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THE METAMORPHIC ROCKS OF ADELIE LAND.

AT | SECTION L

BY F: L STILLWELL D .Se. (G’eologzst to the Austmlaswn Antarotw Ewpeclztwn),

Umvmsm'v oF MELBOURNE
o

INTRODUCTION.

‘Adelie Land is a portion of the Antarctic Continent which ]ies in tlie recrion
surrounding Long. 143° and Lat. 67°. It consists for the most part of a huge ice-covered

"plateau which rises rather steeply from the coast and reaches a height of over 6,000ft.

at 300 miles inland. . Tt appears, at first sight from the ship, as the side of a vast dome-

" shaped shield of i ice, which descends to the ice cliffs or ice barrier on the seaward side -

and rises to about 1,500ft. on- the southern horizon.

The ice cliffs present ‘a vertical face varylng between 80ft. and 120ft in height,
: and delimits the boundary of the land ice sheet. In many cases the cliffs form the edge

of floating glacier tongues or marginal shelf ice, but as the Aurora traced the coast line
from Cape de la Motte to Commonwealth Bay, rock could be frequently seen at the
base of the cliffs. Yet these exposures remained quite inaccessible to us, and oaoly
those outcrops which rise 100ft. or more above sea level and which break the monotonous
line of ice cliffs could be reached by sea or land.- These latter outerops are rare, and

while they can be readily seen from the ship- they are only found and approached Wlth '

deﬁculty from the landward side. ..Rarer still are the nunataks, or 1slands of rock in

the snow fields, and our knowledge of the rocks of the hinterland remalns very largely -

dependent on, the study of the glacial debrls on the moraines.

Three small rocky promontories exmt along the 60-mile stretch of coast line of
Commonwealth Bay—a broad open bay about 40 miles across the headlands. Of

these the middle one is Cape Denison, on which the Mein'Base of the Australasian ~
Antarctic Expedition was- situated. The western tocks, always, visible from Cape

Denison, form Cape Hunter. The bay is studded in the centre by the Ma;okelle,r Islands,

~ a group of low-lying islands due north 'of Cape Denison. - East of the bay is the Cape

Gray Promontory, thickly “fringed with 'the numerous small rocky islets which

" constitute the Way Archipelago. These islets mostly lié in a 2-mile zone around the
edge of the ice cap, and one of the largest is Stillwell Island, on which a landing was

made. - On the eastern side of the Cape Gray Promontory, facing Watt Bay, are the
rock outerops which have been called Garnet Point and Cape Pigeon Rocks.,

Madigan Nunatak and” Aurora Peak, the two remaining rock exposures dealt with. |
in this thesis, are Wldely separated nunataks Madigan Nunataki is. 2,400ft. above sea
level and lies on the ridge which gradually slopes down to Cape Gray, 18} miles to the
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north Aurora Peak is the more easterlv and lies on the west side of the(Mertz Glamer,
1, 750ft. above sea level and about 60 miles dlstant from Cape Demson '

The rock specimens and the field data of ‘these nine rocky areas were obtamed
by the following :— '

Cape Denison ...... Large rock oollection mad_e during the winters of 1912
. . and 1913 by Sir Douglas Mawsori and Stillwell.
Cape Hunter ...... Visited in December, 1913, by Sir Douglas Mawson.
Gt. Mackellar Island Visited in December, 1913, by Sir Douglas Mawson.
Stillwell Island .... Visitedin December, 1913, by Sir Douglas Mawson.
Cape Gray ........ Visited in summer, 1912-13, by Stillwell’s sledging party.
Garnet Point ...... Visited in summer, 1912-13, by Stillwell’s sledging party.

. Cape Pigeon Rocks.. Visited in summer, 1912-13, by Stillwell’s sledging party.
Madigan N nnatak .. Visited in summer, 1912-13, by Stillwell’s sledging party.
-Aurora Peak ...... Visitedin summer, 1912-13, by Madigan’s sledging party.

"The total rock collection of: the Australasian Antarctic Expedition is very large,

but the bulk of it comes from the glacial moraines at Cape Denison, and is not treated

in the following. The specimens secured by the sledging parties had necessarily. to be
limited in size and number. Madigan collected the specimens at ‘Aurora Peak, and

We have only been able, up to the present to deal fu]ly with the rocks which were -

found 4n situ. This part is an essential preliminary to the study of rock types from the
moraines. ~Even ‘this' portion- could, not have been concluded without the active

- co-operation of -friends and supporters of the A.AE. We are greatly indebted to

Mr. Herman, Director of the Victorian Geologlcal Survey, who sanctioned the ass1stance
of the Victorian Geological Survey Laboratory.” The 15 rock analyses that are now

- presented are the work of the analysts in this laboratory, working under the supervision

of P. G Ww. Bayly

Laseron was a valuable assistant in looking after the rocks obtained by my sledging’
party No geologrcal specimens were obtained by the other three sledging parties,

except a stony meteorite, a very extraordinary find made by Bickerton’s sledging party
.on the ice plateau.

Though a good portron of the Work has been done Whlle assomated w1th ‘the Adelalde

‘University, it was commenced and finished at the Melbourne- University. Its progress
. throughout has depended wholly on the assistance afforded by the Geological Department

of the Melbourne University.and by Professor Skeats. The “ sinews of war ”” have here

* "been provided in a very large number of excellent rock sections and much useful
. criticism has been levelled during discussion at some of the conclusions.

The illustrations “at Cape Denison. were obtained By Hurley, the official photo-
grapher. Laseron acted as photographer on my sledging trip; and obtained some very
fine results. The photographs of the rock specimens and the microphotographs of
the sections have been prepared by myself with the apparatus and facilities in Melbourne.

Flnally, we must record the active sympathy of the leader of the Expedltlon Sir
Doug]as Mawson, who entrusted me with the work
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SUMMARISED ACCOUNT OF THE METAMORPHIC ROCKS FOUND IN SITU

CHAPTER I

IN ADELIE LAND.

'?-1".;_“’;'::?2\. )_g

P
=

-

E

|
{
|
i
|
B
|
|
|
|
!

In all the outerops In Adehe Land accessible to us, varying types of crystalhne

schists have been found. The chief types may be enumerated as follows :— -

Locahty .

Cape Hunter .....-

Cape.Denison .. ...

Gt. Mackellar Is. ...

Madigan Nunatak .

“Aurora Peak ...

' Cape Gray .......

Garnet Point. .. ...

N\

Stillwell Island ...

~ Cape Pigeon Rocks ~

h In all cases except Cape Hunter there are two main rock types—an acid type and
The basic type represents the metamorphic equivalent of a basic igneous'
rock that has intruded the granitic rock or the sedlmentary rock before the metamor- .
phism. In all cases the prlmary dyke origin of the basic type has been estabhshed with

a-basic type:

" certainty.

At the most westerly area, Cape Hunter, there is an old sedlmentary'senes, now -
represented by a phylhte Nine miles east of Cape Hunter lies the granodlonte gnelss of

Crystalline Schist.

Phyllite .................

Granodiorite gneiss ............
Aplite gneisses .......... e
Amphibolite series ...........
Granite gneiss ........... T

* Amphibolite ......... S »

Plagioclase pyroxene gneiss. ... ..

Hypersthene alkali felspar gnelss

Hornblende plagloclase pyroxene
gneiss -

Garnet hypersthene alkali felspar

gneiss
Plagioclase pyroxene gneiss. . . . . .
Garnet cordierite gneiss ........
Amphibolite ..................
Cyanite biotite gneiss . .........
Garnet felspar gneiss . . ... e
Plagioclase pyroxene gneisses ...
Amphibolites . .... e JE

Acid hypersthene gnelsses e

Garnet felspar gneiss ...........
Amphibolites, etc.

Garnet gneisses ................
Garnet hypersthene biotite gnelss

A Prefex1st1ng Rock Type. . o '

" Dolerite '

~Dolerite .

Clay sediment
Granodiorite .
Aplites |
Dolerites,
Granite |

Dolerite }
Granite
Dolerite |

Granodiorite

Clay sediiment

Dolerite |

Clay sediment

Sediment (probably)

Dolerite b '

Dolerite .

Granitic | veins and .
dlorltel

Sedlment (probably) .

Dolerite | ' , .

Sedlment (probably) : o h '1\

" Diorite (%)

i

i
|
|
|
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Cape Denison and its assoclated basic dykes. Twenty miles further east agam, the meta- -
moiphosed sediments appear again ab Cape Gray in the form of garnet cordierite gneisses

"and garnet felspar gneisses. Inland from Cape Gray granitic . areas have-existed at

Madigan Nunatak and Aurora Peak These facts are illustrated. in the a,ccompanymg
sectlon (fig. 1)

In the sectlon ‘the gramtlc mass at Aurora Peak is assumed to be 1ntrus1ve into
the original sediments, because altered granitic dykes appear on Stillwell Island and
Cape Pigeon Rocks cutting' the garnetiferous gneisses. The altered granitic dykes -
are not necessarily to be. associated: with the primary' granitic masses of Aurora’ Peak -
and Madigan Nunatak. The presence of tourmaline in the Cape Hunter phylhtes is the

" only evidence available for representing the mtruswe nature of the Cape’ Demson grano- - “
d10r1te gneiss. - ' '

"The outcrops dealt ‘with are isolated areas extending over 60 mlles of country.
Over this great distance it is only to be expected that varying conditions of meta- -

“morphism would be found. On the west, at Cape Hunter, we have dominant ep1 zone

metamorphism.. At Cape Demson the metamorphic conditions are intermediate between -
those of the epi zone and meso zone of metamorphism, with variation in both directions. "
The .amphibolites which are completely recrystallised rocks sometimes: approach the
character of meso zone rocks and sometimes are more like epi zone rocks. On the Cape -
Gray Promontory, where the garnetlferous gneisses abound, and at Madlgan Nunatak -

A _and Aurora Peak evidence of kata zone metamorphism is found in all cases. At Madigan

Nuna,tak very remarkable epi zone metamorphlsm is superimposed upon the kata zone
metamorphlsm, while between Madigan Nunatak -and Cape Gray and at Aurora Peak
meso zone metamorphism 1s superlmposed upon the kata zone metamorphlsm There

is, therefore, quite a. distinct regional distribution of the metamorphlc products of

Grubenmann’s three metamorphic  zones and an argument in support of the generalr
conceptlon produced.’ , - S .

The detailed studies of the dyke series at Cape Denison and at Cape Gray have
produced some extraorchnary results, In these, considerable use has. been made of

" the Rosiwal method of volumetric rock analysis for the purpose of obtalmng relatlve _

mineral composition of -different specimens. The absolute mineral comp0s1t10n could

~only be obtained by- three determlnatlons in three planes at r1ght angles—a process

too tedious to be of any service. Yet the mineral composition of schists can be com-

_ pared with advantage in rock sections which have been cut from a constant direction
' relatlve to the plane of schlstos1ty '

The Cape "Denison dyke series ranges from epldote biotite schists. ab Azlmuth Hill,

~ on the western part of Cape Denison, through biotite amphlbolltes to amphlbohtes
~on the eastern side. Lawsonite has been detected in several cases, and lawsonite
amphibolites have been described. - In the mineral composition of the series it is found -

that the percentages of epidote and biotite vary.sympathetically and inversely with



Sea leve!
bhyll;fe granodrorite gngiss » . garnel gneiss h.y/)ersrhem_ garnekl .gnersses
i . ’ - ask- Rlspar gneiss -
, : ; Fig.-1.- ' ‘
SKETCH. SECTION' FROM ' CAPE Hunter THROUGH CAPE DENISON AND CaPE PicEoN .ROCKS TO AURORA IZEAK.'
Horiz. Scale, 8 miles to'1 inch. - ’ ’
’ -
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the percentage of hornblende. - There are, however, exceptions both at'Cape Denison

* and Mackellar Island, but these can be explained by varying metamorphic conditions. |
. The chemical composition of the ep1dote biotite schists differs distinctly from that of

the amphibolite, though both possess the general characteristics of a basic igneous
rock. The chemical composition. of the biotite amphibolites is calculated to be near
the mean of the two end mernbers of the series.

Extraordinary examples of metamorphosed xenoliths have been found in an
amphibolite dyke at Cape Denison, and include both the cognate and accidental types.

‘These bodies wete caught up by the invading dyke and set in position before the develop- ,l
‘ment of the amphibolite characters by metamorphism. . In some instances they still

preserve a very remarkable angular outline, but they are now an integral part of the.
metamorphic rock, and the foliation passes through them irrespective of their outline.
The cognate xenoliths now possess the same recrystalhsatlon products as the dyke.
The accidental xenoliths are undoubtedly foreign to the primary dyke, and bear relation
to the enclosmg granod1or1te gnelss :

Quite distinct from these xenolithic bodles are certain varying rock types , Wh1ch
are ‘enclosed in the amphibolite dykes. These include epidosites, chlorite, rock, biotite
hornblende schists, and biotite felspar schists. These rocks bear definite relation to .
the development of the metamorphlc characters, and can only be adequately explained

'by an hypothesis depending on' the metamorphism. Their mineral composition shows
‘that their chemical composition is quite distinct from that of the amphibolite from which

they were derived. The proved difference in chemical composition involves the migra-

‘tion and segregatmn of matenal under metamorphic conditions, and is called metamorphlc
dlﬁerentlatlon i ‘ : .

In a,ddltlon to the sharply-walled dykes at Cape Denison there are 1solated patches
of amphibolite completelyenclosed by ‘the granodiorite gneiss. Argument is deduced

"to show that these amphibolites, differing only in. grain size, have once been part of

the’ dyke series.  This means that these ** inclusions  are younger than the enclosing -
gneiss, and the dyke channels have been rendered discontinuous during the meta-

"morphism. In some. cases the boundary ‘between amphlbohte and granodmrlte gneiss

has been destroyed- and replaced by a-gradual transition. The destruction of a pre-
existing boundary by the migration of material across it during metamorphism is called
metamorphic diffusion. In all cases of transition there is no evidence of refusion.

' The processes of metamorphic 'diﬁerentiation and diffusion are ‘very limited in
range and produce the exceptional types. Nevertheless, they have been found to be
applicable to,localized portions of many Wldespread areas of crystalline schists. In
several cases- they produce results -directly opposed to previous conclusions.  The
assumed evidence, for example, on which is based the conclusion that amphibolites
can be produced by the extreme metamorphism of limestones in Canada, is rendered

‘invalid. The -evidence demands the reconsideration of all oonclus1ons In areas of

N

crystalline sohlsts Whlch are based on the evidence of transmon
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In the Cape Gray dyke series the metamorphism of the primary dolerite ha;,s oceurred

" under very different conditions from those which operated at Cape Denison. The

mineral changes have occurred under conditions which have not destroyed the dyke
- form. The dykes branch and send forth little tongues into the garnet gneisses, in the
same manner as in unmetamorphosed regions. Minerals and structures of the primary

dolerite may be recognised, but in all cases the metamorphic features dominate the

* igneous character. -The mineral changes can be directly traced and prove to be very
interesting. The relic pyroxene of the dolerite is usually found to be crowded with
minute, dusty inclusions of ilmenite (schiller inclusions). On recrystallisation the
pyroxene may. pass into a granular aggregate of clear secondary pyroxene, including

both hypersthene and augite, while the minute ilmenite inclusions coalesce into crystal
units. If the pyroxene then passes over to hornblende, amphlbohtes are produced.’

The pyroxene may also react with the anorthite molecule of the labradorite and produce
garnet and quartz. The formation of the latter may be preceded by the development

of a_diablastic intergrowth of felspar with vermicular ‘pyroxene which may extend as

a reaction rim around the pyroxene crystals.  If part of the pyroxene is amphlbohsed
at the same time, a garnet amphibolite is produced.

The’ grain size of the recrystallised rock depends entirely upon the metamdrphic_
conditions. An early stage of the recrystallisation of a dolerite may- be the production
of a fine-grained ‘aggregate consisting of felspar and augite. A later stage involves the

growth of large crystals at the expense of smaller ones; ‘and the production of a.

moderately coarse grained rock. Rosiwal analyses have demonstrated the similarity in
* percentage in mineral composition between a fine-grained type at Cape Gray, a -coarser
type at Aurora Peak, and still coarser type at Madigan Nunatak. As the dyke origin
of the Cape Gray type is certain, sound evidence is thus brought forward concerning the
origin of the plagioclase pyroxene gneisses at Aurora Peak and Madigan Nunatak. In
‘this case, and in many others in this series, there are similarities between these Antarctic
rocks ‘and the rocks called pyroxene granulites in Saxony, and norite in India. Evidenec
is therefore provided for the metamorphic ‘nature of these rocks.

The amd hypersthemc gneisses of Madigan Nunatak, Aurora Peak Stﬂlwell Island,

and Cape Pigeon Rocks possess. affinities due to similar conditions of complete recrystal— '

lisation. The primary igneous nature of the first two is determined by their chemical
composition, which closely resembles that of granites, while the igneous nature of one

example from the third occurrence is indicated by its dyke form. These rocks are found

to be very closely related to the hypersthene rocks in India, which have been described as
charnockite, and which have been.looked upon as igneous rocks that have consolidated
~ under phenomenal conditions. The metamorphlc nature of the Antarctic rocks is
‘maintained, and argument is found to show that the charnockites are also metamorphlc

rocks which . have been - completely recrystallised under - deep-seated metamorphic.

" conditions.

N
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Apart from the metamorphosed dyke series the Cape Gray Promontory is noted

for its highly garnetlferous goeisses. The garnets are most remarkable at Garnet Point
~and at Stillwell Island, Where they are found 1}in. to 2in. in diameter, and give the
' outerops & curious mottled appearance. These large garnets are always partly altered:
to biotite and quartz, which appear in cracks and around the edges of the crystals.

Cordlerlte sillimanite, and corundum are found in different spe01mens and indicate the - - -

high alumina content. Very beautiful pleochroic haloes are found in some of the biotites
- of these gneisses. Some show an inner nucleus and an outer corona, ‘while some change

P ‘ \*/ . “the colour of the blotlte in their sphere of action from a pale green to a brown

. At Garnet Pomt and the Cape Pigeon Rooks dykes ‘containing promment garnet
and felspar cut the garnet gneisses. A single specimen from one of these has indicated
its relation to the hypersthenic felspar gneisses on Stillwell Island. Very extraordinary
variation has been discovered in the mineral content of these hypersthene garnet rocks, |

“which correspond to the mtermedlate members of the charnockite series. At oné end
of a specimen 3in. long, garnet is present, and has been produced by the reaction between

, ' biotite and plagioclase and quartz, while, in-a section cut from the opposite end of the
-/ : specimen, garnet and all evidence of reaction are absent. In other cases biotite and
quartz result from reaction between hypersthene and orthoclase, while in one case

e  the garnet seems to:be formed directly from the hypersthene. Garnet-forming
\) ¢ - conditions may thereforé be highly localised, and all the evidence that has been collected

' . 1s antagonistic to Fermor’s- conceptlon of an mfra—plutomo zone—a deep zone In the

# earth’s crust which is supposed to be characterised by garnets. The evidence reminds
M . : us that tlie metamorphic zones are not defined by certain depths in the earth’s crust,
~ but by a set of physico- chermcal conditions, ~ ‘

; ; S . The study of the examples in Adehe Land of destroyed 1 igneous boundaries, of the
~ o metamorphlo differentiation products, of the mineral changes, and of the development
: ) - . of large crystals during recrystallisation leads us to believe that solid diffusion in, rocks

is an important factor that needs to be considered in the detailed study of the develop-
ment of the crystalline schists. : : '




CHAPTER II.
- THE PHYSIOGRAPHY OF CAPE DENISON

The rocky promontory of Cape Denison covers approx1mately half a square mile.
It forms a roughly triangular area with & base of three-quarters of a mile on-which the
rocks rise to a he1ght of 1401t. above sea level, when they disappear beneath the glacier

ice. On the east and the west the uniform ice cliffs of Commonwealth Bay give way . .-
to rocky cliffs, which are first of. similar height but. which descend to sea level as they .

continue north (Plate XIV., fig. 1). The shore line is indented, and one small bay

18 400yds deep and IOOyds broad at the mouth, and, as it broadens towards the head,

it forms an excellent boat harbour. This boat harbour is actually an extensmn of the

: valley depressmn in which the hut is. s1tuated—a mlmature drowned valley.' -
}

The rocks remain uncovered throughout the Whole year. A little more than the

average area is exposed by the summer thaw, and the Wlnter Snow drifts do not bury
much on account of the incessant wind. ‘ :
AGENTS OF DENUDATION. . . g'

The promontory may be described as a miniature mountain area. It is rugged,

and possesses steep rock faces and sharp ledges (Plate XVI., fig. 2). It is carved by .
. four parallel valleys, and the intervening ridges are ¢crowned by numerous $mall peaks :

(Plate XV., fig. 1).- The sculpturing is the combmed eﬁeot of different factors W]]Jch
we tabulate and. dlSCllSS in order, as follows :—

Glacier Action.

Frost Action _ . B E
Water. Action. N o - {
Wind Action and Atmospherlc Weatherlng ;

. Shore Ice Action. , ’ ' - ! ‘
Nature and Structure of the Roek Mass _ ‘ | ;

A

1 L

1. Glacier Actzon —The area Teveals abundant evidence of glaciation. Glacial
erratics are promiscuously scattered everywhere. Apart from the well- deﬁned moraines
* the distribution is as abundant on the higher ridges as in-the lower valleys, and the

erratics are frequently seen perched in curious positions-on the highest crags. Some

of the erratics have polished: faces and rounded edges, and some show glacial striz, while _
.others are quite subangular. - Some weigh several tons, and - many consist; of foreign -

rock types. . Polished, striated, and grooved surfaces of the ““ in situ > rock are to be
seen. Very highly polished surfaces (Plate XVIIL, fig. 1, Plate XXII,, fig. 2) are quite

. characteristic of the peripheral area below the 40ft. contour le_velv Above ‘this belt

|
|
|
1.
.
|
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the broad outlines of Tounded bosses of rock are alwé,yé indicaﬁve of glacial planing, -

but in minute detail the surface 1s usua]ly found to be minutely pitted and roughened .
" by the unequal erosion of the constituent minerals. Nevertheless polished and striated
- surfaces can be discovered, and one block about 9ft. square with long, well-marked,

parallel strice Was photographed (Plate XVIIL., fig. 2). The striee trend N. 32° E.

The ex1stence of 'a lower zone of relatively pohshed rock. and a higher zone of -
relatively unpolished rock is a noteworthy feature. It is believed that the roughnesses
on the surface of the rocks is due to abrasion of millions-of snow grains. In this case
the upper zone must have been exposed for a longer time than the lower (below the
40ft. contour), which has been relatively protected. - But the shore line is-capped for
almost the whole year by an ‘ice foot, which is stationary and protective, and wave

- erosion has only opportunity for limited action. The ice foot is usually about 15ft.

high, and may provide a simple explanation of the preservation of the We]l-pohshed
surfaces on the border zone of land and water. ‘Then if we assume a shght relative -

‘ and recent uplift we may easily explain a‘relatively protected zone up to 40ft.

The highest point of the Mackellar Islands is about 40ft. above sea level, and the -

\ notes made by Sir Douglas Mawson show that the character of their surface is the same

as the peripheral area of Cape Denison. Though no highly polished surfaces or strie
were found, the general surface of the islands is flat and in part very smooth, with the

prominences well rounded., Roughnessés can be explained by very recent d1s1ntegrat10n

Glacial plucking is evident. When the glacier has passed over a sloping resistant
rock face the lee side is often found to be steep, because the rock has been plucked out

“by the onward travel of the ice.

Lakes.—‘Flve small glacial lakes are present in this area, and their position is shown
in-the locality plan, and their manner of occurrence is illustrated in Plate XXXI., fig. 2.
Four of these are almost round in shape and 30yds. to 40yds. broad. .Lake II. is not
quite so broad, and its length is more than three times its breadth (Plate XVIIL., ﬁg 1).
We mention this point- because the direction of the glacial movement has ot
corresponded with the long axis of the lake. -Lakes III. and V. (Plate XX., fig. 1)
are situated on valley, floors, while’ Lake IV. (Plate XX., fig. 2) is on the highest level—
about 120ft. above sea level. Lake IV. is bounded on:the northern side by a rock -

. wall thickly banked with morainic material (Plate XXI., fig. 2). The lakes average

about 20ft. in depth, and they represent depressmns gouged out of the rock floor by the
forward movement of the ice. B

Valleys. —There are four parallel broad-bottomed, shallow valleys In >parts-
their sides' are moderately steep, and their trend is N. 15° W., which is very nearly

' commdent with the strike of the rocks (N. 43° W.) (Plate XV, fig. 2, Plate XVIIL,, fig. 2).

This direcﬁon_ makes an angle of 45° with the direction of the trend of the glacial‘stﬁ_ae,
and the origin of these valleys is an interesting problem which will be introduced after

 other sculpturing factors have been discussed.
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2. Frost Action.—Frost has played a subordmate part in the- sculpturmg of this
-area. In the summer we may get daily thawing and freezing. The thaw water finds its _

~way down rock joints, and, refreezing, tends to force open the joints and perhaps cause

fresh fracture.: Boulders with planes of ready percolation, e.g., bedding planes, may
be seen completely shattered into flakes parallel to the bedding plane. Areas were

'photographed (Plate XX., fig. 4) which consist of angular boulders twisted and jumbled

“carved a channel through 6ft. of glacier ice down to bed rock. Stones and pebbles were .
: rolled along the course with great energy.

“into a very confused state as the result of displacement by frost. These areas are most

marked where the drainage of thaw water is slow and impeded. In this way frost
action has helped to demolish the little mountam peaks and ridges.

3. Water Action.—The prevaih'ng winds iblowlfrom the: south, and, being very cold

‘and constant, do not permit much thaw. - Given, however, calm weather, a clear sky,

and. a bright sun, the thaw is rapid. Such days are not frequent. On one occasion in
December, 1912, the thaw water, draining off the moraines, was dammed back for a
while by ice. When the barrier gave way about mid-day a small cataract rushed down
the side of the valley in which the hut was situated, and in about three hours the stream

Runmng water is uncommon, and is usually too 1ns1gmﬁcant in qua.ntlty to have

'much beanng on the rock sculpturmg S 3 '

Marine erosion also must be slight on the mainland, for the weather is ¢onstantly
““ off-shore,” and an ocean swell is rarely seen, even though there is open sea throughout

the whole year. .Except for about one month during the-year: the shore is:protected

by an ice foot.

4. Wind Action.—The violence of the wind in Adelie Land is impreséive by reason

' of its possibilities. The constant blast of snow grains against the rock makes all surfaces . -

minutely rough and pitted. The effect of the abrasion on timber became very marked

~on the roof of the hut and on all pieces of exposed box timber. The softer constituent

. minerals in the gneiss, such as mica, are worn away much more rapidly thanthe harder

quartz and felspar. The etching is very prominent in specimens of the limestone

schists found on the moraines, and the harder portions are raised in strong relief.

.Nevertheless, it is quite certain that the rocks are relatively unweathered .and fa1r]y

. recently uncovered i in comparison with the Madigan Nunatak. The wind affects the

topography by preventing soil deposition ; the surfaces of the rocks and: moraines

are swept clean of all fine rock detritus that is not held down by the weight of boulders.
_or embedded in ice, and this detritus finds permanent lodging only in the cracks and
+ joint planes of the rocks. It is mterestmg to recall that occasionally in the winter

pebbles were heard to strike the roof of the hut just as if some one outside were throwing

stones.  Grit may always be discovered when one dlsplaces some of the larger boulders —

on the moraines. .
Series A, Vol. ru., Part 1—B
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5. Shore Ice. —Sea ice did not remain in Commonwealth Bay for more than a couple
of days during 1912 and 1913 ; in the boat harbour, however, the ice was able to remain
and thicken. If sea ice did form at winter.quarters, it would be held in by the Mackellar
Islands, and results similar to those for lake ice described by Chamberlin and Salisbury*
might be possible. When. the ice has.once formed, a further lowenng of temperature
will cause contraction; and the water will then rise along the contracted margins and
immediately freeze. - If the water. is  shallow, ice may bécome attached to rocks and -

" boulders on the bottom. A subsequent rise in temperature causes the ice to expand,
" and the marginal layers, with their burden of enclosed boulders, may be pushed some

distance up the shore ; final melting will then leave a bank of boulders. It is posLsible
that similar action has contributed to the formation of the “ lower morames on
Cape Demson ' ’

. 6._Nature of the Rock.'——Here, as usual, the hard resistant nature of the, tock is
important. Foliation planes and. cross jointing, and the junction planes of’ the gneiss
with the amphibolites have facilitated frost action. - The amphibolites are usually
softer than the greéy granodiorite gneiss, and in consequence- there are frequent
depressions due to this fact. In one instance (Plate XVL., fig. 1) the reverse is true,
and the dyke rock appears as a low thin wall. The detailed structures.and compositions

- are discussed in a subsequent chapter.

ORIGIN OF THE VALLEYS

The Valleys above mentioned may have resulted from—. -

(@) The travel of the main ice sheet. S .
(b) Valley glaciers existing after the partlal recession of the ice sheet.
(¢) Thaw water action.

(d) Wind action. -
(¢) Pre-glacial strike valleys.

(a) The ice sheet has certainly been more extensixlfe. Assuming that the ice sheet
does erode its under surface in its forward movement, we naturally expect valleys to
be carved approximately parallel to the direction of travel ; but still differential move- -

" ments are known to exist in a large ice sheet, and a small valley depression diverging
- 45° might result from such. In the present case, the four parallel valleys would require-

four different parallel sets of differential movements. This does not seem possible
when we realise that we are dealing w1th a very, small -area only. three -quarters of a

- mile broad.

(b) The glacier rises very steeply to the south of the rocks, approximately 1;600&.
in three miles and 1,500ft. in five and a half miles. The valleys are in the direction
of greatest slope, and hence the formation of these valleys by subsidiary valley glaciers
is quite possible. It is to be noted that three of the four valleys now contain ice

*  Harth Processes,” p. 389. 4
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permanently. In one case e the ice was under observation for nine months and no move-

ment capable of measurement took place. The fourth and ice-free valley has the steepest
grade, and the sides are straight and in places steep, and, in a general way, indicate
glacial movement in the direction on the valleys. The valley walls which slope with
the dip are rounded and smooth, while thosé which slope against the dip are torn up
* and ploughed very rough. Morainic material is in one case distributed laterally along

the walls, while the glacier ice itself is partly coloured by the presence of . the subglacial

‘material. If valley .glaciers of this type exist, a set of minor ice movements are intro-

duced subsequent to, ‘and in a different direction from, the movements which produce‘

the strie observed N. 32° W. 'We were unable to plck up any trace of a second. set of
strize, while in the lower part of oné valley, where it opens out to a broad area, strie
can be seen trending in the constant direction N.32° W.

The upper limit of the subglaclal materlal of the ice sheet (marked by a dotted

line on the locality plan) descends to lower levels at the head of valleys, suggesting
that morainic material has been pushed further on in the direction of the valleys. Hence

in spite of the absence of the second set of striee, secondary minor movements of the -

valley. glacier type are suggested Such movement is negligible at the present time.
A combmatlon of (a) and (%) may probably produce the present result.

(c) Thaw, Water Action. —ThlS is a posslblhty that suggests 1tse1f 1mmedlately to
one that has_not,v1s1ted the area. . As above stated, thaw water action i is, on the whole,
feeble. The lakes are thawed out only for two or three weeks during the year. The
character of the valleys is markedly not that produced by water streams. |

(d) Wind Action.—The constant direction of the wind corresponds w1th the direction
of the valleys, and this fact suggests wind-scoured depressions. The unsymmetrical

" and varying slopes on the valley walls are hardly consistent with the hypothesis, as the

rock 1s of uniform hardness. Further, the undercutting, which is so characteristic of
. wind erosion, is, in'the main, absent. An odd boulder shows wind erosion,. but only in

‘one small spot in situ did we observe undercuttmg The rocks are remarkably fresh -

and unweathered, and the lapse of time since their uncovering cannot be great and
cannot be sufficient’ for Wmd excavatlon of the valleys.

. (¢) Pre-glacial Strike Valleys.—This theory will be accepted if all other poss1b1ht1es
are rejected. At present the short shallow valleys possess nothing that suggests water
action. All such traces mlght dlsappear in the subsequent modification of the valleys
during glamatlon

MORAINES

Not only is our, small area sprinkled with erratics, but also well marked moraines

have been left by the retreating ice front in more or less parallel banks. These;morames
are entirely. the product of the basal load of the glacler No surficial or interglacial
material is present in the: termmal section. . ' ) S

¢
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" The ice front of the glacier rises very steeply to the south, and, for a vertical thickness
of 40ft. above the rock floor, the ice is coloured brown by the presence of subglacial
rock detritus (Plate XXXI., fig. 1). Similarly to the east and the west of Cape Denison,
whenever the ice cliffs rest on a rock basement, brown-coloured ice could be seen for

estimated thickness of 15ft. or 20ft. '(-Plate XIV., fig. 2). . The ice sheet, therefore, has

- at this point eroded the underlying surface. - In'this connection it is interesting to recall
the observation of a sledge party, 20 miles to the east, to the effect that rock outcrops

at this distance away are found to be nearly devoid of morainic material, though the ice
sheet is continuous and unbroken. A paucity of erratics has also been noted by Sir’
Douglas Mawson at Cape Hunter, nine miles west of Cape Denison.. The area of abundant
glacial debris is, therefore, limited in Commonwealth Bay. -
- The subglacial material (Plate XXX., fig. 1) consists of- fine rock meal, grit,
pebbles, and boulders, some of the latter weighing many tons. For the greater part -
of the year it is all part of a hard-frozen zone, but the summer thaw loosens a good deal
of surface material. The yearly ablation also liberates a certain amount. The finer -
material is, as above stated swept away by the. winds,’ and no glaclal soil ‘or gravel,’
except in isolated cases, can remain-exposed. The exposed surface thus presents an

‘aggregate of boulders of all sizes and shapes.’

-The moraines are, for the most part; thickly banked up in lines parallel and near

to the glacial front. They contain a great variety of rocks which are not found 4n situ, .

and.are, therefore, known to exist hidden beneath the ice cap. Among these rock types
are crystalline limestones, lime silicate schists, sandstones and quartzites, granites,
dolerites, vein and pegmatltnc material, and schists and gneisses in great variety (Plate
XIX., fig. 2).. In general there is a ‘great similarity between many of our specimens

and those reported from the Ross Sea area by the Scott and Shackleton expeditions.

In the field it was found convenient to recognise.an ““ upper moraine * and a “ lower

‘moraine.” The * upper moraines > are true moraines, formed in the manner indicated

above. It is the usual type of deposit with many of the stones much worn, though -

~ not often well rounded like river pebbles. Some look like rock chips with the salient

angles and edges worn off. Many are subangular with ‘plane and bevelled faces, and
a small percentage (possibly £ per cent.) are strlated The ““ lower moraines ” are not
gtrictly moraines at all. They do not occur above the 40ft. contour level and contain
a very large percentage of local rock.

The abundant var1ety of-rock types on the * upper moraines’ » makes them very '

- different from the ““lower moraines In the latter the boulders are more rounded

(Plate XIX., fig. 1), though still not altogether like river or.marine boulders; many
have plane, bevelled, gouged, and pohshed faces, but very few are striated. Further

some degree of sorting into sizes seems to have been accomphshed " Some banks are
‘dominated by boulders averaging one foot in diameter; while others consist, in the
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Ihain, of pebbles about 3in. in diameter. The pebbles are, on the’ Whele, coarse ;. but |

fine gravel and sand are always found when one turns the boulders over. The ‘ lower
moraines ” are found in banks and bars which are parallel to the coast, and which follow,
more or less, all the mdenta,tlons of the contour: They are well seen in the lower parts
of the valleys, and in one case three moraine bars appear in succession between the
© 40ft. level .and sea level,. .producing a terraced appearance. In the panoramip view of
Cape Denison looking east (Plate XXX., ﬁg 2) the “ lower moraine ” has the general
Wappearance of a beach depos1t S

.The presence of these ““ lower moraines ”’ is, no doubt, associated with the presence
of the zone of relatively" polished rock in the peripheral area below the 40ft. contour
- level. 1t has been mentioned that thls zone 18 represented on the Mackellar Islands,
where Sir. Douglas Mawson has also noticed the presence of patches of roughly- rounded
boulders of local varieties of gneiss which are similar to those on the ‘‘ lower moraines ’

on the mamland

There is no doubt that some of the boulders have been glaciated as well as water
worn ; but the abundance of local rock indicates a local origin. Their relation to the
contours and to the outline of the coast is evidence of a marine origin. . The grading
into sizes must-have been accomplished by sea water, though shore ice may have assisted
to bank the material up into terraces. They probably represent glacial debris which
has been subjected to wave erosion and which has become largely diluted with the local

- detritus produced in the ordmary course of marine erosion. They are the eqmvalent )

' of the raised beaches in normal climates, and, therefore, indicate, like the zone of polished
rock, a recent, slight 'relative uplift.

The beach ~origin of the ““ lower moraines ” is conﬁrmed by the finding in them of

* a small 'piece of grit containing shells. This single specimen (No. 702) was found close
by the hut and has been examined by Mr. F. Chapman, A.L.S., Palacontologist to the
National Museum, Melbourne. Mr. Chapman has also examined samples of the sands
obtained from both the typlcal moraines and the “lower moraines.” His reports are

now added

' NOTE ON A CONSOLIDATED BEACH SAND FROM CAPE DENISON
By F. CuapMaN, A:LS.

Macroscopic Appearance.—The rock is of a grey colour, with-a roughened weathered
-surface (Plate XIIL., figs. 1'and 2). It measures about 5-5cm. by 4-3cm. The texture
1s coarse and gritty, and closely resembles a consolidated beach sand such as may be met,
~ with in all latitudes under favourable conditions. To my own knowledge the nearest
rock in appearance to this is a specimen I collected many years ago from the coast of
Iifracombe, in Devonshire. In that instance the rock was formed by the concreting
. action of percolating water charged with dissolved COj, reacting on the shelly particles

- of the beach. . The present specimen shows strong effervescence with HCIL. ‘

A
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Microscopic Characters.—In thin slices under a moderate power of the mieroscope
(2in. obj.) the rock is seen to consist mainly of angular quartz grains 1ntermlxed with a
few particles of igneous rock, more or less basic, and with occasional twinned and zoned
felspars. Brown palagonitic glass showing perlitic structure occurs in the rock, and
also numerous crystals of augite. The average. dlameter of the larger grains is 0- 4mm

(Plate XIIL, fig. 3).

Organic Pamcles —Remams of foraminifera tests are seen; and one fine cross
section of a milioline, of the Miliolina subrotunda type, is present. A fragment of an -
1ndeternnnate coral- appears in' the hand specnnen, and its examination by means of
the micro slide leaves no room for doubt as toits relationship to that group. - The
coenenchyma is cavernous and traversed by strong pillars, and there is abundant evidence
of the “ dark-line * structure of a recent coral. It appears to be an arborescent form
(Plate XIIL, fig. 4). s - R

1

An echinoderm plate is seen in sectlon, dlstmgulshed by 1ts ‘typical perforate
character and calcitic structure :

\

Matriz. —Thrs consists of a fine detrrtal dust and minutély crystalhne calcareous
cement The larger fragments are- generally evenly spaoed out in the mass.

C’oncluszons —The -present specimen is a ‘consolidated beach sand, conslstmg largely .
of cleanly broken particles of terrigenous material of the natute of basic and sub-acid -
igneous rocks, evidently derived from the immediate locality ; these, together with

littoral and coral zone organisms, are cemented in a matrix composed of a mlxture of

fine 1gneous rock detritus and calcareous deposited matenal

NOTE ON MORAINIC MATERIAL CAPE DENISON
By F. CHAPMAN ALS.

Morainic Mud. -——From Lower Morames found underneath boulders About 35ft.
above sea, level ‘ : '

This consists of angular fragments and sand grains der1ved from hornblende gneiss

,and schists, with some material, probably from a granitic source. . The fine washings

contain numerous crystals of micaceous, pyroxen]c, hornblendrc, and felsPathlc minerals. -
No-organic’ remams were noticed. :

M ominic Detritus:—-Sample frorn Upper Moraines, taken from the ice, about, 1201t.
above sea level, Commonwealth Bay.

" Coarse and fine detrltus of hornblende gnelss and: gramtlc rocks contalmnc pink

.and white felspars Fine washmgs include numerous small crystals of ferro- magnes1an

silicates and felspars No organic remains were seen.



CHAPTER III
THE METAMORPHOSED DYKE SERIES OF CAPE DENISON

1 —NOMENCLATURE

" The nomenclature generally adopted in the following pages is that taught in the |

“ Die’ Kristallinen Schiefer.”* Grubenmann’ s treatise deals with schists and. gneisses
which have developed by ‘the thermo-dynamical alteration of pre-existing rocks. He

has told us what rocks belong to the crystalline schists, and in these the effects produced

by the alterations completely determine. the character of the rock.

b
”

- "Various meanings have been attached to the term metamorphlc roc

out that Van Hise’s use of the term is too broad, as it is made to include all rocks,
and that there is no satlsfactory definition of the term ; éither it 1s made too 1ncomplete
“or too comprehenswe in its meaning, and he désires to- exdlu‘de a group of metamorphic
rocks from ‘the fundamental -rock classification into igneous, 'sed.i‘r.nentar‘y,' “and
metamorphic The old group of metamorphic rocks is repliced by several groups,
including a group of thermo- dynamlca.]ly altered rocks which are unfused and unmodlﬁed
by exudations. This group seems to correspond with the Kristallinen Schiefer. ~If
we adopt this subdivision, are we to exclude the term “ metamorphic”’ from our nomen-
clature ? -We are inclined to think that the term 1s t00 deep rooted and, 00 convement
"to permit this. It is therefore necessary to state that in the following account of the
metamorphic rocks of Adehe Land we “ase the term in the limited sense mdlcated in
_Grubenmann’s work and adopted by. Johnston and ngghi We are dealing with
rocks which come under the heading of the crystalhne schists, and when we refer to a
“rock as metamorphic we imply that it falls into the group.of the ‘Crysta,lline schists

Its use in th1s way comes partly ‘from the Want of a general rock term for those

members of the crystalline’ schlsts which possess a massive texture in contrast.to the-
schistose or gneissic-texture. The terms schist' and gneiss are not' fundamentally
different, and the same processes produce the foliation of the gne1ss1o granites and the
" foliation of the sedimentary gnelsses A gnelss can be looked upon as a- schist with an

1mperfect schistose structure and should thls structure become too 1n51gmﬁcant to
‘be- notlceable, what shall .we call the rock ? Sederholm§ has considered- that it is

1mposs1ble to give the term ““ gneiss ” a limited meamng, and he beheves that it must

remain a comprehensive name Wlth a very wide mgmﬁca,nce We find that this wide

* « Die Kristallinen Schiefer.” U. Grubenmann, Berlin, vol. 1., 1904 vol I1., 1907.

t“ The Genetic Classification  of Rocks and Ore Deposits,” T. Crook, Min. Mag., vol. XVIL, p. 69 )
-+ 1 Principles Underlymg Metamorphlc Processes,” Johnston & Niggli, Journ. Geol., vol. XXI p.481.
'§ “ Om granit och gneis,” J. J. Sederholm, Eng. Summary, Bull. Com. Geol. Fin., No. 23, 1907, p. 109.

and we.
are in general agreement with the criticism of this term glven by Crookt. Crook points

ey
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significance may have real use, and we have used the term “ gneiss ’ as a general rock
‘name for members of the crystalline schists which have no special name and which
may or may not possess a schistose structure; for example, a_certain rock has been
styled pyroxene grenulite by the Germans, pyroxene gneiss by the French, and a norite
by the Indian Geological Survey. We do not use the term ‘pyroxene granulite

because the granulitic structure is a very common structure. in almost all classes of the
" crystalline schists. We do not use the term ““ norite *” because it is dpphed to a special
variety of igneous rocks. We apply the term gneiss in each case, and d1st1ngu1sh as a
plagioclase-pyroxene-gneiss, or a pyroxene- alkah -felspar-gneiss, in splte of the fact that
no schlstos1ty may be evident. ' :

As we make large use of the term i amphlbohte we quote the followmg from
L. Henzer * :—“ By older writers a pure ‘amphibole rock is occasionally dalled -
amphibolite, while the garnet amphibolites, felspar- amphibolites, or zoisite- amphibolites
were called amphibole schists, greenstone, hornfels, etc. ~According to Zirkel, the
typical amphibolite: consists only of hornblende. = Chiefly .through Rosenbusch the
term has become firmly established in ‘the literature in recent years. Rock types with
-amphibole as their’ main constituents (hornblende-schists or hornblende-fels and.
actinolite schists) are distinguished from the actual amphlbohte whose mineral content
. is essentially hornblende and plagioclase, though the latter can be replaced partly or
wholly by zoisite, epidote, garnet, or scapolite.” This is the usage which has been
adopted by Grubenmann and ‘which glves the term amp}nbohte a precise chemlcal and
mmeralogmal meanmg ’

The need of the general term, which we supply for ourselves in the term “ gnelss,
is ev1denced in a paper published' by Loewinson-Lessingt in 1905, which discusses the
. classification and nomenclature’ of the amphibole rocks belonging to the crystalline
schists. In the study of the crystalline schists of the River Tagil, in the Middle Urals,
Loewinson-Lessing was ,struck with the close connection between the schistose and.
massive members of the crystalline schists. ‘He found massive schlieren in the midst
of schistose rocks and argued that.the term “ schist ”” was, scarcely fitting for the non-
schistose rocks. But he meets his difficulty by introducing terms which emphasise the
likeness of the massive types to igneous rocks—e.g., paradiorite, amphibole, para-
gabbro, etc. These terms obscure the observed close connection of these rocks with

' the crystalline schists. " They unduly accentuate differences, which have no genetic

bearing and place them equivalent with characters which’ do have genetic meamng

" But yet they are intended to limit and add precision to the term “ amphibolite.” " An
amphibolite, according to Loewinson-Lessing, is a rock whose essential constituent is
amphibole alone.’ This violates the conclusion expressed in the preceding quotation
from a paper to which Loewinson-Lessing makes no. refereuce‘ A rock composed
of amphibole and plagioclase is called “ paradiorite ” or ““ amphibole para- gabbro if

- * “Ein Beitrag zur Kenntnis der Eklogite und Amphibolite,” Laura Hezner, Wien, 1903, p. 5.

t ““ Ueber Klassifikation und Nomenklatur der zur Formation der Kristallinischen Schiefer gehorigen Ampl:ubolgesteme, .
von F. Loewinson- Lessmg Centralblatt Mineralogie Geologle, 1905, p. 407. .
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it has a massive structure, but if schistose, it is called “* diorite greiss > or “ arnphibole '
gabbro schist.”. If we accepted this nomenclature ‘we should have to give the names
“ paradiorite” and . diorite gneiss” to two rocks of similar origin but with slight -
variation in structure If quartz should be introduced into this rock by some meta-
morphic process the rock would become a ’ para-granodiorite ” or a * granodiorite
~ gneiss”; but we will show that such a rock has nothing whatever to: do’ with’
granodiorite or its gneissic modification. It is obvious, therefore, that this nomenclature
can have httle value n any genet1c study. '

In the nomenclature that we have adopted we use the term ““ amphibolite schist ”
. when the amphibolite has a marked schistose structure, the term “ biotite amphibolite »
when the hornblende 1s partly replaced by biotite, and the term “ quartz amphibolite ”
when the amphibolite-has been modified by the addition of quarta.

In our study rocks have been found to contain structures similar in appearance .
to the micrographic and ‘micropegmatitic intergrowths that are formed by. the
* crystallisation of a eutectic mixture in igneous rocks. In numerous instances this
" “ micrographic >’ intergrowth has a direct metamorphic origin: Consequently, we
have not used the term miofographic * or. “ micropegmatitic,” which may be
convemently retalned for 1gneous structures We have described the structure a
diablastic structure. ‘ ‘ '

2.—F1ELD CHARACTERS.

- The Cape Denison granodiorite gneiss is laminated by a.rock type which appears
as a series of parallel black bands of amphibolites and epidote biotite schists. It is-a
foliated rock type and its foliation is parallel to the trend of the bands as well as to the
- foliation of the gneiss. The cleavage planes are usually vertical. -The bands are usually

* between 18in. and 2ft. wide, and being jet black in colour they present strong contrast

to the grey gneiss on the bare rock floor.. When the gneiss assumes a dark colour relations
are less obvious. The ]unctlons between the bands and the grey gneiss are typlcally
sherp, well defined, and straight, and in general appearance they suggest the ﬁeld

relations of a system of parallel dykes whlch have intruded the gneiss. =

" One band may be contlnuous across the area, but more often it 1s. broken In the
latter case the band: wedges out and disappears for a while and then reappears some
distance further along the strike. Sometimes a band opens out into a bulge and then
occupies a width of 30ft. or more. A ¢asé was noted where a band which is continuous
for some distance suddenly breaks off and does not reappear along the line of strike,
- while a band commences in a similarly sudden manner 40yds. due- west. A white qiartz
vein starts from one broken end and-runs toward the other, but it peters out before
reaching it. One immediately suggests that this band has been faulted, and the fault
" fracture filled by quartz. But if all the bands were contemporeneously formed, such.
faulting is highly localised, as the next adjacent band on the east is continuous.

i
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The bands are not uniformly spaced across the area. They may be 50yds. or 100yds.
apart, or they may be separated by only a foot. . Three bands close together can be seen
on the valley floor in Plate XXIL., fig. 1. In one case two bands appear to unite, but
_ the surface rock is dlsturbed and the junction so fractured by frost that the observation
is a little indefinite. A smgle band, however, may run out into a series of parallel threads
which enclose layers of gneiss between them, and these threads may unite.. Detached
fragments of the black rock are sometimes observed to be completely enclosed in the
gneiss. * Such fragments are either in- close proximity to a band or else replace the band:
in a discontinuous outcrop (fig. 2).© These schlieren always: possess a lenticular outline.

granodiorite gnesss

amphibolite E

a,'mphilro‘lil’.e

granodiorife gnesse——|

Fig. 2.. -

D1AGRAMMATIC SKETCH SHOWING A LENTICULAR
“IncLusioN” oF AmpHIBOLITE Lyine CLOSE TO
AND PARALLEL To THE Mamw Dyxe CHANNEL.

In one example that was noted in both plan and sectlon (ﬁg 3) the fohatlon of the gneiss
- is bent around it, .., the foliation does not continue through both black and g grey rocks
‘indiscriminately, though the black rock is ‘schistose itself. This example was about
6ft. long and about 14ft. in diameter. These schlieren may be penetrated by quartz

felspar veins.

The black: rock is genera,lly softer’ than the enclosing gneiss and yields more readlly
to the mechanical weathering. Consequently the bands frequently travel along slight
depressions. InPlate XXII., fig. 1, where we have several bands close together, we find

them on a valley floor. We often find that-a band forms a gully-way. The reverse,
however, is true in the case of & band which passes the memorial cross on Azimuth Hill."
Here the band has been more resistant than the granodiorite gneiss ‘and stands as a thin
" wall 3ft. above the level of the gneiss (Plate XVI., ﬁg 1).. - The latter is a fine-grained .
t}’pe and contains more mica than usual.- ' : R '
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Green epldote and less commonly purple fluorite are often developed along the
]unctlon planes between the gneiss ‘and the amphibolites. These minerals are also
found' along joint planes in both granodiorite gneiss and amphibolite. - Smiall quartz
segregation veins may be found in the bands, and these may carry excellent crystals
of epldote 2}in. ‘and 3in. in length B ‘ '

* Fig. 3.
. DIAGRAMMATIC SKETCH SHOWING A LENTICULAR

* INCLUSION ”’ OF - AMPHIBOLITE WHICH IS SEEN
PARTLY IN PLAN AND PARTLY IN SECTION.

-

In one 1nstance (N o. 629) Where a band -has opened into a bulge a number of
mclus1ons of white, grey, and pink colour are found enclosed in the amphiholite. These

o inclusions appear across the whole outcrop, but aré present in greatest numbers along

the western side of the band. They are cons1dered to be xenoliths-and will receive
full description later 3

3.—PETROGRAPHICAL CHARACTERS:

The rock type presents great varlatlon in texture, stiucture, and mmeral content.
The colour is usually jet black, more rarely grey black. . The texture, in sonie examples,
is highly schistose, and the dominating flaky constituent is either biotite or hornblende:
In fine-grained types the texture becomes slaty schistose. In some examples the texture
becomes approximately massive. Indeed, the texture may vary in.a short distance
from massive to schist'ose in one and the same band. .The predominating structure
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I8 grdnoblastic, which, in the massive types, might be called gabbro structure. . Some- |

'times there is a ‘tendency to a nematoblastlc (fibrous) structure and, pmkﬂoblastlc and .

relic structures are -also present.

- ' Mineral Composition. _
, Hornblende, biotite, and felspar are the commonest mmeral constituents that can be
recognised in the hand specimen. Sphene, 1lmemte, pyrite, epidote, and lawsomte
are occasionally visible to the naked eye. Quartz, chlorite, calcite, apatite, fluorite,

allaniite, and -rutile have been determined microscopically. In general, the mineral

composition appears uniform along any one band, ‘but this has not been completely - -

tested microscopically. The variation, however, in the mmeral content of the different .

"bands is so marked and interesting that it has been considered advisable to give -

quantitative expression to it. One cannot apply the R_o_smal method and determine
the relative mineral volumes in a schistose rock with the same ease that is possible in

“igneous rocks. We can fairly assume in igneous rocks a similarity along three directions

at right-angles, but such assumptlon is far from correct in schists. Lamellar constituents, _
like biotites, have relatively large surface area in planes parallel to the schistosity. Hence
we have to make the Rosiwal mea,surements in three sections cut in three planes at, right-
angles. This involves the preparatlon of three thin rock sections of each specimen

‘and three times the labor of measurément ‘that is'necessary for an igneous rock.  In’

order to obtain some definite idea of the variation'in different planes, two sections of
specimen No. 153 were prepared, one at right-angles to the plane of schistosity and the
other parallel to it: Rosiwal counts were then made on each slide’and the figures are
given'in Table 1. Biotite and hornblende increase their volume by one-third, the epidote
increases in smaller proportion, while felspar. decreases its volume by one-third. Not-

_ withstanding these differences, it was considered that a rélative quantitative expressmn

of the mineral volumes would be obtained from a single section provided that each
section of the rocks to be compared is cut in the same direction. The sections studied -

“in each case are cut at right-angles to the plane of schistosity and typical examples
‘selected for treatment. The figures obtained are sufficiently accurate to be serviceable

in expressing the relative variation of the constituents in this suite of rocks of common
orlgm and of more or less common hlstory '

Later study of the crystalline schists from Stillwell Island.and Cape Plgeon Rocks

* shows that the estimation of the mineral content from a single slide may be absolutely -

misleading in regard to the nature of the rock. Small specimens of gneiss—apparently
uniform in the hand specimen—may contain considerable garnet in one part and none
in ‘another part. When, however, the rocks are of comparatively uniform mineral
composition, as in' the case of this dyke series, the results are useful. -

" The figures are given in Table 1, where each example represents a different band,

and these are arranged in the order of outcrops met in traversing the’ area from west

to east. No. 1 is the most westerly. The heading ** felspar ” includes all the colourless
constituents—the clear albite, the cloudy felspar, quartz, and apatite, lawsonite, and
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calcite when the last three are not separately determined. - Quartz is never abundant and
nearly always very subordinate; as it is very difficult to distinguish it in all cases from

the clear secondary. felspar, very little is lost in-value and a great saving in time is effected

by reckoning it in with the felspar. Apatite, lawsonite, and calcite are separately
meagured when sufﬁciently abundant, otherwise their presence is indicated by p. The
* heading “ iron ’ore ’ includes magnetite (or 1lmemte) and pyr1te as pyrite is very sporadic
and occasional. "*“ Mica ” includes biotite and chlorlte, Whlcll are frequently intergrown.

] TABLE 1. R ‘

1|2 |8 | 4 | 5 |6 | 7|8 | 910 | 1|12 |

Field No. | 153 | 153 | 5 | #12| 720 | 630 |. 629 | 631 | 637 | 634 | 634a | 635 | 9

Felspar ... | 461 | 31-2 | 323 | 258 | 124 | 545 | 27-3 | 285 | 35-3 | 31-8 | 139 | 27-4 | 231

Mica . .... 359|488 | 78330 | 168 | 159 | 12| 75| 42| 108 | 56| 80| 107
Hornblende | 25| 4-0 | 47-6 | 36:1 | 60-3 | 19:8 | 69-7 | 61-8 | 49-8 | 56:3 | 77-3 | 563 | 618
Epidote .. | 82| 95| 68| 30| 19| 50| 5, 3| 6| 1| 2| 71

Sphene ....! 32| 22! 35| — ! 15| 32! 9| 14 41| — | —= | — '
IronOre.. | 30| 34| .-6[ p. 3 6| 4 - 60| 7| 15| 7 }2.'6'
Apatite .. 1-4 91 14| p ‘1] 10 P } 1 {p p-.| — — p-
Lawsonite. | — | — p- 15| 67| — p. - p- |- 15| 80| — .
Caloite ... | — | —. | — 6 ‘

-l lpl—l=]=f—]=1=

1. A fine-grained micaceous type which has. proved more resistant to Weathermg than the surroundmg
granodiorite gnelss :

2. The same rock as 1, but measured in a 'section pala]lel to the schlstosmy ' ‘
3. An example that appears as-a system of 1rregular schlieren rather than as a distinet band.

1

4, A normal band which contained irregular quartz segregation veins carrymg large epldote crystals '

The quartz in-filling is subsequent. to the band and the foilation.
' 5. A well-defineéd band from which N. 0. 720 is the single specimen in the collectlon
- 6. An abnormal band containing one of the remarkable biotitic patches. The sample Was collected
as the * normal ”’ pa.rt of the band, a few feet away from biotite ‘clot. - . 1
7. A typical massive type taken from the band -which contams the xenohth . f
8. Normal band. : S L
9. A sample of a schliere of daik rock in the granodiorite gneiss. The schhere is 1mpregnated with
felspar quartz veins which have partlclpated in the foldmg and are contorted l S
' 10. Normal band. oo
11. A band situated between N o. 10 and No. 12 These three bands lie very close together and are
not separated by more than a yard from each other ' '
12, Normal band. . ‘ i
13 Massive amphibolite which is here inserted for comparlson It grades out in parts into felspathic
gnexss and in part into pure hornblendic rocks. b '

-

- The table indicates that we have three main varieties in this suite of rock's—— '
1. Rocks contammg ‘dominant biotite (e.g., No. 153, which will ‘be descrlbed
. -. as an epidote biotite schist).

~ 2. Rocks contammg biotite and hornblende in approx1mately equal proportlons
-(e.g., Nos. 412, 630, the biotite amphibolites). - - |

3. Rocks contammg dommant hornb]ende (e.g., Nos. 629, 631, etc., the .

'

amphibolites).

29

|
|
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~ We can Totice in general that the biotite-rich var1et1es belong to the western side
of Cape Denison and that the hornblende tich varieties belong to the eastern side. These
two groups are separated geographleally, with the exception of No. 5, by bands in which ‘
biotite and hornblende are both important. The exception, No. 5, loses its importance
when we reflect that it is not an example ‘of a typical band. This uniform mineral
variation will be considered later to be a reflection of .the variation in chemical
‘compos.ition The geographical nature of these variations.1s important, and can have
but two possible explanations. The explanation may be a metamorphic one, and
we may consider the reason to be a uniformly varying set of metamorphlc conditions
across Cape .Denison combined with. a ‘uniform degree of migration of material
correspondmg with differences in chemical composition. The detailed examination
indicates that we. really get considerable variation in theconditions in localised patches,
and thus scarcely supports this explanatmn The alternatlve consists in regarding the
whole as a differentiated series of primary basic dykes. In either case it does mgmfy:
| that we are not dealmg Wlth bands that have been repeated by folding.

- With a high percentage of mica there is always found a high percentage of epidote.
. The only important exception to this rule is again No. 5. No. 720 is a partial exception,
but a relatively low percentage of epidote is compensated by a high percentage of hydrous
linie silicate, lawsonite, Nos. 720 and 634a possess a percentage of ferromagnesian
. minerals very -considerably above the average while the felspar percentage is
correspondingly low. It is possible that they are chance specimens which are. not
strictly normal of the bands they represent. Unfortunately, there is no systematic
set of specimens collected for the purpose of studying the longitudinal variation in
- any particular band. Only in exceptional cases is the variation noticeable in the hand
specimen. In cases where more than one specimen has been examined from one band
-some degree of Var1at10n is always not1ceable )

- The table renders it ev1dent that the ma]orlty of the examples are rich in Sphene,
but the accessories show considerable - variation. Apatlte is relatively high in some -
~ cases and practically absent in others. - The iron ores show much greater variation, and
- vary from 6 per cent. to instances where it is almost negligible: The GOmplete discussion
of this table of mineral constituents must awalt the presentation of the mlcroscopmal .
and chem1cal characters '

M wroscomcal C’karacters

No 153. —Th1s rock is rather fine gramed and sch1stose, but it 1s not so partlcularly
fissile as some of the hornblende varieties. The glint of the mica is obvious on the
cleavage faces. In thin section the constituents conform to a linear arrangement
.and produce the crystallisation schistosity (Plate I., fig. 3). The biotite is strongly -
pleochroic in sections showing .cleavage .from a light straw to a deep brown colour ;
it is reddish brown in basal ‘'sections. " Pleochroic haloes are' sometimes found around
inclusions which appear to be sphene. - Hornbleride is sometimes included in the biotite
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a,nd sometunes the biotite in the hornblende. The felspar appears in rounded and
indented grains. A few scattered .grains only are clouded. It is generally perfectly

clear and transparent, and there seem to be two types of plagioclase, and possibly also -

orthoclase. The bulk .of the felspar is untwinned. A few grains with lamellar twinning

give values between 20° and 27° for the extinction angle. This is best interpreted -

as andesine. From ground-up powder of the rock refractive index was found to be less

_than 1-542 in some cases, but mostly between 1-542.and 1-551. In the section the

refractive index was rarely found below that of Canada balsam. Hence the bulk is
. probably andesine with a few grains of either orthoclase or albite. Quartz is present
"as'a very minor constituent and has an appearance very similar to the clear felspar.
It can only be distinguished with certainty from the felspar by the use of -convergent

light, and considerable search is required to find a uniaxial figure. The hornblende is -

.. definite and strongly- pleochroic. Its colour scheme is—X, greenish "yellov_v; Y, bright
green ; Z, bluish green. It has an extinction up to 15° in prismatic sections. Sphene,
exceeding 3 per cent., is conspicuous in wedge-shaped crystals and in grains. It conforms
~ to the schistosity, and frequently encloses an idioblastic crystal of magnetite. It is

also occasionally associated with rutile. Epidote (8-9 per cent.) is more abundant

in this rock than in any other member of the series except when found in segregations.
It appears in pleochroic lemon-yellow crystals, commonly idioblastic, and shows the
brilliant polarisation colours of the third order. It does not possess the same dark
border of colour as-spher'ie; and the polarisatioxi_' colour of sphene usually reaches the
high order whites. In rare cases it is found intergrown with zoisite (or clinozoisite).
Colourless apatite is a notable accessory, and its crystals are at times comparable in
size to the sphene grains. Magnetlte is present in, the same proportion as sphene and
is’ sometimes idioblastic, apart from the sphene enclosures. - Cubes of pyrite are very

sporadic.. Fluorite is not infrequently found in irregular isotropic blue grams but |

it may be intergrown with the biotite after the manner of chlonte No. 153 may be
called an epldote biotite schist. ' :

‘No.. 5.—This speclmen has been referred to-as abnormal. It possesses a slightly
coarser grain size than the average. The crystalllsatlon schistosity is Jless marked
and there is a tendency to a massive texture. The structure at the same time becomes
more granoblastic. Apatite, epldote, and sphene especially patticipate in the increased
grain size and now appear in grains comparable in size with the felspar and hornblende

crystals. The percentage of epidote is noticeably high'in comparison with the mica.

content, and we can recall a field note stating that the' precise locality of No. 5
is especially rich in epldote Epidote. and, to a less degree, fluorite are -especially
abundant in seams and joint planes at this’ point. A further characteristic of the
sample is the replacement of biotite by the green pleochroic chlorite which frequently
" gives the ultra blue polarisations colour. The chlorite plates are usually associated
with and "penetrated poikiloblastically . by well-formed epidote, clear felspar (which
looks like quartz), and stray grains of magnetite. The green hornblende is abundant
- and idioblastic in sections, showing two cleavages. The terminal faces of prismatié

sections are not developed. At times the hornblende is streaked and fringed' by much -

[
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paler hornblende. Such hornblende ‘becomes very dlstmct between crossed nicols
in virtue of its bmght interference colours. Chlorite is associated in some parts with-
the hornblende in a way suggesting. that the chlorite gradually passes into hornblende.
In other parts there is a transition between epidote and hornblende. The greater part
of ‘the felspar. is cloudy and saussuritised. Arising out of the saussuritised part the .
secondary plagioclase can be seen. Epidote may be found.in the saussuritised mass
as well as magnetite, scales of hematite, and micaceous products. In the same connection
radial aggregates of & fibrous cloudy mineral are found with very low refraction, double
refraction about the same as quartz and oblique éxtinction with a small extinction
angle.  This is probably stilbite, one of the zeolite group, which is much better developed
in the next slide. Sphene possesses rather a deeper clove-brown colour than usual, .
and is almost free from the magnetite core. No. 5 may be called an amphibolite. ‘

When' the joint planes, which are lined: with epidote, are exposed by weathering,
they form a rock wall brilliantly green in colour. Some of the hand specimens are faced
. with. the green epidote about 1mm. thick. “In these specimens the rock can be seen
~ 'to become very distinctly richer in epidote as the face of the joint plane is approached.
There is a segregatlon towards a plane in this case, whereas in a subsequent example,
the epidosite in the band No. 629, the segregatlon is apparently towards a centre.

" Some of the ]omt planes are charactensed not so much by the green epldote or by
ﬁﬁomte as by a radiate; fibrous mineral of pinkish-white colour. -A thin section was
cut as-close as possible to the face of one of these joint planes in order to include the
. fibrous mineral, and has been found to be very interesting. Not only are the relation
of epldote, chlorite, and hornblende clearer than in ‘the preceding slide, but stilbite,
. fluorite, and lawsonite are present. The radlatmg fibrous aggregates are prominent in
* the_section and the mineral is mostly clear and colourless, though cloudy in part. Its

refractive index is less than Canada balsam, and its polarisation colours are a little
higher than those of felspar. ' It has an extinction angle up to 10° and, as the prism
axis- is the direction of the fastest ray, it can be determined as stilbite. Grains of
fliorite are not infrequent. Sometimes they show a frace of blue colour, and they
may be crowded with minute needles of a green mineral with oblique extmctlon, '
probably pale hornblende. The development of chlorite and epidote from hornblende. ,
is more noticeable. The green hornblende first' passes into colourless hornblende, which
, may be replaced by an aggregate of epidote and chlorite. Grains of fluorite may. be
found in these aggregates. ' The hornblende also undergoes a change through ¢olourless
hornblende, with oblique.extinction, into the brightly polarising lawsonite, with its
straight, extinction. - Aggregates of lawsonite may fringe the radial groups of stilbite.
Some of the lawsonite aggregates resemble scapolite in appearance, but the refractive
index is too high, and wherever an interference figure is obtained it is biaxial in'character.
There is here, perhaps, more clear felspar than in the normal slide. "The refractive
index of this clear felspar is sometimes above and sometlmes'below Canada balsam, but
" it.is always very close to it. The clear felspar, therefore, belongs to the albite end of
the lime. soda series. B '
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No. 412 —In thls case the hornblende and blotlte exist in practlca,lly equal
proportions. There is a well- developed sch1st081ty, and the mica flakes give a bright
sheen to the cleavage surface. The grain size is about normal and a little larger than
that of No..153. .In thin section (Plate I., fig. 2) the hornblende and biotite possess the

usual characteristics. The greater proportion of the felspar is quite clear and transparent,
the lesser portion is saussuritised as in No. 5. Calcite is present in coarse granular

crystals, and has probably developed in the alteration of the felspar. Epidote is very
distinct in. pleochroic crystals and may be intergrown with the biotite or with the
hornblende. In both cases it may exert its crystal form against the hornblende and
‘the biotite. - A" small percentage of lawsonite is recorded in the Tock, and it is usually
interlaminated between the cleavage veins of the biotite. It might be mistaken for
colourless. epidote, but a difference is obvious when the two minerals are brought into
the same field of view. Lawsonite attains its best development in Nos. 720 and 635,
" and its characters will be fully defined from those sections. - Occasionally purple
fluorite is threaded with the biotite in the same manner as in No. 153. Sphene is
practically absent, and there are only very few particles of iron ore and:crystals of
apatite. No. 412 may be called a biotite amphibolite schist. ‘

" No. 720.—The example is a'lustrous schistose rock in which hornblende, mica, and '

some colourless felspar or 1awsomte are Visible t0 the naked eye. The mica has a golden-
brown’ colour. ' ~

In thin ,section (Plate I., ﬁg 6) the hornblende has its normal appe,a’rance,-’blit the

mica content consists of intergrown biotite and chlorite in which the latter is dominant.

The biotite tends towards a biscuit-brown colour that is best developed in No. 635,

‘and it-is pleochroic from this brown colour almost to colourless. The chlorlte is also . -

pleochroic through shades of pale green to colourless. Hence, in some positions of
the polariser, the ‘intergrowth .of biotite and chlorite may look homogeneous. The
composite character is readily observed by rotating the stage or by. crossing the nicols.
The chlorite possesses bright ultra blue polansatlon colours, and the biotite shows

brilliant second and third order colours: The  felspar ” percentage consists entirely
of cloudy brightly polarising aggregates. Clear felspar is absent. The association of -

saussuritised felspar and lawsonite seems to be very characteristic. The lawsonite is
. abundant and may be intergrown with the mica, less frequently with hornblende, or
it may appear in laths with parallel arrangement contributing to the schistosity of the
rock. When best' developed the laths are clear and colourless with prominent parallel
cleavage. Sometimes it is a little cloudy and some lawsonite.areas enclose.pieces of
saussurite, thereby indicating the connection. The lobate outline is conspicuous when
intergrown with biotite, but the laths mostly possess straight sides when intergrown
with hornblende. A slight lobateness is sometimes detected against the hornblende,
but is never prominent. A section has been noted where the end portions of a lawsomte
crystal are bounded by hornblende crystals, while the middle third abuts against chlorite.
The ]unctlon against the hornblende is linear at both ends, but the middle portlon is
. Series A, Vol, 11, Part 1—C o
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" curved against the chlorite. Granular epidote is present and can be distinguished from
- the lawsonite by-its colour and pleochroism. Sphene is a. moderately abundant accessory.

The rock is the best example obtamed n situ of a lawsonite amphlbohte

| No 630 ——Thls sample comes from one of the thleker outcrops. The. outerop is
remarkable in containing a patch of rock which appears to be mostly biotite in the hand - -
specimen. The difference noticed underfoot in passing from the ordinary rock to the
biotite is similar to. the- difference between a pavement and a carpet. The.hand
specimen is, perhaps, not so dark coloured. as the: other examples. The measured
section is cut at right angles to the plane of schistosity but not at right angles to
the direction of stretching. This, however has not affected the general character of the
1nd1v1dua1

The mmeral composntlon shows an extraordlnary percentage of the colourless
components, felspar and quartz, but éxamination shows that there is much more quartz

. than usual. .The quartz is occasionally in large grains, clear, and often without wavy

extinction, and so grouped as to suggest segregation or absorption ‘of secondary silica

. into the rock. This quartz gives the rock an abnormal silica percentage. The clear

felspar is about equal in amount to the saussuritised felspar, but tlieir distribution is
quite irregular. Clear felspar is dominant in some parts of the slide and saussuritised

" . felspar in other parts. ~Some comparatively clear felspar with broad lamelle can be:

found. Extinction angles up to 37° can be measured, and labradorite is therefore
present. Sometimes the calcic ,plagloclase is partly saussuritised, and the saussuritisa-
tion is more intense along one alternate set of lamell®.. Such examples suggest that
it is a relic felspar. Apart from this’calcic plagioclase is another plagioclase, always

in clear rounded interlocking grain, which is interpreted as an oligoclase or andesine. .

The biotite is curious. Some biotites are pleochroic in cross sections from a light-straw

_ colour to a dark brown, while other biotite crystals are pleochroic from a pale-greenish

yellow to a deep-emerald green. That there is no great difference between' the brown
and green varieties is shown by the way the brown and green may be laminated in one
and the same crystal. The polarisation colours of the green part are too high for green
chlorite. In some parts, when in association with the cloudy felspar, the green mica
is a little paler and more like chlorite. Here lenticles showing the ultra blue polarisation

‘colour- may .be found.. Epidote is associated with the green biotite in the same way

as it is associated with-chlorite in No. 5. It seems that we have here the change from
chlorite to biotite during the process of recrystallisation. The chlorite- passes. over
into biotite with the absorption of alkali first by deepening its green colour and later

by changing colour to brown. The hornblende is normal. - Epidote, sphene, and apatite

are relatively abundant. Occasionally. the. grams of epidote are found with a nucleus
of calcite and magnetite. The calcite has been formed from the decomposition of a
primary. mineral, and at this centre of recrystallisation there has been more ‘calcium:
and iron available than actually ‘necessary for the production of epidote. Epidote
sometimes forms a pale border to a red-brown mineral, pleochroic with high refractive
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" index and: hlgh double refractlon. By comparlson ‘with other occurrences from this
area, we record this mineral as allanite. --The rock may be called a quartz biotite
amphibolite. . S ' ' ‘ '

No. 629.—This specimen is a normal example of the hornblende rich varieties;

and it is especially. interesting as it comes from the band which contains the xenoliths. .

It contains the second highest percentage of hornblende, almost 70 per cent., in the series.
It is one of the massive types, and white felspar and dark hornblende are the only con-

stituents which are macroscopically distinguishable. As is usual with the massive

~ Varieties the structure becomes granoblastic (Plate 1., fig. 1 1), and the average absolute

grain size. is approximately -22mm. The hornblende is green with the bluish-green tint -
‘parallel to Z. Asin No. 5, the hornblende is sometimes bordered and streaked with-
paler coloured hornblende. Prism faces are well developed, but prismatic sections _

always have a ‘broken and ragged appearance. Sometimes the hornblende forms-: a
skeletal framework for felspar and quartz, and then a sieve stricture (s1ebstructur)

appears. L1ke the hornblende, the felspar is in granular individuals.. The majority-
of it is clear and transparent, and there are two types present. ~Some clear calcic felspar
is found with an extinction of 35° measured from the trace of the broad lamellee and is -

labradorite. The lamellee of the felspar are often confused and intermittent and dis-
crimination is difficult. A more sodic felspar is present which has a refractive index
" less than 1-551, and sometimes greater than and sometimes less than 1-538. This felspar
is, therefore, becoming albltlc A quantity of the saussuritised felspar is present, and the
secondary clear felspar can be seen arising from the turbid mass. Green chlorite appears
~ in occasional skeletal plates showing the ultra-blue colour. It shows a transition to
biotite. Sphene, with its magnetite core, is & common accessory Epidote and pynte

are sparsely scattered through the rock. - Lawsonite. appears in microscopic veins -in-

some sectlons This section \is made from a specimen taken from the. centre of the
‘outcrop. | Sections made from specimens containing the xenoliths at the side of the
exposure show more lawsonite. These lawsonite veins are sometimes composite (Plate
1, fig. 5).' There may be an epidote lining on the walls with lawsonite in the centre,

or there may be lawsonite on the walls with calcite in the middle. The abnormally high -

‘percentage of hornblende and the low mica percentage are possibly to be associated with
* the patches of epidosite and chlorite which were noted here. The rock is an amphibolite.

No. 631.—There is another ‘example of the rocks with dominant ‘hornblende. °
Though the mica - percentage is small the crystallisation schistosity ‘is :well marked.

The granoblastic structure is evident. The felspar is nearly all clear and transparent
and the proportion of saussunte is small.* Occasional grains of quartz may be found.

The hornblende conforms to the crystallisation schistosity and some crystals ‘enclose-

felspar and blebs of quartz in a typically sieve-like manner." Brown biotite and, sphene
are normal. Magnetite is scarce but in'large grains. bordered with sphene. Some

include prismatic sections of red-brown rutile. . Minute crystals of apatite are enclosed:

in all other minerals and lawsomte is rarely 1ntergrown Wlth biotite. . The rock is an
amphlbohte ' : '
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No. 637.—This, example -possesses.- Weak schlstos1ty and approaches a massive
texture. Strings of white material can be seen in the hand specimen. conforming to
the schlstos1ty The measured section is not quite normal to the. schistosity, and this
is a factor in producing a slightly higher felspar percentage than is usual. Further,
the example is obtained from a schliere impregnated with felspar-quartz veins, and it
is likely that some of the visible white material is the same as in the veins. This would"

“also raise the f.elspar percentage above the normal, and this appears confirmed by the
presence of large grains of quartz.in the section. - The. rock is granoblastic and very

little saussuritised felspar is present—it is nearly all secondary clear felspar. The
hornblende percentage decreases with the: increased 'fels,pa;i" percentage, but still the

_similarity of this rock to other examples is very obvious. The hornbleride colour is

normal, except in- an isolated grain which gives bright blue pleochrmsm, indicating a

" tendency to the formation of glaucophane. , This is interesting, as lawsonite_has been.

looked upon as a frequent -constituent of the glaucophane schists. BrQWn biotite is

-. present in skeletal plates penetrated poikiloblastically by large crystals of sphene,

magnetite, epidote, and felspar. The biotite appears in patches throughout the rock.
Epidote is in small quantities, but the grains included in the biotite are well developed.
Sphene is more abundant in this case than in other mémbers of the. series, though its
average grain size is not so large. The core of magnetite is prominent and may be ~
idioblastic. The magnetite as well as the sphene dttains’its maximum _percentage
here. The magnetlte crystals .are frequently idioblastic, and may be so. large that

we only get a thin veneer of sphene on them, and the sphene rim may not be continuous
+ around their circumference. Minute apatites are present. The rock is an amphibolite.

- l_\'To." 634.—In this example some degree of schistosity is produced by a parallel
arrangement of hornblende prisms.. Such arrangement is almost perfect in an adjacent

“band, No. 633, which is exceedlngly fissile. - No. 634 is granoblastic, and the abundant

rounded and embayed grains of clear plagloclase enhance this character. Though the
lamellar twinning is not well developed, some crystals with broad lamell® can be found
to give an extinction of 36°, indicating labradorite. The second sodic- plagioclase is
again present, and very occasional quartz grains can be found. The hornblende is
normal but with more indented outline than in No. 635. The biotite is brown, and.
rarely intergrown with lawsonite, as the latter is very scarce. The iron ore consists of
scattered grains of magnetite and pyrite. Sphene is absent, The rock is an amphjbe]ite

schlst

No. 634a. —Thls is - a’ hlghly schlstose speclmen with abundant hornblende
Glistening mica with .a light golden-brown colour is noticeable on the schist surface.

. The very large percentage of hornblende is the striking feature of this rock, and in section
. _possesses the usual characters. The felspar is mostly cloudy and saussuritised, and only

occa,smnally does a clear grain arise from it: The small amount of clear felspar in this
rock is in contrast to thelarge amount of clear felspar in the neighbouring dyke, No. 634,

.a yard or so away from it. The mica consists of intergrown biotite and chlorite, of

which the former is more abundant. The biotite possesses the same curious. brown
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- colour. as in Nos. 720 and 635. Lawsonite appears in the éame manner as in-No.. 720.

The iron ore consists of magnetite and pyrlte with some reddish hematlte + The rock -

may be called a lawsonite amphlbohte schist.

No. 635.—This example 1s a typlcal one with the parallel arrangement of hornblende
crystals. The hornblende is the most abundant mineral and is developed in long prisms.
Like No. 6344, the felspar is in strong contrast to No. 634, where it is mostly clear,

while here it is nedrly all saussuritised. Occasional clear fragments arise among the

saussurite products.. Grains of quartz, épidote, and mica can be distinguished in-the
decomposed mass. The biotite is not abundant and contributes little.to the schistosity

of the rock. Its colour is not quite normal. Basal sections possess a biscuit brown

colour, and cross sections are pleochr01c from reddish brown to colourless. Consequently
the biotite possesses a curious bleached appearance. Lawsonite is well developed and

reaches 3 per cent., and was identified, in this section before the preparation of the thin

sections of Nos. 720 and 634A. This colourless mineral is frequently found in para]léil
- growth with the biotite (Plate I., fig. 4). - Sometimes it is so developed after this manner
that the biotite appears to be merely threaded in along its cleavage planes. TIts form
is usually lobated, and the biotite plates, 'in consequence, bend around its contour.
Its cleavage is well developed and parallel to the elongation of the crystal and the cleavage
of the biotite. Apart from its association with biotite, it may be found in grains among
the saussuritised masses, and it also appears in small microscopic segregation veins.
~ The outline of the sections is frequéntly granular, but in the veins it may be rectangular
and these show second order polarisation colours. Some sections, with low polarisation
colours, have a distinct tendency to a rhombic outline. "Wherever the- cléavage or
crystalhne form.is observable the mineralis found to have stralght extinction. Further,
its biaxial character can be verified, and hence it is orthorhombic.. Its optlcal character

is positive. Refractive index is high, higher than biotite and hornblende with which .
1t appears in’ contact. The blrefrlngence is hlgh and second and third ‘order- colours

are seen. Some sections, however, possess quite low first order colours, 1ndlcat1ng

‘that two of the three principal refractive indices are not much different. These »

'characters have fixed the identification as lawsonite. The lawsonite is not unlike a
colourless epidote in ‘appearance, - but the latter would not have uniform straight
extinction. Besides, epidote is present in isolated pleochroic grains of pale yellow
colour and may be compared with lawsonite in the same field of view. The iron ore

-consists of scattered- grains of magnetite and pyrite. Sphene is practically absent,. .

and apatite is found in occasional needles. No. 635 is a ,lawso'niﬁe amphibolite schist.

Summary of Mucroscopical’ Characters.
The dominating constituent throughout the series is the dark- coloured ferromag-

nesian mineral, either biotite or hornblende, or'both. The biotite is most important in

the mica schists and the hornblende is 'r'nost_important'in the amphibolij;es. The biotite
is fresh and clear, and the Z colour is normally brown, varying to a reddish brown.
" In exceptional cases it is green, and both types may be found in the one section. . Indeed,
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both types may appear in one and the same crystal and the green b10t1te appears to
be a' transition stage between' green chlorite and brown biotite. The micaceous
constituent, in two of the described examples, is green chlorite. The _chlorite plates
always, and the biotite sometimes, present a poikiloblastic structure. The included -
minerals are epidote, felspar, sphene, and magnetite. Pleochr01c haloes  may surround
inclusions in b10t1te

‘The green hornblende i$ also fresh and clear.. Tt is characteristically bluish green
in the Z direction, indicating an admixture. of the glaucophane molecule, and in one
case a bright-blue grain of glaucophane appeared More éommonly there are streaks
and frlnges of pale hornblende through the more deeply coloured hornblende: Inclusions
are not abundant in the hornblende. Sometimes rounded blebs of quartz and felspar -
produce the sieve structure.. The prlsm and-clino pinacoid faces are the best developed, -
and cross sections with two cleavages may be idioblastic.. At times chlorite and epidote
seem to develop from the hornblende. ' a L

In contrast to the fresh biotite and hornblende is the felspar which may be qulte

- : turbld and decomposed. The decomposition has been' referred - to throughout as

saussuritisation as -epidote, lawsonite, zeolites, calcite, a secondary plagioclase, and.
micaceous products have been .recognised. It 1s the same type of alteration as appears

.on a large scale among the xenoliths which are to be described later. In some cases a

clear transparent felspar dominates, and in others the decomposed felspar,  but both
often appear ‘together. ‘The discrimination of the plagioclasé is not simple, because
lamellar twinning is not well developed. The lamelle are often confused .and inter-
mittent, and many sections are not twinned at all. Such untwinned sections can be

: 'proved by their refractive index not to be orthoclase. Labradorite, with broud lamelle

and large extinction angle, has been detected This- labradorite is at times partly

. saussuritised. A second sodic plagioclase has been found with a smaller extinction

- angle, fine lamelle, and lower refractive index. This second - plagioclase is sometlmes

. andesine and - sometimes nearer oligoclase. It is a product of recrystallisation ‘in . -

which saussurltlsatlon is but a stage, and the composutlon varies with the conditions
of recrystalhsatlon

Quartz i1s a minor constituent and detected in several cases. It is.abundant in

- examples where an lngress can be suspected

- Epidote appears throughout the series, but is more 1mportant in the rica schlsts Lo
and mica amphlbohtes Generally, its percentage varies with the percentage of mica.
It is found in characteristic honey-yellow .or yellow-green grains frequently with crystal

‘outlines. It may also be-found in aggregates of httle grains which may appear like -

small heaps. It may be intergrown with biotite or hornblende, and it may appear as --

- poikiloblastic grains in chlorites, biotite, or hornblende. It may rarely be intergrown

in parallel with zoisite (or clinozoisite). Even when the percentage of epidote is very -
small we may still find large grains enclosed in b10t1te or chlorite. The epldote crystals
are occasionally found Wlth nuclei of calclte and allamte
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Sphene is an abundant accessory mineral in most members of the series. It is
frequently  idioblastic and normally contains a crystal of magnetite as a nucleus _
Specimen No. 5, where sphene does not possess this nucleus, is exceptional. The
' magnetite-development varies from small crystals to large individuals, comparable in
size with the hornblende, which are only coated with a thin rim of sphene. In the
latter case the iron ore may total 6 per cent. Magnetite may also appear without the -
sphene. The occurrence is similar to the t1tanomorph1tokranz of the German
petrographers*,  where sphene . has recrystalhsed from decomposed ilmenite in
amphibolites. The magnetite has been described as such because of the highly magnetic
and- polarised character of some separated grains, and because no violet colour was
obtained when an HCI. solution was reduced with tint. In some sections a little red-
brown rutile is ‘associated with the magnetlte Pyrite is occasional and sporadic.

Colourless apatite becomes an 1mportant accessory in some cases. Its host is
usually, though not necessarily, the felspar. The crystals may be minute, but in its
best development we may get crystals comparable with the grain size of the rock.

~Lawsonite is an interesting constituent. Belng a saussuritisation product it obta.ms '
its best development in Tocks with abundant saussuritised felspar, though it may also -
form from hornblende. It is partly 1ntergrown with biotite, and the lobated character
.of the lamina is characteristic. It is partly in grains ‘and partly in thin microscopical
~ veins. Occasionally the vein walls are lined Wlth epidote while lawsonite forms. the
niain vein filling. . In such cases the epidote has crystallised before the lawsonite. Both
the refractive index and the birefringence of the epidote are noticeably greater than
those of lawsonite in such instances. Calcite may form vein filling with the lawsonite,
and then lawsonite is found along the wall while calcite forms the centre.- Calcite also
occasionally appears in coarse granular crystals. Fluorite appears 'in grains, or.is
intergrown with biotite in the same manner as chlorite or lawsonite, while stilbite is
well developed in one example. . Stllblte, fluorite, lawsomte, and epldote may 'be found .
along joint. planes and microscopic veins.

The rock types may be summarised -thus—
. No.'153. Epidote biotite schist.
' No. 5. Amphibolite.
- No. 412. Biotite amphibolite schist.
" No. 720. Lawsonite mica amphibolite schist.
No. 630. Quartz biotite amphibolite.
~ No. 629. ' Amphibolite. ‘
- No. 631.. Ampbhibolite.
" No. 637. Amphibolite.
No. 634. Amphibolite schist.
No. 634a. Lawsonite amplnbohte sch1st i
No. 635. Lawsonite amphibolite schist. -

*Op cit., vol. 1, p.. 74. . :

+ Since writing the above, some samples of i iron ore from ‘Cape Denison have been analysed by, J.C.H. Mengaye, of the
New South Wales Mines Department. It has been found that the magnetic properties do not vary proportionately with
the’ titanium content. The more magnetic samples may have the higher. T102 value. .
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| —CRYSTALLOBLASTIC ORDER.

The crystalloblastlc order as defined bv Grubenmann*, is determined by the form
development of the crystal grains. - A mineral placed in the crystalloblastlo order will
assert its crystal form against all minerals that follow it in the sequence. The order is
based on a fundamentally different conceptnon to' that on. which the order .of
- crystallisation of minerals i in igneous rocks is based. In igneous rocks a definite order
1s obtained based on the pr1n01ples of solubility and mass action which prevail in a
~rock magma. When, however, a set of conditions prevail which will stamp the special
metamorphic - characters on’ a’ rock mass, the whole alteration takes place while the
rock remains solid. The new mmera,ls resultmg from the new set of conditions will .
arise. at practically the same time. They will grow together, and any one mineral may
be included in, or surrounded by, any other mineral.” In doing so some minerals will
“exert their crystalline form against the adjacent grains of other minerals. For example,
we may find felspar included'in epidote, and we.may. also find epidote- included in felspar.
" The felspar included in epidote will be rounded in outline while the epidote included in
felspar - will very likely possess crystalline boundaries. Epidote, therefore, stands
~above felspar in the crystalloblastlc ordert. :' : i

' The crystalloblastm order is of value because the mmerals possessing crystallme
form in schists are those which possess the greatest crystallisation force. The .speed of
crystalhsamon may also be a factor in aSS1st1ng or hindering crystalhne form.

Grubenmann s teachmg in this manner is not accepted by Leith and Mead}. These
authors .are inclined to imagine. that crystal habit or crystal dimensions “influence ‘the
development of the new minerals, and believe that the mineral constituents are not of
equal rank and do show a definite order of crystallisation. It is to be pointed out that
Leith and Mead make no attempt to discriminate between sets of phySioo-chemical
conditions grouped together in' Van Hise’s zone of anamorphism, and, therefore, do
not recognise that a metamorphic rock may carry the impress of two or more sets of
conditions: They have not appreciated the fact that Grubenmann has attempted
to form a crystalloblastic order for each defined set of conditions, 4.e., for each zone.
The crystal habits of the new minerals are but a reflection of these superimposed
conditions, and the size of crystals in metamorphic rocks is a variable factor without
important genetic connection. They have not ‘shown that their order of crystallisation .
means anything more. than an order of apphcatlon of successive sets of metamorphlc
cond1t1ons :

The crystalloblastic sednence, as far as it can be observed in this suité of rocks, is—
_magnetite, sphene ep1dote hornblende and lawsonite, biotite and chlonte felspar and
quartz. ' : : ’

* Op. cit., vol. L, p. 73.

t The expresswn of this mterpretatlon of Grubenmann 8 crystalloblastlc order is necessa,ry, because the term has been
given other meaning by Lahee in his paper ‘* Crystalloblastic Order and Minerals,” in the Journal of Geology, vol 22, pp.-
500-515. Lahee (p. 514) has confused order of origin with the crystalloblastic order. .

1 Metamorphic Geology,” C. K. Leith & W. J. Mead, New York, 1915, p. 187.
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The magnetite is placed above the sphene because the common magnetite nucleus
of the sphene sometimes appears idioblastic. ' Large crystals of magnetite, ‘when not
enclosed in sphene, may be xenoblastic and penetrated by.idioblastic epidote. Biotite
flakes, with their usual ragged ends, may penetrate the ragged ends of hornblende prisms,

. but the idioblastic cross sections of hornblende exert their form against biotite.
~ Lawsonite is placed above biotite because it exerts its lobate outline against biotite.
-Sometimes lawsonite shows crystalline boundary. agams‘o hornblende and sometimes
the reverse is seen. Biotite and chlorite are mseparable ‘80 also are quartz and’ felspar
- as.quartz 18 always a very minor quantlty

—CHEMICAL CHARACTERS OF THE CAPE DENISON AMPHIBOLITES

In order to determlne the chemical cliaracters of the series, examples of two extreme
members were selected for analysis. Nos. 153 and 629 have been, therefore, analysed
“in the Victorian Geological Survey Laboratory by A. G. Hall, under the supervision of
P.G. W.Bayly. No. 153 is an epidote biotite se}iist with biotite developed almost.to the

. exclusion of hornblende. No. 629 is an amphibolite in which hornblende dominates - \

very largely over the mica, and it was chosen for analysis because its outcrop contains
the remarkable xenoliths. Actually, its hornblende content is a little higher and its
mica content a little lower than in the most typical examples Such variation finds
its' explanation in the metamorphlo dlﬂerentlatlon that has occurred in thls band

: No. 153. No. 629.
- 810, ....... N ~... 5273 .. 4874
T ALO; ....... Cpeernelo 1309 L. 1364
" Fe,Og.oov..... . 481 D 1
FeO .l 919 ... 998
MgO .....ieeoloo 3270 L0 72 o
©Ca0 L.t o598 .. - 1034 T -
NagO oo 13 .. 196 |
KO i ... 298 .. - 083
HyO+ oo, 172 L. 1-95
HO—............ L. 010 L. ol
CO; .............. strong trace .. trace
o TiOp ..., . 214 .. 126
. . Zr0, ....... Liio..... il .o ml L
PoO; oivereinannnn.. 0-90 . 014
SO; ... . nil .. mil
Cl L0088 .. 004 . :
S ... 004 .. - 006 B
005 oo, 003 L. 10:05 1
*MnO ...l 039 .. 035 ?
NiO, CoO ......... s 003 L 0-01

"CoO ..... t...ie.... trace ' .. . trace . .-, -,
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- . No.153. . No. 629.
BaO .......... e 0-05 .. - mil
TR0 trace .. trace '
0=Cl...... e 002 .. 0-01
0=S SO (1) R 0-02
Total ............ 9963  :. 9986 -
Specific gravity ....... 2:953° .. 3-030

- These two_ analyses bear important resemblances. The silica percentages are
relatively low and bear approximately the same ratic to the alumina, The total iron
is almost identical in the two cases. Both percentages of magnesia -are lower than the
. percentages of lime, and, further, the ratio of the magnesia to the lime is the same in
each case. The soda percentages are not far ‘different, and the water content is similar. .
Both are rich in titanium, and, in general, the mmﬂarrty is sufficiently strong to emphasise

~ the ﬁeld observation tha,t the two samples are of common origin.

At the same -time the differences are’ 1nterest1ng_ and 1mportant when compared -
with the relative mineral compositions expressed in Table 1. ' The high mica percentage

in No. 153 involves a higher ‘silica percentage and a noticeably higher percentage of

total alkalies with potash in greater amount. - The high hornblende percentage in No.
629 involves the correspondingly lower silica, the much higher percentages of Inagnesia -
and lime, and the much lower alkali total. The amounts of felspar are approximately
the same in'each case, and hence the alkali percentage of No. 629 gives approximately
the amount, of alkali in the felspar, and the extra amount in No. 153 can be attributed
to the mica. There is considerably greater quantity of iron ore in No. 153, and its
amount of Fe,O, is correspondingly greater., There is no corresponding variation
with FeO, as varying quantities of FeO are réquired for the ferromagnesian constituent,
The larger amount of sphene in No. 153-is also partly responsible for its higher titanium
percentage, but the differing percentages of P,O; are precisely reflected by the differing
percentages of apatite. The chlorine is probably “associated with the ‘apatite, and
thus appears in greater amount in No. 153. The sulphur is derived from the ‘very
occasional grains of pyrite. Cry0,, MnO, NiO, and CoO are no doubt contained in
the ferromagnesian.' Finally, No. 153 is notable for its definite percentage of barium.

" Since . N 0. 153 expresses the composmon of. the ‘bands with high mica -content on -
the western side of Cape Denison and No. 629 g1ves the composition-of the amphibolites

"~ on the -east, the intervening bands, containing varying proportlons of biotite and
. hornblende, can conﬁdently be expected to possess a.chemical composition within the .-

limits of these two extremes. The actual variation could, indeed, be approximately
estimated from the mineral content expressed in Table 1—e. g., the greater the mica
" percentage the nearer will the silica percentage approach that of No. 153. The percentage
of the minor constituents, like. TiO, and P205, will vary 1n much the same manner
as the corresponding accessory minerals.
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Both analyses bear marked resemblances to analyses of basic igneous rocks. While |

‘thlS could be illustrated by comparison with numerous examples, it. is well illustrated

by assummg the rocks to be.igneous and then treating them in accordance with the
principles of the American Classification of Rocks. No. 153 is then a member of the
division—Class II., Dosalane; .Order 4, Austrare; Rang 3, Tonalase; Sub-Rang 3,

- Harzose. The examples of this. division quoted by Washington* are chiefly afforded

by granodiorites, diorites, andesites, and porphyrites.- No. 629 falls into Class III.,
Salfemane ; * Order 5, Gallare ;- Rang 4, Auvergnase ; Sub-Rang 3, Auvergnose. The
examples quoted of this division include mainly diabases, gabbros, basalts, some

- porphyrites, and camptonites. Both rocks, judged,- therefore, from their chemical

composition, aré likely to be metamorphosed basic igneous dykes. No. 153, being
more siliceous, probably approached rather-towards a porphyrite, while No. 629 would
have: probably tended to typical diabase or dolerite. The. association with a meta-

' morphosed granitic mass suggests their original character as basic lamprophyres, but
‘the small percentage of the alkalies renders it unlikely. Metamorphosed lamprophyres -

or lamproschists are recorded from Garbh Allt, a mile S.E. of Glencaloie Lodget, and
in the analysis the alkali percentage is-as high as 6:95. The correspondmgnpepcentages

of these Cape Denison rocks are 4 7 1 and 2-79.

'

It is now necessary to examine these analyses with the view of class1fy1ng the rocks
in Grubenmann’s classification of the crystalhne schists. - Before doing so, however,
we give a resumé of the method of classification as little or no use of it has: hitherto

. been made in the English language.. In the present state of our knowledge of the

crystalline schists this classification has considerable value: It has been put forward

‘to organise our knowledge, but a more complete understanding of the metamorphic

processes and their products will cause, at least, modification.

Grubenmann’s Claséiﬁcat’ion of the Crystdllz;ne Schists. '
 Grubenmann has classified the cryétalh'ne schists primarily-on a chemical basis:
The chemical data yield him 12 groups, each of which is divided into three sub-groups
which are based upon the typical features- associated with the physico-chemical
conditions of his three zones of metamorphism. He has pointed out that classification.

_on any oth'er.ba'sis, e.g., mineral composition, mode of origin, original character, etc.,

will not succeed in bringing similar crystalline schists together, and, at the same time, '
maintain their marked individuality which distinguishes them from'the igneous and
sedimentary rocks. The variation, for example, of mineral content in this suite of rocks.
under consideration, which bear 'sti'ong chemical analogies, are similar in origin, and .
have been subjected approximately to similar metamorphic conditions, is evident from
Table I.  Mineral content is, therefore, useless as a classificatory basis if the classification

* < Chemical Analyses of Igneous Rocks,” H. 8. Washmgton Professional Papef, No. 14, U.S. Geol. Surv., 1903.
T “ The Geology of Ben Wyvis, Carn Chumnea.g Inchbae, and the surroundmg Country - Memoir Geol. Surv. Scot.,

" No.'93, 1912, p. 125.
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" is to succeed in grouplng togetherpmmﬂar species. The followmg are. the groups appearing
in his classification :— !

1. Alkali felspar gneisses. 7. Cthromelanite rocks.

2. Aluminium silicate gneisses. -~ 8. Quartzite rocks.

3. Lime soda felspar gneisses. =~ -~ 9. Lime silicate rocks.
- 4. Eclogite and amphibolites. .~ 10. Marmorites. - '
5. Magnesium silicate schists. _ 11. Tron oxide rocks:

6. Jadeite rocks. - ‘ -7 12. Aluminium oxide rocks:

Each group has its kata, meso, or epi division based on the characteristics' of the
Jlowest zone, "the middle zone,- and the highest zone of metamorphism. " Bach d1v1s1on
" again consists of families whose number depends on the number of. known types of
schlsts contained i in the d1v1s1on

The classification is made quantitative- by the use:of an adaptation: of Ozann’s
treatment of a chemical analysis. The analysis is first modified so that the TiO, and
P,0; are reduced to equivalent amounts of Si0, percentage the Fe,0;5, MnO, Cr,0s,
NiO, CoO, are reduced to, and then added to the FeQ perceritage, the BaO, Sr0, to the
(0a0, and the water neglected. The values of the seven constituents are then reduced”
to their molecular proportions, which, in turn, are reduced to molecular percentages. *
 From the molecular pereentages seven group values, des1gnated S, A C F M T, K, are

obtamed in the following manner :— :

8 denotes the S1O2 in molecular proportion.
A'is the similar sum of K,;0 and Na20 Whlch 18, comblned with Ale in the
1:1 proportion. -
€ is the CaO combired with AlLOzin the 1:1 proportmn : :
© Fis the sum of FeO and MgO and that part of CaO Whlch 18 not absorbed .
_ in the 1:1 proportion with Al O,. :
" M is the residual CaO used in F., ' : S
T is the residual AlZO3 not absorbed in the 1 : 1 proportion with K,O, Na,0,
and CaO. ' . : ' E

Kis the value of the quotlent S

6A" +2C+ F

The values S, K, A, C F are used exactly W1th Ozann’ s meanmg ; K, however,
is only 1mportant here in' determining the degree of ac1d1ty of the crystalline schist.
M gives the absolute amount of CaO in F and is useful in deahng with lime silicate rocks
signifying their sedimentary origin. T is necessary to express the high Al,0; content
in some gneisses, especially those ‘denved_from_ clay sediments. No term is introduced .
to express the relation of the alkalies to one another as it is undesirable in the present
state of our knowledge of the crystalhne schlsts A classification at present can only -
deal with the broader features.

. The extra step, explamed by Grubenma,nn, op cit., vol. IL, p. 12 of reducing the seven values to percentage values
before determlmng the molecular proportions, is superfluous.
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. The group values tOgethei‘, not individually, represént the chemical characteristics
of each main group of the classification. For each main group there is a set of mean
group values with a definite range of variation.

. The groui) values for any example are represented graphically by points in Ozann’s

‘triangular projection. If the factor 20 is used, each side of the equilateral triangle 1s .

divided into 20 and lines parallel to the sides are drawn through'each division. Perpen-'
diculars are -drawn from the angular pomts on to the sides’and the pr0]ect10n values
a, ¢, f, are measured from. the base along the perpendiculars. The projection values
are calculated thus— o L .
_ 204 'bz;_%c L fo  20F
A+C+F’ 7 A+C+F’ A+C+F -~
The result of this is that differing groups of schists occupy more or less distinct areas
in the triangle, and the position of a schist on the projection may give a means of indicating
the origin, igneous or sed1mentary '

The C’lasszﬁcatory Position of the C’ape Demson Amphzbalztes

. If the analyses of rocks Nos. 153 and 629 be treated in this manner, we obtam the
_ following results :— : . ~

. No.153.. . ‘No. 629.
Reduced Molecular Molecuiar Reduced Molecular Molecular
_Analysis. | Proportion. | Percentage. || Analysis. | Proportion. | Percentage.

Si0p «evernn.. .| 5509 918 616 4980 | 830 534
CALOg - 1399 - 137 " 92 13-64 133 86
FeO .............: 13-49 © 188 126 13-36 . 186 o 112:0

CaO ..... P 6-00 o107 72 L1034 185 :11-'9 .

MgO ............ 327 82 | .5b - T12 178 - 115
KO vl 2-98 , 32 ‘ 21 © 083 -9 06
Na,0 ........ oo |0 178 , 271 1-8 1-96 .82 .20
© 96-55 1,491 " 100-0 97-05 - 1,555 ©100-0

" Group Values

. ‘ A J| ‘c.' 1 F. l M. lT | ‘;K.,

‘No.153| 616 39 | 53 200 , | .19 ] 0 114
No.629| 534 © 9.6 60 [ 294 59 - o 94
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. Projection Values after Ozann.

No.153. . No. 629. |
KT-?%AI‘F 27 e S
=K.+_2%9+_F | 36 . -3-\1,

. Exammatlon of these group values enables one to place both rocks among the
eclogites 'and amphibolites of Group IV. No. 629 is a typical amphibolite not far
removed from the mean group value. No. 153 approaches the plagioclase gneisses of

f
. %629 . /
» K153
3/
52
vV
V#A) AN
A#»%Aﬁvﬁaﬁnﬂ
: vvvvvvvv C
a _
’ : Flg 4.

- 3.-Mean Value of Group III., the Plagloclase Gneisses,
4. Mean Value of Group IV., the Eclogxtes and Amphlbolxtes
163. prdote Blotnte Schist, Cape Denison.-
\ . 629. Amphibolite, Cape Denison. ‘ n

Group IIIL., and the group values S.and M actually fall within the variation limits of .
this group ; but, nevertheless, its position on the projection is much closer to the mean
position of Group IV. than to the mean position of Group III. Since both examples
fall into Group IV., we are able to assert that the whole su1te of rocks consuiered falls
into the same group. -

In order to determme the subd1v1s1on of Group IV. it is necessary to recall the
microscopical characters. When wé do so we find that the rocks do not wholly present
the characteristics of elther the epi d1V1$1on or the meso division. In cases where the
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- clear felsparis albltlc and other plagloclase is much saussuritised, where biotite is replaced
by chlorite, where, epidote partly replaces the calcic plagioclase thereby- absorbing a
good: deal of the lime content, where calcite also absorbs some of the lime content as in
-No. 412, and where lawsonite is present, we have features of the epi division. Where,
however, we find considerable quantity of recrystalhsed clear andesine, biotite without
chlorite, and abundant clear hornblende with only rare transition to epidote, to chlorite,
or to glaucophane, we have dominant meso division features. - Yet it is to be noted
that abundant saussurite and lawsonite is found with clear hornblende saussurlte with
clear felspar. which is not albite, chlorite and epidote with biotite in the same section.
It, therefore, appears that the series has to be considered as more representative 6f the
transi{;ion types between the meso and epl divisions. '

a a. o

meta-xenoliths ©a
. 1 3

¢ & o .

94 ° a

gnerss—

ranodsorifFe

Fig. 5.
" DIAGRAMMATIC SKETCH OF THE AmPHIBoLITE Dyke No. 629 witm

" THE SCATTERED META-XENOLITHS AND THE CLOTS OF CHLORITE
) Rock aND EpIDoSITE.

. No. 153 is an epidote biotite schist and has suffered higher recrystallisation than the -
epidote chlorite schist in family A of the epi division. With the temperature and the
uniform pressure approaching that of the middle zone, the chlotite has passed .over to -
" biotite. The actual transition is found in No. 630, where the chlorite passes first into
green, b10t1te and ‘the latter into brown biotite. -That the epidote remains after the
chlorite has changed to biotite is due to the-fact that epidote can retain its water at a

C much hlgher temperature than chlorite. Grubenmann’ points out that such individual
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characteristics of mineral and rocks necessarily cause the features of one zone to encroach
in varying degrees on an adjacent.* The abundante of biotite in any of these specimens
probably means, therefore, a prévious abundance of chlorite. This abundance of
chlorite, in turn, means abundant chloritisation of the pyroxenes of the primary diabase,

which may have occurred either in normal weathering or in the upper parts of the epl-
" zone. As, however, hornblende as well as biotite could develop from chloritised pyroxene,
the aniount of biotite cannot be considered an index of the amount of pnmary '
chloritisation. - . :

—METAMORPHOSED XENOLITHS (META-XENOLITHS)

One band of amphibolite (No. 629) outcropping near the centre of the Cape Denison
area, is phenomenal in containing a large number of xenoliths.{ These xenoliths possess
" the same metamorphic character as their- host, and may be distinguished as
“ metamorphosed -xenoliths.” = We propose, for’ convenience, to abbrewate “ meta-
- morphosed Xenohth to “ meta- xenohth ”?

The partmular band appears as a broad bulge about 4yds w1de 1ssu1ng from
underneath the ice sheet, and after continuing-for about 15yds. or 20yds. it narrows
‘down to a band of average width. The meta-xenoliths are scattered through the whole
outcrop, but are most abundant along the western edge of the bulge (fig. 5). They
consist of white, grey; pale-green, or pale-pink masses which are never more than a few
1nches long, and which produce strong contrast in colour to the black amphlbohte host.

There are two d1st1nct types of matemal among these meta-xenohths, and they.
may be distinguished as— - .

<. (1) Saussuritic type. = - -
(2) Gneissic type.

These two types will be’ subsequently found to correspond to the cognate and
' 'acmdental xenohths of normal i 1gneous rocks.

1 —-—Saussuntzc Type. )

The saussurltm type includes the pale green and pale-pink masses, which may
be again subdivided into— . ‘
(a) Those- composed Wholly of saussurlte——the individual type
(b) Those composed . of an aggregate of - saussurlte and hornblende-—-the
composwe type. ‘ '

(a) The Individual Type of Meta- Xenohth —The meta-xenoliths composed wholly
. of saussurite} may retain the orlglnal outline of a primary felspar crystal. - The largest

* Op cit., vol. I, pp. 70, 71. :

+ We use the term ¢ Xenolith ” in the same sense that it is apphed to.igneous rocks. Grubenmann does not provide a
specla,l equivalent in his system of nomenclature for the crystalline schists.

- 1 The term * Saussurite ** is used in the same sense as given by Weinshenck (Petrographic Methods trans. Clarke, P- 336) -
and by Flett (“ Geology of the Lizard and Meneage," Mem. Brit. Geol. Surv., 1912)
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. example in the collectlon of such a ¢rystal is Lin. broad and shows the re-entrant angle
. of a simple twin (Plate X., fig. 6). In other cases the saussurite masses are both rounded
and angular. The largest rounded mass.among the specimens in the collection is 2in.
- in diameter. A remarkable example of an angular mass of sauSsurite 1s shown on Plaﬁe _
X., fig. 5. Here the section is a perfect triangle, with the sides measuring olin., 18in.,
. and 1§, . The boundary is macroscopically sharp, except for a minor length which
is a little ragged -at the left hand corner and which is -scarcely noticeable in' the
' photograph A small amount of hornblende and epidote is macroscopically visible -
in this example. " In all cases the junction between the saussurite and the amphibolite
is normally sharp, irrespective of the crystalline, angular, or rounded nature of the
" contour. Some examples; which are illustrated on Plate IX., fig. 4, consist of
amphibolite uniformly and thickly studded -with small patches of saussurite averaging -
}in. in diameter. A bouldér found on the lower moraine a little north of the outcrop
is used as the diagram, but similar examples collected in situ are in the collection. The
appearance 1s that of a porphyroblastic amphibolite, ‘though there is considerable
variation in size. Such would be a likely. explanatlon were - they not only found - in

' assoc1at10n with the better deﬁned meta-xenoliths.

Macroscop;oally. the saussurite is a compact, stony mass, in which one can sometimes
distinguish black ‘specks of hornblende, green crystals of epidote, and, more rarely,
white patches of calcite. Thin sections of this type reveal the crystalline aggregate"
known as saussurite. The larger xenohths have -produced relatively coarse crystalline
"aggregates wherein 1dent1ﬁcat1on of the constituents has become possible (Plate I,
fig. 4). ‘ :

A good portion of the aggregate is always a cloudy, brightly pola,nsmg mass similar
' to the saussuritised felspar, to which reference has been made in dealing with the prewous
rock types. At times a system of parallel lines, defined by thin lines of hematite .or
limonite, are observed in parallel light; and these represent traces of the broad.lamelle
of the primary felspar. In rare instances relics of the primary felspar itself are found.
In such cases the bulk of the crystal has been saussuritised, and only a few clear lamellze
~are left. A section was found normal to these primary lamelle and gave an extinction .
" angle of 44°, measured from the lamelle bands. The primary felspar is highly calcic
and near the anorthite end of the series. S

" In the confused aggregate epidote is prominent, and the large grains can be
recognised at once by the-brilliant polarisation colours. It is a very pale epidote with
feeble pleochroism in the thin section and with the (001) and the (100) cleavages well .
developed. The optic axial plane is normal to the cleavages as usual, and from the
(001) cleavage the extinction angle is approximately 25°, and from the (100) it is approxi-
mately straight.  The outline of the large pieces is usually granular, but sections showing’
two cleavages with crystal boundaries ‘may be found. Sometimes the.larger grains
are bordered with finely granular masses of a rather darker epidote. The latter is

much more abundant in some sections than in others, and it seems to mark a stage in -
' Series A, Vol. m., Part l—D
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‘the decrystalhsatmn of the felspar. Assomated_ with the epldote is clinozoisite and

zoisite, which are often intergrown in the one crystal.” Clinozoisite is the more abundant,
and is readily detected by the ultra blue polarisation colour. Liké the epidote, two
cleavages are present, and it-is found to have approximately straight extinction with-

‘reference to one cleavage and & large extinction with reference to the other. In several
- instances the optic axial plane was determined to be perpendicular to the cleavage,
~ and" the small curvature of the bar in the interference figure in sections normal to an
" optic axis indicates a large optic axial angle. Clinozoisite may also be bordered by

finely granular material. The-zoisite; with its bluish-grey polarisation colour, is distinct
from the clinozoisite and the epidote. Wherever determined the optlc axial plane is
normal to the- cleavage 1nd1cat1ng the Varlety zoisite B

Lawsomte has been. found in some seot1ons in large mdrvrduals and in small veins. -
In the development of some of the crystals a brown. micaceous mineral, hke poorly-'
developed biotite; has been thrown out along the tleavage planes. This fact may be
interpreted as evidence of the contemporaneous development of the 1ntergrown lawsonite
and biotite reported in the lawsomte amphlbohtes

Green pleochroic chlorite is present and may show the usual anomalous polarlsatlon »

- colour or a pale- greemsh-whrte colour between crossed nicols. The amount of chlorite

is very small in some cases, and  in others. the aggregates may be radial. A white
mica is present, which is probably muscovite. When best developed it is' clear and
colourless, with cleavage and the usual absorption. Sometlmes it presents a confused

. and ragged appearance with the laths set in a criss-cross manner.

In similar association to the Whlte mica. is scapolite 'With its low refractive index .
and brilliant polarisation colours. It has been identified by its uniaxial and negative
character. How much of the bnghtly polansmg mass is scapohte and how much.is

" white mica must remain an unsettled questlon Calcite is sometimes found in plates -

of irregular outline, and a small segregation of calcite is presént in one instance.. Grains -

of pyrite and magnetite are nearly always present, and in several cases the pyrlte 18

visible macroscoprcally

In th.lS mineral aggregate there is sometimes a clear felspar Whlch is either untwmned
or finely lamellar twinned. The refractive 1ndex is moderately low, but always above

Canada balsam. In No. 628 (5) the extinction angle goes up to 18° when measured in -
. sections with cleavage but without twinning. = It is therefore interpreted as either

oligoclase or andesine. In this instance the'felspar of the adjoining amphibolite is quite

. clear and recrystallised, and seems to be identical with the clear felspar in the saussurite.

The latter is sometimes fringed with the clear felspar which then comes in contact with -

* the clear felspar of the amphibolite. An extinction angle of 17° can be measured among
.the grains in the amphlbohte Hence lf both are 1dentlcal the deterrmnatlon must be

andesme
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This mineral aggregate, even apart from the primary felspar, is conclusive that we
are dealing with the decomposition products of a highly calcic felspar. The crystalline
outline, as far as it is observable, ‘agrees with a felspar. . The secondary felspar
in saussurite is usually recorded as albite, but the compos1t10n of the. felspar depends
on the conditions under which saussuritisation takes place. The conditions under which
muscovite, scapolite, zoisite; and clinozoisite form are not those under which secondary
albité can form. Among the minerals identified above, lawsonite and chlorite are
unimportant or absent in the best or ‘coarsest crystalline aggregates.

(b) The Compos1te Type of Meta-xenohth —The compos1te type of meta-xenolith -
is formed of a number of saussurite “ crystals ” set in a hornblende matrix. These
aggregates may have an itregular, rounded, or angular outline which frequently appears
macroscopically sharp, but it is not necessarily so. A d1agrammatlc example of one
~ of these aggregates is given on Plate IX., fig. 3. In this case the boundary is sharp
~"and some of - the saussurite masses have preserved the :shape of the primary felspar-

crystals The coarse grained character of the primary “xenolith is here: qmte evident. -
A remarkable angular example is illustrated on Plate IX. ﬁg 2. These two * diagrams
" were collected from the lower moraines, which consist almost entirely of local rock,
‘at a point a few- yards north of the occurrence in situ. A rectangular example obtained _
in situ is shown on Plate IX., fig. 1. In all these cases the apparently sharp boundary -
18 actually a line of., interlo'oking saussurite and amphibolite, and the saussurite aggregates
throughout the block are set in a mass of interlocking, granular hornblende. In type -
the saussurite is similar to that described in the individual type of meta-xenolith; but
here in the smaller crystals recrystallisation has not been so intense. Further, in the
specimens that have been examined, lawsonite and chlorite and calcite are more
abundant than in previous cases. In addition, sphene is sometimes found in these .’
. aggregates.” The hornblende is precisely similar to the hornblende in the amplnbohtes
and the clusters of granular hornblende may readily represent -the deorystalhsatlon
products of a large pr1mary augite. : ’

There is. every reason to believe that these composite meta- xenoliths represent
the relics of clots of coarse-gramed rock of the same composition as the primary dolerite.

- No minerals, except those which have become recognisable in. the saussuritic aggregates,
are found in the clots that are not found in the amphibolite proper. The clots consisted
chiefly of coarse felspar and coarse augite. The.coarse felspar is now a saussunte complex '

~ and the coarse augite is now an aggregate of granular hornblende. ;

’

——Gnezssw Type of M eta-wenolzth

The gneissic type of meta-xenohth shows cons1derable Vanamon in colour shape,
and size in the hand specimen. They are indiscriminately mixed with the saussuritic’

' . meta-xenoliths. Some examples possess- a grey colour and so bear strong resemblance

- in the hand specimen to the grey granodiorite that surrounds the amphibolite. Other

.ot
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* examples have a pure white colour, and others, agaln have a. wtreous grey colour
- which s sugges’olve of a colour change durlng recrystalhsatlon

The shape, in many 1nstances, is clearly angular and fragmental, and the corners
may be well preserved. Frequently the gneissic fragment is drawn out into a lenticular
shape in the direction of the schistosity (Plate X., fig. 1), In this example the lenticular
bodies are not symmetrical to the schistose plane. * A side view of the same specimen
is shown (Plate X., fig. 2). Here a meta-xenolith at the upper right hand corner is almost
trlangular in outline, yet the schistosity of the rock can be distinctly seen to follow
through the inclusion from the amphibolite irrespective of its shape. Hence the
amphibolite and the fragment must have formed a single unit before the receptlon
" of the metamorphic impress. In fewer cases the cross section is elliptical and, therefore,
-symmetrical to the schistosity ; in such examples recrystallisation and rearrangement
are evident. The back and front views of another specimen are’ illustrated on Plate
X., figs. 3 and 4, where the gneissic meta-xenoliths are not lenticular but possess an
“angular and. variable sha,pe '

The outline of the gneissic inclusion is often clear and sharp, though we may ﬁnd
it slightly embayed. There are instances, however, where the entire boundary is lost
" and 'replaced by a transition between the amphibolite and' the white gneiss. An
inclusion is also observed where part of the boundary is sharp and part indistinct. ~ This
indefinite boundary might be accounted for by postulating chemical action between
the xenolith and the host before the metamorphism. Such, however, is not a necessary
hypothesis, because evidence will be produced later which leads us to discount the normal
face value of transitions in metamorphic rocks, and to believe that such transitions
can.arise durmg the progress of the metamorphism. That there has been an adjustment
of molecular. equilibrium along the junction during metamorphism seems evidenced
by the lines of amphibolite which may be sometimes seen threading their way from the
~ host in the direction of the schistosity of the inclusion. Though the junctions may be
sharp there is perfect crystalline 'continuity and an interlocking of crystals across them.

In thm section (No. 628-3) the fragments are found to be clear granoblastlc
aggregates of quartz and felspar (Platé IL., figs. 1 and 2). The grains have a tendency
to be rounded or elliptical, and are of moderately even size, averaging about -16mm.
in diameter. Actually each grain has irregular outline, is much embayed, and always
interlocks with its neighbour. Undulose extinction is marked in the quartz and some-
times in the felspar. The felspar often possesses lamellar twinning, and as its refractive
index is near that of quartz, and sometimes above, it is identified as andesine. ~Smiall
crystals of biotite and chlorite are distributed through the-mass and show a tendency
to parallel arrangemént " Hornblende is present in rather larger crystals; and epidote,
clinozosite, and other saussuritic products are scattered in groups Wlth a tendency to
- linear distribution. Magnetite and pyrite are accessories.

In other cases (No. 628-6) porphyroblasts of quartz and felspar are found ‘They
possess the lenticular cross section, ‘and are relics of the primary minerals. The quartz
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porphyroblasts have ]ust commenced to develop a broken ‘gtanular  appearance and
show the intermediate stages in the destruction of a large primary crystal. One quartz
porphyroblast is a fractured granuhtlc aggregate, though it still retains it entity in
both ordinary and polarised light. In another case fracturing has not occurred, and
the central portion of a porphyroblast still shows unbroken strings of linear inclusions, '
though -incipient - granulitisation appears between crossed nicols. These strings run
diagonally across the plane of schistosity. The section is elliptical and the ends of the
longer diameter consist of a granular interlocking quartz aggregate in which each grain.
possesses different optical orientation. It is an excellent example of the result of
solution at the points of maximum pressure with simiultaneous deposition at: the points
of minimum pressure in the plane at right angles to the direction of pressure. In the
fractured quartz porphyroblast secondary minerals like chlorlte, epidote,. and calcite
now appear along the fractures. The felspar porphyroblasts are also elliptical. Their
calcic nature is evident by the saussuritic “products in which chlorite and epidote are
definitely recognisable. The centre of one porphyroblast is a granular aggregate;

produced by the breaking down of the primary felspar, which consists chiefly of clear-
secondary felspar with lower refractive index with some epidote, chlorite,.and -calcite.
The remainder of the felspar porphyroblast, apart from the granular nucleus, has also
suffered decrystalhsatmn and now presents a ““ peg * structure. Small rounded blebs
of secondary felspar appear in conprast to the primary felspar in polarised hght

These porphyroblasts of quartz -and felspar are set in a much finer granoblastic
aggregate of quartz, clear felspar, and saussuritised felspar with sporadic grains of
"magnetite and pyrite, epidote, chlorite, hornblende, and sphene. .The ‘typical ‘grain
is here.elongated in the direction of the schistosity, giving evidence of a certain amount
of crystallisation schistosity. Idioblastic ¢rystals of apatite aré included in the quartz.
Besides the granular individuals of saussurite.in this section there are lenticles of
saussurite from a neighbouring saussuritic meta-xenolith. The cloudy appearance
has occasionally disappeared and there is left a mass of epidote and chlorite. Some’
. of the layers, rich in saussurite, can be traced directly into ‘the ‘enclosing amphibolite,
‘and some contain sphene and hornblende.

‘ The gneissic meta-xenoliths, therefore, possess ch.aractérs' which are essentially
. foreign to the “amphibolite host. They, possess affinities to. the surrounding gneiss '
- - though they seem to show a slightly greater degree of recrystallisation.

Orz'gin of the Meta-zenoliths. :

1. Saussumtw Type.—The individual variety of saussurite inclusions have been
derived from the decomposition of a felspar. The primary felspars; partlcularly those .
with crystal outline, may have been phenocrysts of intra-telluric origin brought up with
the injection of the dyke magma. But the presence of the angular and rounded masses
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of saussurite show‘ that we are not dealing with a porphyritic dyke rock, while the

irregular and local distribution is strong evidence of cognate xenoliths. No one can_

suppose that the meta-xenolith in Plate X., fig. 5, could be anything but a fragment L

of a pre-existing felspar crystal. Large calelc felspars do. develop in amphibolites :

~ under the metamorphic conditions of the kata.zone or the lower meso zome. An

example of this nature (No. 212) was found among the boulders on the moraine and .
the porphyroblasts (Plate IX:, fig. 5) do not bear a trace of decomposition in thin -

section. Such crystals would become saussuritised if subjected for a sufficient length o

of time to the conditions of the epi zone.” We have found no evidence to- suggest that
any of the amphibolites found 4n situ on Cape Denison have been-subjected to the
kata zone conditions, and no such- hypothesis would explain the extraordmary local,

-~ irregular, and unsymmetncal dlstrlbutlon

" The composite x'rariety of saussuritic meta-ienolith is also best explained as a

'metainorpho‘sed cognate xenolith. It is not likely that they are unabsorbed residuals

of primary rock which has-survived the metamorphism Their boundary is too definite
and they actually bear the same metamorphlc Impress as the amphlbohte itself. They

are fragments of a rock. of the same composition as the amphibolite, but of much .

coarser grain than the primary dolerite. - They have.been cognate xenoliths brought up
. from the magma reservoir, and probably represent dlﬂerentlatlon products produced
by crystalhsatmn in that reservoir. ~

2. The Gneissz'c Ty'pe ‘——It has been' shown that this type of inclusion is fereign to

* the enclosing amphibolite,” but that it is related to the granodlonte gneiss ‘which
surrounds the amphibolite. Their unsymmetrical character and arrangement can be

accepted as definite evidence that they attained their present situation' before the .
recept1on of metamorphic' characters. There is no alternative but to consider them
““accidental xenoliths” or fragments which have no genetic relation to the enclosing
amp}nbohte, and which have been caught up during the injection of the ptimary dolerite
dyke. Xenoliths have been fréquently reported in the basaltic and doleritic dykes, and
such was the orlgmal nature of this amphlbohte host. .

g Szgmﬁcance of the M eta-xenolztks

The cons1derat10n of these different kmds of ‘meta- xenohths collected from the

same small area. shows concluslvely that their host is an- 1gneous rock intrusive into

the surroundmg granodlorlte There can be no_question of bedded tuff.

" The marked angularity of some of the fragments means that the xenohths did not
travel far along the dyke channel. The saussuritic' type: must have come from the

magma reservoir, and therefore the present surface must be close to the original magma,

reservoir. The gneissic Xenoliths may have been fractured from the walls of the dyke
channel and not neeessanly from the roof of the magms, reservoir.

1
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Analogous Occurrences. ; SR

Xenoliths have been frequently reported in normal dyke rocks, and a summary
“of a number of such occurrences in Europe and America has been recently ‘made by
Powers*. Xenoliths in dykes which are now represented by metamorphic rocks, are
much less frequent. Flettt has recorded 'examples from -the. Lizard district where
dykes of gabbro schist and gabbro pegmatite contain inclusions of serpentme and where
epidiorite dykes contain inclusions of red gramte ' '

-1 am not’ aware of the recogmtlon of xenohtlls within amphibolite"difkes. In
Beinn Lair and Meall Mheinnidh, of the Loch Maree and Gairloch District, C. T. Cloughi -
has reported certain zones of hornblende schist which-contain lenticles "of a dirty white
opaque sushstance which Teall identified as' saussurite. A considerable number of
these lenticles are more than 1ft. long, whilé some exceed 3ft. Their long axes lié,
parallel with each other in some patches, while in others they do not. The long axes
‘are independent of the foliation of the schist. Thé lenticles have an ,irregular.
distribution, and an isolated instance is recorded at a distance of 60yds: from-any
others. Clough finding difficulty of explanation, decided that they miore: probably
represent concretions in an igneous rock ‘before its’ conversion into schist, and that
they may have been originally nearly spherlcal and analogous to spheruhtes

- Tt is quite likely that his occurrence in Scotland i Is. analogous to the occurrence'-

of saussuritic meta- xenoliths at Cape Denison.. There is no marked angularity of the
fragments il the Scottish instance, neither is there more than one type of fragment
recorded, nor is the dyke-like nature of the host obvious. Nevertheless it is quite
possible that the Scottish- saussurrtes were cognate xenoliths brought to their- present
position by an 1nvad1ng magma before the ‘development, of ‘metamorphic action. - From
quite independent . sources Clough cons1ders§ that there is httle doubt that the
hornblende schists were intrusive rocks. )

7 —THE ORIGIN OF THE AMPHIBOLITE SERIES. ' )

- We have now presented the field, m.lcroscoplcal and chemical characters of the
amphibolite series, and we may now summarise the ev1dence bearing upon its origin.

Field Emdence —In the first 1nstance ﬁeld observatmns strongly suggested that
this suite of rocks' constituted a parallel system of intrusive dykes. The uniform width,
the frequent . sharp line junction, the linear trend, and their persistency are valuable
criteria. Fresh from the study of a parallel system of dykes|| the likeness to such was
found to be highly suggestive.. Bulges or swelhngs in the dyke channels had been

e The Origin of Inclusions in Dykes,” S. Powers; Journ. Geol.,, vol. 3, p. 1.

1 * The Geology of the Lizard -and Meneage,” J. 8. Flett & J. B. Hlll Mem. Geol. Surv.’ Gt Bntaln, Sheet 359, 1912,
pp. 94-128.

t ¢ The Geological Structure of the North West nghla,nds of Scotland » Mem. Geol. Surv. G, Bntam 1907 p 243

+ § Op. cit.,.p. 240..

Ji e Prehmmary Notes on the Monchlqulte Dykes of the Bend.lgo Gold Fleld ” Proc Roy Soc Vict., 1911 P l
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seen in the Bendlgo mmes and a broken surface, outcrop in a metamorphlc series is not -
unfavorable when such can appear in the unaltered series at Bendigo. The detached
fragments of .the dykes which are encircled By gneiss, and which could be mistaken

_ for inclusions caught up by the invading magma, are undoubtedly-related to and belong'
to.the dyke magma. - -

Xenolith Evidence.—The dlscovery of metamorphosed xenohths in one outcroppmg'
band of amphibolite is very important evidence of igneous and intrusive origin. The.
. fragments of gneiss with sharp boundaries and with marked likeness to the surrounding

gneiss possess a composition fundamentally different from that ‘of the amphibolite host.

"The saussuritic type of meta-xenolith is one that might be expected to come from the
. magma resérvoir from which the dykes 1ssued Knowing. the granitic nature of the
surrounding gnelss it is impossible to conceive these xenoliths as undlgested fragments \
of an igneous or of any other pre existing rock. - ' ‘

Stmctuml E’mdence —No rehc of any kind of sedlmentary structure is to be found.
The' typical granoblastlc structure is in this case more suggestlve of igneous origin.

Mineralogical Evidence.—It would be dlfﬁcult to accqunt for the suite of minerals,
. particularly the abundant saussuritised felspar; the relic felspar, and some well-formed
apatite crystals, on -any other hypothesis than that of igneous origin. The uniform
variation in mineralogical composition of the different members of the series, which is-
illustrated. in Table I., and which reflects uniform varlatlon in chemical composrtlon

1ndlcates an 1gneous differentiated rock series.

Chemwal Evidence. —The chemical analyses bring forward strong "evidence of
derivation from doleritic rocks. - The analyses are similar in all essential points with
analyses of diabases or dolerites. The definite grouplng, on quantitative data, among
the amphibolite group of the crystalline ‘schists, is further evidence when we recall that
msny members of this group have arisen. from diabasic dykes*.

. The total evidence-is thus conclusive that this suite of rocks from Cape Denison,
conformable to the general foliation of the country, is the metamorphosed equivalent
of a system of parallel igneous dykes. . The dykes have intruded the granite prior to
the development of the foliation. The granodiorite and dykes have then suffered the
same metamorphic conditions with varying amounts of recrystallisation. The

surroundmg granodiorite exeludes any poss1b1hty of the amphibolites representing
 altered bedded tufls.

The nature of the primary dyke corresponds with a- diabase or.a dolerite whose
mineral composition has been calcic felspar (labradorite), pyroxene, biotite, ilmenite,
and apatite. No trace of serpentine is found, and, as serpentine can be preserved
under epi zone conditions, it is concluded that no-olivine was present in the primary'

B * *“ Die Kristallinen Schiefer,” vol. IL., p. 94 “ Data of Geochemlstry,” F. W. Clarke, Bull 330, U.S.A. Geol Surv.,
p. 508.
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The calcic felspar has been saussuritised, rarely per51st1ng as a rehc The
saussuritisation here is not a simple- weathering process. Normal surface weathering
is absent in Adelie Land, and the mineral products in saussurite are perfectly fresh,
even after exposure at the surface. Members of the epidote family, chlorite, lawsonite,
occasional zeolites, a secondary white mica, scapolite, and a secondary .sodic' felspar,
have been recognised in the saussurite. Part-of the saussuritised felspar has
‘recrystallised, and in some cases we get clear andesine formed. The-pyroxene has been
completely changed. It is replaced by clear hornblende in the arnphlbohtes, by biotite
and epidote in the- ‘biotite epidote schists, and by both hornblende and. biotite with
~ associated epidote in the biotite amphibolites. In discussing the zonal changes, it
has been’ considered that the biotite has developed through a chloritic stage, and 'that
the chlorite was derived directly from the pyroxene. It is probable, however, that
there was a little primary biotite in the diabase. = The amount of mica in the
amphibolites is approximately constant, and therefore cannot ‘be dependent .on a
varying amount of chloritisation of the - pyroxene. Further, the chlorite in these
members appears regularly in large broken plates, which are sparsely distributed, and

which are always penetrated poikiloblastically by epidote, together with clear quartz -

or felspar and iron ore.” Such chlorite can be considered as -produced in the

decrystallisation of primary biotite®. The primary ilmenite has been altered to
" leucoxene, which has recrystallised as sphene, or it has decomposed into sphene and
magnetite accordmg to the equation ‘given by Van-Hiset. It is doubtful whether all -
the titanium is digsociated from the iron though the occasional presence of rutile rather
suggests so. Certainly the: larger grams are httle magnets. The apatite has remained
unchanged '

Either during or subsequent to the metamorphlsm fracturmg occurred and the'
fractures have been filled with quartz, felspar epidote, lawsonite, and calcite. Such
epidote and lawsonite, etc., may. be subsequent to the epidote and lawsonite in the -
schists, but cannot be used as an argument to show that all the épidote and lawsonite
is formed subsequent to the sch1stos1ty The epidote that takes: definite part in the
foliation must be considered as a primary metamorphic mineral of the same standing
as biotite or hornblende. The epidote percentage has been ‘shown . to  vary
sympathetically with the biotite percentage which, in ‘turn, varies mversely with the
hornblende percentage. - Further, the biotite or chlorite may be moulded on to perfect

“crystals of epidote in a manner which is 1mpos51ble on a_ theory of subsequent
epidotisation.  The mineral-filled fractures do show that the rocks have been in & zone -
containing water. As fracturmg may occur under the conditions. of excessive stress
in the epi zone of me_tamorphlsm, and as' water may be present in this zone, there is
no need to dissociate these minute fractures from the metamorphic characters.

In this manner, then, a diabase or. dolerite _containing calcic felspar, pyroxene,
biotite, ilmenite, and apatite has been converted into. an .epidote biotite schist: or an

* Van Hise, “ Treatide on Meta.morphlsxn,” Mon. 47, U.S.A. Geol Surv., p 341
t Op. cit., p. 227.. .
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' amphlbohte contalmng saussurltlsed felspar, sodic felspar, hornblende, blotlte, ohlorlte, )
‘epidote, magnetite, sphene, pyrlte, apatite, and rarely rutile and fliorite. These changes-

~ have, at times, been accompanied by the addition or transfer of ‘material, and, in some
‘cases, 1t is. very 1mportant and leads to a theory of metamorphlc dlﬁerentlatlon

8.—ORIGIN OF CERTAIN CLoTsS IN THE 'DYKES.—METAMORPHIC DIFFERENTIATION.

~+ -Though we have determined the origin of the amphibolite dykes, -there remains

for .explanation the curious schlieren of biotite which were found in-two dykes and were
mentioned in the field characters. These appeared like segregations in the dykes and
could be .completely surrounded: by the apparently normal dyke rock, though there
were no sharp boundaries. Schlieren of chlorite and epidosite were found in similar
_circumstances (fig. 5). In each of these three cases the schlieren occur within portions

of sharply walled dykes. At first sight these seem to find explanatlon by postula,tmg
primary magmatic xenoliths, composed possibly of auglte or ohvme, Whose 1nd1v1duahty
has been preserved’ throughout the metamorphlsm

We consider first the biotite schlieren One of the blotlte schlieren, No 4 (Plate,
II fig. 6), has been found to possess the followmg mineral composition :—

 Biotite 649

. 'Horn_blende el e v‘ 322
Quartz R N } _1:-7
Muscowte ........ e P © o6
Lawsonite .................. 0-4

_Epidote . .... i 02
Apatite, Sphene ...... e _pres_eﬁt

The rock is highly schistose and shows a number of angular folds. The angle
made by the sides of the folds is 30°. - The biotite forms practically. two-thirds of the
rock, while hornblende nearly oompletes the remaining third. The ‘biotite is brown,
well crystallised with numerous pleochroic spots. Epidote is only rarely associated
with the biotite. The hornblende is intergrown in parallel position with the biotite,
and cross sections are idioblastic against the biotite.. It has a more pronounced
~prismatic habit than in the normal amphibolites. Its colour is:different and appears -

to follow the scheme—X very pale yellowish green, Y green, Z bluish green. The
colour is not so intense as usual, indicating less iron in its composition. The hornblende
only rarely contains’ 1nclu31ons of quartz, apatite, or sphene A small amount of biotite
is replaced by colourless muscovite, and occasionally the biotite is intergrown with
lawsonite. Quartz is irregularly ‘distributed, but rather seems to concentrate in the
axes of the miniature folds
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The chenncal compos1t10n of this rock is found by J C Watson to be— '

Sio, ..... SRS SO 4312
ALOg ........ e . 12-74
FesOs vvvivnennennn... eeee. 185
FeO oovivvninnnn, e, 10-14
- MgO ...isiin, etee.. 17018
V080 L e 470 -
Nay0 o o026 .
K0 ...l i 808
HO + oo, e 30T SO
H,O — oot . 002
COp ovvvennnn. U il
TiOp v s 185
PO, ........ e " trace:
805 N
X0/ ST L. 008
MnO ....cvivieinnii . 013 . .
NiO, CoO........ R Y g
Co0 «.cvveriinnnn. p '
L0 il nil \
Total /...otvveeiinnn... 10015
Sp.Gr. at4®C. .............. 3-012

, If this composition is. cornpared with- that of the normal amphibolite, No. 629,
,strong points of -difference arenoticed,: and these correspond with the mineralogical
differences. There is 5 per cent. less silica, but the most striking differences are found
in the percentages of CaO, MgO, and. K30, and Na,O. The amount of KzO is more
~ than seven times greater, and the Na,O about seven times smaller. There i is . two and
a half times as much MgO, while the Ca0 has decreased by a half. * The large percentages
of MgO and K0 correspond with the high percentage of biotite. There 1S no 1mportant.
_ difference in the alumma, total iron, or. tltamum :

.The Ozann groupvalues are— 8 = 4-60, A—43 0—35 F—374 M—18‘
T=0 K="6 ‘ : o

The pro]ectlon values are— a = l 9, ¢ = 15, f = 16 6.

These values, oons1dered oollect1vely, place the rock among the Inagnesium silicate .
schists, Grotip V., though the high value of A is exceptlonal for thlS group. The pos1t1on '
in the trlangular dlagram is shown in fig. 6.

' The composition of these b1ot1te hornblende sohheren seems 1mp0ss1ble for any
. prlmary magmatic xenolith that can be postulated Neither augite nor olivine can
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yield the high potash percentage of biotite, and, if we postulate sufficient felspar to
- supply the ‘alkali, there would be insufficient magnesium or iron for the hornblende
_and biotite. If we ignore this difficulty and still assume an augite xenolith, we raise
further difficulty in recalling that ho'rn'blende or biotite with epidote, is the normal °
metamorphic equivalent of augite in thls serles The amount of epidote in this schliere
RE! scarcely appremable ' '

SUPPTIAN,
TP IHAIN
SAVIVAN R

- Fig. 6.
629. Amphibolite, Cape Denison.
(640." Chlorite schist, Cape Denison.
4_15. Epidosite, Cape Denison. .
. 4., Biotite hornblende schist, Cape Denison.

The, original dolerite may have contained some biotite and, therefore, it might l")e'
conceived as possible that the schlieren are the metamorphosed equivalent of primary
segregations composed of two-thirds biotite and -one-third augite. Such would be a
-very extraordinary xenolith, and I am not aware that we have any information of such. -
a type of cognate xenolith. Here it is quite apt to remark that it is fundamentally
wrong to insist on explalmng curious metamorphic features by reference to abnormalities
in the primary rock, igneous or sedimentary. The biotite and the hornblende throughout
the seriés have been developed during the metamorphism, and it is quite reasonable -
to view these schlieren as true metamorphic products. The beautiful parallel arrange-
ment of the biotite and the hornblende strongly suggests that this rock owes its origin
to the metamorphism and nothlng else.

A biotite schliere is recorded 1in the band from which specimen No 630 was collected
_as the normal rock of theband. The schl‘lereoccurred in a broad bulge 12ft. or 15ft. wide, .
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and No. 630 was picked up not more than 2yds. or 3yds. away from it.* Unfortunately
" there is no example of this schliere in the rock collection, but it is quite certain from its
soft character that it contained a large percentage of biotite. Another specimen (No.
6304), however, was obtained from this spot which is also of curious composition. It
is coated with black biotite, but it is hard and. conitains & good deal of felspar.  The rock -
is not of such even composition as the biotite hornblende-schist. The felspar occas1ona11y
appears as a porphyroblast, or tends to aggregate and form lighter coloured patches.
The mineral composition of the ground mass of this rock, determined in a séction cut
at right angles to the schistosity, is—. |

1
»

Biotite ......... e, 444

Felspar............ e - 518

Epidote ............... N 28
" Apatite ............. PR .10

' Sphene and magnetlte present. but less than -1.

The rock is,. therefore, essentially an aggregate of biotite and felspar. The specimen
shows a certain amount of mechanical deformation, but this again is subsequent to -
the development of the biotite and felspar. * Some of the biotite is twisted and shows
. attrition, while some of the felspar is granulated. The feispar is andesine, and a portion
is saussuritised.. This saussuritisation may have developed in the subsequent crushing. -
The epidote crystals commonly contain a core of allanite. Quartz is absent. The
- mineral composition bears some resemblance to that of the band No. 153 (Table I., No. 1).
In' this case there is no hornblende or sphene and less epidote but more felspar and
biotite. We can, therefore, plcture its chemical composition- with more silica and

- alkalies and less FeO MgO, and CaO than No. 153 (p. 21). ~It'is thus certain that the

. composition of No. 6304, as well as the composition of the biotite hornblende rock No. 4,
~ differs considerably from that of the normal amphibolite. The conclusion is unavoidable
that there has been a rearrangement ‘of chemical. composition during metamorph1sm

The- compos1t10n of No. 630, the supposed normal rock of this band, ‘is also
‘abnormal. Table 1., No. 6, shows that the colourless constituents in No. 630 are double
those in No. 412, an example to which it is otherwise strikingly similar. This large .
excess in No. 630 is due to the numerous grains of clear, uncrushed quartz, a mineral
which is nearly absent in all the normal bands. The microscopical structure of “this
quartz is essentially different from the quartz in the adjacent granodiorite -gneiss.
Whereas the latter shows abundant cataclasis, strain polarisation, and -participation
in the ‘mortar structure, the quartz in the amphibolite is-perfectly clear, uncrushed,
and with- strain polarisation weak or absent, In other respects the minerals in -No.
630 are similar to the minerals in the biotite amphibolite, No. 412. The abnormal
percentage of quartz seems to me to be connected with the abnormal formations of
the biotite hornblende schliere and the biotite felspar rock. From evidence which will-
- be given later, we might look upon the biotite felspar rock as a metamorphic hybrid
produced by the intermingling of gneiss and amphibolite in-the solid state, because a
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' fragmént of gneiss may readily have been caught up in the.injectiion of the d‘yke. But

in the case of the biotite hornblende rock we must picture .during metamorphism a
.transference of material which results in the formation of segregations within the dykes

The formation of a segregatlon 1s equlvalent to a diffetentiation n %tu, which we
propose to refer to as metamorphlc dlf‘ferentlatlon ' ’

On such a hypothesus we find a ready explanation for the schlieren of chlorite and -

- epidosite. These two schlieren occurred in the same broad outcrop from which No. 629

and the meta-xenoliths were collected. 1In size they are less than 2ft. in their longest

~ direction. It has been observed from Table I., No. 7, that No. 629 is abnormally. low

in mica, and this fact can be correlated on this hypothesis with the observed segregation
of chlorite. Microscopical examination shows that the chlorite rock is composed
entirely of chlorite except for a few very minute grains of magnetite and quartz. = The
chlorite is green in colour, with very low polarisation colour, but it does not show the-
‘blue interference colour common with penninite. In contrast to the biotite hornblende
schlieren, the’ chlonte rock has an approximately massive structure like its host.

Further, it is to be noted that where the dominant mica is biotite in the No. 630 band,

the mica schliere is composed of. biotite. In No. 629, where the dominant mica is

~ chlorite, the mica schliere is composed of chlonte yet the outcrops of Nos 630 and

629 are less than 40yds a,part

- The schliere of epidosite ocours 2yds. away from the schliere of chlorite. Its shape A

- tended to ‘be rounded and, like the previous schlieren, no boundaries against the,

amphibolite were observed. The hand spe01mens of the epidosite are massive, and the
mineral composﬂ;lon of a thin section is—

Felspar.,‘ ...... e ..., 284 S
Epidote . ..... P ... 651
\ . Hornblende .....0............... 25
- Sphene -......... .. oo 3-8
Ironore ......... e i 02

- Biotite, chlorite, and apatite are present.

_ The thin section is illustrated on Plate IL., fig. 5. The proportion of felspar 1s very
close to the felspar percentage (27-3) of the amphibolite host No. 629, and.its character
is ‘the same. The hornblende .of the amphibolite is. almost completely replaced by

epidote in this. rock. - The epidote is well crystallised, .has well-developed cleavage;
and its characteristic pleochroism. It may contain inclusions of ragged hornblende,
and it can also be observed replacing relic hornblende crystals. The transition is almost .
complete, but examples can.be-found where irregular remnants of hornblende with
_optical continuity are scattered through an epidote crystal. If cleavage be observed
*in one relic fragment, it is also  observed in the associated group: The hornblende
possesses a stronger bluish-green colour than in the normal amphibolite, and cross
sections still exert their form agalnst_thp_epldote Sphene is very prominent, and large
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crystals may be included in the epidote. Rarely fragments of biotite '_With‘ alteration
- to chlorite are found in the epidote. The iron ore consists of magnetite with alteration
to hematite. - L _ = . A

' ,'The results’ of the analyses of the ‘chlorite- rock and thé epidosite made.by J. C.
- Watscn in the Victorian Geological Survey Laboratory are as follows : —

| I I II1.
8i0, ...... 24:96 . .. 0 4549 1. 2540
CALOg...... 2076 ... 1950 .. 2280 .
Fe, 0, ..... 324 - .. " 913 ... 286 '
" FeO ...... L2186 .. 064 - .. 1777
‘MgO ...... 1818 ..  045.. ... 1909
Ca0 ....... nil ... 168 .. . nil
Na,0 ..... nil "~ .0 266 - .. . ni
o KO ...... nil. .. 03 ..  ni
CH,O + ... 1145 .. 008 .. 1221
' HO —.... 019- .. 125 Lo
€Oy ....... mil .. nil . |
TiOp -...... 020 ... .22 o g
P,Os .......ml. .. 087 | '
SO; ..., tr. S
Cl......i.. . .. 002 y
MnO ...... 005 .. 005 .. 025
- NiO, CoO... tr. . .. .002 |
000 ....... nil .. nil |
Li0..5..... mnil- ... sttr. ,
F oo = U -
“Total .... 10089 ~ .. 9963 .. 100-38 ;
Sp. Gr. .. 2:938 © ... 3118 .. 2835
" Group 'Values... : L B . . Projection Vé,lues.
‘ s | A | o .o M |t | K s | e | &
L , o . _
L...... 29-4 0 . 0..| 563 | O 0 .| 05 | O 0 0-20
N ¢ A | 539 | 32| 99 | 199 | 108 ,d, | o9 19 60 | 121
I. Chlorite rock. Cape Denison.
II. »Epidosit;a. Cape Denison. . o
III. Chlorite.. Washington, D.C. ,'l“"Rock Minerals.”  Iddings, p 472.

0
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Both these analyses are again very different from that of the. amph1bol1te host

The analys1s of the chlorite is very close to that of a pure chlorite, as is seen

by comparison with the analysis of a prochlorite quoted froim Tdding’s “ Rock Minerals.”

- Its group values place it among the chlorite schists, Group V.; though the pro]ectmn
values do not separate the rock from the magnet1te sch1sts of Group XI.

The very . high values of FeO and MgO in the chlorite rock are: notable in
eomparlson with the very low values-in the epidosite, while the ‘reverse is true with

regard to Ca0.. The total lime and magnesia is practically the same in the epidosite - '
and in the amphibolite, No. 629, and not much different to the miagnesia percentage -

in the chlorite rock. The total alkalies in the epidosite are also approximately the same
as in the amphibolite, with a large excess of soda in both cases. The latter point
corresponds with the observed fact that the amount of felspar 1s the same in ‘both rocks,"

and that the formation of the epidosite occurs with the replacement of hornblende . -

by epidote. There is also a notable increase of titanium in the epidosite, correspondmg
to the 1ncreased percentage of sphene in the epidosite. -

_ . Al the group values of the ep1dos1te, except M, agree Wlth those of Group IX.,,
the lime silicate rocks. But though the value of M is below- the stated limits for this
. group, there can be no doubt that this epidosite should be included in the _group of
epldos1tes which appear.in the epi division of Giroup IX. /

The pr0]ect1on values of these two rocks are.plotted in fig. 6, and it is to be noticed
that they fall symmetncally on either side of the pos1t1on of No. 629.

Hence from the mlcroscopwal and chemical study of these rocks we consider that
the epidosite has been derived from the aniphibolite during the recrystallisation, and not
from a pre-existing magma clot. ' The same is no doubt true of the chlorite rock, and
the conclusion is again forced upon us that there has been chemical migration-and
rearrangement during metamorphism. It is the type of exchange that we intend to
refer to as metamor_phlc differentiation.

. Geological literature provides many examples where ep1dos1tes have been observed
In assocratlon with amphibolites or hornblende schists. In one instance in the Lizard
area Flett has supposed them * to be due t0 chemical segregatlon durmg metamorphism,
- and our conclusmn is-a similar one.

If one still urges that the biotite hornblende schheren may be the result of meta-
' morplnsm of a primary igneous xenolith in a dolerite dyke he is now confronted with the
difficulty of explaining why the schlieren have the composition of biotite hornblende
in one place, of biotite felspar in a second, of chlorite in a third, and of epidosite in.a
fourth. TFinally he must explain why these four types of schlieren appear as primary
‘metamorphic products, and yet are all essentially different from the relics of the’
primary cognate and accidental xenoliths that have already been descrlbed from the
same outcrop of No. 629. _
P * « Geology of the Lizard and Menea.ge,"_Flett & Hill, p. 50. °
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We cannot at present indicate ‘the conditions . which ~permit metamorphic
differentiation in localised portions of certain bands, while the majority of bands remain
undifferentiated. The conditions may possibly arise from some combination of solid

‘diffusion with that forcé of crystallisation of the specific mineral which determines
its position in the crystalloblastic order. If it be objected that solid diffusion is a process
of much too limited range, and of too infinitesimal a rate, then it must be remembered
.that the whole record of geologlcal time is available. The presence of water may be
an assisting factor—it is necessary material in the formation of epidote.and chlorite—

- but- we cannot assume mere migration by solution while we insist that the formations
occurred under the influence of strong stress. We can only surmise that the points of
metamorphic differentiation have in.some way been the focus of special conditions of .
stress' or uniform pressure which, combined with other special mineral forming
conditions, have caused an abnormal development of that special mineral. A condition
of relatively low hydrostatic pressure and stress might, on the one hand, permit the more -

, ready transfer of molecules ; but, on the other hand, a condition of low hydrostatlc
pressure and strong stress rmght fa,vor the process of solid dlﬁusmn

Metamorphlc d1ﬁus1on and differentiation are essentlally processes of limited range.
. They occur in a Tock which is, to all intents and purposes, solid, and molecular movement
is hindered. Their products .can never attain the dimensions of the products of
magmatic differentiation. . '

9.—DESCRIPTION OF THE COARSELY CrYSTALLINE Basic PATCHES IN THE
' GRANODIORITE GNEISS.

Apart from the Well defined series of metamorphosed dykes that have ]ust been
. described, there exist a number of outcrops of hornblendic rock whose origin has only -
become evident on investigation. In the field the dykes are distinct in that they have
- maintained their sharp junctions and their linear trend, even though their surface out-:
~ crop may be broken. The hornblendic rocks now under consideration present a contrast
and have scarcely any definite. shape, and appear as'irregular dark-coloured clots in the
" grey gneiss. They possess a rough lenticular outline and tail out in the direction. of -
foliation, but the boundaries may be indefinite when the dark, rock passes gradually’
- out into the grey rock. These dark rocks are often characterised by a uniformly coarser
grain and the average diameter of the mineral grains may reach one and a half times
" that in the normal amphibolites. The rock type is not constant, and one may find
“patches of almost pure hornblende rock, or massive amphibolite or hornblende and biotite’
gneisses, which may pass through varying stages into the normal granodiorite gneiss. -
Sometimes one can macroscoplcally dlstlngmsh brown sphene crystals up to %m long
as well as pyrlte or magnetlte ' : :

The indefinite boundary,. the coarse granulanty, and a rela‘mvely massive texture
suggested in the field that they would yield evidence of primary consolidation' of the
same nature as the granitic rock. Later study, alone, has shown that the coarse -

Series A, Vol m., Part 1—E
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grénulaiity has been prod-ﬁced by secondary or metamorphic cryetallisation, and that
they are indeed a part of the dyke series. Hence a revised study of the field relations
would have been proﬁtable had circumstances permltted it. Small examples of basic
‘schheren can be seen in. the 111ustrat10ns of pohshed rock (Plates XVIII ﬁg 1 XXII., ‘
fig. 2).

Petrograpkwal C’kamcters

We deal in detall with three. examples of this type which bear the field numbers °
of 9 13, and 10. No. 9 belongs to the masswetype, and Nos: 13 and 10 to the schistose
_types. These specimens were collected from hornblendic patches which passed by
transition into normal gneiss. Rosiwal measurements have been made of thin sections
of these Tocks in the same manner as' before, with the following results :—Columins™
13a and 104 are the recalculated compositions of Nos. 13.and 10 when the quartz has
been disregarded. ‘ ‘

No.9. | No.13. | No.13a. | No.10. | No.10a.
‘Quartz ..... T U — <292 . - 234 —
Felspar .........ooopvvnnn. 23-1 222 | 314 34:3 448 -
MACR" e veveveraeeelenenenns UUURSUROR I 0% § 150 | . 211 322 420
Hornblende."................ e 61-8 319 45-1 — —
Epidote ............cioiiiii L 1-8 17 24 7-6 <100
Sphene. ... - 26 P — 0-8 10
Tron Ore . ..vvveneinni e e i, — - — 07 0-9
Apatite .......o.oiiiiiiii P p- — 10 1-3
— . -
No. 9.—The specimen was collected near the magnetograph house It 1s dark,
massive, coarse grained, showmg abundant. platy hornblende and dull felspar. Grains

of pyrite and ‘sphene are occasmnally seen. . .
In thin section the rock is coarse and granoblastic. The average absolute grain
. size of the hornblende is apprommately 1-5mm. ; but in other specimens from -the
- same locality the hornblende crystals are as much as 4mm. and 5mm. broad. Horn-
‘blende, which forms nearly two-thirds of the rock is found in granular crystals without
terminal faces. The prism faces and cleavage are well developed as usual. Tts colour
- scheme is—X greenish yellow,”Y bright green, Z bluish green. It contains abundant
inclusions of biotite, sphene, ilmenite, and epidote. Parallel strings of small sphene
inclusions are common in sections parallel to the cleavage.

The 231 per cent of felspathlc materlal forms the colourless constltuents of the
rock and consists partly of turbid saussuritised felspar and partly of clear felspar. The
saussurite yields a brightly polarising aggregate which, under ‘close examination, opens
‘up into mica, epidote, chlorite, and clear felspar. There are no- fraces of cataclasis.
" The clear felspar is less'in amount than half the total felspar. ~ Part is untwinned and
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. part possesses both albite and’ pericline types of lamellar twinning: A s1mp1e twm
with lamalle in both halves was found to give extinction angles of 14° in one set and 15 ‘
in the other set. . Hence we designate the clear felspar albite.

The biotite is well formed and often appears as inclusions in the hornblende. It .
is mainly the normal brown biotite, but it is often intergrown with a green’ biotite.
Some .of the green appears to be chlorite, and normal chlorite with its low, anomalous
~ blue polarisation colour is present in the section. The brown biotite seems to be
developing from the green biotite, which in turn ‘comes from the biotite. The biotite -

rand chlorite appear under one head in the quantitative statement, as.it is not always
* possible to assert the line of demarcation. Sphene is relatively abundant, and some
grains are comparable in size with the hornblende, while others are minute inclusions

in the hornblende. Most grains are anhedral, and only a few possess the characteristic .-

wedge-shaped outline. Pleochroism is strong in thick sections, and' many of the
 crystals possess a magnetite nucleus. As-almost all the magnetite occurs in this manner, |
the sphene-magnetite individuals were treated together in the Rosiwal measurement.
In some cases the rim of sphene is made up of a number of sphene grains with different
" optical orientation. Some of the iron ore is ilmenite, as it is associated with its whitish
alteration product, leucoxene, but when the leucoxene recrystallises as sphene, the
ilmenite may change to magnetite. Occasionally “there is a reddish-brown mineral .
" which is taken to be rutile. Epidote appears in colourless or honey-yellow pleochroic
grains;' It is sometimes included in the hornblende, sometimes interlaminated with
biotite, and sometimes found as. individual - grains surrounded by the felspar’
decomposition products. Pyrite in small scattered cubes and apatite are present.

.The rock is thus seen to corresponii very closely with the deScription of a typical
+ amphibolite of the dyke series.: The same type of hornblende, the same saussuritised
felspar, and the same clear felspar, and-also the same peculiarities of the mica are found
- in both cases. The quantltatlve expression of the mineral composition is now valuable -
for comparison, with' the mineral compositions of the amphibolite dykes in Table I.
The composition of No. 9 is quoted in Table I. for this purpose. The strong similarity
towards types like Nos. 631 and 635 becomes obvious; and as the.texture of No. 9 is
approximately masswe, any error due to the schistosity is very small. 'The felspar
content is the ‘smallest of the series, but only by a very small amount; ‘but the
hornblende percentage is the same as a normal amphlbohte, and so also is the mica.
The mineral composition is therefore: quantitatively as well as qualitatively essentially
the same as a normal amphibolite with dominant hornblende produced in the
metamorphism’ of a dolerite dyke. The chemical composition must also be the same.

Specimen No. 9 is therefore identical in kind with the examples of the undoubted dykes
series; and the conclusion is unavoidable that it is part of the same series. The apparent.
difference is due to the fact that secondary crystallisation has proceeded under more -

- favorable circumstances and larger crystals have been formed. This larger granulanty ‘
s1gmﬁes nothing in prlmary origin. :
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No. 13.—Specimen No. 13 is a transition type, and was collected from a similar
outerop to No. 9, but a linear trend was more noticeable. Its boundary with the gneiss
is indefinite. It is a rock with much the same granularity. as the typical granodiorite
gneiss, and this is larger that that of the average amphibolite.” Its colour is intermediate
between the black amphibolite and the grey gneiss. A coarse crystallisation
schistosity is rendered prominent by dark bands of hornblende and white bands of
"~ felspar and quartz. This schistosity, of course, reduces the accuracy of the statement .

of the mineral composmon in Table II. :

In thin section we find the sch1stose bands consist of quartz, of hornblende with.
" Dbiotite and epidote, and of saussuritic aggregates. The hornblende is identical in type
to that of No. 9. Chloritisation of the hornblende is not uncommon. Biotite is
associated with the hornblende bands, and is found with both a green and a brown color,

1nterlannnated together as before.” The brown is more abundant than the green,
‘which is again an intermediate stage between green chlorite and brown biotite. -Epidote
is very frequently associated with biotite, and is illustrative of a previous conclusion that
biotite and epidote are equivalent zonal products of hornblende, and that -the biotite
.appears when there is a supply of potash.. The epidote expressed in the quantitative
statement in Table II. is that amount of epldote which occurs in this association. . A
larger amount of epidote appears among the cloudy saussurite, and has been 1ncluded_ '
" therein in- the measurement. - '

The felspar percentage expresses the amount of saussuritic aggregates which
include all the cloudy material under the low power objective. Some of the oloudy
. parts remain dense and unresolvable. Part, however, can be resolved into epidote
and a colourless well-formed mica, which is possibly paragonite. - Most of this epidote -
is in fine granular aggregates. - Clinozoisite or zoisite is also présent. The colourless
mica shows strong absorption, and is similar in appearance to muscovite. Rough
measurement has indicated that it forms at least one-ninth (3)-of the saussuritic. aggre-
" gates; and since the primary felspar is here as in previous cases-a calcic plagioclase,
we cannot refer it to a potash mica without ‘providing a source for the potash and a .
means of ‘escape for the soda. The aggregates consist chiefly of epidote and colourless
mica, with some chlorite and biotite. . No secondary clear albite has been determined
with certainty, and quartz grains appear among the cloudy masses, and hence the

colourless. mica may have absorbed the soda from the-felspar. The percentage of -
" biotite is considerable, and: this means an absorption of considerable potash. - It is
reasonable, therefore, to strongly suspect the presence of paragonite mica. - .

Quartz is abundant, and provides the chief distinguishing‘feature’ from the typical
amphibolites. Entering as it does into the crystallisation schistosity it cannot be
~ looked upon as a.quartz-veining subsequent to those processes which impressed the rock .
with the individuality of the schist. - It is as essentially part of the schist as the
hornblende layers or the saussurite layers. It is clear, and the larger grains invariably.
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“show' strain polarisation. The grains are interlocking, and not infrequentlf ‘possess
a lenticular shape due to solution at the points of greatest pressure.and simultaneous
deposition at -points of minimum pressure. It is quite different in character. to the -
quartz in the granodiorite gneiss. Apatite'is an accessory mineral. . Reddish hematite
occurs among the saussurite, but grains of magnetlte are scarce. The rock may be
named an hornblende gne1ss '

The quant1tat1ve expression of this mineral composition in Table II. emphas1ses
the d1ﬁerence between No. 13 and No. 9. Marked as this difference is, the microscopical
descrlptlon brings forward points of resemblance. The hornblende and mica are similar
in both cases, and the saussuritised felspar-is quite abundant, cons1der1ng the high
silica percentage of the rock. If we neglect the quartz and recalculate the mineral
composition we obtain 31-4 per cent. felspar, 21-1 per cent. mica, 45-1 per. cent. horn-
blende, and 24 per cent. epidote. Then we find that the proportion of felspar (saussurite)
to the ferromagnesian (hornblende and mica) is .very similar to that of the typical
amphibolitee. " Yet, in appearance and in the abundant quartz it possesses some likeness
‘to thé granodiorite -gneiss. The examination of this rock, therefore, provides' micro-
scopical evidence to support the field observation that there is a gradual passage from
this basic patch into. the enveloping granodiorite - gneiss. :

- No. 10.—Specimen’ No. 10 is a different type collected from the same small area
as No. 13. Glistening biotite is abundant on the cleavage surfaces, but nevertheless
x the rock has a tendency to a massive texture as a result of 1ts very fine-grained character.

:In thin section the rock cons1sts of biotite, . saussur1t1c felspar clear. felspar, quartz,
epidote, apatite, magnetite, and zircon.- The biotite is the pale brown variety and has -
a noticeable parallel arrangement. Scattered patches of chlorite may be found which
are often accompanied. by iron ore. The felspar consists of twinned and untwinned
felspar. and cloudy saussurite. - The quartz shows considerable cataclasis and strain
polarisation effects. It appears as parallel layers in the section conformable with the
‘layers of saussurite and biotite. The grains are clear except for occasional inclusions
of apatlte and there is a not1ceable absence of the linear inclusions that appear in the
quartz of the granod1or1te gneiss. . Epidote is relatively abundant and sometimes forms
large well-shaped individuals and sometimes it is finely granulated It is frequently
included in the biotite, but the’ finely granular epidote may form a rim to a biotite
crystal. Sphene and apatite are accessory minerals and ilmenite is present in occasional
large crystals. Hornblende is absent. The rock -may be described as a biotite gneiss.

The quantitative mineral composition’is expreéssed in Table II. In the large
percentage of quartz it resembles No. 13; but this percentage is lower than that of
No. 13. "It is not expected that these percentages would show any other similarity
“than correspondence between two extremes. The' ferromagnesian total, however, is -
not much different. We notice again the sympathetic variation of the percentages of
biotite and epidote. - . - ' ' o
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If we assume, as in the precedmg case, that s1hca is the chlef mineral adetlon
to the, original dyke rock, and the miheral composition be recalculated to 100 per cent.
after neglecting the quartz, we obtain ‘the figures in column 10A. These figures bear
“some resemblance to the composition of No. 153, in Table I. The proportion of felspar
to ferromagnesian is much the same in both cases; but the felspar of No. 10 is nearly’
all saussurite, whereas the felspar of No. 153 is perfectly.clear. No..10 thus appears -
to be related to the eprdote biotite schists in the same Way that the hornblende gnelss
No. 13 is related to the. normal amphlbohtes :

10. ;—ORIGIN OF THE: COARSELY CRYSTALLINE Basic PATCHFS

The origin of these dark hornblendlc and biotitic rocks which are enveloped in
‘the granodiorite gneiss, and which have been designated ‘the coarse- -grained types,
18, a very interesting question. It has been ‘shown ‘that the massive amphibolite from
these patches is identical, except for larger grain size, with the amphibolites which ‘have |
been established as altered dykes. It is also plain that there is true transition from
‘this amphibolite through hornblende gneiss or biotite gneiss to the granodiorite gneiss.
" Accepting the face value of these gradual transitions, we might say that these “ basic ”
patches have been derived out of the granodiorite itself. ‘We mlght conceive of a -
magmatic d1ﬁerent1atlon which was initiated in the granodiorite magma which became
frozen before the differentiation process was complete. A sudden cessation of .the
differentiation forces has left a gradual" apparent transition between the amphibolite
.and the .granodiorite. Such an argument completely ignores the observed similarity
of the textural, structural, mineralogical,: and chemical relations of. related rock 'types‘
at Cape: Demson, and at the same time we miss the recogmtmn of a true metamorphlc
process. ‘

Since the coarse-grained type 18- so precisely similar to the amphibolite dyke series
- which has been proved to be the metamorphosed equivalent of diabasic dykes, it is
extremely likely that the No. 9 type of amphibolite has. been derived from a primary
rock of similar nature. They occur approximately along the extension of well defined
dykes, and hence it is extremely: likely, and as definite as it is possible to be, that the .
primary. rock .of the No. 9. type was part-of the intruded series of dykes. We have
. described fragments of the dyke series proper which have beén torn away from the
dyke channel and now appear completely enclosed in the gneiss. Discontinuity of the -
hornblendic clots, irregularity or isolation are, therefore, matters of little weight.. These -
detached fragmeénts of the established dykes have escaped the more intense meta—'
morph1sm which produced the larger grain size of No. 9, and they have been able to
preserve ‘their sharp outhne agamst the gneiss.

Th’ere 18 no speclal reason, however, why a pre-existing junctibn between two rock
types must be preserved during metamorphism. We have maintained in our hypothesis
. of metamorphic- differentiation that a limited migration may occur .in the solid rock
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under special conditions of metamorphism. If such migration occurs across a -pre-

existing junction there must, a priori, be a strong tendency to efface that junction.’

If we imagine a diffusion of some of the amphibolite material into the granodiorite
gneiss, or some of the gneissic material into the amphibolite, we would get the former

junction replaced by the gradual transition observed. The transition types would.

be mixtures of amphibolites and granodiorite gneiss, and would correspond to the.types
No. 13 and No. 10. Such a theory is in agreement with the observations, and we will
speak of the process, for convenience, as metamorphic diffusion. Diffusion “products;,
like the hornblende and biotite gneisses, are, therefore looked upon as metamorphlc
hybrid. rocks o ' '

Solid diffusion has been suggested before to account for the perfectly gradual

 passage of granitoid rocks into surrounding schists. Greenly* endeavoured to compare

-such phenomeéna with the laboratory experiments of Roberts-Austen on the diffusion

of gold into lead. Greenly; however, postulates a mixing of a granite magma and the
' neighbouring sedimentary rocks, a conception which involves not true solid diffusion, but
' merelyamechamcal percolation of the sirrounding schists by highly fluid magma: Descht
therefore pointed out that the term  diffusion had been loosely employed. - Another
. claim for solid diffusion is. mentioned by Elsdeni in the observations of Trener on the

contact phenomena of Cima d’Asta, but the same objection again holds.  While it v

“has been usual in these cases t0 suppose that the mixing. takes place at the time of

intrusion, I do not know of evidence to.show that a degree of mixing has not occurred
after complete consohdatron and, if this is so, these cases may be examples of solid

diffusion.

The difficulty lies in the’ nroof of the solid nature of the rocks béfore the mixing.
At Cape Denison the granodiorite must have been solid before it could be ‘fractured
and penetrated by the primary dolerite dykes ‘and -the presence of the meta- xenoliths
in the amphibolites mdlcates ‘the consolidation of the dykes before their metamorphlsm
" Further, we cannot suppose that a thin sheet of dyke magma would remain fluid for
" a sufficient length of time to permit the mechanical percolation that is possible in the
case of a large, deep-seated, slowly-cooling plutomc mass. Hence at Cape Denison we

consrder that solid diffusion, in the strict sense of the term, has operated. The term

“ metamorphic diffusion ” implies that diffusion has occurred in the solid state

Metamorphic diffusion is not restricted to the amphlbohte gneiss ]unctlon at Cape
Denison. It also appears along the ]unctmn of the aplitic gneisses with the granodiorite
gneiss. The examples quoted tend to show that quartz is.a mineral that is readily
diffused, but other mineral molecules like hornblende and biotite can be SO transferred

Bas1c segregatmns are common in many gramt1c masses and may be relatlvely
zich in either biotite or hornblende. If these were recrystalhsed under ¢onditions

* “ Diffusion of Granite into Schists,” Greenly, Geol. Mag., vol. 10, dec. 4, N.S., p. 207. B
t “ Report on Diffusion in Solids,” C. H. Desch, Brit. Ass. Report (Dundee, 1912), p. 348.
b Prmclples of Chemical Geology,” J. V. Elsden, p. 2
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perrmttmg metamorphlc diffusion it may be imagined that hybrid rocks smular to the
hornblende and biotité gneisses, might arise. Consequently such- types may possibly
be discovered in isolated masses in regions’ Where there are no traces of the existence
of dykes. At Cape Denison, however the ev1dence seems clear that they are connected
w1th dykes '

It will be subsequently shown that the most intricate dyke structures can. be
- preserved during the metamorphism at Cape Gray, where the recrystallisation has
_occurred under kata zone conditions, in . which the pressure factor is chiefly hydrostatic.
At Cape Denison the pressure factor in the metamorphism is chiefly stress, and hence
 the destruction of the dyke structures and the nngratmn of material is to be connected
_ with the dominating stress.

11.—FUurRTHER ExAMPLES OF METAMORPHIC DIFFUSION..

“Junction Specimens.

‘The above interpretation of the biotite gneisses as metaniorphic hybrid rocks,
produced by an intermingling of two diverse rock types.by solid diffusion, is upheld
by the examination of specimen No. 372, found on-the moraines at Cape Denison. This
specimen was collected as a diagrammatic example of the normal “ sharp ” junction.
between the amphibolite and the gneiss. One-half of the specimen (Plate XII., fig. 5)
‘is black amphibolite, and the other half is grey granitic gneiss. The junction, however,
is not sharp, and how far this apphes to all the dyke junctions at Cape Denison is not
known. - ‘As the specimen was not found in situ it is not possible to assert that the '
arnphibohte represents a portion of a dyke originally intrusive into the granitic gneiss.
But as both.the amphibolite and the gneiss are analogous to specimens found: in’situ
it is very probable that such is the case.

 In a section of the granitic portlon of the epecimen it is found that the cataclasis,

so marked in most of the typical granodiorite gneisses at Cape Denison, is absent. The -

epi zone metamorphism, however, is signified by the amount of . saussurltlsed or
* sericitised felspar and by the chloritisation of the biotite. The amount of
ferromagnesian minerals is less than in the. typical example No. 11, but it is not
noticeably less than in other examples from Cape Denison. In addition to the cloudy
felspar there is a considerable quantity of clear, recrystallised felspar which, with the
quartz, possesses the crystalloblastlc structure. Some of the clear felspar is untwinned,
_ but some of the twinned crystals have been determined to be oligoclase-andesine. The
biotite is brown, but is largely altered to green chlorite. There is in addition scattered
epidote, allanite, lawsonite, pyrite, and apatite. The general oharacters and the
composition of the felspar 1ndicate the relatlon to the granodiorite gneisses.

A sectlon‘ across the ]unctlon reveals the presence of a zone of'~b1ot1te- gneiss
approximately 1 c.m. wide, between the amphibolite and the granodiorite gneiss. 'The
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transition from the latter into the biotite gneiss is fairly rapid. There is no variation
in grain size or in structure or configuration of the crystal grains across the apparent
junction. “The zone of biotite gneiss consists of abundant brown biotite set among.
grains of ‘clear felspar, cloudy felspar, and quartz. The character. of the plagioclase
is the same as in the gnéiss.. There is less quartz in the biotite zone than in the grey
gneiss, and plagioclase -occupies a greater percentage of the colourless material. Epldote

is practmally absent. - : , .

. The transition from the zone of biotite gneiss to amphlbohte is more gradual than,
its passage into the granodiorite gneiss. In the amphibolite the hornblende largely
replaces the biotite, but the relative amount of biotite is probably sufficient to -call

.the rock biotite amphibolite. The hornblende has, on the average, a larger grain size
than the biotite, but its character is'quite similar to the hornblende in the amphibolite
dykes. Quartz still appears in small pieces in the hornblende area; but by far-the-
greater portion of the colourléss constituents consists of saussuritised felspar A little
lawsonite is intergrown with the biotite.

In this case it is perfectly clear that a zone of biotite gneiss has developed along
the contact between granitic gneiss and amphibolite. But it has not been produced
" by simple contact metamorphism, nor by assimilation, and we believe that it is another
example of a metamorphic hybrld produced by sohd diffusion.

No. 160 is another - speclmen from" the moraines (Plate XII., fig. 6) Whlch is
- diagrammatic of the manner in which the black amphibolites cut the granitic gneiss.

.. In this case the gneiss is more basic than the Cape Denison granodiorite gneiss. ' Though
there is still abundant quartz in it, labradorite has been identified among the plagioclase
and hornblende‘is much more abundant than biotite. It may be distinguished as a
hornblende gneiss. The amphibolite consists of hornblende and plagioclase with a little
~biotite. Though the granoblastic structure is. noticeable on both parts of the rock,
the junction is a line of interlocking crystals and is' comparatively sharp: ‘

Composzte Gnéiss.

We have now to consider areas at Cape Denison in Wthh the amphibolite bands
- seem t0 open out into a series of thin parallel threads interwoven with the granodiorite
gneiss. The boundaries of the threads are often indefinite, so that some doubt existed
in the field as to whether they were related to the amphibolites.. These are ‘areas of
composite gneiss. A specimen (No. 144) from one of these thin interwoven bands is a
dark-coloured massive rock, a little coarser than the normal amphibolite. The hand .
specimen shows abundant glistening biotite ‘and small felspar porphyroblasts are

distributed through it. ‘ '

In section it is found to be a crystalline aggregate similar in ﬁype to the biotite .felspar ~
- gneissés, No. 6304 and No..10. It consists chiefly of biotite -and felspar in much the

T
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same' proportion as in No. 630a. Epidote is often associated with the biotite, and
there is a subordinate . amount of quartz; sphene, apatite, magnetite, and pyrite are
present. "The felspar is nearly all perfectly clear, and in some cases two sets of lamellar
twinning are beautifully developed, especially in the porphyroblasts The maximum
extinction angle that has been measured is 16°, and the refraction is very close to, but

always less than, nitrobenzol (1-551). It is always above nelkenol (1-542). We,. - -

therefore, consider it to be an oligoclase-andesine. The brown biotite shows very. lit‘;tle
‘ change to chlorite: - S

In the amount of b1ot1te and in, the complete absence of hornblende this rock is
" similar to the previous transition type, No. 10, and to the biotite zone descnbedln the
junction specimen No. 372. There is much less quartz in this case than in No. 10,
while clear felspar replaces the cloudy felspar. There is more epidote than i n the No.
372 example, but 1t is very likely that this rock has a s1m11ar or1g1n and is a produot ‘
of ‘metamorphic hybridisation. ' '

. There can bé no doubt that the clear character of the felspar is due to the meta-
morphism, and the, size of the.crystals has, therefore, no great- mgmﬁcance ‘There is, |
 in fact, considerable variation in the size of the felspars from the same locality as No. 144.
- In specimen No. 1461 the average size of the felspar is about equivalent to the
. porphyroblasts in.No. 144 (Plate XII., figs. 1, 2, and 3), but the mineral composition -
“of the rock is similar to that of No. 144: In specimen No. 146-2 there is a' still greater
development of the felspars but.in this case there has not been a uniform development
and some crystals are much larger than others. .In the hand. specimen there is a
suggestion of a brecciated appearance, but in section there is no evidence at all of
cruslling or cataclasis. No variation in, the constituent minerals in the different
specimens- has been not1ced ‘while the specimens were collected within a yard or two
of one another. :

Primary relic felspar can’ usually be recognised, both' in -the granodiorite. gneiss
-and in the amphibolites, either by the mechanical alteratmn or by the saussuritisation.
- On this ground alone we would have difficulty in maintaining -an’ igneous origin for
the porphyroblasts. Further, as neither the- amphlb_ohte dykes nor the granodiorite
~ is porphyritic near the particular outcrop, it is impossible to apply Cole’s explanation*
~ of the origin of porphyritic felspars in the biotitic schists, related to amphlbohte, which
are associated with a porphyritic granite gneiss at Barna, County Galway. In Cole’s -
theory the felspar crystals were present in the original granite magma, which threaded
and penetrated the surrounding schists, increasing their SiO, percentage. The felspar
phenocrysts, however, could not flow away and became strandéd, one by one, in parallel

~series in the schists. In the Barna granite the’ large felspars are orthoclase, while in

Cape Denison examples they are plagioclase ; but in both cases the matrix is ch1eﬂy
biotite, and the rock is related to amphibolite. In our case the origin of the large
felspars 1s conneoted with the origin of the biotite felspar rock, -

* A Composxte Gm‘auss near Ba,rna,_(County Galway),” G. A. J: Cole, Q.J.G.8. LXXI.,A1916, - 1837
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Specimens (No. 145) from the same locahty are in the rock collectlon which show
" the junction of the dark biotite threads with the grey granitic tongues. A dark line
of demarcation exists between them in some specimens, but no sharp junction exists:
In other cases (Plate XIL, fig. 4), where the biotite felspar rock is seen on elther s1de of
a tongue of grey gramtlc gneiss, the boundanes are quite indefinite.

“In sections of No. 145 there is little to indicate a ]unetlon. At one end. of a section
we may find biotite and. felspar, with but little quartz. At the other end there. -may be
less biotite and much more quartz, but the distribution of -these constituents is not
regular. No change in the character of ‘the plagioclase is observed throughout the-
slide. The presence of large quartz crystals and the larger grain size of the quartzose
areas are the most noticeable features of the grey rock. - We are therefore dealing with -
a-partially obliterated junction, and we can again con31der as in No. 372 and No. 10,
that .we are dealing with a metamorphic hybrid product produced by metamorphic
diffusion. The biotite felspar gneisses are related to the amphlbohtes which have
been produced from an intrusive rock. A supply of potash -and silica from the granitic
.rock enables the ferromagne31an content to be expreésed in- biotite instead of in
* hornblende, as in the normal amphibolite, As a dyke disappears into the thin sheets
the number of junction planes 1s considerably increased, and there is more opportunity
~ for the subsequent interdiffusion-of material. With this opportunity there is a greater
development of the biotite felspar schist, and the intrusive features in the field become
correspondingly more indefinite. Hence the thin dark threads which appear in the
field to be connected with the amphibolite bands are so related, but the basic rock has
been' modified by metamorphic diffusion. It is not to be assumed that only the-
amphibolite undergoes change during the metamorphism. The granodiorite gneiss
_ may also be modified. It only so happens ‘that the change from hornblende to biotite
_ is one that can be readily recognised. .'A change in'the granodiorite, which involves .
a decrease in silica and in alkahes, 1s one that cannot be so readlly detected

No 424. —No 424 is another example of a biotite felspar gneiss, whlch was obtalned
from a schliere of dark rock in the granodiorite gneiss.. The schliere is a few yards away .
from a definite band. In addition to the brown biotite and clear felspar, the rock,
like No. 10, contains a good deal of quartz Epidote is’ also moderately 'abundant,
while pyrite, allanite, apatite, and sphene are present. In these accessory minerals
‘there is a likeness-to the dark amphibolites. The junction with the enclosing. gneiss
is not sharp, and the quartz may again have entered by diffusion. In any such isolated
. instance there is always a possibility that-such a rock is the metamorphosed equivalent
" of a primary basic segregation in the granodlonte but against this supposition there is
the symmetrical relation of the schhere to the planes of foliation of the gneiss.. Knowing

the relations of other biotite gnelsses one would favour the inclusion :of this lenticle
' with the amphibolite series. '

 No. 411.—No. 411 is another example of porphyroblastlc felspars which are in
thls case set in a blotlte amphlbohte It was found not more than'100yds. away from
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the area of composite gnelss from whlch No. 144 was taken. ‘It occurred close to the

junction plane of the dyke which was cut by a quartz segregation vein carrying large .
_ crystals of epidote. This quartz vein may:have carried felspar. The specimen has a
more noticeably brecciated appearance than No. 146, and whereas in the latter the
felspar is white or transparent, it is here pinkish or greenish white, a colour which
-indicates saussurite. Thé outline of the crystals is not definite, and they approach
to lenticles in, character. In section- there is,no spe(na,l evidence of crushmg, and the -
- large irregular felspar crystals are set In the amphibolite ground mass. The same ‘
minerals are present as in the normal rock of the band, No. 412, though the large felspar
causes a preponderence of the colourless constituents. Some of .the felspar is clear,
and approaches andesine in character, but its refractive 1ndex is close to, but less than,
1-551 (nitrobenzol). -The bulk of the felspar in the section is saussuritised. . A few .
blebs of quartz are recognised, and there is'perhaps a little more chlorite than. in No.
412. As'in No. 412 lawsomte is present in small amount. ' '

The altered nature of the large felspar in this case prevents the assertion that they

~are metamorphlc products They may. have been associated with the accompanying

~ epidote-bearing vein, or they may be allied ‘to the xenohths of saussurite described
from the band No 629 - Co

12. ——FURTHER EXAMPLES oF METAMORPHIC DIFFERENTIATION AT Care DENISON

If the amphibolite patches, which may have either sharp or indistinct boundanes,l

‘ate to bé included in the dyke series, we 1mmed1ately find further samples of
metamorphic differentiation. *In the description of these coarse- grained types, reference
has been made to the bands and lenses of pure hornblende associated in the field with
them! That these are also part of the original diabasic-magma seems evident, because
we only find them in such association. ~ We think, "therefo’re, that we can consider these
patches of hornblende i in the same way as we have considered the biotitic, chloritic, and
epidotic. clots. which are enclosed in the sharply -walled dykes. As the biotite, etc.,
'patches are metamorphic differentiation products, so also are the hornblende patches.
In the one case there has been long continued conditions for the formation of biotite,
and in the other case an analogous set of conditions for the formation of hornblende.
Tt has been noted throughout the series 'that the hornblende and the biotite appear as -
equivalent zonal products, and if we get the differentiation of one we should reasonably
get the 'differentiation of the other. Indeed, we have already discovered this in the
biotite hornblende clot. It is true in ‘the case of hornblende that its composition may-
be similar to a xenolith of pyroxene crystals in the primary magma, or to an ultrabasic
magma, and a horriblende patch may conceivably -develop by .the metamorphism of
such a. primary xenolith. If this were so, we should reasonably expect to find some
such altered xenoliths among the sharply-defined dykes. The"distribution, however,
in layers conformable to the schistosity is sure evidence of at least some transference,
and the frequency and variation of shape, combined with symmetry to the plane of
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schlstosmy, favour an origin by metamorphlc dlﬂerenmatlon The nelghbounng areas
to the hornblende dlﬁerentlates are frequently enrichied in felspar when the rock assumes
a lighter colour. That this ho_rnblende d;ﬁerentlatlon orily appears in.the less distirictive’
amphibolite pétches simply means that the conditions for the hornblende differentiation
- have been accompanied by conditions permlttmg metamorphlc nngratlon on a greater -

scale than in the biotite differentiation. ‘

Differentiation seems to have occurred in two other basic clots. In one, No. 928,
there are exceptionally large percentages of sphene and magnetite. In the section
the measured percentage of sphene is 13-1 per cent. ®The iron is segregated in coarse

crystals'and, as only one or two crystals appear in a section, it is impossible to get an

adequate idea of the proportion of magnetite in the rock from a single section. The
magnetite crystals are as much as cm. broad and are abundant in hand specimen.
In thin section they always possess the normal sphene rim, and in the large crystals
the sphene rim is very thin. The abundant sphene crystals are large and are mostly
.without a magnetif;e nucleus. Some are twinned-and some enclose biotite, but are more
. often surrounded by biotite. Biotite, felspar, quartz are also present in the rock. The
biotite is the most abundant mineral and absorbs the ferromagnesian content. No
hornblende is present, but there is a small amount of colourless muscovite. . The felspar
is fairly evenly distributed through. the slide, but clusters of felspar crystals are
noticeable in the hand specimen. The felspar is perfectly clear and colourless, but
' some quartz can be recognised. Small apatite. crystals are abundant and there are
odd grains of pyrite and epidote. '

, No. 928 was \collecte,d from the eastern side of Cape Denison, but coarse sphené
rocks were also noticed close by the magnetograph house, the locality of No. 9. The
extraordinary sphene content cannot be due to mere. chance.- The clot must be
considered as part of the dyke series, and it would be very difficult to account for the
high titanium percentage without an appeal to a metamorphlcv agency. The sphene
and the magnetite are metamorphic minerals, and we can look upon_ this rock as an
- example of metamorphic differentiation wherein both the sphene and' the ‘magnetite
contents have been enriched. The abnormal amounts of sphene and magnetlte are
reflected in the hlgh specific gravity (3-10). - : :

Spemmen No. 143 is another example of a bas1c clot in which metamorphw.'
differentiation has occurred. The specimen is rich in magnetite, and the magnetite
crystals stand out prominently on the weathered surface. They are not quite so large
- a8 in the preceding case and can be seen to be distinctly. oval in section. The longest -
.diameter may be 4mm. and the shortest as much as 2mm. Some seem to have crystal -
boundaries and others are more rounded. Surroundlng each magnetic bleb is a zone
of white felspar, which can be plainly seen in the hand specimen and is. noticeable in
the photograph (Plate IX., fig. 6). Separations of magnetite were made in. both this
case and the preceding specimen (No. 928). In both cases tests were made to detect -
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- TiO, by the reductlon of HCl solution ‘with tinfoil. ‘A faint trace of the violet 'colour .
‘was obtained in the sample from No: 928, but no trace at all from No. 143. In both:
cases the mineral is highly magnetic, and the, magnemte blebs from No. 143 were found,
when suspended by a silk fibre, to possess polarised magnetism. ‘

! ' ‘ L Flg 7. ,
Sketch of a nodule in the amphlbohte No. 143 A crystal of magnetlte is
surrounded first’ by a'thin rim of sphene and” then by a felspar zone.
. Crystals of apatite (A) and sphene (8} are distributed throuf;h the felspar
zone whlch passes into normal amphibolite by the gradual appearance of
: ‘ hornblende (H) and blotlte (B). ‘

In thin section the rock is found to consist of hornblende and biotite in about equal
proportions. The same clear felspar 18 present in the same proportion as in the normal
members of the dyke series. Sphene is again abundant. The crystals are, perhaps,
‘more numerous than in No.. 928 ; but the average size is probably less than a quarter
of that in No. 928. The magnetlte blebs are surrounded by a very thin rim of sphene ,
(fig. 7 ) ' Sometlmes the blebs tail out a little in the direction of the schistosity. The
felspar zone around the magnetite consists of a granulitic aggregate of clear felspar
- whose grain size is the same as the grain size in the normal part of the rock. The kind
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of felspar in the two portlons of the rock is precisely the same. The felspar zone is ‘
marked more by the absence of the biotite and hornblende rather than by the felspar
itself. Small crystals of sphene and apatite are present in the felspar zone. Apatite
crystals and small pieces of felspar are also included in the magnetite. With the gradual
increase in biotite and ‘hornblende the felspar zone passes out into the normal biotite
amphlbohte '

In this example the rock is obviously part of the metamorphosed dyke serles It.
does not seem. possible to account for the zonal structure on any primary igneous
hypothesis. The magnetite crystals with a sphene rim are definite metamorphic
products, and the clear felspar is also a product of the recrystallisation. . There is,
therefore, no reason to suppose 'that an association of these two products is anything
else than a metamorphic structure. - The formation of this structure in these circum- '
stances.involves a migration of certain material. It is, in fact, a small diﬁerentiation-—,

magretite centres have been enriched in magnetite and the biotite and the hornblende
* have been repelled from the felspar zone. ' The process of metamorphrc dlﬂerentlatlon
. 1in thls case has mvolved the force of crystalhsatlon

The magnetite nucleus of sphene crystals is a normal feature in most examples of -
the amphibolite series at Cape Denison. The TiO, content of the primary ilmenite
" has combined with the felspar, producing sphene and ‘hornblende, and it is, ‘therefore,
readily understood why the sphene surrounds the nucleus of magnetite.or relic ilmenite.
The relatively large crystals of magnetite with only a thin and often incomplete rim -
of sphene are abnormal in amph1bohtes Nos. 143, 637, and abnormal conditions must
be plctured during their formation. It is certain that the. TiO, content of these examples
is not less than in the normal amphibolites, because they possess a high sphene content.
The ‘abnormal conditions have permitted certain magnetite crystals to enlarge them-
.selves by attracting smaller magnetite crystals, and diffusion of magnetite, which is
prevented in the normal case by a sphene shell, has occurred.  We, therefore suppose
that the rate of diffusion of the magnetite molecules in these abnormal cases has been
more rapid than the rate of reaction which produces the sphene. When the supply
of magnetlte molecules around any one centre has been nearly exhausted the sphene'

rim has become attached to the large crystal

13:—REVIEW AND DISCUSSION OF FIELD CHARACTERS

It is desu‘able to review.the field characters in the light of the dyke orlgm of the
bands.” This metamorphosed series of dykes differs from & normal parallel system
in the frequency and magnitude of the breaks in the surface outcrops A normal dyke
‘channel may here and there swell out into local bulges, but the. general appearance of
‘the’ bulges at Cape Denison, and the sharp, irregular way in which the- bulge may
terminate, seem to indicate that the bulges are not normal dyke swellings. - In following -
the trend of the dyke wé find no dyke in many places where we expect dyke, and in
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other places, we ﬁnd more dyke than we might reasonably expect The field appearance
suggests that the dyke walls have been' squeezed together by & pressure of varying
intensity at different points of the dyke plane. - Where the pressure has been. greatest
the-dyke wall might have closed together, and where the pressure has been least the
dyke rock has formed a bulge. The notmal w1dth of a dyke 1s about 21ft., and the width
of -the enlarged outcrops is 9ft. or 12ft. At the same time we find the dykes running
“out of the thin parallel threads, and there are detached fragments of amphibolite ad]acent -
to the dyke channel or along its continuation, which are wholly surrounded. by the
granodiorite gneiss. As far as observed, the foliation of the granodiorite gneiss bends
around the contour of these isolated fragments. Sometimes they are precisely similar
to the °* canoe-shaped infolds descrrbed In other areas.

There seems to be no reasonable alternatlve but to cons1der these “inclusions ”
as part of the dyke series. - They have been shown to'be so similar in character to the
normal dyke, and so. dissimilar from the granodiorite gneiss. ' In metamerph'ic a;reas; ‘
therefore, caution is necessary before we can assert the younger or the older age of the
enclosing rocks. ~ With our interpretation the * inclusion ” is the younger rock—the
reverse of the normal igneous or sedimentary deduction. S

€<

These abnormal dyke features demand an attempted explanatlon, especially as
we will subsequently infer that analogous cases may exist in other areas of metamorphlc
rocks. One can, perhaps, imagine that branchmg offshoots of dyke into the adjacent
gneiss. mlght become detached from the main dyke channel during a penod of excessive
stress, and so form isolated fragments that lie adjacent and parallel to the main dykes.
Such, however; provides no mental plcture of the manner in whlch the main dyke has
itself been rendered dlseontlnuous '

POSSlbly there is an analogy with some curious features in the Ordévician rocks o

at Daylesford, Victoria, which have been recorded by T.S. Hart*. These Ordévician
sediments are a steeply folded series, and unequal th1ckemng and thinning of slate
beds between sandstone beds is a common feature. ‘The continuity of the slate
beds is - often broken.. In a railway cutting near Daylesford slate now appears in
numerous pockets of various shapes and sizesin a hard sandstone. At one pleee the
pockets possess a prominent linear trend which would correspond in position and
direction to a bed of slate. During the process of folding the slate has behaved towards
the sandstone as a relatively plastic rock. The slate bed has had a thickness comparable-
in size with the minor irregularities and small dlsplacements of -the adjacent rigid
sandstone, and been squeezed- out irregularly so that it is now represented by a number -
of isolated fragments. The squeezing out of the slate goes so far sometimes as to show -
only occasional slate patches along a definite line.of junction of two beds. .

. This, therefore, is the case of a pr1mary band of solid rock that lost its 1dent1ty
by the. play of stresses which have resulted in nothing beyond folded sediments. Could

* On some Features of the Ordovician Rocks at Daylesford,” T. S. Hart, Proc. Roy. Soe. Vic., vel. XIV.,
N.S. pt. I1., p.'167. .

a
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. the disruption of the amphibolite dyke channels at Cape Derison occur in a like
manner ¢ Can the primary dolerite dyke, under the more intense conditions which
have resulted in the decrystallisation, be considered a relatlvely plastic rock alongside |
’ ‘the granodlorlte . '

In this respect the only experlmental data avallable are not encouraging. " Adams
. and Coker* have carriéd out an investigation into the elastic constants of rocks during
which they determined the cubic compressibility (D = ratio of the stress per unit area
. to the cubical strain) of five marbles and hmestones, six gramtes and four basic plutomc

rocks. The average of their results i 15—
‘ D (in 1nch, pound units).

_Marbles and limestones .............. i 6,345,000
Granites ............. cereeiieeee 4,399,000 :
Basic intrusives .............. :" 8,308,000 :

These results show that the granites are much more compressible than' the ‘marbles
or the basic intrusives, The ‘experimenters varied one set of readings over a
temperature range of about 30° C. and found no perceptlble difference. The actual -
case, however, under temperatures which are vety high in- compamson to hvmg room
temperatures, may be possibly-very different. -

These results are the reverse of what our proposed analogy would lead us to expect
Yet we have the fact before us that the impressed conditions were sufficient to cause
‘the complete recrystallisation of. the dolerite, but only a very imperfect recrystalhsatlon
~of the granodrorlte In this sense the bas1c rock has been more susceptlble to the
' super1mposed~cond1t10ns '

With these expenmental data we must picture the basic dyke as a sheet of hard
rook enolosed in a mass of relatively soft rock, viz., the granodiorite, and we must
endeavour to understand what would happen to the system under the influence of great
stress. If the hardness can be associated with brittleness, then, perhaps, we may picture -
~ the-fracturing of the brittle sheet and the production of isolated fragments. That such .
fracturing actually occurs is shown by the observations of Adams and Barlow in the -
Haliburton and Bancroft areas. These authors figure and describe the initial stages
in the disruption of an. amphlbohte dyke embedded in crystalline limestonet. The
- basic rock, on the experimental evidence; is less compressible than the. limestone, and
. hence the experimeénts cannot furnish argumenta,tlve data, against the dlsruptlon of a

'bas1c dyke channel in granodiorite. :

We find further in the Kylesku to Loch Broom d1strlct in the North West, Scottlsh
nghlands 1 that basic dykes have been observed to be wrenched into a series of isolated.

* ‘ An Investigation mto the Elastic Constants of Rocks ” R D Adams & E: G. Coker. Pub 46 Camegre Inst. Wash.,
June, 1906.. ' : L

_ 1 * Geology of the Hahburton and Bancroft Areas,” F. D Adams & A. E. Barlow, Mem. 6, Ca,n Geol Surv 1910 ﬁg
G p. 160, Plates XXIX., XXX, '

1 “ The Geological Structure of the North-West Hrghlands Msm. Geol Surv Gt. Bntam, 1907 P- 169

Senes A Vol. n1., Part 1—-F
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lenticles or phacoidal masses . embedded in a zone - of granulitic gneiss. We' have,.
therefore, some reason to believe that the thin dyke channels of relatively hard rock
have been rendered discontinuous and irregular in localised areas, in some manner

not unlike that pictured in the case of a relatively thin band of soft shale embedded -

'in sandstone at Daylesford. The present lenticular outline of most of the fragments
_can be ascrlbed wholly to recrystalhsatlon under stress '

j..
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DiagraMMATIC REPRESENTATION OF -THE MANNER IN WHICH THE

. ‘FoLiaTIoN OF THE GRANODIORITE 'GNEISS BENDS AROUND AN
AMPHIBOLITE . INCLUSION, AND THE MANNER IN WHICH .THE

.FOLIATION OF THE AMPHIBOLITE PASSES DIRECTLY- THROUGH A

QUARTZ FELSPAR GNEIss INCLUSION ) ‘

The manner in Whlch the foliation of the granodiorite gneiss bends around the
contour of the enclosed fragments of amphlbohte is also a question 1nv1t1ng comment
. (fig. 8). .The same kind of observation has been recorded by Cole, Adams, and others
when it has been considered to demonstrate the stream lines of the gneissic flow around
the inclusion which has been carriéd along like a log in a stream.* At Cape Denison
the diverted foliation: must, be considered parallel with the foliation in the gneissic
xenoliths embedded in amphlbohte In the latter the- foliation of the amphibolite
continues stralght through the xenolith, sometimes quite irrespective of its angular
outline. In the first case a hlock of amphlbohte is embedded in a relatively large mass
of granodiorite, and in the second a piece of granitic gneiss is embedded in a relatively

* Op. cit., p. 74..
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Jarge mass of amphibolite. The same general metamorphic conditions have been applied
to each, and now the general foliation is diverted by the amphibolite block and not by
the gneissic block. There is some disparity in size between the two typical cases, but
we cannot see that any such dlsparlty can provide adequate ‘explanation. . '

It has been stated that the gne1ss1c xenoliths seem to show a greater- degree. of .
recrystallisation than the granodiorite or aplite ‘gneisses. This is probably to hé
explained by the degree of recrystallisation of the host. We obtain the following data
from Van Hise * :—The change of-augite to hornblende is exothermic, and, for an
assumed average composition,’ the- i increase in volume is 4-30 per cent., provided. all
the resulting compounds are solid ; ‘the change of augite to biotite is exothermlc and,
for an assumed average composition, the calculated increase in volume i is 17-26 per cent. ;
the change of felspar into each component of saussurite is exothermic and mvolves
expansion of volume. Hence we can be quite certain that the recrystalhsatlon of the -
dolerite which involves these changes has been accompanied by an expansion of volume
and a liberation of heat. The recrystallisation 6f the granodiorite is not so complete
as the recrystallisation’ of the dolerite. - We may, then, imagine that the small gneissic
xenolith enclosed in the relatively large mass of amphibolite has been exposed to greater
pressure and higher temperature than the main mass of the granodiorite gneiés Asa -
result the ‘small gneissic xenolith. shows a different. degree of recrysta]hsatlon than the
granodlomte gneiss, C

- If a small mass of rock be enclosed within a larger me,ss of another type and the
whole subjected to metamorphlc conditions, then I think it would be generally expected :
that the foliation would travel independently through the two types as has happened
in the case of the gneissic xenolith. We would, therefore, be inclined to view the diverted
foliation as the abnormal case, even though it has been more commonly observed. As
the general ‘metamorphic conditions are the same-in both cases, the only important
difference lies'in the greater expansion in volume of the amphibolite which is directly '
due to the chemical rearrangement. In this expansive eﬁect we are forced to conclude
must lie the cause ‘of the diverted foliation. '

* «Treatise on Metamorphxsm,” C. R. Van Hxse, pp. 271, 218,



CHAPTER IV.
1 ——THE GRANODIORITE GNEISS AT CAPE DENISON

The chief rock type at Cape Demson is a coarse- grained, grey- coloured gnelss with
a granitic appearance. It is foliated, and the strike of the foliation 1s N. 243° W. The”
dip of the foliation is at a hlgh angle, sometimes to the east and sometimes to the west.
By observation of these dips the axes of folds seem to be determined, but no evidence
.+ of folding 1 18 forthcoming from the study of the black’ amphlbohte.bands that traverse. '

" . the area parallel to the strike of the foliation. In the description of this gneissic type -

we exclude reference here to the patches of dark-coloured gnelss that may appear
enclosed in the gramtlc gneiss.

In the hand specimen the grey gnelss has a varying amount of schlst0s1tv
Foliation is well marked in some specimens, while only faint in others. Beautiful .
examples of contorted gneiss are found in -some places where the crystallisation
. schistosity is marked by bands of quartz and felspar (Plate XX., fig. 3). Yet the
. character - of the gneiss is fairly constant across Cape Denison. ' Quartz, felspar, and
biotite are always visible to the naked eye; magnetite is sometimes well developed, -
and there are- patches where the same is true of pyrite. In some parts -black vitreous
allanite 'is obvious and developed in flat prismatic individuals. The largest allanite '
crystal obtained is an impertect one, gin. long, %in. broad, and fsin. thick. ' Apatite
may also be abundant in the same areas as the allanite. Rarely large orthoclase _

_ crystals are found as white or reddish- white porphyroblasts up.to 2in. in breadth..

' In the hand specimens the normal texture of the rock is dominantly massive, but
a tendency to the schistose types can always be detected. The biotite flakes may bend
round large crystals of quartz and felspar and then there 18 a tendency to augen gneiss
and a rough lenticular texture. These lenticles may become flattened and more
granular and then a distinct banded appearance is evident (Plate XI., fig. 5). -Also
" the parallel bands of quartz and felspar. against mica - may develop the columnar
appearance of wood gnelss (No. 1434).

‘ The structure is granoblastlc due to the approximately isometric character of
" the quartz and felspar grains. Blasto- gran1t1c structure is present, because the original
big crystals of felspar.and quartz in the granite can ‘often. be reconstructed in the °
cataclastic ateas. .Cataclastic structures are common when quartz and felspar crystals
have been crushed. Mortar structure is common, but is usually best developed along the
junction of twofelspar crystals Diablastic structure is frequently seen in the crush areas.

- Specimen No. 11 has been selected and analysed as the normal type. It was collected
from the site of the main hut at Cape Denison. No. 11 will, therefore, be described
- first, and then the other types can be dealt with'in a relative manner.

. The' chief minerals present are quartz, microcline, orthoclase, andesme, perthlte,
and biotite, In smaller amounts are epidote, muscovite, sphene, chlonte and calmte
As accessories are apatlte, mrcon magnetlte, pyrite, and hematlte



THE METAMORPHIC ROCKS OF ADELIE L_ANb.—STILLWELL. - 85

The quartz is present in irregular, indented grains, and frequently shows marked
cataclasis. Some of the original crystals are replaced by interlocking granular aggregates
with . undulose extinction.” Well' marked strings of linear inclusions frequently pass’
through adjacent grains in “such aggregates. Microcline, with its characteristic cross
hatching, is abundant, and has developed from the original orthoclase of the granite.
In some cases the transition from orthoclase is incomplete, and clear orthoclase forms
_ the bulk of the crystal, which possesses a fringe with the cross twinning of microcline.. -

The microcline exhibits some cataclasis. Perthite or networks of soda plagioclase
and orthoclase are common in-large individuals. The orthoclase is in-large plates, -
- and an albitic plagioclase 'appea'rs in short, broken, more or less parallél strings which
have the higher refractive index. This perthitic intergrowth can be found along lines
. of m01p1ent fracture. Diablastic intergrowths of quartz and felspar, or of orthoclase
and plagioclase, -similar to -the micropegmatitic intergrowths, are common. It is
ev1dent that the 1ntergrowth ‘has a metamorphlc ongm, because, not only ‘are they
most frequent in the crush areas, but they may be seen, with a rounded outline,
developing parasitically within a plagioclase crystal. Sericite has developed from the
orthoclase and is chiefly to be found in the crush areas. Like secondary bietife, it tends

“to wrap itself around primary quartz and felspar. In one case it appears as a zone i

between two microcline crystals. It may also appear as a rim on 'biotite crystals
‘bending with the biotite. The original plagioclase has a refractive index above basal
quartz and below other grains of quartz, and is, therefore, referred to as andesine. The
application of Becke’s bright line method is limited because ,the ‘edges of the crystals
are frequently crushed. Saussuritic aggregates have, in some cases, developed from the -
andesine, but only granular epidote and rounded blebs of secondary felspar can be
dlstlngmshed in them.. o : v R

~ Biotite is common in the crush areas but it is not confined to them, and some of it
“may have been preserved from the ongmal granite. In some cases’ it tends to wrap
‘itself around the relic quartz and felspar. Its colour is normally brown, but there
is a subordinate quantity of green. .Green chlorite in small amount is 1nterlammated
with biotite. The biotite 1s often associated with epldote, sphene,  and magnetlte i
Sometimes there is a thin nm of granular epidote around the biotite. The rim may
also be serlclte, which may develop into muscovite, because the- latter is sometimes
~ associated with the biotite. Muscovite is sparingly present in individuals comparable
in size with, the biotite. Pleochroic halos in biotite appear around inclusions of zircon
and sphene. Epldote is present either in pleochroic crystals and grains or in the finely
' granular form. It is frequently associated with the biotite. '

Sphene is usually granular, but some wedge- shaped crystals are seen. Sometimes
it encloses a magnetite core, but not so frequently as in the amphibolites. Both sphene.
and epidote may be completely enclosed in biotite. Granular calcite has been found
- and has probably developed with the saussurite.. Apatlte zircon, pyrite, and magnemte

are scattered throughout.. The apatite may be in largecrystals, and the zircon 1s’_ -

noticeable in small well-defined crystals’ -with pomted ends Whlch ‘have olearly never

left thelr primary host.
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Other sectmns show variation in the degree of metamorphism of the rock. The
crush areas may be less abundant and the. andesine felspar better preserved. - The
twin lamellee of the andesine may be curved and bent by the pressure. - At the-same -

‘time there may be less sericite, less perthite, and less of the diablastic structure. In

other cases muscovite may be better developed or chlor1te may replace a portlon
~of the biotite, Whlle green hornblende may appear.

The rmcroscoplcal exammatmn, therefore renders it apparent that th1s gnelssA

_ 18 the metamorphosed equiivalent of a gramte or a granodiorite.

CHEMICAL CHARACTERS

" The followmg analysis of the type spec1men NoI 11, was made 1n Vlctorlan

| Geologrcal Survey Laboratory —

I 11 II1. 1v
S10, o 6710 - 6892 . 6862 6676
- AL O, -..... e e e 11487 7 1526 - 1570 14-38
FeoOf oo e 114 . © 080 1-66 204
FeO oo e 3-76. 3-30 1 375
MgO ... S , 180 0 | 164 128 C 271
CaO . ..ot e [PPSR - 347 304 356 4-62
NagO oovoieviiinon P e | 2:56 271 |- 508 - - 144
K0 o e e 3:50 . 293 - 1-31 3-33
H, O+ ...... e e e 068 - 104 056 - | Ign. 049
HO— . . ... 011 . L. 022 010 _
CO, .ot P e Nil Nil v Tr —
Ti0, ..... e e - 068 070 © 026 —
PO, ...l e R KN 05" ¢ N R ) K¢ 010 —
B0, v s Nil — — —
Ol e e 005 Nil Nil-
MnO .. e e Tr Tr. 007 014
_NiO, CoO .................................. Tr — — —
0,0, i - — Nil —
000 L e e Nil — — —
Li,O0...... e S S - Tr Tr. — —
BaO .............. et e e e e - Rt —_ . 002 —_
P [ ) — S — . 003 —
Total .............. SN el | 9992 - 10075 . 10012 .| 9966
Specific Gravity ............ e - 2725 |- 2688 = 2:72
- _ 1 . II.
Class ........ S . L .. I
Order ....... P T 4 4
Rang .............0...... 3 .. 3.
Bubrang ...l ‘.. 3 .. - 3
Magmatlc Name ..... e Amm.tose Amiatose

L Granodlonte gneiss, Specimen No. 11, hut site, Ca,pe Denison, Adelie Land. Analyst, J. C. Watson.
I1. Granodlonte, near Old Sawmill, Hesket Macedon District No. 35. Analyst, A, Ha.ll *
III. Typical banded gneiss, north side .of Hopkin’s Bay, Rainy Lake, Canada.t
1V. Biotite gneiss, near Sangobeag, Durness, Scotland:t

* « Annual Report of the Secretary of Mines, Victoria, for 1907,” p. 6l :
- % “ The Archean Geology of Rainy Lake, Restudied,”” A..C. Lawson, Geol. Surv. Canada, Mem, 40, p. 93.
" 1“The Geologlcal Structure of the North-West nghla,nds of Scotland,” Mem. Geol. Surv. Gt. Britain, 1907,
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* The analysis of the Cape Denison gneiss is strikingly.similar to that of‘{a grano-.
diorite, and an analysis of a Macedon granodiorite is, therefore, inserted for illustration. . -
The similarity is strong in all essential features, and both rocks occupy the same division
in the American classification. ~Analyses of a banded biotite granite gheiss ‘from the
“Rainy Lake region in Canada, and of a grey.blotlte gneiss from the Scottish- hlghlands,
are also quoted, and. these show general similarities to the Cape Denison gneiss. Such -
comparisons, which could be readily multiplied, are interesting in emphasising the
lithological uniformity in the Archeean terraines in all parts of the world. = Similar
rocks are known to exist in Australia and in South America and in South Afnca

The ‘ratio of the potash to the soda’is abnormal in the Canadlan'rock,~_whlle the
alkali percentage of the Scottish rock is lower than that-of the Antarctic rock. The
differences in total alkali percentage are made important in-Grubenmann’s classification -
of schists. The group values and projection values of these three gneisses are : —

. Group Values. Ifro]ectlon Values
. . after Osann.
Rock. :
8. |lAa o | ]Mlr K| ale |t
. : ‘ - : .
- No. 11, Cape Denison ........ | 740 | 51| 40| 78| — | 05| 16 | 60| 48| 92
Rainy Lake Gneiss .......... 1491 69| 31 61 10| — ) 14 85| 391 76
Banded Gneiss, Scotland...... | 728 | 37| 53| 95| — | 02| 17| 40| 58| 102

THE CLASSIFICATORY POSITION.

The Cape Denison gneiss occupies a position on Osann’s triangular projection
(fig. 9), which is midway between the mean group values of Groups I. and III. The \
Canadian rock enters Group I. and the Scottish rock Group III. The Cape Denison
‘gneiss should be considered as an intermediate type, and- it occupies a position on the
triangular projection halfway between the positions of these Canadian and Scottish
. rocks. - Since, however, it is the metamorphic equivalent of a granodiorite, and since
granodiorites are well known and definite rock types, it must be acknowledged that
the metamorphic equivalents of granodiorites should be recogmsed The Cape Demson'
gnelss is, therefore, best named as a granodlorlte gneiss. - :

The mechamcal effect of the metamorphlsm upon the orlgmal granodiorite is ev1dent-
" in the undulose -extinction of the quartz, the cataclasis of the quartz and felspar the
prominent mortar structure, and the tendency of the colourless minerals to be arranged
in layers of aggregated fragments Evidence for the following transformations have
also been noted :— ' - : _ v

1. Partial decomposition of primary biotite into epidote, sphene, a,nd ilmenite.

2. Partial decomposition of primary biotite into chlorite. /
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3. Partial saussuritisation of plagloclase

4. Partial change of orthoclase into- sericite.
5. Development of microcline from orthoclase.
6. Development of perthlte from plagioclase.

7 Development . of secondary b10t1te from chlorite.

0

' \/\/\m

Fig. 9

"1.:Mean position of Group I., the Alkali Felspar Gneisses.
III. Mean position.of Group III., the Pla,gmclase Gneisses.
A. Rainy Lake Gneiss.
_ . B. Scottish banded- Gneiss.
. . C. Granodiorite Gneiss, Cape Denison.

. The general survey of these changes indicates that the conditio_ns’of. Grubenmann’s '
epi zone of rock metamorphism, have been dominant.” The last three changes indicate
that there is an approximation to the meso zone conditions, and so also does the
_ occasional development of a rough crystalhsatlon schistosity. - Hence, while we consider
that the rock may be referred to as an epi granodlonte gneiss, the neso zone tendency
" should be recognised.
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o._THE APLITE GNEISSES.

Associated with the granodiorite gnelss are quartz felspar gneisses Wthh are the
metamorphosed equlvalents of pegmatite and aplite veins, which were most probably
connected with the intrusion of the original granodiorite magma. These gneisses are
red or white or grey, and appear-as small bosses or veins in the granodierite gneiss.
* The ‘bosses may be a dozen yards or more in width and the foliation cuts through them -
independently of the outhne of the boss or of the trend .of the. vein. As the surface
outcrop of the rocks is perfectly fresh and uncovered, it could be observed in the field
that the boundary between' the aplite gneiss and the granodlorlte _gneiss was often
indistinct, and there was frequently a gradual transition between the two. A ‘'set of -
_ specimens was accordingly collected across such a boundary and show a gradual change
from the pure white aplite gneiss through pale grey shades to the darker grey granodiorite
~ gneiss., " In.this we have another example of metamorphic diffusion. No field evidence !
is available concerning the relation of the aplite gneisses to the amphibolites. The small
quartz veins that cut the amphibolites may be correlated with quartz veins which fill
fractures in the granodiorite gneiss deﬁmtely subsequent to the development of the

- foliation.

No. 10a.—Specimen No. 10a is an example of the aplite gneiss and was. collected
from a vein about 18in. wide, close by the southern magnetic hut. "The trend of the vein
is approximately parallel to the direction of the foliation but was observed 1i in section
to cross it horlzontally In the hand specimen the Tock has a pale-grey colour and a
fine granuhmc appearance. Quartz and felspar are the chief minerals, but small biotites
_are evenly distributed through the rock and produce perceptlble SChlStOSlty Occasional
large crystals of allanite appear in the vein and have formed a centre of crystalhsatmn
" around Whlch felspar crystals radiate. . : : ! '

In thin section the. rock is even gramed with granoblastlc structure and Wlth
abundant evidence of mashing and granulatlon "It is composed chiefly of interlocking
crystals of quartz and felspar with smaller amounts of sericite, muscovite, and biotite, -

while magnetite, apatite, allanite, monazite appear as accessories.,

The quartz appears -in rounded, indented, and: interlocking grains, and’ shows
considerable cataclasis. Some of the granular aggregates of - quartz. have developed
from the primary individuals of the pegmatlte - At times there is a partial drawmg
out into lenticles and layers. Clear orthoclase is present, but the bulk of the' potash
felspar is microcline: “Some of the microcline is qulte clear and transparent and has .
developed from orthoclase as in the granodiorite gneiss. - The microcline may appear
as rounded blebs within thé quartz crystal.  Part may be relics of the original pegmamte
because microcline is a common constituent of such, and some microcline crystals show
_strain polarisation and incipient granulitisation. Perthite is present. A’ small portion
of the felspar‘has been séricitised and some of the sericite has passed over into muscov1tq
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Diablastic structure is common. That this vérmicular mterlockmg of quartz
and felspar is part of the metamorphic character is evident, because it is most common’
in the areas with marked cataclasis, and it appears wholly enclosed within felspar, crystals.
In other cases it has developed as a partial fringe to the plagioclase whose orlglnal outline

'1s quite evident, or it may transgress as a bight into the side of a crystal. These features
distinguish this intergrowth from the pegmatitic intergrowth of igneous rocks which is
the crystallisation product of a eutectic mixture, and which is the last to crystallise .
in the consolidation of a rock magma.. The diablastic structure does not have the
character of a.final product but it has arisen contemporaneously with the other meta-
morphlc minerals and structures. . S

* Small crystals of ragged brown b10t1te are evenly: dlstrlbuted throughout the
. slide, and- epldote may be associated with it. Odd grains of allanite are present, though
no crystal comparable in size with the large- examples exists in this slide. The
development of allanite is, however, quite a feature of this locality. Macroscopically
it has a black; pitchy lustre, arld in some cases, is surrounded by a reddish-brown zorie.
In thin section the allanite is found in reddish-brown pleochroic crystals. “When
associated with biotite it is surrounded by pleochr01c haloes. They are biaxial with
" oblique extinction. The double refraction in many cases is high, and there may’ be .
a small amount of zoning. " In such cases clinozoisite seems to be developed along its
" sides. In other cases it alters to a brownish- -yellow amorphous gum-like mass. . The
allanite proved- to have a refractive index greater than monobromnapthalin (1- 648) .
and less than iodmethylene (1-740). When equal proportions of these two -oils are
mixed, part of the crystal had a refractive index greater than the mixture and part less.
The mean refractive index is, therefore in the’ neighbourhood of 1-68, a value which
is on record for allanite. These characters are sufficient to render the identification

fairly certam

Since the cerium metals are present and apatlte is present as an accessory, it is to
be expected that monazite should be found. Grains are found with a heavy dark border
and with high polarisation colours and with marked similarity to zircons. Oblique

" extinction has been noticed, ahd these small crystals are, therefore, considered to be
monazite. Pleochroic haloes around monazite in biotite are strong. Accessory grains
of magnetite and regldish hematite are fairly cornmon, while clear apatite is _less S0.

The rock- corresponds closely to the family of ‘Glimmerarme meso alkali felspar
gneisses in Group I: of Grubenmann’s classification. The development of microcline and.,
perthite and the diablastic structure rather signifies the meso zone characteristics. It
may, therefore, be-described as an alkali felspar gneiss, poor-in mica, or an aplite

- gneiss developed. from an aplite vein under condltlons approxrmatmg to those of the
meso zone. ' :

No. 150. ——An'example (No. 150) from the pegmatite bossesis very similar in most’
respects to the example (No. 104) collected from a vein. It shows variation in its larger
grain s1ze, and 1ts more massive texture, and in general it shows stronger epi zone
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features. - Microcline and: perthite individuals are present, but there is a greater amount
of sericite. Relic plagioclase lamell® can be recognised in large sericitic masses. The
. development of sericite can be found along shear planes in microcline crystals. There -
is also some kaolinisation of the orthoclase. . Fracturing and granulation of the quartz’
and felspar is ‘more prominent than in the precedmg example, and so also is mortar
structure. = The diablastic structure is not common and mostly in.incipient stages.
The mrca content is small and includes green chlonte, green biotite, and white muscovite.
_The chlorite and biotite are often associated in one individual. ~ Grains of epidote are
associated with the mica.. A little calcite is present and magnetlte, apatite, monaz1te,
and allanite are again. accessories. The epi zone characters are here considered dommant
and the eéxample is descrlbed as an epi alkah felspar gnelss poor in mica, or a$ an’ ep1-
aplite gneiss.

In further examples the amount of serlclte may increase sufﬁclently to yield sericite
gneiss. Occasionally a relic garnet is found with considerable development of green
chloritic products along the cracks., The percentage of ferromagnesian miinerals increases -
towards the margin of the bosses as we pass outward through metamorphlc diffusion.
types into the granodiorite gneiss.

3——INTERPRETATION OF CERTAIN "VARIATIONS IN 'THE"
GRANODIORITE GNEISS 4 -

Since the boundarles of the aplitic masses Wlth the granodlorlte are in places
destroyed and replaced by metamorphic diffusion types, there is no a pr10r1 reason why
“such diffusion types should not, under favourable circumstances, extend ‘across the whole
width of the vein. In such contingencies the vein will completely lose its identity
and become part of the main gneissic mass. A study of metamorphic diffusion
specimens indicates that this has actually taken place. Rocks which were collected |
in the field as varieties of the granodiorite gneiss are now considered to be diffusion .

~ types. This is particularly the case with gneissés collected from the locality by the
magnetograph house, ‘which is the precise locality from which the conception of meta-
morphic diffusion is developed in the case of the amphlbohtes

t

In this case the gneiss has a lighter colour, due to.the absorptlon of some quartzo-
felspathlc material. The composition and the granularity are variable and the texture
is usually more massive. A feature of the locality is the abundance of monazite and
allanite (Plate XI., fig. 6) The allanite is found in'exactly the same manner as noted
in the aphtlc gneiss, t.e., frequently with a radial arrangement of felspar around it. No
definite gneissic vein is recorded from the precise point whetre the examples were colleoted
and they ‘are very similar to the metamorphlc diffusion products on other parts of Cape
Denison: : :

Specimen No. 60 is an example of the pale grey gneiss of this type. The chief
constituents are quartz, orthoclase, perthite, and microcline. The ferromagresian
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constituents form less thar 4 per cent. of the slide, whereas the normal ferromagnesmm
percentage of the granodiorite: gneiss-is about 18 per cent. Its silicity would, therefore,
be probably more comparable with the aplite gneiss than with the granodiorite gneiss.
Diablastic interlacings are abundant. Chlorite and epidote are associated with biotite
and muscovite. No hornblende is present. Apatite, monazite, and allanite are acces-
sories, and of these allanite is the best developed ‘ l ‘

Specimen No. 154 is a s1m1lar example, but possesses coarser gram size. There is
also a larger ferromagnesian percentage than in the prev10us case, and the blotlte appears
in clusters. The irregular distribution of biotite is noticeable in the hand specimen.
Muscovite is again present. .Large crystals of quartz, orthoclase, and plagioclase are
the dominating minerals. Some microcline is present, and the orthoclase does fiot 