz veins

intruded along the schistosity. These veins vary in thickness from 1 mm. to 20 mm.
They. do not contain other silicates except some small garnets and some muscovite which
seem to be derlved from the infruded rock rather than from the invading liquids, - -

i
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. Under the microscope the vein quartz can be seen to be of much larger
grain-size than the quartz of the argillaceous portion. It contains many strings
of liquid inclusioris which in places aré very closely spaced. The largest of these
‘are more than 0-004 mm. in mean diameter and may contain gas bubbles 0-002 mm. in
- diameter. The smallest which could be seen (0-0004 mm.) still seemed to have bubbles
in them. These strings of irregular Inclusions are typical of quartz of igneous rocks
and pegmatitic veins, and are taken as 1ndlcat10ns that the quartz has been derived
from igneous sources. (Mackie, 1898). '

The structure of the rock is dominated by the quartz foline and by the muscovite
crystals which force the foliae apart. In grain-size it is somewhat larger than No. 256
- as the quartz has been recrystalhsed and the 1nuseov1te has grown larger.

No felspar could be detected in the slide.

The muscovite is similar to that in No. 256 but shows brighter pIeochrom haloes.
It eontams inclusions of megnetltc, gdrnet and tourmahnc

Biotite is notably absent. -

Garnet is common as small idioblastic crystals scattered through the rock a'ndlalso
included in the mica.

- Magnetite is present in appreciable quantity.

Tourmaline is less common than the garﬂet and magnetite and is similar in colour
and pleochrmsm to that in No. 256 (O—ofreyish pink, E=dull olive-green).

The mineral composition was not determined as 1t would not be representative
‘but inspection shows muscovite and quartz to be the most abundent with garnet and
"magnetite (2 to 3%,), tourmaline, and apatlte and zircon accessories.

The rock is a muscovite gneiss.

The three rocks No. 914, No. 256 and No. 550 show to an increasing degree the
introduction of quartz. In No. 914 the rock has been recrystallised with the addition
of little quartz No. 256 has had addition but no more than it could absorb without the
formation of veins. In No. 550 excess quartz has formed veins intruded along the
foliation. The introduction of the quartz is clearly linked up with.the 111troduot10n of
the volatiles but is probably a later stage of m]ectlon

(3) REGIONALLY METAMORPHOSED. SEMI-CALCAREOUS ARGILLACEOUS ROCKS.

“In this group are plaeed those rocks which contain calcite in sufficient quantity
to exercise a notable effect on the reactions which take place during metamorphlsm but
which do not contain sufficient calcite to react with all the argillaceous material to form a
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calc-silicate rock. Thc greatest amount of calcite whlch could be present. isiin the
neighbourhood of .40%, However any rock with- more than 209, of calcite  would -
produce so much amphibole (or its equivalent) as to place it in the class of
amphibolites. Thus a semi-calcareous argillaceous rock may be. defined as an’
argillaceous rock which contains calcite but-not in sufficient quantity .to convert more
than 50%, of the available argillaceous matter into amphibole or its.equivalent,
The rocks from Cape Denison moraines which belong to this suite have ‘but -a
moderate amount of calcite and like the rocks of the normal argillaceous series contaln
a considerable quantity of admixed quartz and felspar

_ \To 930 1s typleal of the first stage in Wh]Gh mics and epidote represent the
arglllaceous and calcareous portions respectively. Itisa dark green rock with a massive -
~ structure and little sch1stos1ty. On a polished surface faint banding may be seen due
~ in part to primary sedimentary banding but acoentuated by sohistosityﬁ '

In thin section the banding can be seen but is not well déveloped. ~ The rock is
extremely fine grained the average grain size being less than 0:015 mm. except for a few
sporadic quartz grains and some biotite which, in areas where it has begun to recrystallise,
forms flakes of 005 mm. The structure is intermediate between granoblastic and
lepidoblastic. Under the microscope with - moderate magmﬁcamon, 80 diams., the
rock seems to consist entirely of biotite in a cloudy mass of quartz. Examination of this -

~ground-mass under oil-immersion shows the cloudiness to be due to a great number of
minute crystals of zoigite. The zoisite is identified by its general appearance and the
presence of ‘some larger crystals of undoubted zoisite.

The biotite is da,rk greenish brown X = colourless to light greenish brown, Y =17

" = dark brownish greén. The birefringence is high and the rock does not seem to be at.all

altered The; biotite 1s similar to that noted by F. C. Phillips in the Green Beds of the
Scottnsh D@lraldan (Phillips, 1930). :

There is 1no calcite present as the original calc,lte has been used up in the formation
of the zoisite.

The quartz of the rock is fine gralned and clear but contains the lnclusu)ns of
' zmsrte which give a clouded appearance under the lower magnifications.

i

No felspar could be detected but some might quite easily be present amongst the
fine-grained mass of quartz. '

Some few allogenic grains of apatlte and some xenoblastic crystcrls of megnetlte
were observed.

“The rock is crossed by several narrow quartz veins. These veins contain radiating
groups of chlorite crystals which can be distinguished from the biotite of the rock by their
form and much lower birefringence. It is light green with a weak pleochroism and a
birefringence of about 0-01. It has all the appearance of primary chlorite and not altered
biotite. .~ : , : | Co

LR
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The estimated mmera,l composition of the rock is quartz 60%, biotite 30%,

zoisite 10%,.
i

- The rock is a’ zoisite biolite schist.

- No. 1.25\8‘ is almost identical with No. 930 in hand-specimen and is so close in
composition that any detailed description is unnecessary. The only difference of note
is that it is of a slightly finer grain. B ‘ '

No 1257 represents the next stage in metamorphism after No. 930. No addltlona,l
minerals distinctive of a.higher grade of metamorphism have been developed but the
grain size is notably coarser. It is a dark fine grained rock in which there are no minerals .

- visible to the naked eye. There 1s a well developed bandmg but the rock is not cleavable.

The banding is seen_in thin' section to be the original lamination of the rock and :
not due to any schistosity or foliation iinpressed by metamorphism. These bands are
" richer or poorer in epidote and some. of the bands contain 30%, of this constituent. This
' is due to banding during sedimentation in which someé bands were richer in calcite than
others. - The schistosity is expressed by the parallel arrangement of the biotite flakes
~and is ab an angle of about 70° to the banding (see Plate XI, fig. 1).  The limits of
diffusion are too narrow in the grade of metamorphism to which this rock has been
stitbjected to allow of any notable mlgratlon of the epidote. ' '

"The minerals present are quartz, biotite, ‘epidote, calcite and magnetite. The.
quartz forms grains about 0-03 mm. in diameter ; the biotite flakes 0-08 X 0-02 mm. ;

and the epidote smaller grains, usually less than 0-01 mm. The calcite is in bigger -

gralns ranging from 0-06 to 0-20 mm. in size.

The quartz is In equldlmens]onal grains which are free from undulose extmotlon
and- from 1nclusmns There 1s no felspar present. . o '

- The biotite is green and similar in colour to that in No. 1211 to be described b_elow_.
The pleochroiSm 18X = very light yellow, ¥ = Z = dark brownish green.

The epldote is a very light green and is an iron- poor Va,rlety The high relief is
dlstlnetlve and some of the larger grains have the more. posmvo characters of epldote

The calcite is distributed through the rock as irregula,r messes. - It is biaxial-and
negative and has an optic axial angle of about 25°. This cannot be due to heating to a
high temperature as is suggested by Walker and Parsons (1925). 1t 1s ploba,ble that
the transformation takes place at'a much lower temperature under hlgh pressures and
other favourable condltlons :

Magnetlte 18 dlstrlbuted through the rook as subidioblastic crystals about 0 03.
to 004 mm. in diameter. There are also a few grains of apatite. ' .
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The estimated mineral composition 18 qucutz 45%,,. biotite 35%, epldote 20 /0,
magnetite and apatite. :

‘The rock is an epidote biotite schist.

No. 686 is a rock of similar mineral composition to No. 1257 but one in which garnet
indicates its elevation to a higher grade of metamorphism. The presence of much
magnetite has had the effect of increasing the iron content.of the epidote from iron-poor
in No. 1257 to iron-rich in No. 686. The grain-size is larger because of the greater
intensity of metamorphism. It is a banded rock in which the banding is due to the
epidote. The bands rich in cpldotc are a lighter but more vivid green than thosc poor
n epldote and rmh in magnetite. -

The banding can readily be observed in thin section and is seen to be due to the
uneven distribution of the chlorite, epidote and magnetite, all of which are-abundant in
the rock. The average grain-size of the rock is 0-05 mm. w1t11 the quartz a little smaller
cmd the epidote and magnetlte somewhat Iarger

The quartz is clear and free from inclusions but shows undulose extinction:

" The biotité is in the process of weathering to chlorite. Some of it still has the
‘brown colour but most of it has become blotched with green and some has completely
altered. The least altered crystals still have the high birefringence of biotite while in the
blotchy crystals the brown areas have high and the green areas low blrefrmgencc Ultra
blue is not uncommon in the most altered crystals v

~Some muscovite is intergrown with- the biotite in sinall flakes.

Epidote is common in graihs with a yellowish green colour and high relief. The
~ birefringence (0-035) indicates the presence of about 13%, of Fe,0,.

Garnet is light in colour and quite isotropic. It forms lafger crystals than the
cp]dote but in ordinary light is difficult to distinguish from it. Tt is -present to the
extent of occaswnal crystals only. : ‘

The apatite of the slide is practically all confined to one ba,nd of whlch it forms
perhaps 15%. It forms small dlear cr ystals with moderate velief. -

- Magnetite is very’common as xenoblastic crystals elongated parallel to the
schistosity. ' '

" There are in this slide several quartz veins and a fault. ~ The veins are composed
entirely of quartz and do not contain any other minerals except a few crystals which have

been broken from the edges of the veins. The banding and the quartz veins are alike =~

cut by the fault which is: malked by a thinvein of quartz and-a segregation of magnetlte;
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The mineral composition is as follows :— :
Quartz ... .. . 42-49

Magnetite ... . 23-89, .
-Biotite (including some muscov1te) 23-4%,

Epidote ... T TR 939,
Apatite ... e e 129,

The presence of epidote shows it to be a semi-calcareous argillaceous rock but the

 chlorite makes it ambiguous. If as 1s most likely the alteration of the biotite is the only

change of a retrograde nature the rock would be classed in the garnet zone. "The only
essential difference between this and No. 930 lies in the presence of garnet. . It is certain,

 however, that the 249, of magnetite would have a profound effect on any further -

metamorphlsm, and thus place the rock ina class of its own.

The rock i is a magnetite epidote bzotzte garnet schz_st.

No. 1211 shows the beginning of the reaction between calcite and the biotite to form
amphibole: In the rocks of this class garnet would develop before the amphibole but
a shortage of ehlorite when the rock reached the garnet zone Would rule it out.

It is a black massive rock with no perceptible banding.. “The only mmeral v151ble
to the naked eye is the amphibole which forms small dark green crystals scattered through
the rock with a common orientation: :

In thin section it is seén to be of coarser graln-size than-No. 930 and to average
0-03 mm. The zolsite is much finer than this average and the amphibole much larger,

A erystals of the latter bemg up to 2 mm. in length

The quartz is unstressed and is free from all mclusmns except tlle zoisite crystals
which are still very numerous. : A

- No felspar could be detected.

The blotlte 18 smular to tllat in No 930. Tt has X = colourless to hcrht green ’
Y = 7 = dark greenmll brown : :

The zoisite is in larger crystals than in No. 930 but is still very small. It forms
prismatic crystals.0-020 X 0-008 mm. which by their relief, low double refraction and
lack of colour are distinctive. Some -larger crystals are green in colour indicating a .
moderate tenor of iron. ' '

le amphlbole is blue green, }\ = greenish yellow, Y ='emerald green, 7 =
greenish blue, X < Y < Z. Tt has an extinction angle of 20° (Z A ¢). It forms relatively
large crystals' which reésemble, only on a smaller scale; thé amphiboles described by Adams

~ and Barlow (1910, p. 168).. These large crystals look like aggregates of smaller crystals -

but are in perfect optical continuity (see Plate X, ﬁg4) -This shape is a congequence -
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of the origin of the amphibole. The biotite and calcite from which it forms constitute

less than half of the rock and thus when the crystals of amphibole grow they enclose

large areas of quartz and zoisite. There are in parallel growth with the amphibole large

crystals of biotite which show that locally there is not enough calcite within the limits

- of diffusion to convert all of the biotite into amphibole. The reaction relation between

the biotite -and the amphibole is shown by .the fact that although: the rock is rich in

‘biotite there is around each amphibole crystal a zone about 0-05 mm. wide in which there
is no biotite. This suggests that the limit of diffusion of the, blotlte mto the amphlbole,
is in this rock 0-05 mm. : : :

Magnetite is present in small quantity.

. Calcite is associated with the amphibole but is not common, It is prb_bdbly some
original calcite which was not used up in the reaction with the biotite. -

“There aré two aggregates of _granuldr sphene about 0-1 mm. in diameter. They
are brown in colour and have the typical strong absorption. ' '

"The approximate mineral composition was determined as follows :—

Quartz e e e 4TY%,
Biotite R A
Zoisite e e e e 1Y

Amphibole ... ... T 2% -
The rock 18 a zoisite biotite amphibole schist.

The rock has just reached the amphibole stage as is shown by the reaction of the
calcite and. biotite to form amphibole. The large size of the biotite crystals associated
with the amphibole is no doubt due to the amount of.carbon-dioxide released by the
reaction. ' :

Nos, 930 and 1211 are very similar both in appearance and mineral composmon
and differ mainly in the excess calcite in No, 1211 .which formed the amphibole and in
the coarser grain size of the latter. No rocks of this suite with a higher grade of
metamorphism have been collected from the moraines but it is quite possible that such
rocks have been found and placed in with the mmllar rocks of 1gne0us origin (see
Glastonbury, 1940 a). e :

" In addition to the rocks described above there is another W]uch has suﬁ'ered
retrograde metamorphlsm -

No. 1214 s a rather massive dark green phyllitic rock. It has a definite Banding
and a fair cleavage para]lel to it. . The only recognisable minerals are muscovite and '
chlonte which can be seen on cleavaae faces. ' R ] ‘
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i Under the microscope the structure is lepidoblastic. The grain' size is fine, the
quartz being 0-:025 mm. and the micas though longer and thmner are of the same order
Magnetlte is of porphyroblastlo development '

' t

Quartz is uristressed and free from all inclusions. Tt is usua]ly elongated parallel
to the sehtstosﬂay Felspar 18 absent

N , _
Museov1te oceurs in small well developed flakes with moderate relief fmd high

' blrefrlngenee It has recrystallised from the original sericite of the rock.

 The chlorite is altered from the biotite of the rock. It is green with moderate
pleochroism and low birefringence, and is 81mllar to the chlorlte described in other
: retrocrrade rocks '

. Epidote is scattered through the rock ‘and is rather -common in some bands.
' Its green colour and its birefringence (about 0-03) mdlcates a oon51derable tenor of iron
(about 10% Fe203

A few Hregular crystals of garnet are present.: TBey have been shattered and
drawn apart durmg the retrograde metamorphlsm o

‘The accessories are magnetlte and apatite, the former in con31derable amount.
Tn addition there are a few sporadlc tourmaline crystals B

' The rock _has been faulted probably at the same e time as it suffered the 'retrograde '
changes. The faulting.can be seen in thin section by the displacing of the diﬂ’e’rent bands.

The mlneral composition was not determmed but a rough estimate gave quartz »
_50%, muscovite 30%, chlorite 15‘70 and epidote 5%

The rock 1s an epidote mica schist.

* No. 955 is a rock similar to those described above and is important in that it is
one of the few’ erratics found at Cape Hunter. "It is a black réck with no minerals or
structure visible to ‘the naked eye. There is no schistosity and the rock breaks with'
an uTegular fraoture ' S | K ' '

‘Under. the microscope there is to be seen a rough schistosity. The micas are
all parallel to the schistosity and the other minerals, and the epidote in particular. is
. elongated parallel to the schistosity. There are, however, many large crystals of felspar-
which, although elongated force the trains of mica dpart and so disturb the schistosity. -
“The average grain-size is about 0-03 mm. but the larger grains of felspar are as much as
four t1mes as large '

The quartz has been recrystalhsed and although free ‘from 1nclusmns shows
undulose extinction. The felspar is all in the larger grains. One gTam shows microcline
- twinning and all appear to be perthitic.
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_ The biotite is green and has the pleoéhroism, X = very light greenish yellow,
Y = Z = dark olive green. It is thus similar to that in No. 1211. There is also some
muscovite but it is not so plentiful as the biotite. Tt occurs in well-formed flakes which

© are usually blgger than the blomte flakes and which are ‘always 1d10b1ast10 against the
biotite.

The epldote is a very light yellow green in colour and is slightly pleochroic. It
occurs in small grains with a high relief and a birefringence of about 0- ‘012 to 0-015.
These properties indicate about 5%; of Fe,O4 in the mineral. '

.There is also present some calcite which has not been used up in the reaction
to form-epidote. It forms small irregular masses associated with the sphene and epidote.

The accessories are sphene, ilmenite, apatite and tourmaline, The sphene forms
crystals with the typical brown colour and absorption and also aggregates around grains
- of ilmenite. The ilmenite forms xenoblastlc grains scattered through the rock. The:

apatite and tourmalme are quite rare. ‘

The rock is an arenaceous 'ca,lce_mreous shale in which metamorphism has followed
the course hormal to the semi-calcareous argillaceous rocks. The felspar has had no
effect on the reactions which have taken place. The argillaceous matter has recrystallised

to form biotite and muscovite and reacted with the calcite to form epidote. The rock
is still in the Biotite Grade ' '

The mmerals n order of abundance are quartz biotite, felspar epldote, muscovite,
llmenite, sphene, apatite and tourmahne

The rock is a quartz epidote mica schist.

(4) REGIONALLY METAMORPHOSED ImpURE ARENACEOUS Rocks.

There are seven specimens which represent the metamorphosed sandstones but of
these only one, No. 287, has been subjected to metamorphism of any advanced grade.
‘The nature of the original rock is seen in the six slightly metamorphosed specimens,
They are-all fine-grained greenish quartzites, and are scen under the. microscope to
consist, of quartz and felspar and more or ‘less carbonate. Of the six slightly

metamorphosed specimens; four show no reaction between the calcareous and
argillaceous portions. . \ '

No. 538 is typical of the first group.- Itisa fine-grained granoblastic rock composed

essentially of quartz and felspar in equal proportlons The average grain-size 1s about
0:07 mm. - '

The quartz is usually. clear and free from inclusions of all kinds but some
grains contain a few gas-liquid inclusions, -The felspar is usually cloudy due’ to
post- metamorphlc weathering but is not much altered by the metamorphlsm
There are present microcline, orthoclase and plagloclase but as ‘most of the felspar is




k(&

"

SCHISTS AND GNEISSES. ~ 229

untwinned and as the edges of the grains are obscured by reconstituted argillaceous
material it is difficult to determine in what proportions each 1s present. Some of the
felspars liad been weathered before the rock had consolidated and where this is so the. -
sericite formed by the weathering has combined with- some iron to form a green
chloritic mica. There are also numerous allogenic flakes of mica, both biotite -and
muscovite.  The biotite is dark brown and slightly weathered in appear'ance‘

"The muscovite is rather more plentiful than the biotite. Some of the flakes have

been bent during the formation and metamorphism of the rock.

The only other allogenic minerals are the so-called heavy minerals which in this

rock include epidote, zircon, sphene and magnetite. Of these the most numerops is

epidote. "It forms small grains which are rounded and irregular and but rarely show': any
semblance of their crystal shape. The epidote has a weak green pléochroism and a

“moderate to low birefringence. Sphene is next in abundance and like the epidote forms

irregular grains. Some of the grains contain cores of magnetite. The zircon crystald are
small and are distinguished by the high relief and high birefringence. Some of the grains
vetain their erystal shape but have been fractured or have had one end broken off.
Ilmenite is much less common than the other three minerals but occurs in small weathered

~ grains which are white .in reflected light. - There are also a.few small crystals of
- tourmaline. ' ‘

A small amount of argillaceous cement in the rock has crystallised to form tiny
a,u’rhlgemc erystals of chlorite.

The rock is a felspa_ﬂnc quarizite.
" The other tocks are but variants of this type: .

No. 960 is similar 1n many respects to No. 538 but contains in addition some
authigenic calcite. - This calcite is not abundant and forms irregular grains scattered
through the rock. Sphene is more abundant and epidote less abundant, and there' is
much less allogenic: mica. The crram-we is shuhtly larger.

No. 463 is a darker gleen than the other rocks and contains an occasional band
rich in mica which gives to the rock a flaggy parting. Tt contains about 15 to 20%, of
caleite which in this instance forms an authlgemc cement for the allogenic grains of quartz
and felspar. The heavy minerals are not so-plentiful nor so diverse as in No. 538 but the

' allogenic muscovite is' abundant. The rock had not the same amount of argillaceous

cement that the previous rocks had and so lacks the small authigenic micas. The average
grain-size 1s about 0-04 mmn. '

- No. 681 has a pronounced banding due to variation in the mineral compbsition.
Some bands which are noticéably richer in calcite than the rest have a structure similar
to that of No. 463, but others less rich in calcite are more like No. 538. The heavy
minerals are also concentrated in bands. The assemblage is similar in numbers and B

variety to the assemblage in No. 538. . :
*62842—C , ' ' -
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In No. 1267 and No. 228 the calcareous and argillaceous materials which together

formed the matrix between the sand grains have combined to form epidote. That the
" rocks have not yet reached a high grade of metamorphism is shown by the fact that the
quartz and the felspar which make up the bulk of the rock have not started to recrystallise.

No. 1267 is a compact grey-brown coloured .quarﬁzite, in which there are no
. individual grains visible to the naked eye.

The thin section shows a ﬁne grained quartzite GOIlSlStll]O‘ of felspar and quartz
and-of authigenic epidote. The quartz and felspar are in angular grains with-an average
size of about 0-10 mm. The epidote is in grains of the same size but has had perforce to
fill the mterstloes between the quartz and felspar grains.

The quartz is clear and unstressed and only occasmnally contains a few 1nc]u31ons
of the gas-liquid type. The felspar is always slightly weathered and is shaded brown in
transmitted light. Little of it however is so badly weathered as to obscure its nature
and 1% 1s probable that the weathering is postmetamorphic as is the case of No. 538.
Most of it is untwinned and appears to be orthoclase but about a quarter of it shows.by
its twinning to be oligoclase. There is both muscovite and biotite in the rock and both
dppear to be allogenic. The biotite is completely altered to chlorite but the muscovite
. is of course unaltered. The other allogemc minerals are the accessories sphene, apatite
and zircon.

" The matrix which surrounded the grains is both calcareous and argillaceous.
Thus when the rock was metamorphosed it formed epldote and quartz. The epidote
is in irregular grains with a fair relief. The birefringence is about 0-02 but the colour is
only a very light yellow. Occasional grains of basic felspar have broken up to albite and
zoisite, and some of the quartz of the matrix has recrystallised but the bulk of the rock
has not recrystallised. ' o

The rock 13 an epldotw quartzzte

No 298 is a darker rock than No. 1267 and also dlﬂ'ers in- that it contalns
recognisable flakes of muscovite. The thin -section shows it to have coarser, less
' angular grains but reveals the great similarity in mineral composition. The average
grain-size .of the quartz and felspar is about 020 mm. The grains are less angular and
the quartz is more "abundant than in No. 1267. .In other respects, -in mineral
*‘composition and in the reaction to form epidote the rocks are strictly .comparable.
Here as in No. 1267 some of the felspar has recrystallised with the separatlon of the
calcic phase as epidote. ‘

The rock is an epidotic quartzite.

Despite the slight differences in metamorphism the six rocks described above are
very similar in the broader details. The component grains of the rocks are angular to
sub-angular and this fact coupled with the mineral assemblage points to a glacial or
ﬂuirioglacial origin, Most of the felspar was unweathered at the time of metamoi‘phism
as only such as now contains' mica was . weathered before 'the metamorphism.




(%

SCHISTS AND GNEISSES, » , ' . 231

This would not be the case in a rock derived from purely fluvial sources. TIn four
of the rocks the matrix has erystallised to form chlorite and in two more to form
epidote but.it is only in No. 287 that the rock as a whole has recrystallised.

No. 287 has the appearance of a fine-grained quartzite. Tt has a light green
colour due to small disseminated crystal% of tremolite which, however, are not V1$1ble ,
to the unaided eye.

Under the microscope it is seen to consist almost entirely of quartz, felspar and
tremolite. The structure is granoblastic and the grain-size about.0-15 mm. It differs
from the other rocks in this class in that it is entirvely recrystallised.

The quartz is clear and notably free from inclusions. The grains have simple
edges against one another and show no sign of undulose extinction.

The felspar is both plagioclase and microcline. The plagioclase has the composition
of oligoclase. The microcline has a well developed twinning pattern, and is much more
abundant than the plagloclase

- The amphibole is as abundant as the mlcroclme It is quite colourless in thin
section. The extinction angle Z A ¢ is about 18° and the blrefrmgence 0-025. These
properties point to tremolite containing a little iron.

Much less abundant than the tremolite is a brown mica. It is‘ lighter than
normal biotite, X = colourless, Y = Z = brown, X < Y < Z. Itisaniron-free variety -
of phlogopite. One crystal has a pleochroic halo which is a darker brown than the mica.
in all positions but that of maximum absorption. '

Calcite is associated with the tremohfp and. appears to. be the result of
dedolomitisation. : :
Sphene forms small dark brown grams with a h}gh 1ehef and strong absorptlon '
Zircon is the only accessory.

The mineral composition is—

uartz -
'%elépar } e e T8TY%
Tremolite ... e 1689,
Caleite ... .. .. .. .. 319,
Biotite ... 1-2%
Sphene .. ... [ 1 7

The rock is a dolomltlc sandstone which has undergone the normal alteration
for a rock of its type. It had a composition similar to that of No. 960 but contained
more carbonate. There was some little argillaceous matter also present as evidenced
by the presence of biotite and it was this argillaceous matter which reacted with the
dolomite to produce tremolite. The excess calcite recrystallised as such.. The ep1dote
so abundant in the less metamorphosed speclmens has dlsappeared

The rock is a tremolite granulite.
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(5) -UnvusvaL TyrEs oF METAMORPHOSED SEDIMENTARY ROCKS.

This group contains several rocks- which are entirely unrelated to’each other.
They are placed in this group because they will not fit into the classification of the.
previous pages :

No. 750, the first in this group, is an argillaceous rock containing a certain amount
of arenaceous material. The ground mass of the rock is argillaceous but some larger
grains of quartz and felspar have been introduced during sedimentation, and have
modified the structures normal to this type of rock. In hand s'pecimen the rock 1s
dark green and although phylhtlc is rather more massive than is typlcal There -are.
no. mmerals 1eadlly 1ecoonlsable

. 1,

-The gnritty nature of the rock is apparent in thin section. The structure is
~ lepidoblastic, modified by the angen of quartz and felspar. The ground mass is very -
fine grained, the mica flakes, which constitute its bulk, being less than 0-007 mm. across
their shorter diameter. There are also a few porphyroblasts of biotite and muscovite
up to 0-1 mm. across. The augen are of a larger size and range from 0-2 to 07 mm. in
diameter. o

" Of the augen the quartz is clear and free from inclusions. It -commonly shows -
undulose extinction due to stress and occasionally one large grain has recrystallised to.
a mosaic of smaller grains. The larger grains have at times assumed a lenticular shape
. which appears to have been induced.by the metamorphism. Where this is so the quartz
has been dissolved at pressure points on the grains and redeposited in optical continuity
with the original grain. In some instances the two parts do not correspond and what

“appears to be a single grain in ordinary light can be seen in polarised light to consist of
an outer and an inner ring,

The felspar grains have not rccrystalhsed or been fractured but have retained
- their original shape.. The plagioclase is quite clear but contains many inclusions, some
set along the twin planes and others scattered indiscriminately through the grain. These
crystals are too small for satisfactory determination but appear to be.due to the unmixing
of the various molecules. Some are micaceous and appear to be derived from the potash
molecule and other are probably zoisite representing the calcic molecule: Apart from this
the plagloclase 18 qute unaltered and has the composition of acid oligoclase.. It is
‘commonly twinned on the Albite and more rarely the Peticline Laws. . Orthoclase is
much less ‘common than the plagioclase. .

‘ The ground-mass of the rock is composed of small ﬂakes of biotite and muscovite
together with a considerable amount of quartz. '

“ The quartz is clear but shows shadowy extmctlon A few grams of felspar could
- be detected in the fine material. o - Co S '
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'The biotite when' it forms la,i‘ge flakes s greenish brown, X = light
greenish-brown, Y = Z = dark green-brown. The larger flakes are often bent. and

_sometimes broken. Muscovite is clear and colourless and makes up much of the

rock .as small well crystallised flakes. Occasional larger crystals of muscovite are
intergrown with the biotite. '

The presence of one crystal of garnet in the slide is anomalous but as the crystal
1s fractured and in view of the fact that there are many sand grains in the rock it can be -
regarded as allogemc ‘

There is some epidote of a type not rich in iron, but it is not very abundant.

The accessories in order of abundanoe are magnetite, apatite, tourmahne and
pyrites. The tourmahne is pleochrom in shades of green. '

The mlneral composition was not determined but minerals in order Of abundance
are quartz, muscow‘oe biotite, felspar, magnetite, epldote ete.

Originally the rock was a shale into which were dep0s1ted durlng sedlmentatlon |
small grains of quartz and felspar. During the subsequent metamorphism the larger
grains were shielded from the effects of crushing by.the cushioning of the mica flakes.

~ Thus these grains retalned their orlgmal shape while the mass of the rock had undergone

recrystalhsatlon
It could be cailed a gm’tty"mz'ca schist.

- Nos. 575 and 1255 are two separate speclmens from the moraine but are so similar
as to suggest that they represent the same rock type. No. 1255 is a large specimen about
22 X 12 cms. and 7 ems. thick across the bedding. The bedding is marked out by layers
of garnet and of biotite and magnetite. The whole rock apart from the magnetite layers
is ‘coloured pink by the garnet, although some bands can be seen richer in garnet than
others. . The magnetite also forms large crystals from 1 to 5 mm. across which cross the
banding. The dark bands do not abut up against the magnetite crystals but leave a

“zéne about 0-5 mm. wide around the crystals which is free from any black minerals.
- Muscovite forms large poeciloblastic crystals which cut across the schistosity.

Tourmaline occurs as large scattered black crystals Quartz makes up the bulk |
of the rock. - '

Under the microscope the most obvious mineral is the garnet. It forms crystals
which range in size from 0-002 to 0-10 mm. with 60%, between 0-01 and 0-06 mm., 30%,
below 0-01 mm. and the rest above 0-06 mm. Their abundance can be gauged from the
figure (see Plate XI, fig. 2) in which there are no more than the average. One portion
of the slide chosen at random contained over 60 crystals to the square millimetre.
Another in which they are very abundant contained over 160 to the squalc millimetre, °
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The garnet is colourless to light pink in thin-section. - Most of the crystals are
idioblastic but occasionally some are rounded. They are distributed through the quartz
grains which make up the bulk of the rock and are also included in-the biotite and
muscovite in such a manner as to suggest that they just stayed n position while the rest
of the rock recrystallised around them.

_ The biotite is greenish brown, X = light golden yellow, Y = Z = dark greemsh
brown. -It'is a biaxial negative with a very small optic axial angle ‘

The muscovite is not so abundant as the blotlte but forms large poeciloblastic
crystals often several mllhmetres long. It encloses crystals of parnet, quartz and
magnetite. ‘ '

The quartz is in grains about 0-15 mm. dlameter and encloses crystals of garnet
and magnetite. '

Some felgpar can be observed amongst the quartz as clear untwinned grains, A
few grains which have twinning on the Albite Law mdlcato a composition of
albite-oligoclase.

Magnetite occurs both as small crystals (0-10 mm) scattered through the rock and -
as porphyroblasts (5 to 10 mm.). The zone around the porphyroblasts in which there are
no small crystals of magnetite is readily noticed and averages 0-5 mm. in width. This
apparently represents the limits of dlf’fusmn of the magnetlte in towards the larger
grams '

The accessories are apatite, zircon and tourmaline.

The structure of the rock suggest that it was originally a ﬁne grained sandstone
in which the grains were about 0-05 to 0-10 mm. diameter. Many of the grains were
garnet and magnemte and as is usual in sands were much smaller in size than the quartz
grains. The detrital origin of the garnets is further supported by the fact of their being
concentrated in certain bands. There-was a considerable amount of argillaceous matter
which has produced the micas. ' '

The approximate mineral composﬂnon is Quartz and FeIQpal 70%,, Biotite 10%,
Garnet 10%, Muscovite 5%, and Ma,gnetlte 5%

. The rock is a metamorphosed garnet sandstone. -
No. 575 is so similar in all respects to 1255 as to make further description

unnecessary. It is weathered, the biotite bemg altered to chlorite and the felspm to a
mass of micaceous flakes. '
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III. THE REGIONALLY METAMORPHOSED ACID IGNEOUS ROCKS.
The rocks of this section are for the most part granites, granodiorites, aphtes and
pegmatites. They have been affected by varying degrees of metamorphism which coming
at different stages in the cooling of the magma have produced a diversity of results which

~all but defy systematic classification. Of the rocks which were solid before the onset

of metamorphism some have been crushed and rolled out by pressure without any notable
rise in temperature while others caught in the rising thermal gradients have been
transformed into gneisses without any perceptible cataclasis. In two instances the
mother liquor has been squeezed out of a partly solidified magma leaving a rock of a
peculiar composition Thus each rock or group of rocks must be treated on its merits.
For convenience in description they have been placed in the following groups :—

(1 ) Mylomtes and Cataclasites.

(2) Rocks in which crushing has been accompamed by or followed by a rlse.
in temperature and consequent Regional Metamorphlsm

(3) Granite gneisses formed by flowing without crushing.

(4) Tourmaline bearing rocks. ' |

(5) Gneisses formed by the intrusion of gramtes during’ the perlod of orogenic
stress. :

Of these groups the ﬁrst four cover the types produced in rocks already completely

‘'solid at the time of metamorphism, and the last 1ncludes all those produced by the
metamorphism of still liquid or viscous magma '

It is impossible to make these groups separate and distinct and there are some
rocks which could as easily have been placed in one group as in another. Tt is believed,
however, that the classification and grouping in the following pages is the most"
satisfactory possible under the circumstances.

(1) Rocks 1§y wHicH CATACLASIS 1S DOMINANT.

There are four examples showing the successive stages in the fmma.tlon of
a mylomte

No. 1213 has been crusheé[ and fractured ata low temperature and consequently'
has not recrystalhsed In hand specimen it is dense and black and has no mimerals
recognisable to the naked eye. The thin section shows the rock to be a typical -
cataclasite. Faults and fractures can be seen running across the rock in several
directions and such grains as are not completely cmshed show strain shadows in the -
polarisation.

The quartz has been granulated but some few larger graing persist’ in which there
are strings of liquid inclusions. These inclusions aré of a minute size but under high

- magnifications can be seen to contain gas bubbles. The larger grains have strong stram

shadows and a few have been recrystalhsed to a mosaic of smaller grains,.
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Most of the felspar Thas been altered but a few crysta,ls of plagioclase remain.
The felspar seems to have been altered to a mass of micaceous flakes. This is not the
sericite usual in such cases but a pale biotite, which is pleochroic from colourless to light
brown. It forms small flakes scattered through the rock and with quartz replaces the
felspar. Some larger flakes may represent original biotite in the rock. Some little
muscovite is also present. ' ' ‘

Magnetite is scattered about the rock and has the appea,rance of havmg been set
free by the breakmg down of the felspar. '

The _rock~has really-no structure. Tt is simply a mass of crushed fragments
~cemented by the recrystallisation of some of the quartz and everywhere clouded by minute -
blotlte flakes, and by magnetite grains. ' : '

It is difficult to decide with any certainty the nature of the original rock. However
the presence of liquid-gas inclusions in the quartz favours the assumption that the rock
was igneous, probably a granite (Mackie, 1896). It is also probable that the rock suffered.
in retrograde changes during the cataclasis and a slight rise in temperature has been
responsible for the subsequent formation of the biotite.

- The rock is a cataclasite.

No. 1243 represents the higher grade in which both temperature and-pressure
were considerably greater than in No. 1213. Thus although the rock is more finely
crushed there is not the alteration of the felspar noticed in No. 1213." The original
composition of the rock is that of a basic granite or granodiorite.

In hand-specimen the rock has a rolled out appearance and is.seen to consist of
foliae of white quartz and pink felspar marked out by streaks of chlorite and epidote.
It has a fine surfaced greasy appearance typical of halleflintas. = There are two sets
of faults traversing the rock, one parallel to the foliation and the other at right angles
to 1t. B '

The crushing has been more effective in some places than in others resulting.in
foliae of felspar in which few individual grains exceed 0015 mm. and none 0-08 mm., being
intercalated with foliae in which large relic crystals are set in a finer matrix. The larger
crystals are fractured and often dragged apart. One crystal orientated approximately
normal to-the “ a7 axis, is broken up Into segments cach differing slightly in optical
orientation from the others. The fractures are marked out by dust inclusions and are
developed in a plane which approximates to the 011.  Other Grysttafs show the same effects
to a lesser extent-and in all the cracks are close to the 011. The felspar comprises both
plagioclase and microcline in about equal amounts. The microcline is clear and unaltered
but the plagloclase (AbgyAny,) is dusted with minute particles too small to be determined.
The more mobile quartz has dissolved under pressure and segregated into foliac in which

the grains are either lenticular or broken up into mosaics of equidimensional graiis.
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" The original ferromagnesian of the rock is represented by chlorite and epidote.
_ This alteration occurred during the metamorphism of the rock so that the alteration
products have been drawn out into streaks by the crushing atid are intimately bound up
in the structure of the rock. The chlorite 1s rather strongly pleochroic from light- yellow
to green. It has abnormal interference colours—purple violet and brown-—w1th a
retardation of less than 100 millimicrons. The epidote is mostly in the form of small
grains less than 0-01 mm. in size, which in the mass beeause of their small size and high
refractive index appear almost opaque. Larger grains scattered through the rock have
the birefringence and pleochroism of pistacite. The chlorite and epidote are drawn out
to form long thin lines between the foliae of felspar. They are not so straight not so .
continuous as in the more perfect mylomte No. 199 -to be descnbed below.

Apatlte 1s present as relatwely large crystals (0 -1 to 0-3 mm.) associated Wlth the
chlorite epidote bands. Some of the grains have been broken and dragged apart and the:
spaces filled with quartz and epldote

The rock was crushed under a considerable depth of cover-and at a temperature
high enough to allow the quartz to recrystallise yet not too high to prevent the breakmg
down of the hiotite. i

. The rock 1s a mylomte gnerss.

No. 494 is a rock of about the same grade of orushmg as No. 1243. Tt is a
light pink rock with a greasy streaky appearance typical of these rocks. There is a
considerable amount of sericite associated with slippage planes through the rock.

The structure revealed by the microscope is similar to but coarser than that of
No. 1243. The difference appears to lie in a slightly higher temperature of metamorphism
resulting in coarser crystallisation. The rock consists of quartz, felspar and sericite
and is derived from theé crushing of a granite. The quartz is all recrystallised and is
clear and free from undulose extinction. The felspar on the other hand has not
recrystallised and when it crushed it has broken down into a’ mass of minute grains. -
The sericite is usually in masses of small flakes but occasionally it has recrystallised to
‘muscovite. The only other mineral is magnetite. It is apparently one of the first .
minerals to crystallise coming after quartz but before microcline. There are a few crystals
of zircon preserved by being included in the felepal grains,

The quartz of the rock is completely Tecrystallised and 15 of fairly uniform
grain-size of about 0-10 mm. The felspar is crushed but not recrystallised so that
it is in all sizes from large crystals 5 to 16 mm. in length to the finest powder.

- The large crystals all have the properties of microcline-microperthite. Most of the
crystals are fractured and the.cracks filled up with fine trushed material. The crystals
break-up into lenticular pieces with their long directions parallel to the direction of

- flowage of the rock. The sericite is derived from the shearing of the felspar and forms
large lenticular streaks in which the sericite is in small flakes. The muscovite 1s normal
in all respects and is simply the recrystallised sericite. A

The rock is a mylonite gneuss.
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No. 199 is an example of the last stage in the production of a mylonite gneiss:
It was crushed under an even greater depth of cover than No. 1243 and the consequent
rise in temperature resulted in the almost complete recrystallisation of the rock. In '
hand specimen it has the appearance of a cherty slate and it contains no recognisable
minerals. There are several hghter bands in the black rock which are due to the rolling
out of lighter areas in the original Tock.” The black colour of the rock is due to the presence
cof finely divided biotite.

The quartz is clear and contains very few inclusions. It does not show strain -
shadows as it appears to have been all recrystallised during the metamorphism. Large
crystals have been drawn out into lenticular aggregates in which the boundaries of the
individual grains are perpendicular to-the length of the lenticle. ; : s

~ The felspar is more common as augen but there is o doubt that there is much -

- felspar with the quartz in the crushed mass. The augen have frequently been fractured

and healed with very fine recrystallised quartz. .The twinning of the felspar has been : .
confused and rendered useless for the purpose of ‘determination by the crushing

but ‘appears to indicate the presence of both plagioclase and mlorochne Perthitic

intergrowths have developed owing. to the strain.

The biotite is concentrated in bands of extremely small flakes following the
direction of the foliation. " The average size of the mica flakes is about 0-005 mm. but here
and there are patches of larger flakes. From these are obtained the “pleochroism
X = very light brown, Y =Z = greenish brown. A few large crystals (0-05 mm.) of
muscovite are associated with the biotite bands and are usually set across the foliation.

Accessories are zircon, apatite, epidote and magnetite.

The amount of rolling out differs in the various bands ; ‘in some places the banding
is nearly p_erfect'whi]e in others the quartz and felspar augen are set in a mass of finer
material which has protected them from crushing. In the more micaceous bands there
are the same differences; in some areas bands of biotite alterndtc with bands of crushed
quartz and in others augen of quartz and fel%par arc bedded in and wrapped round with
biotite flakes.

The augen range from 0-2 to 0-6 mm., the finer material averages 0-1 mm. whilst
the finest is all below 0-01 mm. The structure is that of a mylonitised crystalline rock,
probably a granite. There is no definite procf that this was an igneous rock but the com-
position and the presence of perthitic felspar suggest that such was the case.

. The structure is illustrated in P]ate X1, ﬁgs 3 and 4.
The rock is a mylomle gneiss. S L o : .

These four rocks show progressive stages in the formation of mylonites by simple
crushing without any significant rise in temperature, No. 1213 crushed by powerful >
orogenic stresses with but slight hydrostatic pressure has become a mass of rock
fragments clouded by alteration products and cemented by some slight recrystallisation
of the crushed quartz. The rock was actually in the zone of weathering at the time
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of the crushing and hence shows the effects of weathering contemporaneous with the
metamorphism. No: 1243 was metamorphosed at a greater depth in the earth’s crust
and consequently was subjected to a greater hydrostatic pressure and a slight rise in
temperature. © Instead of the angular fragments that made up No. 1213 the rock has
been broken down into small grains and in places into the finest powder. The greater
depth of cover has prevented the agents of weathering from affecting the rock so that the
felspars although crushed are not altered chemically. No. 494 represents the same stage
of crushing as No. 1243 but a higher temperature is reflected in the increased
recrystallisation of quartz. The quartz has recrystallised to.the same stage as in
No. 199 but the crushing has not been as intense. No. 199 exhibits the next stage of

this crushing and represents the last stages in the production of a mylonite. ~ In some” -

parts of the slide lenticular fragments of felspar are preserved by being cushioned
amongst the more finely crushed material. . In other parts of the rock in which the -
crushing has been more intense the quartz and felspar have been rolled out into ribbons. .

In most cases these are separated by a thin film of mica or in some instances not even -

“that (Plate XTI, fig. 4).

(2) RocKS IN WHICH CATACLAMS IS NOT SO FVIDENT

This group mcludes those rocks in which the effects of crushmg are not so
_evident and in which a later rise in temperature has resulted in recrystallisation and
reorganisation of the rock. In them cataclasis has been superseded and to some extent
obscured by the normal processes of the lugher grades of Regional Metamorphism. These
conditions are reflected in mortar structure in which large strained crystals are surrounded
by finer crystals derived from the crushing and in the presence of some mineral which
indicates metamorphism of a notable grade. Many of the rocks do not show any signs
of gneissic structure in hand specimen and it is not until they are examined under the
microscope that the true nature of the rock is evident. Others, however, have been
crushed and recrystallised to quartz mica schists in which the recrystalllsatlon has
obliterated the effects of urushmg :

 The Granodiorite Gneiss of Cape Denison is an exctmple of a granitic rock which
has been crushed and to some extent recrystallised. Stillwell (1918, p. 85) states that
the orthoclase has been transformed to microcline and that the felspars commonly have
shattered edges. - It is, therefore, to be expected that similar specimens should be found
in which the. granulatlon 1s more complete and in which metamorphlsm has produced
minerals typical of the higher.grades of metamorphlsm

No. 369 is probably one of these more highly metamorphosed granodlorltes It
has a broad foliation produced by alternations of light and dark bands representing the
more felspathlc and more micaceous portions of the rock..

Quartz and felspar make up the bulk of the rock and reflect the origin of the rock.
In less micaceous bands felspar crystals ranging from 0-5 to 1-0 mm. in size are set in a
matrix of crushed quartz of average grain size less than 0-1 mm. In the more micaceous -
bands both felspar and quartz crystals are surrounded by masses of biotite flakes. The
quartz is almost entirely recrystallised and is free from all inclusions except a few dust
and magnetlte 1nclu51ons o
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‘The felspar 1s mostly plagioclase with- the composition of basic oligoclase.
Twinning is not often developed but twins on both albite and pericline laws-can be
observed. Most of the crystals have a ghost twinning in which the twin lamellae start
from the side of a crystal but peter out before théy reach the middle of the crystal.
~In others the lamellae are bent and show the effects of stress while the rock was at a
temperature high enough to inhibit crushing. There is quite a considerable amount of
plagioclase in the crush mass but as the indices of refraction are almost equal to those of
the quartz it is difficult to estimate how much is actually present. Microcline is also
present but is not’ abundant

, The biotite  lias nea;rly all ‘been shredded into small flakes similar to those in

No. 199. Some larger crystals which have been protected by augen give the pleochroism
X = very light brown, Y = Z = brown. Pleochroic haloes surrounding crystals of
zircon are not common. There is a little muscovite included in the felspar. It is well
crystallised, not the flaky sericite common to retrograde metamorphism.

The sillimanite is in the form of bunches of very small needles derived in all
probability from the sericite formed in the crushing of the rock. The biotite and the
muscovite have not been affected and from the appearance of the sillimanite it is
probable that the rock has just reached the sillimanite zone. ' ‘

There are several small crystals of epldote light in colour but with a falr relief
and a moderate birefringence.. :

The accessories are zircon, apatite and magnetlte the latter being more abundant
in the micaceous bands. ) '

The rock- 1s a granodiorite gneiss.

No. 1231 is a typical augen gneiss in which crushing has been the-dominant feature. -

- The augen are all microcline and the other minerals, quartz and biotite, are crushed and
wrapped round the augen. These microcline augen are about 10 X 5 mm. and constitute
$to § of the face of the specimen. Around each crystal is a zone of recrystallised felspar
and quartz which has grown upon the microcline and produces a dull ring around the
bright cleavage faces of the large microcline crystal. -

Under the microscope the rock is seen to have the mineral composition of a syenite.
This may have been the original composition of the rock buit it is more probable that some
of the original quartz of the rock had migrated during the metamorphism. The
microcline augeﬁ are very conspicuous and dominate the structure of the rock. - As was
noticed in hand specimen they are all twinned on the Carlsbad law. The ring of
recrystallised felspar around the augen is not so obvious as in hand specimen but it can
be recognised and 1s seen to consist of microcline with a little quartz. - o

The microcline is perthitic and in addition to the perthite inclusions containg
round grains of quartz -and plagioclase. Neither the microcline nor the perthite is
weathered but the plagioclase inclusions are clouded with decomposition products.-

r
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The plagioclase has the composition of Ah85An1"5". Tn addition to the inclusions in
_ the microcline it forms small round grains in the crushed material Surrounding the augen.

- The quartz makes up less than 10%, of the rock and 18 oh1eﬂy conﬁned to the
~ more micaceous bands. ' :

Both biotite -and muscovite are present, the former belng the more abundant
The biotite was present in the original rock before the metamorphism and is included
in the microcline au&en It occurs as large well formed crystals and as smaller flakes
which appear to be derived from the shredding of the larger crystals. The larger crystals
contain inclusions of zrcon and monazite which induce pleochroic haloes. The
pleochroism of the biotite 1s X = light golden yellow, Y = Z = dark brown to opaque.
‘Some flakes. have been weathered, the alteration taking the same course as in, No. 525
(g.v.). Muscovite ‘i usually intergrown with the larger flakes of biotite. It has the
.propertles of normal musoov1te and has an optic axial angle 2K = 65°-70°.

"Garnet is not common but there are a few large crystals sporadlcally distributed.
It doés not appear to have been formed in the primary crystallisation of the rock but to
= have been caused by the 1netamorph1sm :

Magnetlte forms two generations of crystals, the first a primary erystallisation
of large subidioblastic grains and -the second .of smaller . grains formed during
metamorphlsm

The other accessories-are zircon and xenotlme It is difficult to dlstmgulsh between
these as the xenotime is colourless and neither mineral shows crystal form. They are -
usually assoolated with the clots of mica.

. The approximate mineral composition is microcline 60%, biotite 15%,, plagloc]ftso
12%, quartz 89,, muscovite 5%, magnetite, z1r00n and xenotime. "

" The rock is an augen gneiss.

_ No. 390 has been crushed much more intensely than No. 1231 but at a temperature
high enough-to prevent mylonitisationi. Tt is very fine grained rock with a close-and well ,
developed banding. ~Occasional lighter bands denote a leucocratic pateh in the.original
rock and at.one end of the specimen is a band of black rook Whlch represents a patch rich
in ferro-magnesian. SR : : .

. Under the m1croscope a miniature augen structure is seen. Although the average
gram size is less than 0-01'mm. the felspar grains form augen 0-02 to 0-03 mm. across. The
- banding so noticeable in the hand specimen is due to this augen structure and to a

tendency to foliation in ‘the quartz. The micas wrap round the felspar augen and the
quartz foliae and have no constant orlentatlon '

The quartz forms small lentlcular fohae which sometimes consist of a smgle
stressed crystal although in the ma]omty of 1nstances the foliae have been recrystalhsed '
to a granular mosaié. ‘ .
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Most of the felspar is microcline but some oligoclase could be . detected.
Thé felspars are nearly all untwinned and are only slightly weathered. Some of-the
‘microcline shows its characteristic cross-hatching but most of it could only be determlned
by its refractive index and an occasional extinction angle.

The biotite forms very small shreds 1nterwoven with the quartz and felspar.
A few larger crystals about 0-005 mm. in length have pleochroism X =light yellow,
Y = Z = dark greenish brown

There are a few relai;ively lérgé garnet crystals. They are isotropic and cdlqurl_ess
and are probably almandine. ' '

The accessories magnetite, apatite _and*zij_"cqn are sparsely distributed.

The rock shows signs of drastic crushing and’ recrystallisatio. The augen of
felspar do not seem to have recrystallised as they would never have grown so much bigger
than the quartz. The quartz has recrystallised and segregated into- lenticles which
really give the foliation to the rock. The individual grains of mica do not exhibit much
parallellsm but in the mass they have the effect of increasing the SChlStOSltV of the rock.

The rock is a granitic gnerss.

“No. 277 is a granite gneiss in wich metamorphism reached its maximum at a time
when the rock was completely solid but before it had had time to cool. The granite was
_intruded under great hydrostatic pressure and probably the garnet in the rock is the
original primary crystallisation of the ferro-magnesian, The garnet forms large pink
crystals in a white rock. The felspar is opaque and white and can easily be distinguished
from the vitreous quartz. It has no tendency to elongation parallel to the foliation,
The quartz forms small lenticular foliae 2 mm. thick and 10 to 15 mm. long, spaced
about 5 mm. apart. Occasmnal large crystals of mlcrorhne bleak up this arrangement.

The quartz shows undulose extinction and gives every indication of having been -
subjected to stress while cooling. It contains many strings of inclusions orientated .
perpendicular to the length of the quartz lenticle. The inclusions are both dust and
liquid, some of the latter containing gas bubbles. S

The dominant felspar is a perthitic microcline. The typical cross-hatehing is not

seen in the larger crystals but the smaller recrystallised grains in the crushed areas have a

well developed twinning. The sodic phase in the perthite separates out in irregular -

patches and gives the rock an-“ untidy ” appearance. This effect is increased by the

_crushing of the microcline in some areas and the formation of sutured edges between the
grains, ~ In the more highly crushed areas much of the microcline has been recrystallised

~ and the albite set free to form separate small crystals. The felspar is not weathered to

any extent but some of the microcline looks cloudy in ordinary light.
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The garnet forms large pink grains which are perfectly isotropic. It is altered

- along cracks and at the edges to biotite. The biotite is brown with X = light yellow

brown, Y =7 =brown., It is in turn altered to chlorite which is faintly pleochrom
in green and shows ultra blue polamsatlon colouts. - :

The minerals in order of abundance are microcline, quartz, plagioclase and garnet.

This rock was metamorphosed soon after solidification and before it had had time
to cool to any great éxtent. The quartz was thus segregated into foliae while in a moblle
state and such felspar as was Orushed was able to be recrystalhsed '

The rock is a ‘gafmet@ferous gnez’ssic gmm'te.

This rock béars a striking resemblance both in hand specimen and in thin section
to rocks coileqted by the British, Australian and New Zealand Antarctic Research
Expedition from the rock outcrops of Enderby Land.

No. 270 is vefy similar in appearance to No. 277 but some slight dltemtion has »

made the felspar a light brown in colour. The quartz foliae are more continuous than in
the previous rock. The rock consists essentially of quartz,, orthoclase plagioclase and

~ garnet.

The quartz shows undulose extinction and has sutured edges between adjacent
grains. The strings of inclusions are not so abundant as in the previous rock. The
plagioclase has the composition of oligoclase and is usnally turbid -through alteration.
The' alteration products are sericite, ‘which seems to represent the potassic phase
separating out of the p]agloclase and calcite. The microcline is much less weathered
than the plagioclase. It is commonly untwinned and one large crystal can be seen -
in which the grating structure is just beginning to appear, growing outward from
cracks across the felspar. It is perthitic and the sodic phase is scattered irregularly
through 1ts host. ' ' : E

A’little biotite was present but is now all altered to ohlorlte

The garnet is pink and 1sotr0p1c and has a refractive 1ndex shghtlv ahove 1-79.
Itis proba.bly almandine.

There is a little sillimanite developed in the crushed areas. It has repla(;‘ed some
sericite formed from the felspar during the crushing of the rock. It forms small but
definite crystals which show the characteristic prismatic cross-sections and 010 cleavage.

- This rock has been crushed and recrystallised while still hot and subsequently
raised to the sillimanite grade. At a much later stage n 1ts history it has been weathered
and the felspar and biotite altered. '

'The rock is a sillimanite-garnet bearing gneissic gramite.
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No. 709 is similar to No. 270 but was more crushed than the previoué rocks.
In hand specimen it resembles No. 277 in all particulars except that it is considerably
coarser in grain. . The quartz foliaé are more continuous than in No. 270. The garnets
are big but only sporadically distributed. ‘ '

Under the microscope the crushing and granulation is seen to have been more
drastic than in the other rocks and is possibly due to the rock having cooled down to a
lower temperature before the onset of metamorphism. The quartz has segregated
“into foliae but there is some in with the crushed microcline. TIn No. 277 the quartz of
~each lenticle is optically continuous but in this rock the foliae contain many separate
grains. The strings of inclusions have a constant orientation at an angle to the long
axis of the quartz lenticle.- . - : '

The felspar is almost . entirely mlcrochne but there is some albite also present
The: brlglnal grains were from 2 to 5 mm. in diameter but most of the microcline has
been crushed. The crushed fragments are of all sizes from 1-0 mm. to less than 0 -1 mnu.
but in the most thoroughly crushed areas all of the grains are below 0-1 mm. in size.
The larger * relic’

H

crystals are-imperfectly twinned but the recrystallised microcline

“has a well developed cross- hatching. Some. of these relics can be seen in the process of -
breaking up-into lenticular pieces with areas of crushed felspar between them. It was.

along these crush areas on the edges of the felspar crystals that sericite was formed.
This sericite has now been altered to sillimanite. The sillimanite is mostly found in the
areas where the microcline is the most crushed but is also scattered f,lli'oug'h the larger
microcline crystals. It has formed definite small crystals with the typical 010 éledvage,
in the crush areas, and fine needles in the mlcrochne ' '

A Later post-metamorphic movements and a slight amount of Weathenng have
developed sericite along one edge of the specimen. This sericite has mainly formed at the
expense of the sillimanite.

There is in ‘rhe slide one large crystal of garnet. The garnet is piﬁk and iéotropic -

and has a refractive index above 1-79. The crystal has been rounded and some crushed
felspar has been. moulded upon it. This suggests that the rock had crystallised as a
garnetiferous granite under considerable hydrostatic pressure. and that at a later stage
the stress element had become predominant.

- The rock is a sillimanite- qamef bearing qmmte gneiss.

" No.3411is s1mlla,r in structure to the foregomg rocks but does not contain any of the
distinctive minerals of metamorphic rocks. It is a white fine grained granitic rock
containing patches of a pale green mica scattered through the rock along what appears
to be shearing planes.. 0 : :

In thin section 4 well developed mortar structure is seen. “The larger crystals
have serrated edges and are twisted and bent. The rock consists almost entirely of
quartz and the two felspars. .

i S

TN
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‘The quartz has been crushed and recrystallised to a much greatér extent than the
felspar. The grains are.elongated in a common direction and have irregular edges one to -
the other. "That the pressure was still operative when the rock had cooled down 6 a
low temperature is shown by the fact that the recrystallised grains of quartz have been
stressed to the extent of producmg undulose extinction.

Of the felspars the plagloclase 1s the more abundant. It has a oomposmon very
close to albite and is usually slightly weathered. The orystals are often crushed and
many are bent through an angle of several degrees as shown by the bending of the twin

lamellae. The microcline shows the typical cross-hatching which is, however, rather

1imperfectly developed.. Ttis weathered to the same degree as the plagioclase. There has

-been some ° unmixing . of the felspars, resulting in the formation of perthite and

antiperthite. Tt is often difficult to distinguish between the two but the antiperthite
appears to be the more common. The antiperthite takes the form of irregular inclusions of
microcline in the albite crystals. S : ' :

The muscovite forms thick crystals which do not appear to have grown under
any great amount of stress. There has doubtless been a period after the crushing when

‘the effects of rising temperature tended to obliterate those due.to stress and allowed
‘the - recrystallisation of the rock. Although green in the hand specimen it is quite -

colourless in thin section. It has the appearance and properties of ordinary muscovite;
it is biaxial negative with 2E = 65° - 70°. Tt is probably derived from the crushing
of the felspar. ‘ ‘

There is a small amount of scapolite, formed from the plagioclase.
The rock is a granite gneiss,

" 'No. 918 is a fine grained garnetiferous granite. Tn hand Specihmn it has the
appearance of an aplite but in the thin section it shows that crushing, partly
contemporary and partly subsequent, which is characteristic of those granites which
have crystallised under high pressure and have later been subjected to strain conditions.
There is no perceptible banding or foliation either*in hand specimen or in thin section.
The structure of the rock differs from that of ordinary granites in that the: quartz

_instead of being more or less evenly distributed through the rock is segregated into

clumps. Few of the grains show undulose extinction, as the stress had died down
before the temperature ha_,d‘fzﬂlen low enough to inhibit recrystallisation of the quartz.

The felspar is dominantly microcline with' a few scattered grains of oligoclase.
The microcline is perthitic and shows when correctly orientated a rather well developed

-cross-hatching. Both the felspars are alteréd with the separation of small micaceous

flakes.

The biotite is dark with X = hght straw yellow Y=7Z-= dark greemsh brown
to opaque. .
*62843—D
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_ Garnet forms large crys'ta‘l-svwhich have been fractured by the stress movements
in the rock and pulled apart and the space between the broken parts filled with quartz
. and mlcrochne ‘

The accessories are magnetite and apatite.

~The minerals in order of abundance are ‘microeline, quartz biotite, plagioclase,
garnet, magnetlte and apatite.

The roek is a garnetiferous granite.

No. 207 is of a similar appearance to No. 918 but is slightly coarser in the grain.
It is a fine-grained white rock in which small garnets form dark coloured specks. The

vitreous quartz can be seen in small lenticles amongst the white felspar and the rock

resembles, though on a much finer scale, the gneissic granites Nos. 279 and 277.

The thin section shows the foliation of the quartz and makes more evident the
‘metamorphic nature of the rock. The rock consists of quartz, microcline, plagioclase and
garnet. The microcline, 'plagioclase and ‘some of the quartz form a more or less
granoblastic base through which are interspersed the lenticles ‘of quartz. The

minerals of the granoblastic portlon have an average grain size of about 02 to 0-3 mm.
~and have very irregular boundaries between adjacent grains. This, combined with -

the microcline. twinning, which is differently orientated in each grain, gives the
untidy effect noted in other rocks of this nature. The quartz lenticles are as much as

4 mm. long and are about 0°2 to 04 mm. wide. The quartz is in optical continuity

throughout the whole of the lenticle but shows rather marked undulose extinction
due to stress.

The quartz contains strings of inclusions, most of which are perpendicular to the

direction of foliation. The inclusions are liquid and contain mobile bubbles of gas. -

There are very few 1ncluded mineral grams in the quartz.

The microcline is for the most part fresh or only shghtly_weathered. It is in small
grains’ throughout the rock and exhibits a well developed twin pattern. There is also

a considerable amount of badly weathered felspar in the rock and on comparison with’

_the fresh microcline it has been referred to plagioclase. A few less-altered grains show
multiple twinning and place the composition close to oligoclase AbgyAn,:

‘The ferro-magnesian content of the rock is represented by the garnet. Tt is
colourless and perfectly isotropic and GOntains.included grains and embayments of _
quartz. It is slightly altered along cracks and around the edges of grains to a green
chloritic mica. The garnet was in all probability a primary mineral in 'a ‘magma’

crystallising under great hydrostatic pressure.

There is a little black-brown biotite which is not directly associated with the
garnet, but it appears to have been derived from the garnet rather than to have been a
primary crystallisation.
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There are a few sporadic, rounded grains of zircon in the slide.

The quartz, microcline and pl-agio.clase are ebout equal ih quantity with quartz
slightly more and the plagioclase slightly less abundant. - The garnet does not make up

_more than one per cent of the whole rock.

The rock is a gneissic granite.

No. 903 15 a light. coloured rock composed of colourless quartz and white felspar. .
The grain-size is medium and a small amount of mica accentuates a certam slight
foliation of the leucocratic constituents of the rock.

The microscope shows a gneissic structure in which the felspar in equidimens_ior_lal
grains and aggregates is surrounded by the foliated quartz and by a small amount of

-recrystallised felspar, The quartz is strained and invariably shows undulose extinction.

It contains numerous strings of inclusions mostly of the gas-liquid type. Much of the '
felspar is weathered and so. indeterminate but some’ slightly less weathered ‘shows
multiple twinning. .In striking contrast is the microcline which is only weathered to
a very slight extent. It appears as if the microcline was stable under the conditions
which obtained during metamorphism whereas the plagioclase broke down into albite,

‘sericite and zoisite. The microcline shows a very well developed grid structure
- and is in addition twinned on the Carlsbad Law. There is some little biotite now

completely altered to chlorite with the typical ultra-blue polarisation colours. There
are also a few flakes of muscovite. Some intergrown with the chlorite is primary but
much 1s derived from the felspar. This.secondary muscovite 1s in quite large crystals:
and is distinct from the sericite which forms a mass of minute flakes. Zircons with a’
high relief and a zoned structure are not uncommion. Epidote is associated with the

biotite—chlorite change.

The mmerals m o1r]e1 of abundance are plagioclase, quartz, mlcroclme, blo’mte
muscow‘re epldote and zircon.

The rock 1s a granite whlch has been metamorphosed at some time probably not
long after complete solidification. Tt is a gneissic granite. -

No. 322 consists of quartz and felspar w1th little or no ferro- magnesmn constituent.
The felspar 18 whlte and the vitreous quartz standing out by comparison shows a rough =
foliation, -There are patches in the rock Whele the felspar has changed to a light apple _
green 1nstead of dead white. ‘

The thin section shows ‘a’ rock composed of quartz' and felspar in ‘which
metamorphism has so modified tie normal igneous structures as to render them obscure
and unrecognisable. The grain-size is medium and extremely irregular. The felspars

+ range from 2 im. to 4 mm. in length but the quartz has all vecrystallised to a granular

mosaic in which the average grain-size varies from 0:3 mm. to 1-0 min.
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The felspars are all altered but in- different ways. The weathering of the.
- orthoclase has produced a cloudiness which appears white in reflected light but in which
no recogmsable mineral grains can be seen. This is the opaque white felspar seen in hand
specimen. The plagioclase on the other hand has formed definite grains and flakes of

mineral and is'seen to be responsible for the green colour of the hand specimen. A few
less weathered grmns give extinction angles equivalent to a composmon Ab70A1130

The quartz is recrystallised but still shows unmistakeable signs of stress. There
_ are-many strings of inclusions in the quartz and these cut across crystal boundaries and
" continue in the same direction through several grains. There appear to.be two mutually
perpendicular directions of orientation for these strings.

"The only other nnnerals are -a small amount of muscovite denved no doubt,
from the felspar and a few large crystals of apatite. '

Of the three major constituents the orthoclase makes up 60% of the rock, quartz
30%, and plagioclase 10%,.

The rock seems to have been intruded during a period of orogenic movement and
to have been metamorphosed while still hot though probably in. the sohd state.

The rock is a gneissic gmmte

- Nos.'214 and 79 are very similar under the miorbscope although differing greatly
in superficial appearance in hand specimen. This difference is not due to any real
difference in mineral composition but is due to the greater amount of weathering of No. 79,
No. 214 is'a white rock composed essentlally of quartz and felspar with a few small crystals
of tourmaline. No. 79 is a medium grained rock in which quartz is clear and vitreous,
‘the plagloolase very hight g]een and the somewhat rare 01thoolase a hght pink.

In the slide the rocks are similar except that in No. 79 t'ne felspars are all w eathered.
There is no structural term adequate to describe the structure of this rock. Most of the

" felspar remains as large unrecrystallised grains varying from several millimetres to a

centimetre or more in length. Many of them, however, have beén fractured and have

_zones of crushed felspar running across them. The quartz is interstitial and shows by
its: structure that it has .borne the brunt of the stress. "It has ‘been entirely
 recrystallised during a period of great stress and appears to have beenéqueezed out
and crushed between the crystals of felspar. In places the grains have been shattered
and drawn out between the felspar crystals and at a later stage the whole has been
further stressed with the result that the quartz has broken into long 1rregular
interlocking ‘tongues. Between these thére are patches of fine crushed quartz. The
quartz contains strings of gas-liquid inclusions which continue. mthout change m
direction across the most disturbed areas of the shde.

- The felspar comprises-both plagioclase and orthéclase. In No. 214 the orthoclase
18 the more abundant and in No. 79 the plagioclase is dominant. The plagio»clase is
ohgoclase. Both:felspars are slightly weathered in No. 214 and ‘completely weathered.
in No. 79. - L L R ‘
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Tourmaline is the only accessory in No. 214. It forms grains of considerable size
and is quite unbroken. It is probable that. it was introduced during metamorphism but
~ there is not the amount of reaction noted in other rocks (see p. 259 et seq. ) It 1s si dark
bluish green, pleochrow from light shades to almost black. .

.

In No. 79 muscovite has been developed at the expense of the felspar and has *

formed aggregates of bent and broken crystals. There is also a second generation of
“smaller flakes which. are often arranged in radlal groups

There are none of the usnal accessorles 1n either of these rocks

Both rocks have similar histories. In them metamorphlsm has acted upon a solid

. rock which has yielded by repeated solution and recrystallisation of the quartz. The _

felspar has not suffered much excépt_by' a later post-metamorphic alteration.

- The rock in each case is a gneissic granite.

(3) GRANITE (INEISSES FORMED BY FLOWING WITHOUT CRUSHING. -

This group includes those rocks formed by the deformation of already solidified

rocks. These rocks have béen subjected to stresses just as powerful as those of .the
previous section but at the same time have been at a temperature high enough to prevent

crushing of the rock. 'This resulted in an even grain size as compared with the mortar
structure seen in the previous group: The rocks so affected have- all been gramtes'

and they have formed a series of quartz-felspar gneisses.

No.- 271 is another of the rocks of the granodiorite gneiss facies. " Tt contains much
more potash felspar than the typical granodiorite, in which rock the ratio of plagioclase

t6 microcline is somewhalt in excess of the 50-50 ratio. - It differs very little in appearance -

from the gneiss in situ at Cape Denison except that it has a more perfect foliation: The
mica s concentrated into long flat oval foliae rather than into planes of foliation thus
indicating stress from two ditections and a relief from stress in the third.  Crystals of
allanite up to .5 mm. in length are sporadlcally distributed through the rock. - - -

The structure as seen in thin section is that of a rock that has acquired 1ts foliation
through flowing rather than through crushing. The quartz has been segregated info foliae
which together with the parallelism of the biotite give a rough cleavage to the rock. The

felspars have not been crushed but have been recrystallised. -The grain-size is extremcly-

uneven varying from 0-08 mm. to 1-0 mm. and averages about (-4 mm.

The quartz is elongated parallel to the foliation and forms big grains most of which

show undulose extinction. "A few stnngs of 11}0111310118—[11@1111}! dust but with a few -

liquid inclusions—are orientated in a common direction more or less perpendicular to the
length of the quartz grains,

. ]

The dominant felspar is mlcroolme which is shghtly pelthltlc The cross- hatchmg
is not well developed but most crystals show it. The oligoclase i is much less abundant

than the microcline. It is more weathered than the microchne some gmm% being a,Imos’o '

obscured by the alteration products.
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The biotite has X = light greenish yellow, Y = Z = dark brownish green to
opaque. It is segregated into clumps and thin foliae elongated: parallel to the foliation.
It is altering to chlorite in which X = light greenish yellow (of the same intensity as'in
the blotlte) =7 = ~emerald green The chlorite has the typlcal “ ultra interference
colours,

Some yellow green.epidote is associated with the biotite. At is pledchi‘oid in
yellow and green and its high polarisation colours are those of typical pistacite.

There are a few' spbfadic crystals of apatite

The rninerals in order of abundance are nncroclme quartz, plagloclase biotite,
epldote and. apatite.

The rock is a granite gneiss.

No. 523 is a typical granite gheiss in which there is a parallel arrangement of the
. mica and a foliation of the leucocratic minerals. - The schistosity is more linear than
planar and a surface ab right dngles to the schistosity shows no definite direction of
orientation. The quartz and. felspa,r are opaque and white but the biotite gwes a grey
colour to the rock.

The thin section perpendlcular to the iohatlon reveals a granoblastic texture in
which the average grain size is between 0-15 mm. and 0-25 mm. . The mica flakes are
~ bigger and tend to aggregate mnto clumps. w1th a decussate structure. The individual

flakes are about 0-50 X 012 mm.

The quartz shows undulose extinction and containing a few strings of inclusions.
: It shows no signs of fracturmg

The felspars comprise both orthoclase and plagioclase. Much of the plagioclase -
1s untwinned or shows only a few albite lamellae in one portion of the crystal and as both
felspars have refractive indices below quartz it is difficult to estimate their relative-
proportions. However, tests on individual grains show that the orthoclase is much more

“abundant than the plagioclase. The plagioclase has the composition of AbgAn;,. It
~contains some antiperthite in which irregular blebs of orthoclase are scattered through
the plagioclase crystals. Both felspars are weathered to a shght degree but the :
most Weathered grams are all plagloclase .

The blotlte is a dark variety in'which X = light golden yellow Y=2Z= very dark
brown to opaque. It contains a few pleochrom haloes around colourless graing which
appear to be zircon. It is biaxial negative and has a very small op’mc axial angle.
Muscovite is much less abundant and is usually intergrown with the biotite.

_ Apatite forms relatively large crystals 0-1 mm. in diameter, A‘usually associated
with the clots of biotite.: Other accessories are zircon, magnetite, sphene and monazite.
The zircon can be distinguished by its polarisation colours and uniaxial positive sign.




 SOHISTS AND GNEISSES. . ' 9251

The minerals in order of abundance are orthoelase, plagloclase, quartz biotite,
muscovite and accessories. ' '

“The rock shows no sign ‘of granulation and cataclasis and presents a striking
contrast to the rocks of the previous group. The crushéd rocks are notable for the
differences in grain-size between the crushed and uncrushed material. In this rock and
inmost of the rocks of this group the minerals have been recrystalhsed to a more or less
even size. Even in No. 271 where the grain-size is uneven the varlatlon is not nearly so
great: or so noticeable as in the crushed rocks. '

The rock is a granite gneiss.

No. 525 is very similar to No. 523 except that it is light pmk in colour due to some
slight Weathermg of the felspar. Under the microscope it resembles No. 523 as closely
as it does in hand specimen.  Close inspection, however, reveals differences which though

_ slight are of some importance. These differences are the absence of- muscov1te and the

presence of two small crystals of hornblende.

The structure of the rock is similar to No. 528, The felsic Gonstltuents are a
little more abundant. The quartz is elear except for a few inclusions and almost

. invariably shows undulose extinction.

Of the felsba_rs oligoclase is by far the less common: The potash felspar is |
microcline with a rather poorly defined twinning. It is perthitic, the sodic phase

appearing as irregular patches in the microcline.

The biotite is similar in colour and properties to that in No. 523 but in one part
of the slide shows weathering to chlorite, The first stage in weathering produced a
mineral which corresponds in colour and properties to vermiculite. The cleavage is not so
perfect as the cleavage of blotlte and in places the lamellae have been forced apart. It

‘has a reddish colour and a distinet pleochroism X = rich golden yellow, Y = Z = deep

reddish orange, X << Y = Z. Interleaved with it and apparently representing a further -
stage n Weathering 1§ green chlorite With its typieal “ ultra-blue *” polarisation colours.

The hornblende is deep green in colour and i 18 qulte similar to that to be descrlbed

- later in rocks Nos. 413 and 724, Tts presence is noteworthy n showmg the relatlon.

between these hornblende rocks and No. 523.

Sphene 1 is rather more common than in No. 523. It is dark grey with a strong

absorption and a high birefringence.

Allanite is also present in this slide. Tt is light Bfown in-colour, non-pleochroic,
and has a low birefringence. Some of the crystals have an outer zone of epidote. This
epidote is colourless but has a blrefrlngence of 0 035 1nd1oat1ng a fairly high proportlon
of iron. :

Accessorles are magnetlte and apatlte

The rock i is a granite gnezss
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- No. 336 is very similar to Nos. 523 and 525 but differs in that it has running across
it a ven of pyléxcnu This vein has rather a profound effect on the rock about it and is
remarkable in that its (,ﬁ"e(,b& simulate those due to we&thenng

. The nucroscope appearance of the unaltered rock is snnllar to that of No. 523 but
this rock contains more biotite. The quartz and felspars are of the same average size..
0-15 to 0:25 mm. but the blotlte is larger and gives a coarser grainéd appearance to the

" rock. :
* The quartz ‘has a few inclusions of very small mineral grains and of dust. It shows_

undulose extinction and some grains are elongated parallel to the foliation.

-The felspar is clear and no more weathered than in the majority of fresh rocks.
The plagioclase AbgsAn,; is normally slightly more weathered than the potash felspar
It is not very abundant. The potash felspar is largely untwmned although a few sectmns'
shows the typical cross-hatching of nncrochne

The biotite is greemsh brown X = very light yellow, Y = 7 = dark greemsh .
brown. It contains few inclusions of zircon but one or two la1ge grains. produce
pleochroic haloes. There is one orystal of sphene inftergrown with some biotite flakes
and it produces a halo in the grains in contact with it. Epidote crystals may also cause
these haloes. In this instance the action appears to be due to the presence of cerium
-in the epidote as many of the crystals contain.an inner portion which resembles

allanite.. In one instance a composite crystal of this nature included in biotite produced . -

a halo which followed the edge of the allanite in the centre of the crystal but did not
surround a portlon of the pistacite which did not contain the allanite centre.

The plstautu though colourless has a birefringence hlgth that 1,0151130 The..
allamtc is yellow and almost isotropic.

The only other mineral present in any quantity is sphcn(, whmh forms zenoblastic
crystals with the typical strong absorption.

The mineral conlposmon 1s as follows ;— o
Quartz ... e e .. 7335,

~Relspar ... ... . .. 4809,
‘Biotite ... ... e e e 1TBY,
Epidote ... ... ... ... .. .. 08% -
Sphene . ... ... ... . . . 02%)
Apatite ... e epe

The 1ock IS a gmmte Jnezss

Of pa1tlcular interest is the vein injected into the rock and the cffect 113 has on
the rock .ad]accnt to it.. The vein consists of pyroxene, felspar and (unphlbole of whlch
the pyroxene is the most abundant mineral. The pyroxene is dull green in hand specimen -
and is almost colourless in thin section. It has a fair relief and a birefringence of about
0-02 and resembles in its properties diallage. - Intergrown with it-are prismatic crystals
of amphibole. . ‘ -




o

SOHISTS AND GNEISSES.. ' 253

. The amphibole is green blue with X = light greenish yellow, Y = green,
Z = bluish green, X <Y < Z. Parts of the crystals are lighter in colour than others.
There is also some amphibole which is not intergrown with the pyroxene but which forms
separate crystals. 1t differs from the other amphibole in that it is of a uniform and
slightly lighter colour. The amphibole is on the edges of the vein between the pyroxene -
and the injected rock and appears to. represent the result of reaction between the pyroxene
and the biotite of the rock: The vein also contains plagioclase and some little epidote,

‘both of which minerals look to have been derived from the wall of the vein _by stoping.

The contact zone of the rock is also interesting.  There is a zone of the rock
varying from 0 to 3 mm. in width along the side of the vein in which the felspar% have all -
beén rendered cloudy by alteration. . The orthoclase has been the more readily affected and.".
contains a great many flakes of some indeterminate micaceous mineral. This mineral

~ although it does not make up more than 10% of the felspar has the effect of completely. -

clouding it. The plagioclase contains some irregular grains with a high relief which
cannot be determined and in addition some recognisable sericite which apparehtly ’
represents the small amount of potash felspar originally held in solid solution in the
plagioclase. Tt is not likely that this felspar was introduced with the vein nor that the -
alteration was contemporaneous with the formation of the vein. Tt is more probable tha,t'
the felspar was altered along a crack by aqueous solutions and that the pyroxene and
amphibole were introduced by reaction and replacement at a later stage. The zone of
reaction and replacement did not altogether coincide with the zone of alteration so that
in some places there is a selvage of altered felspar to the vemn and in other places the '

- veln abuts against the unaltered rock (see plate XII, figs. 1 & 2).

The rock near the Veih contains hornblende in place of biotiteand also sphene which
represents the titanium content of the biotite. The amphibole psuedomorphs the biotite
and forms flakes which to the casual inspection are easily mistaken for biotite. Nearer
the vein it forms bigger crystals which have their own crystal form. It is green Wlth'
X = light greenlsh yellow, Y = green, Z = bluish green, X < Y <. Z. There are -

“pleochroic haloes around grains of allanite, zircon and sphene. One halo around an

allanite grain had X = light greenish yellow (equal in intensity to the X direction

“in the amphibole) and Z = green (darker than the Z direction in the amphibole).
* The haldes around the sphene and zircon are much less conspicuous and only intensify

slightly ‘the colour of the amphibole. There is associated with the amphibole some -
granular epidote which is probably derlved from the reactlon The sphene forms large
wedge shaped crystals '

The rock was ﬁrst altered along a crack by aqueous solutlons and then injected .
by a vein of pyroxene.. The pyroxene reacted with the biotite of the rock and formed

" an amphibole, and the titanium content of the. biotite which dld not pass mto the

amphlbole went to form sphene

No. 413 is a rather coarse granite gneiss in which bands of quartz and felspar
alternate with thinner bands of black mica and hornblende. The foliation is not so
perfect as in the previous rocksof thisclass. The felspar is slightly pink due toweathering: -
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The microscope structure is gneissose. The quartz and felspar grains are as a rule
equldlmensmnal but some are elongated parallel to the foliation and there are some
quartz lenticles following the foliation. The biotite flakes also follow the foliation but
have not the same rigid parallelism that is seen in No. 525°and similar rocks. The rock
"has an uneven grain size but the average lies between 0-2 and 05 mm. '

The quartz is bent and fractured and has undulose extinction. It contains a few |
inclusions but is normally very clear. )

The felspars comprise both microcline and plagioclase, plagioclase being the less
abundant.. Both felspars show the effects of crushing and have bent twin lamellae. The
plagioclase "has the composition of AbgAn,; and contains inclusions of quartz.
The microcline does hot show good twinning but has a few thin twin lamellae which’
fade out in the middle of the crystal.

The blotite is very dark in colour and has the pleochroism X = light golden yellow,
Y=Z7Z= very dark brown to opaque. It contains inclusions of sphene, apatite, and
allanite, none' of which produce. pleochrom haloes

'Hornbleude appears in this rock in appreciable .qu'antity. It 1s usually
intergrown with the biotite in such a manner as to suggest that it is derived from it.
Tt-is green in colour and much darker than the amphibole in No. 336. The pleochroism
is X = light greenish yellow, Y ‘= dark green, Z = dark greenish blue, X < Y <Z.
The double refraction is falrly high but is masked by the absorptlon

Sphene 1s rather common.in this rock as large brown crystals and more usually -
as aggregates of smaller grains. Many of these aggregates have cores of magnetite or
ilmenite. This has been ascribed to reaction between titanium in ilmenite and some
supply of calcium’ and silica in the_rock'leaving a core of.pure magnetite surrounded |
by a zone of granular sphene. This reaction is common in the rocks from Adelie Land
and has been noted by Stillwell (1918, p. 78) and Glastonbury (1940, a). It is much more
common in the basic types. o

Allanite is also common and as usual is weathered to a yellow wax-like mass with a

low birefringence. Some of the crystals which have been specially protected have a
 birefringence of over 0-02. Several of the crystals have an outer shell of pistacite
around them. Pistacite is also present in the form' of small grains. '

Apatite the only other accessory forms clear white cryé’cals with a moderate relief.

The. mmerals mn order of abundance are microcline, plagioclase, quartz b10t1te,.
hornblende, sphene magnetite, allanite, epidote and apatite. '
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It 1s ev1dent thet the rock has been formed at a considerable grade of
metamorphism. The failure to form garnet does’ not preclude its having reached the
garnet grade and it is probable that it has done so as the formation of hornblende from
the biotite needs a fairly high grade of metamorphism. That there has been notable
stress 1s evidenced by the curving of the twin lamellae in the plagloclase '

The rock is a gmmtzc gnetss.

No.724 is a compos1te gneiss of a snmlar nature to No. 413. Tt differs in that it _
contalns more hornblende and also in that it has a vein of hornblende traversing the rock.
One portlon of the rock is rather more massive and contains more hornblende while on~ .
the other side of the vein the rock is more perfectly schistose and contains more biotite.
This latter portion is typical of the rock and the other portion is only a local variation.

The thin section of this less massive type is rather similar to that of No. 413, but
contains more liornblende than No. 413. In the structure of the rock and in the .
proportions of the other minerals present it is quite similar. The microcline is nicely
twinned and is quite fresh but the plagioclase is slightly weathered. The biotite has the
same strong absorption. - The hornblende is more abundant and is usually associated with
the biotite. The pleochroism is X = light greenish yellow, Y = dark green, Z = dark
blue green, X << Y = Z. The extinction ZAc =23°. Sphene is rather-common as.in

~ No. 413 bus in larger crystals. Tt has a light brown colour but a str ong absorption and a

notable pIeochroism. Apatlte forms clear (,rystale with a moderate relief.

The mmerals present in order of abundance are microcline, plagioclase, quartz
hornblende, blotlte sphene apatlte epldote zircon' and, allanite. . )

“The rock is a hornblende felspar gneiss.

No. 543 is- another metamorphosed igneous rock but has been rendered more
highly schistose than any .of the other specimens. It has the appearance of a
metamorphosed sedimentary rock and but for the presence of sphene and allanite which
show its connection to the Granodiorite gneiss it would have-been classified with the
semi-calcareous argillaceous rocks. The rock is dark grey in colour and is of a fairly
fine grain. The constituent minerals can be made out to be quartz, felspar, biotite and
hornblende. Tt differs from the normal metamorphosed granodiorites in that the
ferromagnesian is evenly scattered through the rock mstead of being segregated nto:
fohae '

The thin section shows the rock to have been thoroughly reconstituted. The
grain-size Is very even and averages 0-25 mm. The structure is typically gneissose in that
the quartz and felspar are granoblastic and the biotite exhibits a parallel arrangement.-

-

~ The quartz is not very ebundent. Tt is not affected by strain and is reasonably
free from. inclusions of any nature. ' ' - ‘
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The plagioclase has the composition of oligoclase AbgAn,,. Ttis very fresh and
unaltered and does not exhibit twinniﬂé in many of the grains. Orthoclase is also present,.
though in much less quantity than the plagioclase from which it can only be dlstmgulshed_
by its lower Tefractive index.

, The biotite is a greenish variety in which X = light golden brown, Y = Z = dark
greenish brown. It contains inclusions of zircon which induce pleochroio haloes.

The hornblende is green, X = greemsh yellow Y = bluish green, 7, = greemsh
blue, X <Y = 7. The extmotlon 8Z Ac= 22° . L

Epidote is ‘abundant and forms aggregates of grey crystals with a high relief and
medium birefringence. Some with a yellow colour and low birefringence is allanite. - The
" allanite is usually intergrown with the pistacite.

Sphene is rather common in the form of small xenoblastic orystals the larger of
Whlch may contain ilmenite centres. :

Apatite is fairly common and forms relatively large crystals.
.. The other accessories are zircon and ilmenite.'

The mlneral composn;lon 1s as follows —

Quartz ... T . 271%,
I*elspar R, cee . 4849
~ Biotite ... e e e - 17:89%,
Hornblende ... . we 1489
CEpidote o e e e 2:4%
Sphene ... e 1449
Apatite ... e o 0:8%,
Imenite ... .. e e e 003%
Allanite. ... .. e . 039,
Zircon ... R

The composition of this rock is that of a granodiorite and it.is more than probable
that this rock is another of the granodiorite facies. The only other alternative is that it
is a calcareous argillaceous arkose which would behave in a similar way. However, the
presence of the allanite and sphene and the large excess of the felspar over the quartz
strongly support the igneous origin. Apart from the hornblende the composition is very
similar to that of No. 336 (q.v.). : : T

The rock is a Selspar biotz’te gnetss.

No. 156 is an metamorphosed igneous rock but differs from those deseribed above f
~in that it contains hypersthene. .In this respect it is related to the Charnockites. of
‘Madigan Nunatak and Aurora Peak. Of the rocks described by Stillwell (1918) from
these localities No. 754 from Aurora Peak (p. 139) most nearly resemblos this-specimen. -
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Tt is a dark massive rock when fresh but the partial weathering of felspar
gives a lighter colour to the surface. There are some magnetite crystals onthe surface

and each has around it a zone in which the quartz is stained with haematlte There 1s
an 1ll deﬁned fohatlon of the dark minerals. '

The structure is granoblastlc and the average grain-size is about 0°3 to 0*4 mm.
The foliation of the darker constituents seen in the hand- speclmen 1s not perceptible in
the thln sectlon '

The quartz forms large rounded grams which seem to have been segregated under
the influence of pressure. It contains many trains of gas-liquid inclusions -and ‘shows
undulose extinction. '

.Plagioclasé-is the dominant felspar. It has the composition of AbgAn,,. The

" twin lamellae are often bent and the extinction position at one end of a crystal may differ
. by as much as 30° from the extinction posmon at the other end of the crystal.. There

1s some little orthoclase present.

There are three férromdgnesian minerals present, biotite, hypersthene and -
hornblende.  Hypersthene is apparently the primary mineral from which the biotite 1s -
derived. Tn section 0-02 mm. thick the pleochroism is scarcely noticeable but the colour
can be seen to change from light pink to light green. The birefringence is considerably
above that of quartz and indicates a moderate tenor ofiron. The hypersthene has been
affected by metamorphism and has broken down to form biotite although most traces of-

this reaction have .been obliterated in the subsequent recrystallisation of the rock.

There has been a later alteration of the hypersthene after the end of the metamorphlsm:'

‘but this has resulted in the formation of granules of magnetite and of flakes of

some indeterminate mlneral along cracks in the hypersthene grains.

Hornblende 13 present in small quantity and is probably also prlmary It has not

‘been denved by any process of uralitisation of the pyroxene since the- metamorphlsm of
‘the rock. The pleochroism is X = hght yellow Y = yellowish green, Z = clear grass

green X<Y<Z

The biotite is almost as abundant as the hypersthene. Tts pleochrmsm 18 X
light yellow, Y =7 = dark brown. It contains a few grains of zircon with feeble haloes.
Many of the flakes are bent mdlcatlng that the biotite was formed before the end of the
metamorphlc pemod : -

.- . ‘There are two generations of magnefite crystals. The earlier crystals .a;'e' .
porphyroblastic and are surrounded by a zone in which the cracks in the.rock are filled
with haematite, thus producing the red colouration seen in the hand specn‘nen The
later crystals are derived-from the breakmg down of the hypersthene

- Apatite is-¢the,only other accessory. ST
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The minerals in order of abundance are plagioclase, hypersthene quartz biotite,
orthoclase hornblende, magnetite and a,patlte

" This rock is unusual in that it represents an altered charnockite. The hypersthene
in this case is obviously unstable and breaking down to biotite, although recrystallisation
has blotted out most traces of the reaction. :

The rock is a charnockite gneiss.

No. 662 is an erratic collected from Cape Hunter and is a light grey, .ﬁne-grained'
rock with a slight foliation. The minerals visible in hand specimen are quartz, felspar
and biotite. | ' o

The thin section shows a rock in which the average grain-size 18 about 0;25' mm.

The structure is very uneven as the grains of felspar have sutured edges one to the other
and there is a considerable amount of fine material both quartz and felspar. The larger
_quartz grains are about 0-50 mm. across and are lenticular in section. They all have
undulose extinction and contains strings of gas-liquid inclusions. The smaller grains
are about 0-05 to 0-10 mm. in diameter and as they are entirely recrystallised are free
from stress and undulose extinction. " The microcline is mainly in the form of large grains
(0:3 to 0-4 mm.) with very irregular edges and a well developed cross-hatching. These
contain included grains of quartz and plagioclase. There are not many small grains of
microcline as most of the recrystallised material is quartz but there are a few areas in
- which the microcline has been broken and recrystallised. The plagioclase is less common
than the microcline. It is of the composition Ab;;Any; and is usually cloudy due to
inéipient alteration. - The biotite is reddish brown, pleachroic from X = light yellow to -
Y = Z = dark reddish brown. It forms flakes in two ranges of sizes. The larger range
- from 0-15 to 0-30 mm. - There are also a great number of smaller flakes 0-10 mm. and
smaller which together with the irregular structure of the quartz and felspar give.a racrged
appearance to the rock. There are a few flakes of muscovite intergrown with the biotite,
The accessories are sphene, magnetite, pyrite, apatite, calcite, allanite and zircon. The
sphene is in small grains which appear to have been derived from the breaking up of a
larger grain and the scattering of the pieces along the direction of flow of the rock. The
pyrite is in the form of large grains which invariably have an outer zone of magnetite:
_formed, apparently, by the oxidation of the pyrite. Some larger grains of magnetite
- represent pyrite wholly changed and there are all stages between the slightly altered and
the completely altered pyrite. -The apatite is in clear grains included in the quartz and
felspar. Zircon is not uncommon as small elongated grains of high relief and mostly
included in the quartz. There are only two or three grains of very altered allanite.
Calcite 1s present in small quantity and is apparently ongmal or at least formed before
the onset of metamorp]:usm

Thls rock has been metamorphosed under conditions of strong pressure and only
- moderate temperature. - The temperature has not been high enough for complete
recrystallisation nor has the pressure been strong enough to effect any notable degree of
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crushmg In the early stages of metamorphism the quartz recrystalhsed into large
‘lenticular grains but later some of the quartz and felspar dissolved under pressure -and
formed small crystals around the larger grains. The sphene and the biotite both show
signs of a crushing and shredding which has been partly obscured by recrystallisation.

The minerals in order of abundance are microcline, quartz plagloclase blotlte,
magnetite, pyrite, apatite, sphene, allanite and zircon.

The rock is a gramite gneiss.

L (4) ROCKS.CRUSHED AND INVADED BY BORON CONTAINING VAPOURS

In this group are placed those rocks in which crushing of the rock has been
followed by the invasion of bhoron vapours up through.the crush zone. These vapours
have altered the felspars in the crush zone to tourmaline and quartz and in the extreme
case have attacked the whole rock till all that is left of the original rock are a few relic
felspars in a quartz tourmaline rock. Rocks 899, 15, 1209 and 708 show in increasing
order the reaction involved in this transformation. '

No. 899 is a crushed granltlc rock in which the 1ntr0duct10n of tourmaline is merely
incidental to the formation of the rock. = It is light pink to colourless in hand specimen.
and has a rough planar schistosity. Bands of crushed quartz and felspar alternate with.
‘bands in which the felspar is quite uncrushed ’

Under the microscope the disparity in size between the crushed and the unerushied _
grains is more evident. There are large microcline crystals up to 4 mm. in length set
© in ground-mass of crushed material with an average grain-size of about 007 mm:.

The larger relic crystals are all microcline but some of the smaller are plagioclase.
-The quartz is mostly in the ground-mass but there are some aggregates of larger
crystals : _ ' :

Some of the relic microcline crystals are rather perthltlc one in particular bemg
strongly affected. The development of perthite is so marked as to preclude any idea of
exsolution. That the perthite has been produced by replacément of microcline is shown’
by the fact that one portion of the crystal is practically free from albite. The albite
forms flat lenticles elongated parallel to the trace of the microcline twinning and these,
in the portion of the crystal richest in them, are crowded very closely together (see Plate
XII, fig. 3). That this albitisation occurred before the crushing of the rock is seen
‘from the fact that the zone richest in albite bears no relation to the edges of the ci‘ystal.
Other crystals of microcline are free from perthite and show only incipient twinning. - The
microcline in the ground-mass has well developed twinning and is free from perthite.. The
plagioclase freed by the recrystallisation of this microcline has formed small crystals in
the ground-mass. One medium sized crystal of mlcroclme has a mantle of plagloclase
formed probably as a late magmatw process. ‘

Plagioclase occurs both as  relics ” and in the ground-mass. Its composition is
AbgyAn,, and it is quite fresh and unaltered. The relic crystals have-been fractured
and have curved twin. lamellae. ' '
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Quartz being more mobile. has entirely recrystallised. It is seen both in ¢rushed
areas and as aggregates of larger crystals. :

. Durmg the crushing sericite formed along the slipping planes as a result of ‘the
breaking down of some felspar. As the grade of metamorphism became higher it was
‘recrystalﬁsed to muscovite and this in turn altered to form sillimanite. Some muscovite
has not been changed and occurs as strings of crystals often bent as they follow the course
‘of the shppmg plane. ‘ SRR

- The sillimanite is in the form of small but distinet crystals which average about
0015 mm. in cross section. They follow the hnes of the orlglnal sericite and are confined
to the crush areas.

Some little garnet has formed irregular pinkicrystals.

Tourmaline has been introduced by vapours asoending ‘up the zone of crushing.
Its late origin is shown by the fact that it forms large unbroken crystalsin an area in which -
the rock has been severely crushed. It is pleochrom from light greenish pink to a dull
ohve green

- The rock was originally a granite or a pegmatite of a fairly coarse grain, in which
late magmatic changes had resulted in the formation of perthite.  After the rock was
completely solidified it was subjected to dynamic metamorphism with the formation

of a sericitic quartz felspar gneiss. Later a considerable rise in temperaturé raised “the
- rock to the sillimanite zone. .It was either just before or concurrently with this stage
that the tourmaline was introduced.

The minerals in order of abundance are m1crochne quartz plagloclase, tourmaline,
sdhmamte muscovite and ga,rnet

" The rock is & towmalme sllimanite granitic gneiss.

No. 15 has had a similar history to No. 899 but the granulation has not been so.
severe. In hand specimen it has the appearance of a tourmaline-garnet bearing aplite.
Closer inspection shows a slight tendency to segregation and foliation in the quartz and
‘the presence of micaceous films'along planes which can be interpreted as slippage planes.
The tourmaline and garnet form small crystals and the grain-size is that of a fine grained

granite.

In thin section the larger relic felspars (5-8 mm. in length) are seen to be set. in
a crush mass of grain-size about 0-1 to 0-5 mm. Tt is to be noted that the grain-size of
the recrystallised material i is much. grea,ter than i in No. 899.

“"The 'quartz appears both as large crystals which are fractured and show strain
shadows under polarised light and as smaller grains which have been recrystalhsed and
show no .sugn of stress. - - ST
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The relic felspars are all plagioclase-antiperthite. ~ The sodic phase has the
composition of albite AbyAn,. The potassic phase is microcline scattered through the
host as irregular blebs with a common orientation. The nicrocline 1s dlstmgulshed
by its lower refractive index and by its typical twinning (see Plate XII, fig. 4).

There are several qu1te wide crush lines across the: slide in which the quartz
and felspar have been crushed and.réerystallised. The ‘recrystallised plagioclase is
quite free from any antiperthite and the potash phase so released has produced a few:
microcline crystals: Thesé show good twinning and are. clear, free from perthite and
quite ungltered. S | '

Along the lines of greatest’ crushing there have been formed numerous flakes
of muscovite. The flakes are bent and small and in some places seem torn as if there
has been repeated movement durmg the lme of weakness,

There is assoclated WJth the muscovite a small amount of biotite. It is green,
X = llght greenish yellow Y = Z = brownish green.

* Some _pmk garnet forms small subidioblastic' crystals.

A few crystals of sillimanite have developed from some sericite but only in one
mstame 'l‘]ns points 130 the beglnmng of the sillimanite zone.

It i ls_ in the crusll, zofies that the tourmaline has developed and here again-it
forms large unbroken crystals. Tt has a characteristic pleochroism O = dull olive green,
E = greyish pink, O > E. { ' ' '

" The rock has passed through a similar series of chanoes to No 899 but the lnltlal
crushing was not so intense nor was sillimanite produced to the same extent as in N 0. 899

The rock 1s a tourmalime-bearing gamemfemus ga“amte gneiss.

No. 1209 shows another stage in progressive tourmalinisation. In the two rocks

- just described the tourmaline is in small amount and has not reacted with the felspar

to any extent. Tn No. 1209 there is ample evidence that the tourmaline was’' not
introduced as such but as boron vapours which have reacted Wlth the felspar to form
quartz and tourma,lme ‘

- The rock consists of large relic crystals of light pink felspar and some aggregates

of quartz and. felspar and shows wide crush zones up which the boron vapours have

fisen to react with the felspar and which are now represented as veins of quartz and
tourmaline. '

The thin section shows that here, as in previous locks, there has been a notab]e
amounb{crushmg during the early meta,morphlc history of the rock.

~ The felspar crystals which in this rock are microcline mlcroperthite are of a large
size—up to 10 mm. or more in length. The sodic phase is albite and is distributed through
the microcline as irregular blebs with their c-axes parallel to the c-axis of the microcline.

Some of the microcline crystals are bent at the edges and have curved twin lamellae.
*62R42—T L ,
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There are great areas of crush” in wh1ch thc grains have an a,verage size of about
0-1 mm. In this the most prominent mineral is microcline which forms small crystals
with a well developed cross-hatching. The albite. released from the perthite has
crystallised in the crushed area. There is little quartz in with the fine material. Some .
muscovite has recrystallised from the sericite whloh was developed during the crushing
of the rock. '

It is into these crushed areas that the boron vapours have come and altered the
felspar into tourmaline and quartz. This quartz by reason of its having crystallised in
the presence of abundant volatile has formed much bigger crystals than the microcline
and: has an average grain size of about 0-8 to 10 mm. These large uncrushed crystals of
quartz can be seen enveloping patches of crushed microcline in a way that leaves no doubt
as to the processes involved. The quartz shows undulose extinction but is not crushed,
and encloses corroded patches of recrystallised microcline and forms stringers into_the-
microcline microperthite along cracks in the solid crystals.

The tourmaline forms big crystals sometimes set amongst the crushed
microcline but the more often surrounded by the quartz produced in the reaction. - It is
similar in colour to that in other rocks, E = light greenish' pink O = dull olive green,
O > E. Basal sections exhibit a zoning of the colour in which irregular patches are of
a lighter, moré blue colour than the rest of the mineral: Some of the crystals contain
inclusions of quartz.

The minerals in order of abundance are niicrocline, quartz, plagioclase, tourmaline,
muscovite. Of these microcline and quartz are about equal and together make up about
80%, of the rock. ‘

ThlS rock is the half-way stage in the production of a quartz tourmaline rock by ' -
the action of boron vapours on the felspar. It is notable for the fact that in the areas:
in Which there is no felspar there is nothmg to distinguish the rock from a true quartz
tourmahne pegmatite. The structure. is shown in Plate XTTI, fig. 1.

. The rock is a tourmalinised granitic gnetss.

No. 708 has been affected by boron vapoufs' to a greater extent than No. 1209

~ - and has still less felspar. . The rock contains about 20%, of felspar in large pink * relic ”

crystals. The remainder of the rock consists of fine grained quartz and tourmaline Whlch‘
: makes a striking contrast with the large felspar crystals '

The quartz tourmaline portion of the rock has a saccharoidal structure. The
tourmaline crystals have an average size of 2:0 X 0-7 mm. and the quartz about 0-4 mm. -
There are some corroded * relic ” crystals of felspar amongst the quartz which are not_

much bigger than the quartz The larger crystals range up to a centlmetre or more in
length.
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It is difficult to say whether there was any crushing before the introduction of
the tourmaline as most of the pre-existing structures were destroyed by the reactions
involved in the tourmalinisation, but it is probable that like the other rocks of this - i
group it ‘was crushed before the introductibn- of the boron Vapours.' "

- The quartz is free from inclusions of any nature but usually shows undulose
' extmctlon The quartz gralns have remarkably simple edges and many palrs of grains
‘meet in simple curves or even at times in stralght hnes

The tourmaline has B = hght greemsh pink 0 = dull ohve green 0> E Some -
u‘ystals ha,ve a distinct basal parting. '

The felspar shows the eﬂ“ects of the reaction with the boron. Most of the smaller
grains seen have rounded and -corroded borders and some have embayments in them
similar to those in partially resorbed felspars of rhyolites. There are some very small
.and apparently crushed grains of felspar forming an aggregate surrounded by quartz
" and with corroded edges. The felspars comprise both microcline and -plagioclase, the
 latter being less abundant. The plagioclase—antiperthite—contains numerous scattered
grains of microcline with a parallel orientation. 1t has the composition of albite and is
. similar to that in No. 15, The microcline is slightly perthitic and has not developed a’
good twinning. Both fe]sPars are weathered to some extent.

The minerals in order of abundanoe are qua,rtz tourmalme, 1mcrochne, and
plamoc]ase

This rock is of interest as it shows the last stages in the formation of a quartz
tourmaline rock from a granite or a pegmatite. The earliest stage is the crushing of the
rock ‘and the introduction of a little boron along the crush lines. An inqi'ease in, the
amount of boron leads to the attack of the felspar on a large scale and the formation in ‘-
crush areas of  veins ” of quartz and tourmaline. The last stage seen in parts of this
specimen, occurs when the boron vapours attack the uncrushed rock and finally results
in & quartz tourmaline rock or-luxullianite in which the quartz has a saccharoidal texture
and in which there is no sign of the original rock (see Plate XIII, fig.-2).

The rock.is a luzullianite.

The. series of rocks Nos. 899, 15, 1209, 708 show the processes involved in
progressive tourmalinisation. The first two rocks are representative of the first stage in
which the boron vapours have risen up lines of weakness, in this case crush zones, and have

altered the material in the crush zones. Nos: 1209 and 708 show successive stages in |

" the tourmalinisation of the wholé rock. Nos. 899 and 15 show different phases of the
initial rock. In No. 899 the rock has been crushed and recrystallised to the stage of a
mylonite gneiss before the introduction -of the boron vapours. The formation of
sillimanite in No.-899 is an incident connected with the general rise of the thermal
gradients and the increase of volatile accompanying the tourmalinisation and is not
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connected with the earlier crus]ung of the rock. In No. 15 on the other hand, the
crushing took lacc at a higher temperature and -as a consequence the megascopic
~effects of crushing have almost obliterated and the rock has the appearance of a
garnet tourmaline aplite. However the microscope by showing the large broken
felspar crystals in a mass of finer recrystallised material reveals the true nature of
- the rock. \

There are two rocks mm which recrystallisation concurrent with the mtroductlon
of the tourmaline has gone a further stage and all but obliterated every e Vldence of the
pneumatol)tlc origin of the tourmaline.

No. 194 is a fine grained light colonred vock in whxch small crystals of tourmaline
5 X 1 mm. are irregularly distributed through a white mass of felspar and quartz, There
are crystals and aggregates of coarse felspar which may be regarded as relics. -

The thin section shows a rock in which recrystallisation has been responsible for
the development of the present structures. The structure 1s that typical of so-many of
these older granites and is similar to that described in the metamorphic granites (cf.
No. 709). The minerals present are quartz, plagioclase, microcline, and tourmaline,
Of the felspars plagioclase is badly weathered probably by post-metamorphic agencies.
The felspars in most instances appear not to have recrystallised but to have remained
passive while the quartz recrystallised round it. Tt is certainly so with the plagioclase
but the microcline shows signs of recrystdllisatibn in that it has enveloped small erystals
of plagioclase in a structure more typical of metamorphism than of primary igneous
cﬁysta]lisation The quartz has all recrystallised and has since 'deve_loped undulose
extinetion. It contains numerous strings of gas- hqu]d inclusions. The tourmaline is
green and. pleochroic from hght pinkish grey to deep olive green. It contains: quartz
grains which are unstressed. ‘There are some small erystals of colourless garnet, Tt is
'probab‘ly almandine. The accessories are apatite and zircon.

Amongst the metamorphic structures in which the average grain-size is between
0-6 and 0-8 mm. the tourmaline forms unbroken crystals which are all larger than 0-8 mm.
and which reach lengths of 2 to 3 millimetres. . The crystals are not fractured or cracked
and contain inclusions and embayments of quartz and are in every way similar to those
developed in Nos. 1209 and 708. It is suggested that the recrystallisation of the quartz
and the Telspar was much accelerated by the presence of so much volatile in the rock.
It is typical of this rock that two slides cut from portions of the speci{neri only five
- centimetres apart should show different structures. In the one slide the quartz is in.
irregular and often elongated grains which merely fit in between the felspar grains. . In
the other not only is the grain-size somewhat larger (10 to 1-2 mm.) but; the structure is

equigranular and granoblastic. It is notable that this latter slide only contains a little
tourmaline. - : : :

The mmerals in order of abundance are quartz, plagmclase mlcrochne tourmahne
garnet apatlte and zircon. :

The rock is a a towrmalinised granite gneiss.
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~ No. 565 is a light- coloured rock- of medium to coarse grain.” Tourmaline forms

‘obvious crystals 2 to 6 mm. in diameter and from 5 to 15 mm. in length. There are many

felspar crystals which measure 2 to 3 centimetres in their longest dlrectlon but some of
the felspar is much smaller. The quartz is in small vitreous grams

Under the. microscope the rock shows many signs of crushing in certaln areas

~and. gives clear evidence of the pneumatolytic origin of the tourmaline. The rock
_consists essentially of quartz and felspar and exhibits many of the structures noted in -
~ granites which have. been crushed after solidification. It differs from them in having

several planes of discontinuity along which the quartz and felspar have been crushed

‘to a fine- powder. In other areas the felspars have withstood the crushing to a large

extent and remain imbedded in a mass of fine grains of quartz and felspar, In the
crushed areas the structure is not unlike that of No. 1243. Some-of the tourmaline

s in these crush areas and is then clearly of secondary origin. . Other crysté,ls although

in the -uncrushed felspar have a corona of quartz which appears to be formed as a
by-product of the reaction. ‘

'The felspar is all microcline- -microperthite and is unweathered. The crystals
show strain and have not infrequently been bent and fractured. The quartz has strings
of inclusions ‘which preserve a constant orientation throughout the slide. The
tourmaline is pleochroic from light pink to deep olive green. There is some sericite
developed chiefly along the planes of slippage. In one instance a lenticle of sericite in .
contact with a big tourmaline crystal is rather well crystallised and it appears as if the
boron vapours actually “* catalysed ” the recrystallisation. The accessories are zircon
and haematite. The zircon is in small dark grains. One has been fractured by the
crushing of the rock and has not recrystallised. The haematite is in dendritic aggregates
of small plates and '1s probably a product of late metamorphic changes.

The rock is a tourmalinised gramite gneiss.

(5) ROCKS FORMED BY THE INTRUSION oF MAGMA DURING THE ACTUAL

' " PERIOD OF METAMORPHISM.
This group comprises the rocks formed by the intrusion of magma during the -
actual period of metamorphism. There is a great diversity of types, the variations being
dependent on the intensity of metamorphism at the time of intrusion. In some of the

~extreme cases the viscous and still semi-liquid rock has been squeezed and the liquid -

portion strained off from the mesh of solid crystals. In less stressed rocks the.only -
effect has been the production of a foliated granite. 1In these gneissic rocks it is
impossible, in the absence of field relations, to decide whether the foliation has heen
impressed on an already solid rock, or whether it is due to piezo-crystallisation. ~ For this
reason several rocks which have all the characters of gneissic granites and which could
quite -easily have been formed by piezo-crystallisation have been described as having
been produced by the deformation of solid rocks. There are, however, scveral rocks in
which the metamorphism seems to have been most active while thc rock was still
in semi-liquid state and these will be described below, -
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No. 302 Is a ghelssic gramtc in ‘'which oocasmnal large felspar crystals cutting
across the foliation: suggest that the foliation was- imposed by stresses acting on the still
viscous magma. The stress hai produced a foliation which is linear rather than planar,
~in that although the ferromagnesians have a common 'orientabipn, the foliae are
stretched out in pipes with an oval-shaped cross-section. ;

The microscope structure is very uneven due in a large measure to the large felspar
crystals. The quartz and the smaller felspar grains have an average size of 0-2 mm.’
but the poeciloblastic felspars attain lengths of several millimetres in thin section. The
_ biotite and hornblende are of a larger size than the quartz and have a mean diameter of -
~ about 0-4 mm.

Of t.he felspars both plagioclase and microcline are present the latter being the
more abundant. = The, plagioclaée, ‘which has the comp‘ositibn of oligoclase, is rather
considerably weathered. It is niade cloudy by a flaky mass in which the individual
crystals cannot, be determined. It is suggested that this is sericite and represents the
small amount of potash originally in solid solution in the plagioclase. . The microcline
on the other-hand is quite fresh. Although it is perthlmo the, plaglocla,se streaks are not
altered as is the other plagloclase of the rock.

- Quartz 1s not. very abundant ._and constitutes less than 109, of the rock.
- It contains strings of inclusions and exhibits undulose extinction.

Of the ferro-magnesian minerals biotite is more common. It is brown in colour
‘with X == light golden yellow, Y = Z = dark reddish brown to opaque. The crystals
‘ are often bent and in places-are fractured across the cleavages. There is some magnetite
~ developed around the edges and in the c_;racks of the crystals. '

: The hornblende is not much less abundant than the biotite. - It is green with
X = light greenish yellow, Y = yellowish green, Z = grass green, X < Y < Z
It contains some inclusions of allanite crystals which induce pleochroic haloes in which
Y, = yellowish green, 7, = yellowish green, Y < Y, = Z, > Z. There is usually
some biotite. intergrown with the hornblende. B - «

. There are some few grains of apatite which are usually associated ‘with the
~ ferro-magnesians. Magnetite is confined to the biotite and appears to be the result of
weathering of the blotlte

The assoma,tlon of magnetlte with the blotlte 18 ta,ken as an indication that thc
biotite is decomposing to form hornblende.

-

The minerals in order of a.bundan(,e, are 1111(,rochne, plagioclase, qucuta, blotlte
homblende ma,gnetlte, apatite and: allanite.

The rock 1s a gnreissic gmmte.
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No 279 1s another gramtlc rock in which stress has been applied while the rock
was still crystallising. The rock in hand specimen shows little sign of gheissic structure.
It is light grey in colour'and consists of white felspar with a little quartz and a fair
amount of biotite. There are large pink garnet crystals up to 2 or 3 cm. in diameter.
. The microcline tends to porphyroblastlc development and is especially noticeable as
it forms large white crystals in the finer grained rock. The biotites have a parallel
arrangement and hend around the microcline.

The structure in thin section is dommated by the microcline crystals which may -
attain a size'of 10 mm. The other minerals and some more microcline fill the spaces
between the porphyroblasts and average about a millimetre in diameter. The biotite
-shows little trace of the parallel arrangement seen in the hand specimen. '

The microcline 1s perfectly fresh and so clear that a cleavage plece 5 mm. thick
is-quite translucent. When exposed to ultra violet light from a mercury vapour lamp
for 10 minutes it shows a purple fluorescence. It does not exhibit: the normal
cross-hatching but has only a few ghost twins starting from cracks and inclusions of
quartz and plagioclase. It comprises about 70% of the rock. ' '

_The plagioclase is much less abundant than the microcline and forms small crystals -
. many of which are included poecilitically in the ‘microcline. - They are often slightly
‘weathered and have the composition of AbgAn,. There are some micrographic
intergrowths - of plagloclase and mmrochne in whlch the plagioclase 1s the more’
abundant. ' '

. The quartz is not ébunda,nt and shows a tendency to Segregation " It has strain
shadows and some of the grains have broken down to several optlcally discontinuous
pieces. It contains few inclusions.

, Blotlte forms about 5%, of the rock and is rather unevenly dlstmbuted It has
X = light yellowish brown, Y = Z = deep greenlsh brown A few scattered zircon .
crystals induce pleochrom haloes ' '

The garnet forms ragged crystals which contain mclusmns of quartz and bictite.
Ttis p_mk and isotropic and has a refractive index above 1- 79. It is probably almandine.

Apatite is rather abundant.” It forms relatlvely large prismatic crystals with
a moderate relief. It is not evenly distributed through the rock but has segregated
in with the biotite clumps -

The rock is an ortho-gneiss, an igneous rock which has been injected during the
‘metamorphic period and ‘which subsequently, while still in a viscous condition, has
acquired foliation by the action of one-sided pressure. There ig no granulation such as
would have occurred if the rock has been completely solid before metamorphism.
It is possible thdt some quartz has been removed during the metamorphism, leaving
‘the rock richer in the less mobile felspar and biotite.

‘The rock is a garnetiferous microcline gneiss.
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No. 263 is of a similar nature to No. 279 but lacks the garnet. It is a light grey '

rock of a medium grain size and consists of microcline, quartz and biotite. The

microcline is blastoporphyritic and is usually elongated in a common direction though ™

- some large crystals may break across this foliation. Quartz is rather more abundant
than in No. 279 and occurs in small grains uniformly distributed through the rock. The
micro-structure is again dominated by the large blastopoecilitic microéline crystals,
which attain a size 3 to 5 mm. They are not so-abundant as in No. 279 but make up
409, of the rock. Both the large crystals and the smaller grains in the ground-mass
have a well developed twinning. There is little perthite but the microcline contains
round inclusions of both plagioclase and quartz. The microcline in the ground-mass
has a grain-size of about 0-2 mm. ' '

Plagioclase does not amount to more than 5%, of the rock. Ttis slightly wéathered-
and has the composition of basic oligoclase. It forms rounded crystals 1ncluded in the
mlcrochne and n the mterstloes between the grams

Biotite' is a brownish Variety with X = light golden yellow, Y = Z = very dark
brown. The flakes have a more or less common orientation and form foliae which
give the suggestion of parallel structure in the hand specimen. -There are a few rather
" intense pleochroic haloes round small crystals of zircon. There are some granules of
epidote associated with the biotite. : ‘

- The metamorphic origin of this rock is shown by the fact that muscovite is
constantly idioblastic against the biotite, wheleas in normal wneous rocks biotite
18 idiomorphic agamsb muscovite.

Apatite is uncommon and no garnet could be detected.

Quartz is more common than in No. 279 and forms as much as 209, of the rock.
It forms big irregular grains with undulose extinction and shows a tendency to
: segregation into the foliae. There are small grains of quartz mcluded in the microcline.

The minerals in order of abunclance are microcline, quartz plagloclasc biotite,
muscovite and apatite.

The rock hasg had a similar history to No. 279 but differs in that it containg more
quartz and in that it has a more distinct foliation.

It 18 a granite gnesss.

No. 802 represents a phase in which the gneissic structure is more pronounced in
hand specimen. * This is largely due to greater degree of parallelism in the elongated
felspars but is made more obvious by the mica flakes which themselves are also parallél.

It has the appearance of a gneissic gmmte. '

!
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. Under the _microscbpe the finer grained minerals in the groundmass are seen to
be more common than in the two previous rocks. The large blastopoecilitic microcline
crystals are not so abundant as they were in No. 279 but do not lack the size of those
~ of the previous rocks. Smaller erystals of microcline are more common than the larger
- and average about 0-5 to- 1-0- mm. ‘ ‘

The lllIClOClllle 1s clear and fresh and ShOWS a well developed twinning pabtern
It contains a'few round grains of quartz and plagioclase but these are not so common
as in No. 279. In one or two instances a crystal of microcline has grown between and
around quite large crystals of plagioclase and still remained in perfect optical continuity.

Plagioclase is a little more abundant than in No. 263 but is not nearly so abundant
as the microcline. It is usually altered and may contain as a product of alteration
epidote and sericite. ' '

The quartz is usually segregated into foliae and individual crystals.are elongated
parallel to the foliation. That it suffered from stress is evidenced by the undulose
extinction and occasional granulation. 1t contains mény strings of gas-liquid inclusions.

The biotite is a dark variety X = light greenish yellow, Y = Z = dark
greenish brown to opaque. It is frequently bent and in places fractured. Intergrown
with it are some epidote and a few large flakes of muscovite. This muscovite is typical
high temperature muscovite and is constantly idioblastic against the biotite. The
epidote is colourless but has a moderate tenor of iron indicated by its hlgh polarlsatlon
colours. - '

The minerals in order of abundance dre. ‘microcline, quartz, plagloclase biotite,
muscov1te, epldote, apatite and zircon.

This rock has been metamorphosed while in the last stages of cryétallisa,ti(jn
and stress conditions have prevailed after crystallisation was completed. This is shown
'by the undulose extinction and the slight but significant granulation in the quartz.

+The rock 1s a gmm'te gneuss.

- Nos. 234, 244 and 822 are siinilar to those described above but have one pomt of
difference in common in that they contain large porphyroblasts of felspar up to several
centimetres in length set in a ground mass in whmh the constituent minerals have an-
average gram—swe of below.0'5 mm.

No. 822 is the most striking example as in it large tabular microcline crystals up to

3-cms. in length are set in a ground mass which is almost fine enough to be called aphanitic.

“The felspars are a light pink in colour and are commonly. twinned on the Carlsbad Law.

The ground-mass consists of quartz, felspar and biotite and has a dark colour due to the
presence of ﬁnely divided biotite.
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In thin section the disparity in graln sizes 1s made more evident. The
ground-mass cons1sts of grains about 003 mm. in diameter with a few strained crystals
of quartz ranging up to 0-15 mm. - The porphyroblasts of felspar vary in size from

- 3mm. to 30-mm: with an average of about 10 mm. There is a distinct foliation marked
out by the ﬂakes of biotite but the larger felspars dlsturb the foliation.

Most.of the felspar is nnorochne which does not always show its characteristic
twinning. - The microcline 1s perthitic. The other felspar is an acid plagioclase and is
confined to ‘the ground-mass. Both felspars are fresh and unweathered. -

- Quartz is abundant but is at times difficult to distinguish from the clear untwinned.
felspar.” It usually has undulose extinction and shows a tendency toward elongation
pa,rallel to the foliation. :

The biotite is greenish but how much this. is original and how much due to partia,l
alteration to chlorite is difficult to decide. The flakes which have a high birefringence
show X = light golden yellow, Y = Z = dark brownish green. In other flakes, however,
" X = golden yellow, Y = Z = bright green, and the polarisation colour is a light bluish
grey which is masked by the absorption of the mlneral This latter, no doubt, represents :
partial alteratron to chlorrte '

.There are a few grarns of hornblende intergrown with the biotite. The
pleochroism'is X = yellow, Y = green, Z = greenish blue, and the extinction
Z'Ac=21° - : o

Sphene is too common to be called an accessory: Tt forms porphyroblastic crystals
0-1.t0-0-3 mm. in diameter with a typical brown colour and absorption. The crystals are
xenoblastic and contain inclusions of quartz and biotite. Several of the grains show a
fair cleavage. One in particular shows two very good cleavages (110) at an angle of about -

1130°. Tt also shows multiple twinning but the oreintation could not be determined.

There are a few crystals of garnet. They have been fraotured'arrd pulled apart
. and have at a later period been recrystallised. Tt is light pink to colourless and is quite
isotropic. ’ '

Epidote with a moderate relief and a moderate blrefrmgence is scattered through
‘the slide. Tourmaline is present but is not common. It is pleochroic from hght pink
to a dark green. Apatite and zircon are present In thelr usual modes. Magnetite:1s
not common and 1s altering to haematlte ' ' '

The structure is ( that of an igneous rock which has been metamorphosed during
crystalllsatlon The metamorphlsm has had the effect of reducing the grain-size of the
crystallising minerals while because of the lack of resistance to stress the felspars which
had already crystallised were not crushed to any extent. The size and shape of the felspar
rules out any suggestion that they can be augen left after crushing of the rock and it is
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far from likely that they would grow to such a size if they had recrystallised from an evenly.
crushed rock. " There are some signs of crushing in the later stages of the cooling of the
rock reflected in the fracturlng of the garnets and the breaklng across of one or two of the
large felspars.

The rock is a granmite gneiss. |

No. 234 is of a similar nature to No. 822 but is more coarse grained. It contains

large pink felspars set in a fine-grained matrix and has the appearance of a porphyritic

granite. These felspars are all aligned to follow the foliation which is marked out by the

parallelism of the biotite. The porphyroblasts average about 10 mm:.in length and are

usually twinned on the Carlsbad Law. They comprise both microcline and plagioclase

- but the microcline is far more abundant. The mass of the rock has a very uneven

grain-size and varies from 0:15 to 0-70 mm. In addition there are plagioclase crystals

which are intermediate in size between the ground-mass and the porphyroblasts and
vary from 1 to 3 mm. in length

The plagloclase is twinned on the Albite, Carlsbad and Pericline laws, and has '
the composition of oligoclase AbgAn;;. It frequently shows signs of strain indicated
‘by the curvmg of twm lamellae ‘ ' . '

The microcline porphyrohla,sts are all twinned on the Carlshad Law but show °
~.only a patchy microcline twinning. They are perthltlc and contain in addition round
inclusions of quartz and plagloclase

© The quartz is stra,lned and recrystallised. Tt has undulose extinction and some
grains are slightly biaxial due to strain. The grains are segregated mto foliae in which
1nd1v1dual gra,ms are elongated parallel to the foliation. - -

- The biotite is b]_fown with X = hght vellow, Y = Z = dark reddish brown to
opaque. : It contains few inclusions but occasional grains of zircon induce- pleochroic
haloes. There is mtergrown with it a small amount of muscovite..

Garnet forms large ragged crystals- which have-as inclusions grains of quartz and
biotite. It is pink and isotropic and is probably almandine.

Apatite is not uncommon in the form of hexagonal prisms and is usually associated
with the biotite. Magnetite and z1rcon are also present in small amounts.

" The minerals in order of abundance are microcline,’ plaglocldse quartz biotite,
garnet, apatite, magnetite, and zircon.

The rock is a granite gneiss.

'No. 244 is a similar rock to No. 234 but under the mlcroscope it shows the effects
of crushlng after solidification. The porphyroblists are again for the most part microcline
with only an occasional larger crystal of plagioclase.
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- The microcline is slightly perthitic and is twinned on the Carlsbad Law and
imperfectly on the Microcline and: Albite Laws. The porphyroblastic microcline crystals
contain as inclusions round grains of plagioclase and quartz. The plagioclase has the
composition of acid oligoclase. 1t is often weathered and many grains have been rendered
cloudy by the alteration products.

The larger grains of quartz have all been elongated parallel to the foliation, but
the smaller grains resulting from the breaking down of these are equidimensional. The

larger grains contain strings of dust and fluid 1nclus,1ons the latter each with its included”
gas bubble.

The biotite has X = light vellow, Y = Z = very dark reddish brown. Some
of it has been broken and shredded by movements in the rock during the late stages
in the metamorphic history of the rock. There is now associated -with it some magnetite .
especially in the vicinity of the fractured flakes. The nmagnetite appears to have been
derived froni the breaking down of the biotite. ' I

Apainte is fairly abundant and is usually included in the biotite and assocla‘red
with the biotite clots Alrcon 1S plesent but is not common. '

The rock 1s a blastoporp]zymm-c grante gneiss.

There is in No. 244 ample evidence of crushing after- the solidification of the rock
~ but the foliation seems to have been impressed while the rock was still in the plastic state.
As in the other two rocks of this class it is almost certain that the felspar porphyroblasts
originated in a rock that was still in a semi-molten state and that they have heen
preserved because during the perlod of maximum stress the rock was still plastic enough
to yield by flowage without imposing any undue strain on the felspars. The finer material
in the ground-mass of.the rock actually crystallised during the period of maximum stress
and because of the stress conditions cr ystqlllqed rapidly ctbout a great number of nuclei
and so formed many small grains, ]n No. 244 the felspars are more rounded than in the
other rocks but there is very little of the. mortar structure that would be present if there’
.had been crushing around the felspar porphyroblasts. There are, however, some zones
in which there is strong mortar structure and shredding of the biotite but these zones are
clearly formed after the solidification of the rdck and have no relation to the structure
of the rock. In the other rocks (Nos. 822 and 234) there is little or no sign of this
post-metamorphic crushing.  In none of these rocks does the recrystallised felspar reach
a size comparable with that of the porphyroblasts. Thus these porphyroblastic felspars .
are really phenocrysts which played a passive, part in the foliation of the rock by
‘piezo-crystallisation. In most cases they have-been turned with their “ b ™ faces parallel
to the foliation. ‘ '

No. 7024 is composed essentially of large round crystals of plagioclase and much -
biotite filling the interstices between the grains.  Garnet is distributed through the rock -
in large pink grains. Apatite can be clearly seen as long-green needles often as much as
10 mm. Jong and less than 1 mm. in diameter. The plagioclase is white and very cléar.
It forms crystals about 15 mm. in diameter. - The biotite flakes are'2 to 3 mm. in length.
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The structure cannot be well seen in thin section as the felspar crystals are too
large to allow of more than one in a‘standard size section. They seem to have a rounded
outline, but this is not nearly so conspicuous as in the hand specimen. The plagioclase
is perfectly clear and shows no signs of alteration. It has good multlplc twins on both
the albite and pericline laws. In many of the larger rrystals the twin lamellae are bent
at the edges of the crystal and one of the crystals has been broken across the lamellae and
the two pieces displaced relatively to one another. There are smaller grains filling the -
interstices between the larger grains of plagioclase. “These are about 0-3 to 0:6 mm. in .
diameter and show no sign of fracturing or crushing. ~Both the large and small grams have
the same composition Ab55An45 No orthoclase could be detected. -

The bictite together with 1_:he smaller_ grains of p]a.gloclase fills in the iﬁteystiées

~ between the large round grains. It forms flakes from 0-5 mm. to 1-5 mm. in length with

a ratio of elongation =4 to 1. It has X = very light straw vellow, Y = Z = dark
greenish brown. It is biaxial negative with a very small optic axial angle. - Zircon

“with its pleoohrow haloes is almost entirely absent but some xenotlme crystals which

are intergrown with the blotlte flakes induce dark pleochroic haloes in the portions of the
grains in contact with them.

Glarnet, pink and isotropic, forms large crystals 5 to 15 mm. in diameter. It has
developed in the areas between the plagioclase crystals.

Apatite 1s rather abundant and forms lai‘gé crystals usually in aggregates
associated with the clots of biotite although as can be seen in the hand-specimen it .
is also distributed through the felspar. - It is colourless and clear and has a high relief.

There are also a few relatively large crystals of xeénotime intergrown with biotite.
The xenotime is uniaxial positive and differs from zircon in its lower relief and its greyish
brown colour. It forms large irregular grains 0-15 to -3 mm: In d]ameter It has. a
distinct cleavage parallel to the e]onga,mon of the crystals.

There is only a little quartz in the rock. It i is associated with the smaller graing

of Plagioclése in the interstices between the larger plagioclase grains.

This rock has many points of similarity with an oligocldse biotite gheis‘s described
by Barrow from near Glen Doll in the Southern Highlands of Scotland (Barrgw, 1892,
pp. 64-5 ; 1912, pp. 67-9). For this rock Barrow postulated that after most of the
plagioclase and some of the biotite had crystallised the rock was subjected to powerfil
stresses which strained off the still liquid portions of the magma and left the mesh of
crystallised felspar and biotite.” Further stress ground the plagioclase crystals together
and rounded off the corners and at the sanie time crushed and bent the-biotite flakes and
forced them between and around the plagioclase grains. The plagioclase that was broken
and dissolved off the larger plagioclase grains recrystallised in the interstices.. - Much of
the biotite was also recrystallised at the same time, and consequently does not'show much
sign of shredding and crushing. The plagioclase is rather basic but it is probable that
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had the rock been allowed to follow its normal course of crystallisation it would have
reacted with-the residual liquid containing the orthoclase, albite and quartz which was

strained off and probably .injected as a pegmatitic vein in some other place.. The

original magma probably had the composition of basic granodiorite.

The rock is a plagiocldse biotite gneiss.

No. 112 is an even more unusual type and in the absence of field relations it is
impossible to be quite certain of its exact origin. - It is a fine-grained dark coloured rock
in which biotite, felspar and garnet are the only minerals visible to the naked eye. The
garnet forms large crystals 5 to 10 mm. in diameter sporadically dlstnbuted through the
rock, but the other constituents are of a smaller size. It is more massive than schlstose
- but has a rude cleavage due to a parallel arrangemerit of the blOtlte

In thm sectlon the rock is seen to consist essentially of plagloclase and blotlte with
ome quartz and garnet. The plagioclase forms grains about 0-5 mm. in diameter and the
blotlte qua,rtz and some more plagioclase fill in the interstices between the larger grains.

_ The plagloclase has & maximum extmotlon mn the symmetmoal zone of 48° which
corresponds to a composition of about AbyAng,. Its refractive index is so high as to give
the mineral a notable relief in thin section. It is comn10ﬁly twinned on both the albite
and the pericline laws. It is unweathered but has undergone some alteration to muscovite
durlng metamorphism. The crystals contain inclusions of quartz and biotite. There

 1s some felspar which is untwinned and whwh by reason of its lower relief was identified
as orthoclase. ' '

- Quartz oompfises about 5 to 10% of the rock, and' occurs both as grains comparable
in size with the plagioclase and as smaller recrystallised grains which with the biotite
form & matrix for the plagloclase The larger grains have undulose extinction.

The biotite forms small flakes which are often bent round the plagioclase crystals - .
It is crushed and there are some places whére a larger flake of biotite is seen to have.
. been replaced by smaller shredded flakes. The pleochroism is X .= very light yellow,
Y = Z = greenish brown. It contains a few inclusions of epidote and zircon both of
which minerals induce pleochroic haloes. There is intergrown and often interlaminsated

with the biotite a mineral which has the properties of lawsonite. It does not b appear to ©

. have been derived from the biotite by any process of weathering.

Muscovite and zoisite are formed as the result of the breaking down of plagioclase
and may sometimes be seen in the peripheral zone of an otherwise quite unaltered.
plagioclase crystal. This appears to -have taken place during the last stages of
metamorphism as in a few instances the muscovite so formed has grown in optical
continuity with already formed biotite flakes.
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© Garnet forms large pink isotropic crystals many of which have been fractured by
later movements in the rock. Where this has occurred the space between the pieces °
drawn away from the rest of the crystal has been filled w1th recrystalhsed p]agloclase and.
quartz ‘ ' ’

' There has been some little sillimanite deirelo,ped in the crush areas between two
plagioclasé crystals and it appears to have been formed from the sericite: which would be
~ expected to have been produced in such a place It is not at all common and is only in

_its incipient stages. ' '

- The minerals in order of abundance are plagloclase 50%, blotlte, quartz,
orthoclase, muscovite, epidote, lawsonite and sillimanite. : '

The rock by reason of its peculiar composition presents a problem whether it is
1gne0us or sedimentary. It is difficult to conceive of a sedimentary rock which could
consist of 50%, of a felspar as basic as AbyyAng, and for that reason the sedimentary origin
has been ruled out. This leaves two alternatives. The first that the rock is a crushed
" anorthosite has been abandoned because there is not the amount of crushed felspar that
would have been formed in the process of crushing of such a rock nor does the felspar
appear to have recrystalhsed in any quantlty On the other hand anology with No. 702 ~
suggests that.it too might have formed by the metamorphism of a mass of plagioclase
crystals which were segregated by one of the many processes of dlﬁ'erentlatlon or
contamination and subsequently squeezed free from the still liquid residuum.
However, in the absence of any ev1dence as to ﬁeld relatlons it 18 1mposs1ble to do more
than theorise about its origin.

The rock is a bytowmte biotite gneiss. .
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IV, ROCKS OF DOUBTFUL ORIGIN, INCLUDING GARNET ROCKS.

( ) GARNET ROCKs.

No. 4414 is the most interesting of these rocks. It has ‘been so "highly
metamorphosed that it has lost all traces of its orlgmal structure. From the. point of
mineral composﬂnon it' could be either a highly meta,morphosed sediment or the
metamorphosed equivalent of a basic igneous rock.

It consists of garnet, biotite and quartz with occasional segregations of felspar.
The general appearance is striking as the bulk of the rock is made up of red garnet with’
lustrous flakes of black biotite filling in the interstices. The quartz is subordinate and is
not seen till the rock is closely examined.

The microscope appearance is even more strlkmg The garnet which is a light
pink in thin section forms large crystals over a centimetre in'diameter, and encloses large
crystals of quartz and biotite. TIts refractive index is above I- 79vand as_the mineral is
completely 1sotrop10 it is most probably almandine.

The biotite is a vivid green and has X = hght browriish yellow, Y =7 = deep
emerald green. It is biaxial negative and has 2E approximately 15°. It is noticeable
for the beauty and abundance of the pleochroic haloes developed in it (Plate XIII, fig. 3).
The included grains are both zircon and xenotime.. The haloes have X = yellow (more
intense than the rest of the biotite), Y = Z = very dark brown There is some muscovite
intergrown with the blotlte |

‘Sillimanite is developed extensively and forms rod-like crystals up to 0-02 mm,
in diameter. It has formed both from biotite and muscovite. From the coarse crystals
of sillimanite present it was judged that the rock was well within the sillimanite zone.

" The quartz forms large irregular grains which are not fractured and do not show
undulose extinction. There are many strings of inclusions both of dust and of gas-liquid
types. ' B ' '

The only accessories are the zircon and xenotime which induce the pleochroic
haloes in the biotite. '

The estimated mineral composition is garnet 57%,, biotite 30%, quartz 109, and
sillimanite 39%,.

The rock is ‘& sullimanaite-bearing garnet biotite gnesss.

No. 711A 18 less rich in garnet than No. 4414 but contains-more. garnet than the
‘typical garnetiferous granites. It consists of white plagioclase and biotite and large -
crystals of pink garnet. The biotite flakes do not show any parallel orientation but
there are bands in which the mica is less common than in others.
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The plagioclase 1s of the composition Ab;,Ang, and is slightly weathered. . Tt is
commonly twinned on the albite law and to a lesser extent on the pericline law. There is
no orthoclase to be seen 1n the rock.

The biotite is pleochroic from X = very light brown to Y = Z == brown. Tt is
not highly-coloured and is probably rich in the magnesian molecule. It contains many
inclusions of zircon. '

The garnet is pink and isotropic and has a refractive index above 1-79. The
crystals are large and well-formed though somewhat rounded and are quite free from
any of the usual inclusions. It is. noticeable that these primary garnets in the igneous
rocks contain few inclusions in contrast to those that have been developed in the
solid rock. These latter contain as inclusions full-sized grains of quartz and biotite
(cf. No. 5264 and Plate IX, fig. 4). '

Apatite forms large grains 0-3 to 0-5 mm. in diameter and is so common that it can
hard]y be called an accessory. It does not exhlblt its erystal form but occurs as irregular

~ graing elongated parallel to the vertical axis.

Zircon, the other accessory, is rather abundant. Two of the largest crystals are
0-24 X 0-08 mm. and exhibit zoning under crossed nicols.

_The minerals in order of abundance are plagloclase biotite, garnet, quartz apatlte
zircon and haematite. :

The rock is a garnet felspar gneiss.

No.-560 is more rich in garnet than the previous rock. In hand specimen it has the
appearance of a metamorphosed sedimentary rock, and-consists of pink garnet and a
httle biotite set in a mass of quartz grains.

The thin section shows the rock to consist of quartz and garnet with subordinate
biotite and felspar.. The quartz forms irregular grains which have sutured edges toward
one another and all of which show undulose extinction. Tt contains a few strings
of inclusions and some small mineral grains. The quartz grains are very uneven in size
and vary from ]arge grains 0-8 mm. across down to small grains 0-05 mm. in diameter.
These smaller grains appear to be derived from the breaking of larger grains and in some
instances the granular aggregate resulting from the breaking down of some larger grain.
has been elongated in the direction of least pressure. There is some little felspar in the
quartz ground-mass. ' ' '

The biotite is brown and pleochroic from X = light yellow to Y = Z = dark brown.
It is psuedo-uniaxial and negative. It contains a few inclusions mostly of apatite. Ttis
not umformly distributed through the rock but is practically confined to a few narrow

bands in the rock,
* 62842 —F
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“The garnet is pink and isotropic and has a refractive index above 1-79. It forms
rounded grains which have inclusions of biotite and quartz. Tt is probably almandine.

- The accessories are apatite, zircon and magnetite. The zircon forms small rounded
grains included in the quartz and garnet.and in one instance in a crystal of apatite. The
apatite is. distributed through the rock in fairly large grains about 0-1 mm. in diameter.
The only magnetite present is found 1noluded n the crystals of garnet.

The estimated mineral composﬂnon is quartz 50%, garnet. 30%, biotite 15% and
felspar 5%, '

The rock is a quartz garnet gneiss.

Nos. 80 and 81 are two specimens which are rather similar in appearance and n
‘composition.. Both are pegmatites containing large garnet crystals up to 4 cm. in -
diameter and both contain a considerable amount of apat‘ite. No. 80 shows the intrusive
nature of the rock as there is a narrow selvedge of the wall rock attached to each side of
the vein. The veinis 8 to 10 ems. wide and consists of quartz, felspar and garnet. The
intruded rock has the appearance of a quartz biotite gneiss similar to No. 161 (q.v.). It
/is not noticeably garnetiferous except at the contact with the vein where large garnets =
have been" developed ' ; :

The quartz and felspar form rather large grains and are irregulaﬂy distributed
as is usual in rocks of this class. The garnet forms large red crystals-which are very
~ conspicuous in the light coloured rock. It has a refractive index of about 179 and is

probably almandine. Tt is altered in places to a'green chlorite which is psuedo-uniaxial

and negative’ and has a weak blrefrmgenee Apatlte can be seen in the hand’ specimen

as light green elongated crystals. The only biotite in the rock is near the edges of the
~vein and appears to be due to reaction with the wall rock.

No. 81 is rather similar to No. 80 but contains more apatite and slightly.less garnet.
The thin section shows a considerable amount of apatite in a rock composed of
plagioclase with subordinate amounts of microcline and quartz, The apatite is by far the -
most notable mineral in the rock and forms large xenoblastic crystals-many of which are
0-5 to 1-0 mm. in diameter. It has all the properties of normal apatite except that it gives
~ a biaxial interference figure. .The birefringence is weak and the refractive index is
1-635 & 0-002. Apatite has been reported as biaxial according to Winchell (1927 :
p. 129). The interference figure was difficult to obtain and the most common, found i n
sections which are almost isotropic, gives the biaxial optic axis figure of a single i isogyr
‘which rotates about the centre of the field. The isogyr is almost straight thus indicating
an optic axial angle of approximately 90° and for this reason the sign was 1ndeterm1nate
Micro- chemlcal tests conﬁrmed the presence of phosphorous

_ The plagioclase is of the composition’ Ab, 5A1125, and is usually weathered. There
is a little microcline which in contrast to the plagioclase is not weathered. There are a
few scattered flakes of biotite and muscovite. : ‘
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The garnet is pink and isotropic and is quite similar to that in No. 80. .

The accessories ate zircon and Xenotlme The zircon forms small grains with dark
borders and high interference colours. The xenotime lacks the distinctive relief of the
zircon and is a greyish brown in colour in contrast to the water-clear grains of zircon.
The xenotiine grains have a border of a brown opaque mineral which is yellowish brown -
in reflected light. A few of the xenotime grains are included in the apatite.

The rock is a garnet-apatite bem‘z'ng pegmatite.

" No. 711 is another of these garnet rocks and is not remarkable except for the
retrograde metamorphism that has altered the garnets to biotite and has produced
large ragged muscovite crystals in the felspar. The rock is seen in hand specimen to

- consist of pink microcline in which is set large crystals of garnet. At fivst sight the garnet

appears to have been. entirely altered but this effect is scen to be due to the fact that

‘the alteration has gone around the edges of the crystals and has also’ penetrated all

the cracks. There is some little quartz and the rock seems to have been a pegmatite
. which the garnet formed as a primary crystallisation as in No. 80 above. In this’
case the apatite so abundant in the previous rocks is virtually absent.

The thin section shows the Tock to have been dras’clcally altered by retrograde
metamorphlsm The rock consists essentially of microcline and garnet and it is the
alteration products of these minerals which are interesting. Tt must be emphasised that
these alterations products are not such as would be formed by weathering however drastic
or long continued, but are minerals Whloh can only be formed at a- cons]demble grade of
metamorplnsm '

The microcline is in crystals 3 to 4 mm. across, and even larger. Tt is slighf,ly
perthltlc, the sodic phase being distributed irregularly through its host. In places this
plagioclase forms small square crystals arranged in lines running through the microcline.
In other places it forms veins as if it had replaced the mictocline along cracks. Tt is along
these lines that the felspar is particularly liable to alteration to muscovite. In.several
places a large irregular patch 1 to 2 mmi. across has been replaced by a plexus of muscovite
crystals. These crystals are well crystallised but have ragged edges and are totally unlike
the idioblastic crystals formed in the noimal metamorphic rocks. There are also irregular

-veinlets and patches of calcite stained with haematite scattered through the microcline.

The alteration of the microcline to muscovite is also to be seen mund the edges of the

: gwrnet orys‘ralq

The garnet is pink and isotropic and has a refractive index above 1-79. The
alteration has taken place around the edges and along cracks through the crystals
and has produced green biotite (Plate XIII, fig. 4). The biotite has X = light greenish
yellow, Y = Z = bright green. "It is biaxial negative with 2E = approximately 15°.
There are also some crystals of biotite which were included in the garnet at the time

of crystallisation. These have X = li.ght brownish yel}ow, Y = Z = dark brown. . In
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several places" a vein of green biotite has crossed a crystal of the brown biotite and has
altered the outside of the crystal to green biotite which is in optical continuity with

the brown biotite in the centre. The garnet also contains inclusions of quartz,
apatite and xenotime. '

There s some quartz in the rock mostly enclosed in the larger grains of microcline,

Tgnoring the alteration the structure of the rock is that of a coarse grained granite

or pegmatite. Where the microcline has been altered to muscowte the Structure can best .

be described as chaotic.
~ The rock is a microcline garnel gneiss.

No. 641 is composed mainly of garnet with subordinate amounts of felspar and
quartz. The garnet forms rounded grains which are set so close that individual grains
touch. The result of this is that in the hand specimen the rock has the appearance of
being. nearly all garnet. There is also a small amount of hiotite.

The felspar is micro-perthite, in which the sodic phase has the composition of
oligoclase. Itisusually slightly weathered. Quartzisnot abundant. It showsundulose
extinction and contains many lines of inclusions. '

The garnet is pin.k and isotropic and is pi'obably almandine. It forms lafge crystals
which have grown together and enclosed areas of the base ‘of the rock. It also has
inclusions of quartz, biotite and magnetite.

The biotite is brown with X = hght straw yellow Y= Z = dark leddlsh brown

There is biotite of the same colour enclosed in the garnet. N

" The only accessories are zircon and magnetite and both are almost entlrely present

as inclusions in the garnet. . Magnetite is abundant (about 1% of the rock) but zircon
1s much less common. :

The rock is of a peculiar nature and it is difficult without a chemical analysis to

decide what was its ultimate origin but the presence of a strongly perthitic felspar points -

. toanigneous origin and suggest that it was a pegmatite and that the garnet was a primary
crystalhsatlon -

The rock is a garnet gneiss.

" No: 349 is of a similar nature to No. 641 but contains less garnet. It is a white
felspathic rock in.which are studded small garnets about 2 to 3 mm. in diameter and 4 to
5 mm. apart. The garnet crystals are rounded but show a suggestion of crystal form.
There is about 5%, of quartz and a very little biotite. The thin section has very little
- additional information to reveal. The structure is that of the xenoblastic felspar of an

average grain-size 1-3 mm. with slightly larger crystals of garnet 2 .0 mm. in diameter

breaking up the normal structure of the felspar

—~
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The felspar is a microcline with a well developed twin pattem.‘ It has as

' inclusions a few small grains of plagioclase. The microcline is weathered to a slight
extent and the plagioclase to a greater extent. The quartz of the rock is stressed and

shows undulose extinction. It contains many strings of dust and gas-liquid inclusions.
The garnet forms round crystals of a regular shape but contains included quartz grains.
It is pink and isotropic. There is a little biotite now entlrely changed to chlorite. -
The accessories are apatite and zircon. :

The rock is a garnet microcline gneiss.

No. 289 is a pegmatite vein which was injected during a period of great
hydrostatic pressure. - There is slatey wall rock on both sides of the vein which is
about 10 centimetres wide. The vein consists of quartz and felspar but down the middle

 there is a row of big black garnet crystals I to 2 centimetres in diameter.

The felspar is practically all microcline with a beautiful fine cross-hatching. Tt
is in large unweathered crystals which show no signs of strain or crushing. The quartz
is in large grains which show marked undulose extinction. It is in places broken down
into a granular mosaic. It contains a considerable number of gas-liquid inclusions in
planes and stringé through the quartz. The garnet is light pink in colour and is
perfectly isotropic. It is probably almandine. It is somewhat altered along cracks
and around the edges to green chloritic mica.

The rock is a gneissic garnet pegmatite.

' _ (2) MisceLLANEOUS ROCKS.. ‘
No. 586 is a lit-par-lit- gneiss in which- a granitic or pegmatitic liquid has
interleaved and all but. assimilated a mica schist. The argillaceous portion is now

‘represented by narrow bands of biotite separating the different *lit” of igneous

material. These ““lit ” are about 2 to 5 mm. across with an occasional band 10 mm.
or more across. Crystals of garnet are not uncommon and occasional larger crystals

break across the banding.

The grain-size is very irregular. In the granitic bands the grains lie between

~0-6and 1-0 mm. The wider bands of argillaceous material are marked by the finer _

crystallisation of the quartz and felspar (about 0-4 mm.) and by flakes of brown biotite.
The structure of the granitic bands is allotriomorphic granular and that of the arglllaceous
bands differs only in the parallel arrangement of the biotite crystals.

The quartz is abundant. It has undulose extinction and contains many strings
of gas-liquid inclusions. The more common felspar is perthitic microcline. The albite -
forms small parallel streaks and is not at all closely spaced. Plagioclase is much less
abundant than the microcline and has a composition of AbgAn,, In places there
is myrmekitic intergrowth' between the two felspars. Biotite is reddish brown with
X =light straw yellow, Y = Z =reddish brown. - It contains pleochroic haloes around
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inclusions of zircon and xenotime. |There is a-small amount of muscovite also
present. Garnet forms round pink grains and contains very few inclusions. = The
accessories 'are. zircon, apatite, magnetite and xenotime. The apatite forms small

“hexagonal aid elongated grains. Zircon is in small elongated grains with a high.

" relief. Xenotime has a rehef notl(,ca,blc lower then the zircon and ocours in Iarger
‘ grmns ’

The nnnera,ls in order of abundancu are -orthoclase, qucutz pldgloclase biotite,
: garnet muscovite, apatite, xenotime, magnetite and zircon. - -

~ The rock is a lit-par-lit garnetiferous felspar gneiss.

No. 943 is unusual in that in addition to biotite it contains an orthorhombic
- pyroxene. It is a ‘dark coloured rock of rather fine grain and appears to consist
“essentially of garnet, biotite, quartz and felspar. The quartz and felspar are
~ subordinate and are rather obscured by the darker constituents of the rock. The
pyroxene 18 not dls’omgmshable in the hand specimen.

TIn thin section the gneissic propertles‘ are made more apparent. The rock is
fine to mediumn in grain-size without any distinct foliation. It consists of garnet, biotite,
hypersthene, quartz and a very basic'plaglioclase This assemblage is rema rkable in that
1t eorresponds to no common rock either i 1gneous or sedimentary.

The plagloclase is perfectly fresh and unweathued The maximum extinction
in the symmetrical zone i1s 50° which corresponds to a-composition of Aby Ang*.  This
_basic composition is reflected in relief so high as to attract notice. 1t'is twinned on
the albite and less commonly on the penchne laws.

The biotite is brown, X = light golden yellow, Y = Z = very dark brown, and 1s
the type normal to the higher grades of metamorphism. Tt contains a few inclusions of

zircon with the usual pleochroic haloes. "It shows no signs of any alteration either of a

retrograde or a progressive nature.

The pyroxene although not so abundant as the biotite is the most notable mineral

in the rock. 1t is pleochroic from light pink (X') to light green (Z'). ~The biréfringence
is moderate 0-014 and corresponds to hypersthene with about 35%, of the iron molecule.

It forms large crystals associated with the biotite but shows no reaction relation with it. .

‘Garnet is rather abundant in this slide and is segregated into arcas in which it
makes up about 60%, of the rock. Associated with it is quarﬁz and a small amount of
biotite. 1t is difficult to decide whethcr the garnet is in the form of big poeulobhstlc
crystals or whether it is merely an agg reoatc of many smaller crystalb which have gmwn

‘together. In addition to these cn(,]osed crystals of quartz and biotite the garnet grains
include small grains of magnetite. It is noticeable that the garnet agaregates contain
no felspar whereas the rest of the rock contains about 409/, felspar.

- *In this determination and all others in this. work the eurves for extinction angles in folbpu‘s constructed by’
Chudoba (1 93.}) have bu:n used. They differ from those previously pubhahed in the standard text books. :

Ny
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‘In parts of the rock where there is no garnet the structure is that of a normal gneiss.
The biotite and the hypersthene are intergrown but there is no suggestion that one is .
derived from the other. The biotite is constantly idioblastic against the hypersthene
and it is probable that the hypersthene is merely an expression of the peculiar composition
of the rock. In the presence of hypersthene this rock shows a point of similarity with -
some rocks from the area embracing Aurora: Peak and Stillwell Island. TFor these rocks
Stillwell- (1918, p. 158) suggests- a reaction between a calcic garnet and orthoclase to
produce biotite and anorthite. - Substituting a less calcic garnet in Stillwell’s equation

‘would produce hypersthene in place of some of the anorthite. By some such reaction as )
this it is possible to explain both the hypersthene and the caleic plagioclase. The
- areas of-garnet left in the rock represent areas in which there was.no orthoclase to

react with the garnet. For rocks of a similar mineralogical composition from Cape Gray__
area Stillwell suggests a sedlmentary orlgm and 1t is proba.ble that this rock too 1s a
metamorphosed sediment. : '

The rock ‘is a garnet hypersthene biotite plagioclase gnesss..

No. 725 is a rock of very striking appearance. _ It is composed almost entirely of

'-dead white microcline and bluish grey scapolite, the latter in crystals 1 to 2 centimetres

across and 5 or 6 centimetres in length. The scapohte ig'in the forms of prismatic crystals
whlch have many fine striations parallel to the “ ¢ axis.

In thin section the microcline is seen to be in Iarge crystals and one such crystal

' "-ﬁlls half of the slide. It -has a well'd'eveloped cross-hatching, remarkable both for the
" fineness of the twinning and its regularity. It contains a number of inclusions which

under high power are seen to be liquid. 1t is slightly weathered.

The scapolite 1s clear and colourless and has but an imperfect cleavage. It is
uniaxial and negative and has N, .= 1-548; N, = 1-573. These properties correspond
to scapolite of the composition MagMeg. It forms big crystals but in places what
appears in hand specimen to be one large crystal is seen in thin section to be broken

up mto separate parts with areas of crushed material between

The only other minerals present are muscovite, biotite'a,nd calcite, none of

_ which exceed a few fractions of a per cent in quantity. -The biotite is light brown in
‘colour and is not highly pleochroic.’ Muscovite is only developed In one place where

it"ﬁlls a small vein in the scapolite.

- The rock has been crushed and in places breccmted by late or post metamorphic
movements. One section of the rock shows little or no brecciation and is composed

-almost entirely of two single crystals of microcline and scapolite. Another section.

however, shows that what appears to be one crystal of scapolite in the hand spee}men.
is broken up by cracks and crush areas into grains'l to 10 mm. across. In between
the separate grains is crushed and recrystallised scapolite. '
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There is no hint in the structure of the rock as to its origin or to the processes
involved in its present mineral composition, and, in the absence of field evidence, it is
impossible even to guess at its probable mode of origin.

~ The rock is a scapolite microcline greiss.

No. 360 is composed of alternating. bands of black and red ferruginous quartz.

There are no minerals visible to the naked eye. Under the microscope the red bands are
seen to consist of a granular mosaic of quartz and haematite.. The average size of the
_quartz grains is about 0-02 mm. and of the haematite about 0-005 mm. The quartz is
clear ‘and free from all inclusions except grains of haematite. The haematite is opaque
under normal conditions of lighting and can only be made feebly translucent by
greatly increasing the illumination. - Tt is light brick red in reflected light. The
high power objective shows the haematite ‘to be in small idioblastic crystals with
glistening crystal faces. In the black bands the iron is in the form of magnetite and
is more abundant than in the red bands. The magnetite grains have grown together
and formed a mesh in which the quartz grains are enclosed. There is a little chlorite
and calcite associated with the magnetite.  There are running through the rock
several fractured veins containing quartz, chlorite and calcite. They are obviously
post-metamorphic in their origin. The chlorite. is. in radiating clumps -and 1is

apparently original. ’ '

* The rock is a jaspilite.

No. 39 is a rock with a granitic composition but it has been so altered that it is |

impossible to decide what it was before metamorphism. - It is a white rock consisting of
quartz, felspar and a little hornblende. The felspar is in small grains and is dead white
- 1n colour. The quartz is vitreous and stands out as large grains or aggregates of grains.

" The thin section shows a remarkable structure. The quartz is in aggregates which
measure 3 to 4 mm. across and in which the component grains are 0-4 to 0-5 mm. in
diameter. These are set in a matrix of granular quartz and felspar. Almost all of the
felspar is in small grains which have a rude decussate structure and which have a
grain-size of from 0-15 to 0-20 mm. This granular felspar is fresh and for the
most parl untwinned. A few grains are seen by their twinning to be plagioclase and
the rest is assumed to be orthoclase. There are a few large erystals of plagioclage in
the slide which measure 1 to 2 mm. across. These .are all weathered and clouded

by decomposition products, and the _cbmposit;ion could not be determined. The -

composition of the granular unweathered plagioclase is AbgAn,. The quartz in the
aggregates i1s in irregular grains which have sutured edges. It contains strings and
planes- of gas-liquid inclusions and some areas are particularly rich in them. ' The

amphibole is green with X = light greenish yellow, Y = green, Z = greenish blue,

X <Y < Z. The extinction angle Z A ¢ =24°. It is in isolated crystals and
groups of crystals. There is a little biotite now entirely changed to chlorite. From
its reactions with the hornblende it appears to have been changing to hornblende.

[\
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" The rock is of interest because of the presence of some thin veins containing
prehnite. ~ These veins are confined to a zone-several millimetres wide and traversing the
whole of one side of the specimen. In this zone there are five or six thin and inconstant
veins which run together and open out again. They vary from 0-1 to 0-6 mm. wide and
contain only prehnite. The prehnite is in small grains which grow out from the edge of
the veins. The elongation parallel to the cleavage is negative ; the birefringence is

‘about 0-027 and the refractive index is fairly high. It is biaxial negative with 2V
between 55° and 60°. It differs from lawsonite in its higher birefringence and its smaller.

optic angle.

,-T'he minerals in order of abundance are quartz, orthoclase, plagioclasé,
hornblende, epidote, prehnite and magnetite.

- The origin of the rock is obscure but it is not unlikely that it is a metam@rphosed

© quartz porphyry. The quartz phenocrysts of the original rock have simply recrystallised

to a granular mosaic while still preserving their original shape. The large weathered
felspar crystals represent the original. felspar phenocrysts. The stony ground-mass
containing potential quartz and felspar has crystallised to a granular mass of crystals in

“which the grain-size although less than the quartz of the aggregates is still considerably

greater than it would have had the rock devitrified without the metamorphism.
However in the absence of field relations this is no more than a hypothesis which can
neither be proved nor disproved.. In composition and in external appearance it closely
simulates a granite and it can be called a granitoid gneiss. .



. 286 Ny AUSTRALASI'AN AN-TAR(‘:TIC'EXPEDITION
V. SUMMARY AND OONCLUSIONS

" The rocks described in the precedlng pdges comprise both ortho and para gnelsses
‘There were prior to mctamorphxsm two series, one sedimentary and the other igneous,
and into these a later series of 1 1gneous rocks was intruded during the actual period of
~tetamorphism. The whole complex has been subjected to regional metamorphism
that has in places reached the intensity of the sillimanite grade.  The relative

abundance of these sillimanite rocks amongst the metamorphosed arglllaceous rocks in
the collections from the moraines may be due to some irregularity in the collecting but

it is more likely that it is real and points to the existence of a considerable area of highly

altered- rocks. There are associated with these highly altered sedimentaries some’

granitic gneisses such-as Nos. 899, 270 and 709 all of which contain secondary sﬂllmamte

developed in crushed areas in the rock. The majority of i 1gneous rocks, however, ha,ve‘

not been subjected to such a high grade of metamorphism and appear.to have reached
“an ‘intensity equal to that of the metamorphism at Aurora Peak. They have formed
simple gneisses both by deformation of solid rocks and by the piezo-crystallisation of
still fluid but highly viscous magmas. There is only one instance of the formation of a
“ Iit-par-1ib »* gneiss in this acid group but there are several other e\amp]cs amongst the
'~ basic i igneous types (see Glastonbury, 1940 a). There 1s also evidence that in places there
has been accompanying the metamorphism the introduction of more or: less volatlle
" particularly boron and water vapour. In the sedimentary rocks Nos. 256 and 1624 the
boron has ‘been . introduced with the water vapour and has permeated the -whole rock
but in the igneous Tocks the vapours have risen up-crush lines through the rock. :In
these latter types all gradations can be traced from a crushed granite containing a few

_crystals of tourmaline to a rock in which the felspar has practically all been replaced by -

tourmaline and quartz. There are no rocks in the collections that can be looked upon as
the primary source of this tourmaline with the exception of a rather doubtful pegmatite.
There are also in the series some crushed and mylonitised rocks and it is of interest to
note that rocks of this nature have been observed in sifu at Madigan Nunatak. While
many of the partly crushed rocks have been raised to a high grade of metamorphism
in which the effects of crushing have been blurred and in some instances obliterated by
the recrystallisation proper to this advanced stage of metamorphism, those rocks which
have been crushed to the extent of forming mylonites still retain relic structures that
réveal that the felspar has not recrystallised and that the quartz although recrystallised

is still of a very fine grain. Thus it seems to be that in the areas in which the cataclasis .

was most marked the grade of metamorphism was not high, and it is probable that the
more perfectly crushed mylonites originated along lines of strong crushing and shearing.
This correlation between mylonitisation and shearing has been observed and commented
upon in the type areas (Lapworth, 1885; Quensel, 1915; Tyrrell, 1924). -

In many of the rocks of this coHecfoioh_ the biotite has been altered to chlorite and
the felspar clouded by decomposition products by the action of either retrograde
metamorphism or.simple weathering. 1t is difficult in these erratic specimens to decide

which of the two has been responsible for.the alteration of any one particular specimen. -

of,

/]

Y




 SCHISTS AND GNEISSES: = - 287

Several of the speoimehs (e.g. No. 81 3) have on one side of them a weathered zone up to
several millimetres wide and in these cases it is obvious that simple weathering has been the
cause. In others (Nos. 458, 391,737, etc.), the alteration has been complete and it is not
impossible that they have been affected by retrograde metamorphism. It is significant -
that the rocks that have been entirely altered in respect to the biotite are all fine grained
“and have never been raised to any high grade of metamorphism and it may be that

they ‘had been in a zone of country that had been more particularly affected by

retrograde changes. It is most certainly retrograde metamorphlsm that has been
“-responsible for the alteration of No. 711 and it is not unlikely that it has produced the
- alteration seen in other specimens. If as is suspected some of the partly altered rocks

have been altered by weathering the problem next arises of how and when. That the

weathering could have taken place since the rock was left on the moraine is ruled out

for two reasons. Firstly the rock in sitw is not weathered except by the mechanical -
agents of disintegration and then only to a slight extent, and secondly chunks of rock

found on the moraine are smoothed by mechanical weathering on all faces but are seen
" to be chemlcally weathered on only one face. It is then manifest that the rock has been
weathered in suu before it was plucked up by the ice. ~ This is borne out by the fact
" that the rocks seen n sifu at Madigan Nunatak, which show no signs of having been

submerged by the ice and hence might well represent tlie original pre-glacial surface of

the land, have been weathered to a considerable degree and to a depth of two or three
centimetres. It is therefore certain that all of the altered specimens from the moraine
have been altered in situ. It is also probable that some at least of the more thoroughly

altered specimens have been altered by retrograde metamorphism and that the rest |
represent the original weathering of the pre-glacial land surface. There yet remains
the possibility that the less altered rocks may have been altered af a distancé below the
surface of the ground by surface waters percolating down fissures and cracks.

Throughout this paper all measurements of grain-size represent average apparent
grain-size as measured in thin section. This valué is approximately half of the true
grain-size of the rock. All minerallpercentages are’given in Volume Percentages.  Where
they have been tabulated they have been measured on a Leitz Integration Table : where
they have been placed in the text they have been estimated by inspectioh

The whole of this work has been done in the laboratones of the Univer siby of -
Adelaide and the writer is indebted to the University for the facilities of the laboratories
-and also for a grant that enabled him to carry on the work. He is also indebted to
Sir Douglas Mawson for entrusting him with the work and for much helpful advice.
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AUSTRALASIAN ANTARCTIC EXPEDITION -
VII. DESCRIPTION OF PLATES.
Prame IX. |
Garnetiferons Two-mica-Quartz-Schist, No. 53, showing the general appearance
of the rock under the microscope.. The poeciloblastic crystals of biotite

are conspictious. ~The perfect parallel arrangement of the micas which

produces the cleavage of the rock can also be observed. X 33.

. .Qﬁartz-Fé]sparfMica,—Schist, No: 236. This figure shows the structure typical

" of the rock and of Nos. 161 and 238. The schistosity is not nedrly so
perfect as in No. 53. There can be observed a slight ‘elongation: of the
quartz -and felspar grains. X 33. '

Garnet-Biotite-Gneiss, No. 526a. - This figure shows a quartz grain that has
been bent into an S-shape by the deformation of the rock.” Under crossed

nicols the grain could be seen to have recrystallised into a mosaic of

equidimensional grains. There are large biotite flakes cushioned by the
mass of shredded flakes. x 27.

The same rock as in fig. 3 but showing portions of two large unbroken garnet
crystals which contain large included flakes of biotite. - There are numerous

pleochroic _hd}oes in the biotite. .The biotite not included in.the garnet -

has been shredded between the garnet crystals. X 27.

Prate X.

. Sillimanite-Quartz-Biotite-Gneiss, No. 238. Biotite is breaking down to form

sillimanite.- The area here figured is one of the few isolated areas in the
rock and shows the first stage in the breaking down of the mica. X 80.

Sillimanite-Quartz-Mica-Gneiss,” No. 521. In this rock the sillimanite is
aggregated into knots which contain quartz and very little mica. The
figure shows such a knot. X 80. ' o

. Sillilhanite-QuartZ—Biot_ite-Gneiss, No. .1233, showing the coarser development

of the sillimanite and its characteristicly shaped ‘cross sections. The
magnetite is derived from the breaking down of the biotite. X 80.

. Zoisite-Biofite-Amp]ﬁbole-Schist, No. 1211. A portion of a * feather ” crystal. '

“of amphibole in the fine grained groundmass of the rock. All of the pieces

of amphibole seen in the figure are in optical continuity and there is no
doubt that they are all parts of the same crystal although the connecting
pieces are not in the plane of the slide. X 33. S

)
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: Prare XI. _ | :
Epldote Blotlte Schist, No. 1257. . The banding of the epidote is due. to
differences in composition of the laminae of the sediment and can be_
~ seen parallel to the length of the figure. The parallel growth of the biotite

was controlled by the direction of pressure during metamorphism and-
makes an anglé of 70° with the composition banding ofthe epidote. X 80..

Metamorphosed Garnet Sandstone, No. 1255, showing the abundance of small
garnets and their anangement in certain bands. The foliation of the

% -biotite is roughly parallel to this- sedlmentary bandlng The felspar is -
cloudy due to 1n01p1en1: alteratlon X 33

v Mylomte No. 199, showmg an area in which the crushmg has not been as intense -

as in the rest of the rock. - Some of the felspar crystals have been preserved
as augen but the quartz has all been recrystallised. The dark areas are -
dark (under crossed mcols) because of this slide (0-02 mm. thick) there are

' s0 many grains of quartz or- felspar one.above the other that the light is
entirely cut out. X 38, crossed nicols.”

The same rock as fig. 3 but showmg a por’mon in-which the mylomtlsatlon has .
- been - more- perfect A few felspar augen are still preserved but most of
the rock has been rolled out. The dark bands are all composed of very
finely crushed quartz and felspar. X 38, crossed nicols. :

PraTe XII.

Contact of Pyroxene vein with Granite Gneiss, No. 336. The pyroxene can be
seen at the bottom of the picture and between it and the unaltered rock -
above is the zone of amphibole. Almost in the middle of the figure are
two allanite crystals which have induced pleochroic haloes in the amphibole
and just above it is a crystal of sphene. The colourless minerals are felspar
and quartz, the former dlstlngmshed by shght cloudmess due to alteratlon '
X 35. : : '

Same rock as in ﬁg 1 but showing the zone of altered felspar adjacent to the -

vein.. The degree of alteration increases as the vein is approached Sphene.
is abundant in this contact zone. X 35.

Tourmalinised-Sillimanite-Granite-Gneiss, No. 899, showing portion of a large ~
crystal of perthite The host is microcline and is dark in this picture.
The albite is in flat lenticles arranged. palallel to the trace of the microcline
‘twinning. Thé proportion of albite to microcline increases from top to
bottom of the picture. X 44, crossed nicols.

Tourmalinised-Garnetiferous-Granite-Gneiss, No. 15, showing antiperthite.
The microcline is scattered through the albite host as irregular blebs with a-
common orientation. There is one grain of quartz in the picture. X 44, -

- crossed nicols. - '
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- Prate XIII

| Fig. 1. Tourmahmsed—(}ramte Gneiss, No. 1209. This picture shows the druéhing of

the rock and the manner in which the tourmaline has developed in the
crush areas. The tourmaline is the dark crystal at the top of the picture
and to the left is the quartz formed as a by-product of the reaction between
the microcline and the boron vapours. Below is part of an uncrushed
crystal of microperthite. X 27, crossed mcols ‘

Fig. 2. Luxullianite, No. 708. 'In this rock the felspar has _all béen destroyéd eXcept

a few crystals such as the one in the centre of the picture between the two

tourmaline grains. The quartz has a saccharoidal structure. X 27,

crossed nicols.

Fig. 3. Sillimanite-bearing-Garnet-Biotite-Gneiss, No. 441a.  Pleochroic haloes

- surrounding zircon inclusions in biotite. The largest halo is -about

"0:14 mm. across. X 125.

Fig. 4. Garnet-Microcline-Gineiss, No. 711, The photograph shows .the>g'a,rnet‘ which-

-~ is in large crystals and is altered to green biotite along a series of pafall_el
cracks. X 27. '

8ydney: Thomas Henry Tenmani, Government Printer—1940.
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