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" I. INTRODUCTION.

THE group of rocks which are described below represent a collection of erratics made
from the moraines at Cape Denison, Adelie Land. With reference to their occurrence,
Sir Douglas Mawson states (1) :—

«“ None of them were met n situ; but the evidence of their occurrence in
certain moraines (their distribution), and the evidence of the rock types which do
actually outcrop on .sitw on that coast of Adelie Land, point to- the calc-silicate
‘series being located under the ice Cap to the south-west of Cape Denison, probably
in the depression at, the head of Commonwealth Bay, between Cape Denison and
Cape Hunter. This is rendered more likely, since this cale-silicate series would -

3 ’ ! Personal communication.

<
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erode more rapidly than the tougher schists and gneisses which appear in the
visible outcrops thereabouts. There is no doubt that the rocks of this series
represent phases of alteration of the same sedimentary series. The alteration has
been effected, it would appear, by the intrusions of extensive granitic magmas
now appearing as gneiss typically- dcveloped at Cape Denison and the Mackellar
Tslets.” '

‘The carbonate sediments from which these rocks have been derived were
characterised to a greater or less degree by the presence of detrital material, which in
the process of metamorphism has reacted with the carbonate minerals. This group of
rocks, however, with two exceptions, still possesses a content of free carbonate mineral.
Its quantitative amount is dependent in some cases on the degree of metamorphism of
the rocks concerned, and in others on the quantity of foreign material present in the
-original sediment, capable of chemical reaction with calcite or dolomite. Amongst
these rocks, there is no example which suggests any extensive addition of material
from magmatic sources, other than purely volatile constituents.

According to their mineralogic content, these rocks may be divided into the
followmg classes :— . — :

(1) Forsterite- Malbles
~ (2) Tremolite-Marbles, _
(3) Diopside-Tremolite-Marbles.
(4) Pyroxene-Garnet-Marbles.
(5) Pyroxene-Epidote-Marbles.
(6) Epidote- -Marbles.
(

7) Carbonate-free Calc silicate Rocks

The description of these various classes can now proceed seriatim.

II. PETROGRAPHY.

- : L ()FORSTERITE-MAR-BI ES.

The rocks characterised by the presence of magnesian olivine, comprise the
followmg —Nos. 135, 137, 307, 318, 392, 395, 402, 653, 992, 993, 994.

As a class, they are medium-grained, white to grey rocks. The majority are
characterised by the presence of yellowish-green pseudomorphs of serpentine after
forsterite, and these project on weathered surfaces. In No. 395, serpentine veins the
rock in two parallel bands, in the centres of which narrow venules of chrysotile asbestos
are developed. . Nos. 135 and 137 are characterised by the presence of orange-coloured
crystals with vitreous lustre, and these on examination prove to be chondrodite. In
No. 185, this mineral is. largely developed along a plane surface. Flakes of light-
coloured mica are sparingly distributed in a number of these rocks.
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It will be sufficient to describe the nature of the minerals of these rocks as a
whole, points of particular interest shown by -any of them being refererd to in the
course of this description. . -

The constituent mineral are dolomate, calcite, forsterite, chondrodite, spinel,
hornblende, diopside, phlogopite, serpentine, and magnetite.

The minerals which characterise the class are dolomite, calcite and: forsterite,
the remainder forming a subordinate group, whlch while often abundant, yet rank as
aceessory constituents to the class. » o o

Dolomite—While the ordina.ry method of differentiation between this mineral
and caleite is the staining method of Lemberg, yet the criteria which have been found
to operate in metamorphosed dolomites of other regions are often of use here. These
~ include the different types of twinnning shown by dolomite and calcite lespectlvely

and the degree of turbidity.

As earlier noted (') t‘,he dolomite twinning on the 0221 plane is sufficiently
distinctive in favourable sections, and the turbid character of the calcite also affords a

further means of dlscrlmmatlon. This polysynthetic twinning in dolomite suggests
that a secondary twinning along a glide plane is involved.

Calcite is quite frequently twinned in these rocks and the turbidity often observed
is due to the presence of minnte inchlsions which are probably carbonaceous.

Forsterite.—The usual habit is in 10unded grains or pmsmatlc crystals, in Whlch
the trace of the 010 cleavage parallel to the elongation is imperfectly developed. In
rocks Nos. 137 and 318 the olivine is almost completely free from decomposition, but
in the remainder all stages of serpentine development are revealed. Usually this is a
colourless type, but in some cases it appears of a pale yellowish green tint. In No. 992
the serpentine is accompanied by granules of secondary magnetite. Where developed
as an inclusion in the serpentine, the carbonate is usually calcite.

Chondrodite—Orange yellow crystals of a member of the humite group of
minerals are developed in rocks Nos. 135 and 137. In No. 135 they are partly
arranged along a plane through-the roclk, as if indicating the passage of ﬂum in¢e bearing
vapours along a bedding plane or other surface of interruption.

In thin section the mineral is noticeably pleochroic, varying from golden
yellow (X), to colourless (Y, Z). Twinning is faintly developed in some sections.
The extinction measured from- the 001 cleavage, the plane of lamellar twinning,
corresponds to that of chondrodite in the section available, reading 20 degrees.
Clinohumite 1s thus excluded. '

There is no trace of intergrowth with forsterite, and serpentlmsamon proceeds in
the same manner as in normal ohvme

L Geol. Mag., Vol, ivii, 1920, p. 453,
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Spinel.—The spinel of these rocks is usually the colourless magnesia spinel
developed in rounded grains or more rarely subidioblastic ‘with octahedral outline. 1t
occtirs isolated in-the carbonate minerals or may be intimately associated with
forsterite, oceasiona]lv enclosed in the outline of the latter. {

In No. 992, the spinel has the green colour of the pleona.ste type, and Is there
associated with magnetite which is developed peripherally and along eracks. It is
usually quite free from: alteration, but in some examples has developed a peripheral
ring of colourless serpentine.

Hornblende—A colourless amphibole is sometimes abundantly developed in
these rocks.  This is especially the case in rocks N&. 318. In this rock, the horn-
blende is developed as subidioblastic crystals enclosmg grains of forsterite, and also
as narrow corona-like rims to the same mineral. ~The wmineral shows the typical
amphibole cleavages, and cross-sections show the emergence of an optic axis, with the
optic axial plane bisecting the obtuse intercleavage angle.” These grains ate.optically
positive, and there can be no doubt that the mineral is edenite, and not the normal
tremolite. ~ Moreover the extinction angle exceeds the value for this latter type.
Tremolite is, however, not absent from these rocks, but is sparingly developed.

Diopside is present as an accessory constitutent in clear colourless grains, with
prismatic habit. In No. 395 it is present with tremolite fringing a band of serpentine,
There is no definite evidence however to suggest that the serpentine has a pyroxenic
derivation. The bands in_ this rock, with their accompanying chrysotile venules are

essentially of forsterite derivation.
K

Phlogopite_.—"l‘he colourless mica which is a frequent member of these vocks is
a type with very small optic axial angle, approaching uniaxiality, being the magnesia-
rich phlogopite variety common to metamorphosed dolomites.

(2) TrEMOLITE-MARBLES.
This class includes the following rocks : Nos. 306, 306a, 355, 406, 673, and 707,
The distinct habit of crystalline schists is given to these rocks by the abundant develop-
ment of fibrous amphibole. They are grey to green-grey rocks in which the amphibole
is present in light-green fibred often with a parallel orientation.  This, however; is not

a constant feature, the porphyroblasts of tremolite l)enw developed as i No. 406 in
diverse orientations.

A radiate arrangement appears in the 1ighter—coloured rock No. 707. On’
weathered faces the more resistant amphiboles usnally project from the general surface,

The constituent minerals are dolomite, calcite, tremolite, phlogopite, biotite,
(chlorite), magnetite, and apatite. : )

Dolomate is again revealed by the characteristic type of twinning, and both it
and the calcite are universally twinned on a polysynthetic scale.”
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Tremolite is & general constituent in idioblastic prisms, with positive elongation,
negative sign and large optic axial angle.© Tt is colourless in thin section, but macro-
scoplcally may develop a pale-green tint indicative of the presence of the ch,tlnohi.
molecule. ,

Phlogopite is colourless to pale ycllow-green, -and slightly plevchroic and always
with a very small gptic axial angle. ' -

Brown biotite 1s present in No. 355, and shows peripheral alteration to a light-green
chlorite. The phlogopite molecule is probably present in solid solution in its constitution.
It is assoclated with highly refracting and birefringent prisms of rutile, which are of
secondary origin, and result from its degradation. The remaining constituents of
these rocks call for no special remark.

'(3) DiorsipE-TREMOLITE RoCKs.

Two rocks are strictly included within this class, Nos. 303 and 657. No. 651
may be considered here for while tremolite is absent, calcite and diopside are the chief
constituents.

No. 303 is a coarse-grained grey rock with large crystals of diopside measuring
up to 1 inch or move in length. It is associated with light-green fibrous amphibole.
Pink-coloured calcite is sparsely distributed, and quartz can-also be recognised macro-
b@oplca.lly .

No. 657 is a finer grained rock in which on weathered sulia.ccs, the new-formed
silicates project.  As such, ean he; .recognised biotite, mica and green diopside.,

No. 651 1s a flesh-coloured crystalline marble containing porphyloblasts of light-
green lepSlde

The constituent. minerals of these rocks are calcite, dwpszdc treinolite, actinolite,

'-J)lOZLtP plagioclase, titanite, zircon, apatite, and secondary white micq. Dolomite has not

been recognised in thin sections by the twinning, nor in those sections examined by

staining.”  In No. 651 all carbonate can be decomposed in dilute hydrochloric acid.

The colourless pyrozene of No. 303 shows a lamellar twinning, and parting planes

parallel to the 001 and 100 faces. The extinction angle Z A ¢ 1s 41°. In No. 657 the

pyroxene 1s a colourless to pale green type. The colourless tremolite of No. 303 1s

fibrous paralle] to the ¢ axis and is wedged between larger crystals of diopside. The .

aniphibole of No. 657 1s distimctly coloured and pleochroic in light-green tints.  T'remolite
in this rock is also a constitient of pseudomorphous assemblages of white mica and
zoisite, which in some cases can be shown to také the place of plagioclase felspar.

Plagiocluse 1s developed in rounded grains, sometines with twinning lanelle.

after the albite aund pericline laws.  Théinore basic types are the less stable, giving

rise to pseudomorphs in which rica and zoisite are important constituents. There
are rounded grains whose refractive -index approximates to that of canada-balsam.
and appear to be near oligoclase in composition,
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Biotite is present in flakes showing a brown to pale-yellow pleochroisi.

A crystal of a mineral showing para.llel intergrowth of several individuals with
good crystal outline, is developed in thisrock. It is pleochroic in bluish-green to yellow-
green with bfown tints, is optically negative, and an optic axial plane perpendicular
to the elongation, the sign of which is négative. The pleochroic tints are those of soda
amphiboles; and the extinction i§ oblique (14 degrees). The position of the optic axial
plane cannot be the symmetry plane, however, if prismatic habit obtains. The only
‘metamorphic soda amphibole in which the optic plane is perpendicular to the 010 face
is crossite.  In the absence of further sections, no definite determination is possible.

(4) . PyrOXENE-GARNET-MARBLES.

. * Under this class come the rocks Nos. 658,730, and 849. They are essentially
types which would be grouped under the term ** Kalksilikatgneise ” by German and
Scandinavian petrographers.

No. 658 is a dark-coloured banded rock, consisting of layers of pink calcite in
which silicate minerals are sparingly distributed, alternating with bands rich in greenish-
black pyroxene, white felspar, and thin layers of brown garnet.

No. 730 is also a. banded calc-silicate-gneiss, showing layers of flesh-coloured
caloite containing greenish-black pyroxene, and porphyroblasts of garnet intimately
assoclated with epidote. Such a band is sepalated from ﬁnm -grained bands rich n-
felspa,I and pyroxene, by marrow layers of pyroxene and’ epldote

No. 849 shows la.Lge grains of da.lk brown garnet, pyroxene, d.lld yellowish-
green epidote in addition to calcite and colourless silicates.

These banded rocks with varying nnnera.loglcal composition attest the changing =
‘composition of the original carbonate sediment during its deposwlon

The constituent minerals of these rocks are calcute, pyrowene, garnet,” epidote,
scapolite, microcline, titanite, actinolite, quartz, apatite, magnetite and plagioclase.

~ The pyroxene of No. 658 is green in colour and noticeably pleochroic: X =

~ yellow-green, Y and Z = sea-green. The value of the extinction % A ¢ > 48 degrees,

and this figure when considered with the colour of, the mineral in thin section indicates

that the hedenbergite molecule must dominate, but that a content of sesquioxides Is

also present. The pyroxenes of Nos. 730 and 849 are also green in thin section, and
have a high extinction-angle corresponding to.a content of hedenbergite. The garnet
of these rocks has a clove-brown colour very similar to that of the associated titanite.

Lt is not idioblastic, and is often moulded on the green pyroxene. Tt is always isotropic.
In No. 658 it is associated with-green pyroxene, and may enclose thé .other minerals.
In No. 730 it usually forms a core to the epidote-garnet aggregates, the central garnet
being enclosed by a narrow corona of pleochroic epidote, ' |
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Prom its associations the garnet would be expecfed to consist largely of the
grossulavite and andradite molecules. The refringence of the garnet as measured
from fragments-in No. 849 is somewhat greater than 1-78.

s

Epidote is xenoblastic.  Tn No. 730 it is essentially a corona wmineral, and is
found as such surrounding garnet, pyroxene, scapolite plagioclase, and calcite. ~Around
garnet 1t is often closely associated with quartz in vermicular intergrowth. In these
mntergrowths calcite is often included, and they correspond to the symplektitic structures
of Sederholm." The epidote shows a well-developed basal cleavage, and is pleohroic
in yellow-green tints.

Uniaxial grains of scapolite of negative sign and elongation 1s an abundant
constituent of No. 658. A typical pflaster texture is often given by this constituent. -
’l‘he birefringence approximates 0-03. - A secondary white mica with positive elongation
is & common alteration product. In No. 730 scapolite is absent and plagioclase takes
its place. - Rock No. 849 shows pseudomorphs after (?) scapolite, in which white mica
and zoisite are the, prime constituents. The birefringence of the unaltered mineral
of these rocks indicates that the meilonite member is predominant.

Microcline grams with noticeable cross twinning are present in association with
pyroxene, and give a pflaster texture to bands which are vich in this felspar.

In No. 730 plagioclase is much decomposed, yielding aggregates of white mica. '
These grains arve often surrounded by a narrow rim of epidote. Some acid plagioclase
near oligoclase is interspersed among potassic felspar grains. '

Quartz is a-variable constituent, but is present n all three rocks. In No. 658
a number of vermicular intergrowths between scapolite and quartz are Jevealed (cf
sympleltites of Sederholm).

Actinolite is developing at the expense of pyr-oxene in No. 349.

Titawite is a constant member of these rocks. It may be associated with ggrnet;

but there is never any indication that it is secondarily derived from this mineral.

(3) PyroxenE-EriporTe-MARBLES.
Rocks Nos. 38, 310, 394, 996, and 1168 are included within this class. They are
medium-grained rocks, rich in calcite (with the exception of No. 1168). On weathered
surfaces, pyroxene and epidote project, the latter with the characteristic yellow-green

colouration. The epidote may be developed in narrow bands through the rock.
Metamorphic felspar and quartz likewise project from the general surface of the rock.

"The constituent minerals are calcite,- pyroxene, epidote, microchine, scapolite,
plagioclase, titanite, quartz, and actinolite.

- The pyrozene of these rocks is of a hedenbergitié type in'Nos. 38 and 310, with
noticeable pleochroism, as in the rocks of class (4). In No. 1168 the pyroxene in thin
section i3 less strongly coloured, but the extinction ZAg¢ 1s not less than 47° to 48,

1 Sederholm Bull. Comm. Geol. Finl. No. 48, 1916, p. 60,
*6636—B .
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so that the presence of sesquioxides 1s illdicé,ted. As a whole the pyroxenes may be
regarded as hedenbergitic. rather than diopsidic. A parting parallel to the 001 face
ie often developed (¢f. No. 1168). '

Lipidote is a very characteristic mineral of these rocks, present in irregular grains:
and again as narrow rims to other minerals. A basal cleavage is usually strongly
manifest. The extinction in.sections parallel to the optic axial plane is approximately
30° from the 001 cleavage. The optic sign is negative, with the optic plane perpendicular
to the cleavage. It is strongly pleochroic-in yelllow.is'h -green tints, and a high content
of Fe,0; 1s mdicated by a high b1refr1ngence of 0:04 (as in No. 38). Intergrowths
with quartz are not uncommon.

A potash felspar with mwmclme twmnmg 1s present in V‘Ll"l&ble amount, and
calls for no special remark. '

Scapqlite is present in Nos. 38 and 310, but is absent in the remaining rocks,

Tt has the high birefringence of the scapolites of the pyroxene garnet rocks. In No. 38

it may be surrounded by a narrow shell of basic plagioclase. . In many cases this cannot

be regarded as a secondary developrent of scapolite from plagioclase, as the boundaries

" are quitesharp. Rather it has the appearance of primary growth, and suggests that

plagioclase appeared in place of scapolite when the supply of essential mineralisers for
" the formation of the latter mineral became exhausted.

Bluish-green actinolite is present in No. 996, but is absent m the other rocks.
It forms independent crystals in the rock.

Quartz is sparingly dlstrlbuted in these rocks, a.nd very characteristically in
association with epidote. Its presence here suggests that it is a by-product in the
synthesis of epidote. :

Two single grains of pleochroic tourmaline are observed in No. 996. The
pleochroism scheme is O >F with O = dark green and E = reddish-brown.

(6) EPIDOTE-MARBLES.

The rocks of this class are Nos. 132, 305, 308, 384, 386, 534, 654, 676, 995, 997,
and 1163. As a class they are fine-grained rocks, which on weathered surfaces show
an abundant development of yellow- green' epidote. Some of them are banded, due
to streaks and lenses of this mmeml and irregular segregations can often be observed

The constituent minerals are calcite, epidote, actinolite, microcline, plagwclasc,
titanite, biotite, quartz, chlorite, apatite and magnetite,

Calcite shows abundant lamellar twinning, and the grain-size is very variable.
It is especially fine-grained in rocks Nos. 305, 386, 534, and 1163. In some examples
“distorted twin lamelle and mortarisation of the larger calcite grains (as in No. 997)
bear witness to the'shearing movements which have affected the rocks.
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Epiclote_is présent in yellowish-green crystals, which are often idioblastic; with '
a dominant basal cleavage. It is not infrequently disposed in layers through the rock, '
‘associated with quartz and felspar. This is strikingly seen in No. 132, where the felspar
"is largely microcline. The epidote is always a variety rich in fertic oxide, as is
indicated by its birefringence and pleochroism. It is only accessorily present in No. 654.
In No. 1163 the mmera] is undergoing change to a chloutlc product with anomalous
interference tints.

Actnolite in pleochroic plates of blue-green to yellow- green tmt is often present .
in association with the epidote.

M icrocline, plagioclase, and quartz are the colourless silica containing minerals.
The potash felspar with microcline twinning is closely associated with epidote and
quartz. The twinning is, however, not a constant feature, and in the absence of
cleavage and twinning, it is sometimes difficult to discriminate from plagioclase.

The plagioclase preéent in these rocks is usually of an acid type. . It may possess
both pericline and albite twinning lamell®. The.felspar of No. 995, for example, is
an optically positive type, whose refractive index is greater than that of canada-balsam,
but less than that of quartz. It corresponds to albite-oligoclase. Secondary
paragonitic (?) flakes are distributed through the grains. In the other rocks the
plagioclase very generally shows a refractive.index less than that of quartz: The place .
of the more basic felspars is evidently taken by the abundant epidote.

Quartz 1s qulte common as a constituent of the ground mass with calcite, and

" may sometimes vein the rock asin No. 997..

In the ba.nds of epidote in No. 132, the assoclated quartz shows rows of pores -
along cracks, oriented at right-angles to the long axes of the bands.

Gireen biotite is present in No. 132, assoclated with epidote, and a singlé\grain of
highly pleochroic tourmaline is also to be observed. ’ '

(7.) CarBONATE-FREE CALC-SILICATE ROCKS.

Two rocks which cannot strictly be defined in the classes already instituted
complete the suite of rocks. Both these rocks are completely free from primary
carbonate minerals.. No. 1153 18 a pinkish-white rock with a band of cale-silicate
minerals, partly diopside and partly a dark fibrous amphibole.

Under the microscope, the cale-silicate band shows a very pale tremolitic
actinolite, on the outer. edge of which colourless diopside 1s present. . This band is
succeeded by a band of saussuritic material, in which secondary white mica is plentifully
distributed.  Quartz is abundant in streaks and lenses. It shows the effects of ,
shearing stress in the undulose extinction and mortar texture. '

No. 128 is of greater interest. The hand specimen is a greenish-grey rock; in -
which small porphyroblasts of -felspar can be seen. In thin section the constituent
minerals are observed to be felspar, epidote, and clinozoisite as porphyrébla.sts1 whilst
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the ground mass is constituted of tremolite, zoisite (clinozoisite), quartz, felspar,
titanite, and apatite. Ipidote is present in idioblasts measuring up to 1-5 mm. .in
length. It shows a light yellow tint, but is seldom noticeably pleochroic. A basal
cleavage is strongly developed. The double refraction does not exceed 0-027. The
optic axial plane is perpendicular to the elongation and the cleavage, and the optic
sign is negative. L'winning on the 100 plane is rarely developed, and is seen in sections
cut parallel to the optic axial plane. The extinction is 3 to 4 degrees from the plane
100. TFrom the basal cleavage the angle Z A ¢ is 30°.

In sections neaﬂy.perpendiculznr to the optic axes, the interference. tints are
often ‘anomalous. A few of the porphyroblasts are optically positive. These are
clinozoisite. =~ It is clear that the porphyroblasts are types comparatively poor in’
le, Q,, and grade in composition from elinozoisite (optically posmve) with 1nue(mng
iron content to the more bn efrigent epldote (negative).

~ The pm_phymblasts of felspar are dominantly plagioclase.  They often show
both albite and pericline twin lamellwe.. In composition they grade from albite-
oligoclase to oligoclase.  Both optically positive and negative varieties are present,
and the refractive index is usually equal to or greater than that of canada-balsam.
The refrigence is, however, always less than that of quartz.  Potash felspar is sparingly
represented, optically negative and has a refringence less that that of canada-balsam,

The ground mass is constituted of ciua.rtz and alkali felspar, in which are set
~ fibres of colourless tremolite, prisms of zoisite, and less frequently highly refringent
grains of ‘titanite and apatite. The porphyrob]a.sts of felspar are remarkably free
from the constltuents of the ground mass.

III ‘REVIEW OF THE METAMORPHIC PROCESSES INV (jllg\f ED.

The mineralogical variation of the suite of rocks described in the foregoing is
vlearly resultant of two independent factors, viz.

(@) The range of chemical composition of the 01_‘1g'111a1 sediment,

(h) The grade of metamorphism which the several classes have experienced.

Accepting throughout that an additive metamorphism has been inoperative,
the rocks of classes (1), (2) and (3) are examples of metamorphosed dolomites. Classes
(4) and (5) represent types in which a gradation to a more calcareous sediment is
apparent, whilst in class (6) the meta.morphose'd equivalent of calcareous l_iﬁlestones
are revealed. A varying grade of meta.morphlsm 18 apparent.

The forsterite marbles bear witness to a metamorphism of essentially thermal
type. The Ssilica and alumina of detrital origin have reacted with the carbonate .
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‘minerals, bringing about a partial dedolomitisation.  The presence of fluorine is
established by the occurrence of chondrodite. - The halogen is doubtless derived from
the igneous magma to which the metamorphism of these rocks is due. ‘

In the second class of marbles, however, whilst dolomite is present with the
calcite, the dominant silicate mineral i$ neither forsterite nor diopside, but tremolite.
The habit of crystalline schists which these rocks possess suggests that in their
metamorphism the element of shearing stress was dominant. ~ Under these conditions
the antistress- mineral, forsterite, does not develop.

In the diopside-tremolite-marbles, dedolomitisation has been complete, and.the
residual carbonate mineral is calcite. ~ With the disappearance of dolomite, the entry -
of magnesia-free silicate is permitted, and 1n accordance with this, these rocks develop .
subordinate plagioclase.: The'composition and texture of the rocks of this class allows
them to be regarded as contact types.

In class (4) the pyroxene—ga.rnet ma,rbles an abundance of detrital constituents
Lias given rise to a varied assemblage of metamorphic minerals.  Microcline arises
from detrital sericite, the excess alumina being absorbed in the accompanying silicates,
" and scapolite develops in place of plaglocla,se when the necessary volatile elements are
present. -

The pyroxene, garnet and epidote, show by their- optical properties that a not
inconsiderable amount of iron is present in thew molecules. The source of this iron
oxide, is doubtless ferrous carbonate or hydrated iron oxide (linionite), in the original
sediment. 'The hedenbergitic character of the pyroxene shows that portion of the
magnesia is replaced by FeO.

The coloured garnet must be regarded as a grossular andradite solid solution.
This is confirmed by its paragenesis, and optically by the refringence. . A possible
type of reaction which has led to the development of this mineral may be represented
as follows :— :

6CaCO, + HALSLO, + Fe,0, + 4510, = 2Ca AlleSi, 012 + 6C0y + 21—1 0.

.Lpldote must be regarded as the youngest of the silicates. The pre§eilce of
the epidote-quartz symplektites around the garnet suggests that the development of
“epidote in these cases is attributable to a degradation of the garnet molecule in a later
stage of decreasing metamorphism,

3Ca, (AlFe),81,0,, + H,0 = 2HCa, (AlFe);81,0,, + 3510, + 5Ca0., '
the lime with carbon dioxide giving the associated calcite. A development from the
anorthite member of the plagioclase has also played a part. '

In the rocks of class (5) epidote 1s an abundant constituent, and must be given a
place as a primary constituent, derived either from a reaction of carbonates and ferric
oxide, with kaolin or sericite, in the latter case being accompanied by microcline. The
rocks of this class resemble those of class (4) with the distinction that garnet 18 nof,
represented and its place 1s taken by epidote.
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The rocks of class (6) resemble the products of the outer zone of contact.
metamorphic regions.  Pyroxenes are absent, and they are represented by actinolite.
Epidote is the most abundant coloured silicate.  The rocks are characterised by thei®
fine grain, and both structurally and texturally they bear witness to a comparatively
low grade of metamorphism. This- metamorphism has been sufficient however to
give rise to metamorphic felspar in association with epidote.  Much of the acid
plagioclase, however, must be considered as being originally developed in the rocks, for
its mineralogical association with calcite or with quartz points to this conclusion. The
degree of metamorphism has allowed recrystallisation, probably with increase of jgrain
size. -

In the carbonate-free rock, No. 128, the epidote and tremolite reactions have
proceeded to the exhaustion of the carbonate mineral.

V. PARAGENESIS. -

In the following table, the occurrence of the various minerdls in the suite - of
rocks is shown in their paragenetic relationships :—

SN EIE g 252 818,
15 5l SRl l2|2|3 8188
Calcite S A ol e ol e I o A ol I o e ol el sl s ol e N
- Dolomite ... N I e R e e I S A
Spinel I S S I B T e
Forsterite ... R e i e N [ =i 'y J )
Chondrodite A+l + |+ 4]+ +]+
Edenite I B I S I A o A S A :
Tremolite ... W e e o e e O e e el i e ol ol s ol B
Pyroxene ... A+l +|+1+ )+ +F1+FFF1+1+1 +
Microcline ... o+ - | |+ ++ ]+
Plagioclase o + Y T T U DRSO I U g &
Secapolite 4+ N I I R I S I S A S e
Garnet o4 + |+ i+ F+ ]+ ++F
Epidote | Bt e ol ol ol e o U ol o O
Quartz |+ Il o I B I o I

The part played by the lime-alumina silicates is clearly shown in the paragenetic
relations of such minerals as plagioclase, scapolite, garnet and epidote. In dolomitic
- limestones, they enter only- after dolomite and the pure magnesian silicates and
aluminate (spinel) liave disappeared. "Microcline appéars in a - similar fashion.
Detrital sericite is first converted into the magnesian-mica, phlogopite, which is
characteristically a member of the forsterite marble group of rocks. This mineral
reacts later with silica and caleite giving pyroxene and microcline,
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"In these rocks pure magnesmm a,lumlmunl silicates do not occur. ~ Of these
latter, cordierite and pyrope garnet are the types. Cordierite is unknown amongst
metamorphosed carbonaté rocks, 'and is unstable in the presence of monoclinic
pyroxene. (toldschmidt (1) considers that its absence may be attributed to a reaction
of the form— ' .

Mg, A1Si,0 o+ 20aMgSi0, = 4MgSi0, + 2CaAL8i,0, + SiO,

yielding enstatite or hypersthene, as in the limestone contact zones of the Clristiania
region. A rhombic pyroxene is, however, wholly wanting in these Antarctic rocks, as
“in the prodict of other areas of regional metamorphism. In this respect the, meta-
morphism in the Christiania region may be regarded as the 1dea.l thermal type
unaccompanied by any notable shearing stress (?). )

In the rocks now studied, the alumina of potential cordierite is répresented in |

plagioclase, and the magnesia in monoclinic pyroxene.(’) - According to Hskola (%)
garnets containing more than 75 molecules per cent. of pyrope are unknown, and even
these are confined to eclogitic rocks, and unknown amongst metamorphosed dolomites.
In this respect pyrope and grossularite differ widely in their paragenesis.

Throughout this suit of rocks quartz is stable in the presence of calcite. Even
in the carbonate-free calc-silicate rock (No. 128) there is no development of wollastonite.
The application of Nernst’s heat theorem to the equilibrinm—

CaCO, + 8i0, 2> CaSi0, + CO,

gives a PT curve which rises with the pressure. Ior aluminous and ferromagnesian
lime silicates the cmrespondmg curves, as Goldschmidt (° ) has pointed out, run at less
elevated temperatures.

'Whilst these more complex silicates (epidote, tremolite, pyroxene, &c.) were
abundantly produced, the development of wollastonite—the high-water mark of
metamorphism in calcareous sediments—was not. attained.

YV, M. Goldschmids, Vidensk, %knfter, 1911, No 1, p. 138. 2 A. Haiker, Pres. Address Geo. Soc., 1318, p. LXXVILIL
3 (el Mag!, vol. ivii, 1920, . 496. 4 P. Kskola, Norsk. Geol. Tidsskr. vi, p. 172-3.
sV, M. (‘n!dschmldl‘, Vidensk Skrifter, 1912, No. 22, p. 12.
4
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V. EXPLANATION Ol PLATES.
Prate XXXV
. : ! y o
Fig. 1.—Calc-silicate marble. Photo of the natural surface developed by weathering
under Antarctic conditions of wind and drifting snow. The softer carhonates
are removed, leaving the harder silicates standing prominently in relief.

Concomitant with the metamorphism of the rock, are evidenced contortion
and brecciation of the harder bands. Two-thirds natural size.

Fig. 2.—Calc-stlicate-Gneiss (Garnet—pyroxéne-Mmrble.) Specimen  No.- 658. The -

photograph shows alternating bands of calcite, green pyroxene and felspar,
and brown garnet. '

The continuous black bands ave seams of grossular-andradite, and the’

remaining black lenses and streaks are hedenbergitic pyroxene associated
with white felspar. About natural size.

Prate XXXVIL.

Fig. 1.—Forsterite-Marble. Specimen No. 318. The microphotograph shows calcite,
dolomite, forster_ite, spinel, and the aluminous amphibole, edenite.

"The amphibole is typically developed -as coronse around the forsterite
grains. Isolated grains with amphibole cleavage are present in the lower
half of the photograph. The clear carbonate grains immediately above are
dolomite. Magn. 40 diameters. - '

1]

. 2—Garnet-pyrozene-marble.  Specimen No. 658. The constituents shown are
garnet, green pyroxene, scapolite, microcline, a symplektitic intergrowth of

scapolite and quartz, and grains of titanite, apatite and calcite. Magn. 40

diameters.

Pig. 8.—Garnet-pyrovene-Marble. Specimen No. 730. The constituents are garnet,
epidote, plagioclase, green pyroxeme, cilcife, and quartz. The garnet is
surrounded by a shell of epidote, intergrown with quartz and some ‘calcite.
The large plate of plagioclase is filled with a sericitic decomposition product,

~and is itself bordered by a perimorph of epidote. Magn. 40 diameters.

=
-
=)

clinozoisite, epidote, plagioclase, microcline, tremolite and quartz. ‘The
. porphyroblasts of epidote and felspar are set in a ground mass of tremolite,

zoisite, quartz and felspar. The felspar porphyroblasts are remarkably free

~ from the groundmass constituents. Magn. 40 diameters.

Sydney: Alfred James Kent, Acting Government Printer—1623.

d. 4.——0mbonate-freé calc-stlicate rock. - Specimen No. 128. The constituents are ~

-
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