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ABSTRACT

THIS report embodies the results of an investlgation of the
volcanic, plutonic and hypabyssal rocks in two geologically
related areas of Palmer Land which are about 40 km apart.

In the first of these, the Taurus Nunataks—Braddock
Nunataks area, volcanic rocks of probable Upper Jurassic age
form the relic of a composite cone. Its components grade from
andesitic tuffs and infrequent breccias, with interbedded basaltic
lava-flow horizons, into ‘a restricted: horizon of rhyolitic lavas,
and into further andesitic. tuffs with interbedded augite-andesite
lava flows. The upper tuffaceous sequence ‘and agglomerates
which occur in a prominent vent contain large rounded grano-
diorite boulders, apparently derived from earher mtrusnve rocks
which have not been found in sifu.

Andean granodiorite, which has subsequently invaded these

volcanic rocks, contains elongated basic inclusions and: distinct

linear flow structures which trend slightly west of north. Intru-
sion breccias developed at sharp contacts and the hybrid nature
of the marginal granodiorites indicate that its advance was con-
trolled by assimilation rather than by granitization of the vol-
canic rocks, which are hornfelsed or metasomatized over a
narrow contact zone. Pegmatite dykes cut the coarser-grained
granodiorites but mineralized minor intrusions allied to the

granodiorite, which strike sub-parallel to the contacts, cut both
the plutonic and volcanic rocks. A basaltic dyke swarm trends
slightly west of north throughout this area.

In the second area, the Batterbee Mountains, acid extrusive
rocks crop out around Swine Hill. The lowest sub-aqueous
pillow lavas are succeeded by an apparently terrestrial succes-
sion of rhyolite flow lavas with interbedded tuffs and volcanic
breccias, which are most abundant in the upper horizons.
Quartz-porphyry lavas, exposed at the top of this succession,
may be equivalent to similar rocks at Horse Bluff. A vent
agglomerate -of indeterminate age in Norman Glacier also
contains rounded boulders of earlier intrusive rocks.

The volcanic rocks in the western Batterbee Mountains are
intruded by granite, which is considered to be genetically related
to gabbro and granodiorite intrusions farther east. These
probably represent the Andean Intrusive Suite, and the grano-
diorite, which is similar to the Braddock Nunataks representa-
tives, intrudes heterogeneous ‘gabbroic rocks north-east of
Mount Bagshawe. Several mineralized quartz-porphyry minor
intrusions and a north-north-west trending basaltic dyke swarm
are the most recent geological features.
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1. INTRODUCTION

1. Locality :

The original intention of this survey was to prepare a
reconnaissance geological map of Palmer Land betwen lat. 70°
00’ and 71° 30’S, using the existing:depots and working east-
ward from the eastern margin of George VI Sound (Fig. 1).

Working from the advance field station at Fossil Bluff on
Alexander Island, the first observations were made between 24
September and 28 October 1964. Between 9 and 15 November
1964, a detailed plane-table map was made at a ‘scale of
. 1:100000 of part of the western edge of the Batterbee
Mountains between lat. 71° 13’ and 71° 30'S, and geological
field: observations made .at' Swine Hill and Horse Bluff were
incorporated. The resulting composite map (Fig. 1), compiled
from previous topographic survey work, from relevant Ronne
Antarctic Research Expedition (RARE), 194648, air photo-
graphs and from the author’s plane-table survey, covers the area
between lat. 71° 10’ and 71° 30’S, and long. 66° 45’ and
67°45'W.

The final and most important part of this topographic and
geological survey was made between 17 November and 30
December 1964. Working from the depot sited at the central
member of the Taurus Nunataks, a range-finder was used to
measure a base line between fixed points ‘on two nunataks
bracketing the depot site. Using this base line, a 1:50000
plane-table map was made of an area of about 1 800 km? of the

Palmer Land plateau between lat. 70° 45’ and 71° 45'S, and

long, 65° 30’ and 66° 30’W. At the same time, geological
observations were made in the nunataks.

2. Previous work

Prior to this survey work, the area of Palmer Land between
lat. 70° and 72°S had been seen from the air and had been
travelled over on two reconnaissance journeys. First seen by Sir
Hubert Wilkins in 1928 and then by L. Ellsworth in 1935 on
their historic flights down the east coast of the Antarctic Penin-
sula, no part of it had been surveyed until the exploratory
journeys undertaken by the British Graham Land Expedition
(BGLE), 1934-37. Much of the northern and western parts of
this area was broadly mapped by W. L. S. Fleming, G.C. L.
Bertram and A. Stephenson, who made a survey journey down
George VI Sound to lat. 72°S in the last months of 1936.
Records of this journey were published (Stephenson and
Fleming, 1940). Between October 1936 and January 1937, J.
Rymill and E. W. Bingham made a survey journey eastward
across the plateau along lat. 69° 45'S to the area including
Wakefield Highland. Their observations were incorporated in a
further report (Stephenson, 1940), while notes on the scientific
work of the expedition were also published (Fleming and others,
1938).

Between November 1940 and January 1941, F. Ronne and C.
Eklund, members of the United States Antarctijkc Service Expedi-
tion (USASE), 1939-41, made a reconnaissance sledge journey
from Stonington Island to Ronne Entrance. Travelling over the
plateau of Palmer Land from the Wordie Ice Shelf to the
Batterbee Mountains, between long, 67° 00’ and 66° 30'W,
they eventually descended from the plateau down Norman
Glacier (Fig. 1). The. geological specimens collected by ;hem
were examined and reported on by Knowles (1945) ‘This
journey, which was to some extent intended to provide ground
control for a subsequent air-photographic survey, motivated the
RARE, 1946-48. Trimetrogon photographs of flight lines M3
and M7 of this expedition partly cover the western mountam
ranges of Palmer Land, Some detail in the southern central part
of the 1:500 000 Dlrectorate of Overseas Surveys (DOS) map
of this area has also been sketched from the RARE trrmetrogon
photographs of the east coast of Palmer Land.

In 1948-49 and 1949 50, V. E. Fuchs and R. J. Adie made
two survey journeys down George VI Sound as far south as lat.
73°.12'S, adding to the detail of the survey and collecting geo-
logical spec1mens from the Batterbee Mountains. :

It was in 1960 that the Falkland Islands Dependencres Survey
(FIDS) advance field station at Fossil Bluff was establrshedkto
enable more detailed surveys to be made in Alexander Island
and in the southern part of the Antarctic Peninsula: In 1963, 1,
Morgan and D. Nash: (surveyors) and R, R, Horne (geologist)
made 'the first reconnaissance journeys on to the Palmer Land
plateau, travelling as far eastward as Mount Cadbury. The’ geo-
logical information obtained during this journey has been incor-
porated into the present work. To assist this and future recon-
naissance journeys, large depots were laid by aircraft at
Thomson Rock and at the central member of the Taurus
Nunataks early in 1964. It was by working from these depots
that the field observations recorded here were made.

3. Scope of the present study

Considering the degree of accessibility of the outcrops on the
plateau and in the Batterbee Mountains, the large distances
between nunataks exposed on the plateau and the time avail-
able, it was decided to select the most important exposures as
“type areas”, and to compare the other outcrops with them.
Relatively detailed geological observations were made at Swine
Hill, station KG.214 in the Braddock Nunataks and station
K@G.227 in the nunatak group 10 km north-west of Cetus Hill;
the extent of the field mapping in other areas depended on therr
geological significance.

In addition to making a regional geological survey of the
Taurus Nunataks area, the following particular aspects were
studied: : ‘
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A composite geological sketch map of the northern part of the Batterbee
Mountains discussed in this report.
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i. The stratigraphical succession in the volcanic rocks and its
correlation between adjacent nunataks.
ii. The thermal metamorphic effects observed at the contacts
between the granodiorites and the voleanic rocks.
iii. The siructural pattern in the granodiorite which was built
up from systematic joint and lineation measurements.

In the Batterbee Mountains the following further aspects were
studied:

i. The relationship between the various plutonic rock types.

ii. The correlation of the stratigraphical succession in the
Batterbee Mountains with that in the Taurus Nunataks
ared,

In general, the conclusions reached on the physiographic
evolution, stratigraphy. structure and petrology of the Taurus
MNunataks arca are compared with the less detailed observations
made in the Batterbee Mountains.

1. PHYSIOGRAPHY

Tue Antarctic Peninsula between lat. 70 and 72°8 is largely
covered by an ice cap which falls gradually from approximately
1 325 m at its centre westward Lo George VI Sound and east-
ward to the Weddell Sea.

The ice cover in the Taurus and Braddock Nunataks area
forms a plateau which slopes gently westward and is penctrated
by many nunataks. Each isolated nunatak and group of nuna-
taks forms a barrier to the westward flow of the ice and causes it
to bank up against the inland edges of the rock outerops, Conse-
quently. the plateau surface in this area falls towards the west in
a series of steps (Fig, 2).

FiGure 2
A wview of part of the csearpment of the north-central part of the Braddock
Munataks: this shows the ice banked against its eastern Nanks. A wide glacier
lowrs through the gap between the north-sasternmost and the south-western
group of the Braddock Munataks.
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FIGURE 3

A view northward from the east summit of Mount Bagshawe showing the
east—west-trending glaciated ridges of Horse Blufl. Gurney Point and Wade
Point. each of which is separated by broad crevassed glaciers.

In contrast to the previous area, al the eastern margin of
George VI Sound the Batterbee Mountains form a high moun-
tain massif’ which has rccently been deeply dissected by valley
glaciers. lce flows down these glaciers from the Antarctic Penin-
sula plateau to George VI Sound between the east—west-trend-
ing ridges of Wade Point, Gurney Point, Horse Bluff, Swine Hill
and Bushell Bluff (Fig. 3).

|. The Tawrus and Braddock Nunaiaks area

Superimposed on the convex profile of the ice cover in the
Taurus and Braddock Nunataks area are local variations caused
by a combination of the westward movement of the ice around
the nunataks and over the sub-ice topography, and by the
accumulated drift snow banked against the northern and eastern
sides of the nunataks.

Two groups of nunataks form barriers to the westward flow
of the ice. The first comprises the north—south-trending nunatak
ridges of the south-western and south-eastern groups of the
Braddock MNunataks, including the north-easternmost nunatak
(KG.213) Ice banked against the eastern flanks of these nuna-
tak ridges flows down steep crevassed ice cliffs and ice falls as it
is constricted between the individual peaks (Fig, 2). The steep
western faces of many of these nunataks are to some extent the
resull of the castward regional dip of the voleanic succession
forming them. but they may also indicale that at an earlier
period in the plateau’s history westward-flowing ice completely

g

FIGURE 4
The group of nunataks [Q km north-west of Cetus Hill viewed from the north.
The western nunatak has a glaciated pavement on the summit.
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covered the nunataks and accentuated the asymmetry of the
escarpment. However, this conclusion cannol be applied to the
south-eastern group of the Braddock MNunataks, which are
almost completely submerged by the ice.

South of the Braddock Nunataks, the nunatak group [0 km
north-west of Cetus Hill forms a less formidable barrier to the
westward ice flow. A large snow and ice dome has formed east
of the nunatak group 10 km north-west of Cetus Hill and the
nunataks which contain this mass of ice also possess steep cliff
Faces on the lee side of the ice Aow (Fig. 4).

Because of their isolation, individual nunataks such as the
easternmosl and westernmost of the Taurus MNunataks, the
nunatak 6.5 km north-cast of Cetus Hill and the main peak in
the nunatak group 10 km north-west of Cetus Hill have been
carved into ridges and arétes trending in the direction of the
westward ice flow (Fig. 4).

The surface topography in this part of the plateau is also
modified by accumulated drift snow. The prevailing wind in
summer is a katabatic north-easterly, which, judging by the
height of the sastrugi, is more powerful among the nunataks
than on the flat snowlields. The windscoops north and east of
many of these nunataks owe their position to this prevailing
wind, which has also contributed to the long shallow snow
banks north and east of the Taurus Nunataks., the isolated
nunatak 12 km west of the Braddock Nunataks, the south-
western group of the Braddock MNunataks and the nunatak
group 10 km north-west of Cetus Hill (Fig. 4).

Several other features of the topography are worthy of
mention. Continuous lines of morainic debris up to 1.6 km in
length, which occur on the platean surface west of the south-
western group of the Braddock MNunataks are medial between
adjacent ice streams and trend westward with the dominant ice
Aow. Bergschrunds are always present around the nunataks but
crevasses which originated in a different way oceur south of the
nunatak 2.5 km south-south-east of Cetus Hill. Here, ice, which
is flowing rapidly past the southern edge of the nunatak, is
broken into pressure ridges by the friction at the icefrock inter-
face. Similarly formed arcuate crevasses were observed south of
the westernmost of the Tauwrus Nunataks and the Friedmann
Munataks. Ice falls and crevasses also occur along the lip of the
ice ¢liff where the westward-flowing ice is constricted between
the nunataks forming the south-western group of the Braddock
Munataks. For the same reason, the steep section of the glacier
separating the northern and southern groups of the Braddock
Munataks is heavily crevassed (Fig. 2). However., crevasses
which occur on the lip of the ice cliff. which extends east of the
nunatak 6.5 km north-east of Cetus Hill are considered to he
due to irregularities in the sub-ice topography which are
sufficiently close to the surface to interrupt the regular ice flow.

Avalanches are derived from the ice clilT between the north-
weslernmost and north-easternmost of the Braddock MNunataks.
Both this cliff and the ice eliff joining the nunataks of the south-
weslern group of the Braddock Nunataks are strewn with debris
which has avalanched in the warmer weather.

For a relatively short time in the summer, water is formed
from the snow melting on the rock outcrops and it was seen 1o
form small pools on the surface of the blue ice in the wind
scoops around the nunataks of the group 10 km north-west of
Cetus Hill, This phenomenon was recorded in December and the
large flat area of blue ice which was observed in the windscoop
at the fool of the northernmost of the south-western group of the

FIGURE 5 :
A pothole in granodiorite on the rounded summit of the nerth-westernmest of
the nunatak group 1O km north-west of Cetus Hill,

Braddock Nunataks | month earlier may have been similarly
derived. It is doubtful whether running water could or has
modified the shape of the rock outcrops in this part of the
plateau. The only evidence Lo support this was the occurrence of
# pothole 15 cm in diameter on the rounded summit of the
north-western nunatak of the group 10 km north-west of Cetus
Hill (Fig. 5}, which is similar to those found in the beds of fast
running streams. This may have been formed by mell water as
this nunatak was emerging lrom its ice cover,

2. Batierbee Maouniains

In contrast to the Taurus and Braddock MNunataks area, the
Batterbee Mountains and their outlving nunataks are a dissec-
ted mountain massif with a residual ice cover. Near the coast of
George VI Sound. the outcrops tend to be high steep-sided
blocks with relatively Rat summits (Fig. 6). These are separated

FIGURE 6
Aowview southward from the Bushell Blufl survey cairn showing the fla
summits and sieep western cliff faces of the rock massifs bordering George V1
Sound,
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by trenches occupied by heavily crevassed valley glaciers
descending westward from the plateau.

Where the glaciers from the plateau flow into the ice shelf of
George VI Sound, an area of pressure ice always develops and
in summer melt-water pools frequently fill depressions in the
pressure ice. At the foot of Bushell Bluff, a small ice-collapse
structure (cf. Fleming and others, 1938, p. 512) was observed
(Fig. 7) and this may have been caused by subsidence along a
tide crack. At the same locality, moraine debris betweenice
streams: from Norman Glacier and from an adjacent minor
glacier to the south extends about 1.6 km westward on to the ice
shelf of George VI Sound.

Towards the east, the ice covers the mountain peaks more
extensively - and beyond Mount Bagshawe only the highest
summits penetrate the ice cover (Fig. 8). The configuration of
the plateau here is similar to that of the Taurus and Braddock
Nunataks area. The ridge of Thomson Rock and the aréte of the
nunatak 25 km north-east of Mount Cadbury trend in the direc-
tion of westward ice flow, while the windscoops north and east

FIG RE 7
The ice-collapse structure at the foot of Bushell Bluﬂ" and the morainic debris
accumulated on the ice shelf of George VI Sound.
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FIGURE 8
A reconstruction (from the RARE air photographs; RT M7 163—176) show-
ing the increasing ice cover towards the east in the Batterbee Mountains.

FIGURE 9
A view of the 30 m deep windscoop at the north-east of Thomson Rock show—
ing the'overhanging lip and the layered ice in the w1ndscoop face:

FIGURE 10
The aréte of the eastérn nunatak of the main north-south ridge 5'km east of
Mount Bagshawe: The trend of these ridges is considered to have resulted from
the mineral lineation in the gabbros forming them.

of Thomson Rock (Fig. 9) and of the main north—south ridges
5 km east of Mount Bagshawe also indicate that a north-easterly
wind prevails inthis part of the plateau. However, the arétes of
these ridges (Fig. 10) .have a north—south trend ‘which is con-
sidered to have resulted from a pronounced mineral lineation in
the gabbroic rocks forming them. ‘

Avalanches were more frequently observed in the Batterbee
Mountains ‘than in:the Taurus and Braddock Nunataks area,
and these were particularly derived from the cirques and ice falls
on the flanks of Mounts Bagshawe and Ness.

3. Landscdpe evolution

There are many features which indicate -an earlier, more
extensive ice cover as postulated by Knowles (1945, p. 134).
Large ice caps, which may be the remnants of a former more
complete ice cover, occur on the summits of Swine Hill (Fig. 11),
Bushell Bluff and the ridges south of Armstrong Glacier. In the
coastal mountains north of Swine Hill and around Horse Bluff,
there are several large north-west-facing cirques. Although these
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by trenches occupied by heavily crevassed valley glaciers
descending westward from the plateau.

Where the glaciers from the platean flow into the ice shelf of
George VI Sound, an area of pressure ice always develops and
in summer melt-water pools frequently fill depressions in the
pressure ice. At the foot of Bushell Bluff, a small ice-collapse
structure (cf. Fleming and others, 1938, p. 512} was observed
(Fig. 7) and this mayv have been caused by subsidence along a
tide crack. Al the same locality, moraine debris between ice
streams from Morman Glacier and from an adjacent minor
glacier to the south extends about 1.6 km westward on Lo the ice
shell’ of George VI Sound.

Towards the east, the ice covers the mountain peaks more
extensively and beyond Mount Bagshawe only the highest
summits penctrate the ice cover (Fig. 8). The configuration of
the plateau here is similar to that of the Taurus and Braddock
Munataks area. The ridge of Thomson Rock and the aréte of the
nunatak 25 km north-gast of Mount Cadbury trend in the direc-
tion of westward ice flow, while the windscoops north and east

ol e

4 FIGURE 7 i }
The ice-collapse structure at the foot of Bushell Blufl and the morainic debris
accumulated on the ice shell of Georpe ¥1 Sound.
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FiGure 4

A reconstruction (from the RARE air photographs; RT M7 [63-1T5) show-

ing the increasing ice cover towards the east in the Batterbee Mountaing,

FlrGuee 4
A view of the 30 m deep windseoop al the north-east of Thomson Rock show
ing the overhanging lip and the lavered ice in the windscoop face.

FiGure 10
The aréle of the eastern nunatak of the main north—south ridge 5 km cast of
bount Bagshawe, The trend of these ridges is considered to have resulied from
the mineral lineation in the gabbros forming them,

of Thomson Rock (Fig. 9) and of the main north—south ridges
3 km east of Mount Bagshawe also indicate that a north-easterly
wind prevails in this part of the plateau. However, the arétes of
these ridges (Fig. 10) have a north—south trend which is con-
sidered to have resulted from a pronounced mineral lineation in
the gabbroic rocks forming them.

Avalanches were more frequently observed in the Batterbee
Mountains than in the Taurus and Braddock Nunataks area,
and these were particularly derived from the cirques and ice falls
on the Nanks of Mounts Bagshawe and Ness,

3. Landscape evoluiion

There are many features which indicate an earlier, more
extensive ice cover as postulated by Knowles (1945, P 1340,
Large ice caps, which may be the remnants of a former more
complete ice cover, occur on the summits of Swine Hill (Fig. 113,
Bushell Blufl and the ridges south of Armstrong Glacier. In the
coastal mountains north of Swine Hill and around Horse Bluff.
there are several large north-west-facing cirques. Although these
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rejuvenation of this peneplaned surface in the late Tertiary, and
subsequent erosion. of this peneplain under initially mild climatic
conditions. Both Mounts Bagshawe and Ness-are mantled by
névé but nevertheless they possess broad- convex profiles which
are not typical of glaciated scenery (Figs 12 and '14). Both of
these mountains are therefore considered to be “monadnocks”
produced by erosion of this rejuvenated Tertiary peneplain and
to owe their profiles to rain and river erosion (Linton, 1964,
p. 96). Therefore, since both Mounts Bagshawe and Ness would
have been catchment areas, the drainage channels extending
from them would to some extent have directed the subsequent
glaciers. It is.also probable that the east—west-trending ridges of
Wade Point, Gurney Point and of the Batterbee Mountains (Fig.
15) are pre-glacial divides between earlier drainage channels from

the plateau which have been subsequently dismembered by
glacial erosion (cf. Linton, 1964).

A geological contact follows and probably determines the
north-west-trending valley north of Mount Bagshawe and the-
north—south-trending valley on the western side of Mount
Bagshawe (Fig. 1). In both cases, acid intrusive rocks crop out
on one side of the valley while dark-coloured unidentified rocks
form the sheer northern and western cliff faces of Mount
Bagshawe itself.

It is probable that only the summits of Mounts Bagshawe and
Ness, protected by a layer of névé, were not covered by the ice at
its maximum extent and that the glaciated forms of the nunataks
and mountains which are described above were formed as the
ice receded.

III. STRATIGRAPHY

A. THE TAURUS AND BRADDOCK NUNATAKS AREA

In this area the following generalized stratigraphical succession
has been established:

3. Dyke swarm.
2. Granodiorite and associated minor intrusions.
1. Volcanic group.

Since only a few of these rocks have been radiometrically
dated, the available results cannot be used to plot any definitive
pattern or to define intrusive episodes. It is therefore only
possible to assign. tentative ages based on evidence from else-
where in the Antarctic Peninsula. The volcanic group may form
part of the Upper Jurassic volcanicity recorded elsewhere in the
Antarctic Peninsula and the granodiorites are tentatively
correlated with the Andean intrusive rocks. The dyke swarm
may represent a late phase of the intrusive cycle of the Andean
orogeny or, alternatively, it may belong to a later episode.

1. Volcanic group

Volcanic rocks crop out in the south-western and south-
eastern groups of the Braddock Nunataks, and at nearby
stations KG.213 and 214 (Fig. 16). From their aspect, it seems
probable that they represent the remains of a large volcanic
cone(s), centred west of station KG.215 in the Braddock
Nunataks. It is probable that the isolated outcrop of rhyolite at
station KG.232, 6.5 km north-east of Cetus Hill, is also related
to the volcanic succession to the north.

- The rocks forming this volcanic succession are typical of the
basalt—andesite—rhyolite association with andesitic -tuffs
predominant. They are frequently impregnated with. limonite

and calcit¢ but, apart from this evidence of hydrothermal.

activity, they are relatively unaltered. However, adjacent to the
granodiorite intrusions, the volcanic rocks have been thermally
and chemically altered within a contact zone up to 30 m wide.
The regional dip in the volcanic succession of the Braddock
Nunataks area is eastward, although variations due to deposi-
tional dips and more pronounced anomalies caused by the fold-

ing of the volcanic rocks over granodiorite intrusions have
complicated this pattern.

It seems probable from the distribution and aspect of the out-
crops that the oldest volcanic rocks occur at station KG.214"
and on the western flanks of the south-western group of the
Braddock Nunataks. At station KG.214, where the volcanic
rocks are domed over a small granodiorite intrusion (Fig. 17),
the volcanic succession grades upwards from a lower sequence
of andesitic tuffs interbedded with occasional basalt. lava flows
into successive basalt lava flows (Fig. 18). These are cut by
vertical dolerite dykes striking at 145° (mag.); one of these is
baked by a dyke of porphyritic microgranodiorite which is
derived from the later granodiorite intrusion. For this reason,
these dolerite dykes at station KG.214 are considered to be
feeders to the volcanic rocks rather than part of the later dyke
swarm,

Basic rocks form the lowest part of the volcanic succession on
the western flanks of the south-western group of the Braddock
Nunataks but most of the accessible outcrops are contaminated
by the granodiorite. This hybridized granodiorite of the contact
zone contains many basic xenoliths and xenocrysts derived from
the lower part of the volcanic succession and these indicate that
the lowest volcanic rocks were basaltic.

The lowest uncontaminated outcrops recorded at stations
KG.215 'and 224 are andesitic tuffs which are interbedded with
occasional lava flows (Fig. 19). About 60 m of these north-
easterly dipping tuffs are succeeded at station KG.215 by a
distinctive sequence of massive, flinty porphyritic rhyolites with
a columnar jointing pattern. These rhyolites also dip steeply
north-eastward and form the western walls of the large
amphitheatre in the northern cliff face at station KG.215.

This distinct rhyolite horizon appears in other more southerly
outcrops of the south-western group of the Braddock Nunataks
and is used as marker horizon A, by which the stratigraphical
successions within the individual nunataks of the Braddock
Nunataks have been correlated (Fig. 16). A glassy, porphyritic
spherulitic rhyolite crops out at the summit of station KG.221
but farther south at stations KG.218, 219 and 224 in the
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VOLCANIC GROUP

UNGLASSIFIED LAVA FLOWS
GRANODIORITE
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A geological sketch map of that part of the Braddock Nunataks area where
volcanic rocks occur. Also included are stratigraphical columns at each group
of outcrops, indicating the marker horizons A and B which may be correlated.

FIGURE 16
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FiGure 17
A view northward of part of the steep southward-dipping contact between Lhe
dark-coloured voleanic tuffs and light-coloured granodioritc at station KG.2 14
in the Braddock Munataks. A 1.3 m wide dolerite dyke of Lhe later dyke swarm
cuts the granodiorite intrusion.,

Frgure 18
Successive basall lava flows at the summit of station K.G.214 in the Braddack

Munataks. The massive low in the photograph is 1.3 m thick.
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Fioure 19
A field sketeh of the 100 m high noerthern Face of station KG.215 in the
Braddock Munataks showing the distribution of the rack Lypes.

FIGURE 20 _
Fhvolite which forms much of the upper part of the succession at station
EC1.224 in Lthe Braddock Nunataks. The adze of the ice-axe indicates the scale.

Braddock Nunataks flow-banded rhyolites similar to those at
station KG.215 oceur (Fig, 20). The flow-banded rhyolites at
station K.G.232 may also be closely related to these rhyolites of
the Braddock Nunataks.

Al station KG.215, the rhyolites are succeeded by further
andesitic tuffs with interbedded lava flows which lorm the
eastern wall of the amphitheatre (Fig. 19). At the summit of
station KG.215, these are overlain by green well-bedded tuffs
which form the uppermost part of this succession. Similar well-
bedded green tuffs form the summits of stations KG.213 and
221, and are used as a second marker horizon B (Fig. 16).
Although the clifl face at station K(G.213 was not accessible, it
was possible with the aid of binoculars to see a succession of
tuffaceous rocks interbedded with lava flows exposed as darker
horizons {Fig. 21). This succession of about 90 m of north-
casterly dipping tufls at station KG.213 is considered 1o be equi
valent to the andesitic tuffs underlving marker horizon B of the
green bedded tufls at station KG.215. However. no rhyolite
horizon is apparent either at station KG.213 or in the small out-
crops exposced in the ice cliff to the south and west,

Directly beneath the well-bedded green tuff horizon at the
summit of station KG.213 is an iron-stained zone of ashes and

Froure 21
Station K€213 in the Braddock Munalaks viewed irom the west showing the
north-castward dip of the 100 m thick succession of valcanic rocks,
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A hedded sequence of LMy and ashes which crop oul above the rhyelite hori

wan at the extreme south-castern tip of station KG.224 in the Braddock Muna-
taks. Oval fragments of rhyolite and granodiorile are included in these tils,

tuffs which may have been formed by weathering between
suceessive eruptions.  Although no weathered horizon was
recorded at stations KG.215 and 221, a similar weathered zone
does occeur above the rhyolite marker horizon A at station
K G.224 in the Braddock Nunataks. This zone crops out directly
above an unusual sequence of bedded tuffs and ashes contain-
ing many rhyolite fragments and some granodiorile pebbles
(Fig. 22), and it is succeeded by an augite-andesite lava fllow. A
similar lava flow oceurs in the highest part of the succession al
station KG.221 above the preen bedded tuff horizen B and
many augile-andesite lava flows oceur in the youngest volcanic
rocks of the south-eastern group of the Braddock MNunataks.
Although no definite correlation may be made between these
two weathered horizons, they do occur in a comparable part of
the voleanic succession immediately below the green bedded tuff
haorizon B,

The south-castern group of the Braddock Nunataks, which lic
to the cast of the main peaks, are composed of the youngest val
canic rocks in this area. These dip predominantly castward and
consist of green andesitic tuffs, containing many angular
rhyolite, ash and pumice fragments (Fig. 23), which are inter-
bedded with augite-andesite lava Aows.

The most controversial feature of some of the andesitic tufls
which lorm this group of the Braddock Nunataks and ol those
comprising the southernmoest nunataks of the south-western
group is the presence of rounded granodiorite boulders within
the tulTaceous matrix (Fig., 24) It iz considered that these
boulders were derived from an earlier granodiorite which is no
longer exposed in this area (p. 300,

Vent agzlomerates cul the earlier voleanic rocks at the isola-
ted nunatak 12 km west of the Braddock Munataks (KG.212)
and at stations KG.214, 222 and 223, These agglomerates are
composed of boulders of the above-mentioned granodiorite and
of large blocks of earlier voleanic rocks sel in a fine-grained
andesitic matrix (Fig. 25), Hydrothermal activity associated
with these vents has caused intensive limonite and calcite
impregnation of the surrounding rocks,

At station KG.223 in the Braddock Munataks, one such vent
agglomerate is cut by a 10 m thick sill of porphyritic micro-
granodiorite (Fig. 26). Since this dyke is related to the grano-
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FirGure 23
Gireen andesitic il from station KG.220 containing angular fragments of
rhyolite and pumice set in the finer-grained matcixz. {x0.4)

N

Ficurge 24 i I
Founded fragments of granodiorite which oceur in the andesitic tuffs at station
[£05.222 in the Braddock Nunataks.

FrGure 25
The vent agplomerale at station KG.214 in the Braddock Nunataks showing
many large rounded boulders of its earlier volcanic rocks contained in a fine
grained andesitic matrix impregnaced with caleite and limanite.




THE GEOLOGY OF PARTS OF

diorite, it is concluded that these vent agglomerates are part of a
late phase of explosive activity within the voleanic group.

A narrow zone of laminated pink rock, which is similar to the
marginal outcrops of the granodiorite intrusion at slalion
K214, fringes the vent agglomerate at this locality (Fig. 27
This “dvke™ and a similar acid dvke, which is adjacent to the
vent at the foot of station KG.222, are considered to have been
injected from the granodiorile intrusion along the earlier lines of
weakness formed by the vents.

2. Granodiorite and associated minor intrusions

Granodiorite, which is widespread in the Taurus and
Braddock Munataks arca, forms the nunatak groups surround-
ing the depot site in the Taurus Nunataks and at station K(.228
{Fig. 79). The isolated nunatak 12 km west of the Braddock
MNunataks (KG.212) and the Fricdmann Nunataks are also com-
posed of acid rocks which are allied to the granodiorite. At the
contact between this granodiorite and the voleanic rocks which
are exposed along the western flank of the south-western group
of the Braddock Nunataks, at station K/G.214 and in the south-

|- .
FIGURE 21
The vent at station KG.Z223 in the Braddock Munataks: this cuts and has
baked the carlier voleanic rocks, and in lurn it is cut by a 10 m thick micro

granodicrite sill at the summit.

Froure 27
Caleite impregnation of the voleanic rocks surrounding the vent at station
KG.214 in the Braddock Munataks, A 3 m wide laminated acid “dyke™
intrusion fellows the edge of the vent,
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castern group of the Braddock Nunataks, the marginal grano-
diorite is contaminated by the volcanic country rock.

The granodiorite is a coarse-grained mesocratic plutonic rock
characterized by a pronounced rmineral lineation. This is most
conspicuous because of the alignment of the tabular mafic
minerals, hornblende and biotite, but it is also accentuated by
the alignment of the ubiguitous finer-grained xenoliths derived
from more basic country rock (Fig. 28). The extent to which
these xencliths have been digested and their concentration
within the pgranodiorite depends on their distance from the
contact (Fig. 29, A well-defined igneous jointing pattern affects
the granodiorite (Fig. 30} with the cross () joints usually open
and veneered with limonite and epidote. L is probable (p. 54)

FiGure 28
The characteristic texture of a coarse-grained granodiorite (from  station
LG5 228). Partly digested more basic xenoliths (4 cm long) and bands enriched
with mafic minerals accentuale the overall mineral alignment,

Fioure 249
Menoliths of undigested voleanic rocks up (o & em long are contained in the
porphyritic microgranodiorite marginal variant of the granodiorite at station
FCi 214 in the Braddock Munataks.
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; Froure 30
An agnecus jointing pattern within part of the granodiorite outerop of the
nunatak 12 km west of the Braddock Munataks, The fat-lving joints dip north-
westward at 227, while the & m high south-lacing wall represents the planes of
Lhe cross (0 joints.

that the granodiorile outcrops represent the lops of several
cupolas which are elongated in the north-north-west Lo south-
south-cast predominant trend of mineral lineation. These out-
crops therefore represent only the margin of the core of Andean
intrusive rocks which extends through the Antarctic Peninsula in
these latitudes.

The contact between the granodiorite and the volcanic
country rock is discordant in some places and concordant in
others but mineralization and metamorphism of the volcanic
rocks is always due to the intrusion. On the western flanks of the
south-western group of the Braddock MNunataks. the contact,
wherever it is visible, is discordant, and at station KG.224 it dips
eastward at 507 (Fig. 31). A similar eastward-dipping dis-
cordant contact occurs at station KG.215, where the steep dip
of the volecanic rocks may be partly due to the effects of the
intrusion. At station KG.214 the wolcanic rocks have been
domed upwards by the lorce of this granodiorite intrusion (Fig.
17 and the contact is discordant at the sides of the inlrusion but
concordant  at the summit.  Adjacent to these discordant
contacts there may be a zone of thermally metamorphosed vol
canic rocks up to 30 m wide and a set of joints parallels the

Ficure 31
The eastward-dipping discordant contact at station KiG.224 in the Braddock
Munataks between granodiorite and thermally metamorphosed andesitic (s,
Dvkes branch from the main intrusion into the voeleanic rocks and a well
developed jointing system parallzls the contact,

contact. Veins and dykes of porphyritic microgranodiorite
branch into the adjacent voleanic country rocks (Fig. 21), which
are also permeated by stringers, veins and lenses of mobile acid
material. At station KG.214, pockets of red ochre derived from
pyrite occur within the voleanic rocks but this and the assimila-
tion leatures referred to above decrease in intensity away from
the granodiorite.

The granodiorite  adjacent to  discordant contacls s
hybridized by material absorbed [rom the voleanic rocks and it
is consequently much darker than the uncontaminated oul-
crops. At station KG.215 the marginal granodiorile contains
pyrite crystals and within all these hybridized rocks the texture
varies from coarse- Lo fine-grained bands which incorporate
varving amounts of derived material. These hybridized rocks are
cut by pink felsite stringers {Fig. 32).

; FIGURE 32
Weins of fine-grained felsite cut the hybridized granodiorite oulcrops near the
contact at the foot of station KG.221 in the Braddock Munataks.

In ¢ontrast, at the concordant contacts which occur at the
summit of station KG.214 and in the south-eastern group of the
Braddock MNunataks, a pink porphyritic microgranodiorite is
interleaved with layers of metasomatized volcanic rock. In spite
of this lit-par-lit intrusion. the metasomatized rock frequently
retaing traces of its original volcanic texture but it is always
strongly iron-stained. Calcite, limonite and zones of elongated
zeolite-filled wvesicles are abundant in the layers of metasom-
atized volcanic rock.

Small, irregular pegmatite intrusions with chilled margins
occur in the granodiorite at the westernmost of the Taurus
Munataks {KG.211). These are characlerized by the occurrence
of euhedral muscovite and small garnet erystals sel in a graphic
intergrowth of quartz and feldspar. These intrusions vary from
narrow irregular siringers to branching dykes as much as 60 cm
across and they dip predominantly south-westward at moderate
angles. They have been injected into a cooled granodicrite and
represent a late stage of the intrusive cyele.

It has already been stated above that porphyritic micro-
grancdiorite dykes and veins branch from the sranodiorite at the
discordant contacls with the voleanic country rocks. However,
there are many independent minor intrusions of micrograne-
diorite. At station KG.214, several dykes of a porphyritic micro-
granodiorite, up to 3 m across, dip eastward al about 60 in a
direction approximately parallel to the contact. Large dykes,
which also dip steeply eastward, cut the volcanic rocks at station
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A2 m wide porphyritic augite-microdiorite dyke which cuts the pranodiorite at

station K224, Taints in the granodiorite parallel the dyke edge and a narrow
zane of metasomatized granodiorite has resulted from the dyke introsion.

(OVHE BEEE  OYRE

Frsure 37
Trenches in the voleanic rocks of station KiG.222 in the Braddock Munataks
dug 1o the different rates of erosion of the dykes occupving them and the
surrounding volcanic rocks.

B. BATTERBEE MOUNTAINS

The stratigraphical succession in the Batterbee Mountains is
related to that in the Taurus and Braddock MNunataks arca. This
SLCEeSSIOnN i

3. Dwke swarm.
2. Andean intrusive rocks and associated minor intrusions.
1. Waleanic group.

l. Faleanic group
Volcanic rocks appear to form a large part of the western
Batterbee Mountains, cropping out on the flanks of Armstrong

and Marman Glaciers, inland of Swine Hill, at the west of Horse
Bluff and probably also on the western and southern sides of
Mount Bagshawe., However, it was only possible to make
detailed geological obsevations at Swine Hill, where the vol-
canic succession consists of rhyolite lavas with interbedded tuils
which become more abundant in the upper parts (Fig. 38). These
voleanic rocks represent material derived from a volcanic centre
south of Swine Hill, from which predominantly acid rocks were
erupted.

The cutcrop at northern Swine Hill consists of a sequence of
fine-grained porphyritic rhyolite lava Aows, which dip north-
ward and north-westward at about 20°%. These rhyolites are
interbedded with lenses and more consistent layers of gravelly
tuffaceous rocks containing angular fragments of the rhyolites
set in a matrix of quartz and feldspar crystal fragments. The
tufls, which are frequently iron-stained due to weathering that
look place between the eruptions, are impregnated with calcite;
this fills cavities within the rocks and veneers the joint planes.
Higher in the succession these tuffs contain large boulders of a
glassy rhyolite, whereas the lava flows, which are somelimes
finely laminated, become increasingly vitreous. The highest part
of the succession, which is exposed near the survey cairn at the
summit of Swine Hill, consists of coarse iron-stained tuffs and
agglomerates inlerbedded with quartz-porphyry lava flows.

The dips in the southern part of Swine Hill are extremely vari-
able but it appears that the outerops are part of an asymmetric
anticline which plunges at about 20 in a dircction 270° (mag.)
{(Fig. 38). The lowest part of the succession, exposed in the
southernmoest cliff face, consists of grey-green rhyolite lava flows
with slaggy iron-stained upper surfaces interbedded with tufls.
Green massive tuffaceous rocks containing angular fragments of
brown rhyolite form the uppermost part of this succession.
which is exposed at the western end of southern Swine Hill.
Iron-stained voleanic breccias appear to be interbedded with
these massive tuffs at the summil of Swine Hill and are under-
lain to the east by well-bedded green quartz-porphyries. These
have been corrugated into alternate small anticlines and syn-
clines on the southern limb of the major anticline, the axis of
which trends at 2707 (mag.). Crystalline calcite fills cavities and
veneers the joint planes of these quartz-porphyries. This succes-
sion of southern Swine Hill may lie nearer the voleanic centre
because of the greater content of agglomerates and coarse tuffs.

On the southern side of Norman Glacier, a similar succes-
sion of acid lavas and tuffs erops out at Bushell Blull and also
appears to crop out in the east—west-trending ridges farther
south. Just below the summit at Bushell Blull, quartz-porphyry
lavas occur, although the summit itself is formed of iron-stained
green tuffs which dip gently south-castward and which contain
angular fragments of rhyolite lavas (Fig. 14). These tuffs arc
similar to those at the summit of southern Swine Hill, Within the
succession at Bushell Bluff, the regional dip. observed from
MNorman Glacier. is south-eastward at about 20°

AL Horse Bluff, voleanic rocks crop out at the western ends of
the ridges which trend east—west into Georze VI Sound. Quartz-
porphyry lavas recorded from the western foot of Tindley Peaks
may be related to the Swine Hill voleanic succession.

A owvent agplomerate forms a small knoll (KG.209) in the
middle of NMorman Glacier. This agglomerate is composed of
granodicrite, light-coloured glassy rhyolite and porphyritic flinty
rhyolile boulders set in a fine-grained iron-stained rhyolitic
matrix. A complex jointing patlern affects these rocks, which are
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K.G.215 near Lo the granodiorite/tuff contact (Fig. 19) and dip in
the same direction as the well-developed joints which parallel
this contact. To the south, in the south-western group of the
Braddock Munataks. similar minor intrusions of micrograno-
diorite occur: notably at station KG 218, where a 3 m wide dyke
dipping north-westward at 702 cuts and bakes rhyolite lavas; at
station K.G.219, where a 6.5 m wide vertical dyle with associa-
ted pyrite mineralization strikes at 123° (mag.) and actually cuts
the granodiorite intrusion (Fig. 33): and at stations KG.222 and
223 in the southern part of the south-western group of the
Braddock Munataks.

—y

. FiGurRe 33
A6 m wide dyke of porphyvritic microgranodiorite which cuts the granodiorite
at station KG.21%9 in the Braddock Nunataks.

These dykes of porphyritic microgranodiorite have a
compesition allied to that of the granodiorite, although some at
least were definitely intruded after the granodiorite had solidi-
ficd.

In the south-western proup of the Braddock MNunataks, the
granadiorite has either petered out or does not crop out. The
most southerly outerop of the granodiorite occurs at the extreme
west of station KG.224 and acid dyvkes branch ofl into the vol-
canic rocks at this contact. To the south of this nunatak, the
granodiorite is represented by a patlern of minor intrusions. At
station K.G.223. a broad porphyritic microgranodiorite sill with
a chilled pitchstone margin culs the voleanic rocks (Fiz, 260,
This sill, which dips south-westward at 229 is impregnated with
pyrite. Farther south, at station KG.222, this sill extends into a
complicated pattern of minor intrusions of microgranodiorite
which eventually form a 10m wide dvke dipping south-west
ward at 757 at the extreme cast of station KG.222 (Fig, 34),
Pyrite mineralization is associated with this dvke, whereas the
voleanic rocks immediately above it are impregnated with
mobile acid material in the same way as at the discordant grano-
diorite/tull contact at station KG.214,

At the extreme west of station KG.222, adjacent to Lthe vent
agzlomerate, there is a 6.5 m wide dyvke of melasomaltized pink
acid rock (Fig. 35). Thizs dvke, which ollows an earlier ling of
weakness (p. 15), dips south-castward at 85%. A sill of similarly
metasomatized acid rock, dipping southward at 387, cuts the
granodiorite at Cetus Hill (K.G.230) and again this illustrates the
conclusion that some il not all of these minor acid intrusions
post-date the granodiorile.

_ Fiourg 34
M 10 m wide dyke of porphyritic microgranodiorite which cuts the voleanic
rocks at station K(3.222 in the Braddock Munataks.

FiGurE 35
Ao 6om wide acid dvke, which dips al 83% south-eastward, adjacent to the vent
agzlomerate at the western fool of station KG.222 in the Braddock Munataks.

3. Dke swarm

Basalt, andesite, augile-andesite and augite-microdiorite
dvkes with a predominant north-west to south-west trend cut
both the volcanic rocks and the granodiorite in the Braddock
Munataks area. The texture and the degree of alteration of the
minerals within a dvke are related to its width, although the
composition of each dyke is also modified by the amount of
material which has been derived from the country rock into
which it has been injected.

These dykes, invariably with chilled margins, bake the
country rocks into which they have been intruded and produce a
sel of joints parallel to the contact (Fig, 36). They also contami-
nate the country rocks. This feature is particularly evident in the
granodiorite which may be impregnated with epidote, pyrite and
chalcopyrite within a few feet of a dyvke,

These dykes are not as resistant to weathering as the vol-
canic country rocks and several trenches in the oulcrop at
station K(3.222 are occupied by vertical dvkes striking at 345°
{mag.} (Fig. 371 In the granodiorite outcrops the dykes are more
resistant than the surrounding rocks and lend to weather out
(Fig. 36).
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FIGURE 38
A geological sketch map of the Swine Hill area, showing the stratigraphical
successions at the three outcrops which were visited. A contoured stereo-
graphic plot of the joint surfaces at Swine Hill (plotted on the lower hemi-
sphere) indicates a degree of symmetry about the fold axis A—B. The extent of -
the volcanic rock outcrops is indicated by the horizontal shading.
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contaminated with epidote. The granodirite boulders within the
agglomerate pose the same problem. as that in the Taurus and
Braddock Nunataks area, since it may be that some explosive
volcanic activity took place in the Batterbee Mountains after the
granodiorite intrusion. However, since granitic rocks, unlike the
granodiorite boulders in the vent agglomerates, occur in the
western part of the Batterbee Mountains, it is probable‘that this
granodiorite represents an earlier rock which is no longer
exposed in this area.

Much farther to the east, on the plateau, R: R. Horne record-
ed a volcanic agglomerate at the nunatak 25 km north-east of
Mount Cadbury; this contains many blocks of porphyritic
andesite lava and nearby there are similar andesite lava flows.

2.  Andean intrusive rocks and associated minor intrusions

A succession of Andean intrusive rocks, which ranges from
gabbro to granodiorite and granite, has been established from
the observations made in the Batterbee Mountains.

Gabbroic rocks are exposed 5 km east of Mount Bagshawe
(KG.234), where they form three conspicuous north—south-
trending arétes, and at the peak 5 km south-west of Mount Ness
(KG.237). The central part of the outcrop of gabbroic rocks is a
coarse-grained troctolite, whereas the flanking parts are augite-
microgabbros associated with lineated hornblende-gabbros and
leucogabbros (Fig. 39). This lineation trends predominantly
northward or slighty west of north and is almost vertical.
Copper and iron staining of the gabbros often occurs, particu-
larly near the granodiorite intrusions, the primary: ores being
chalcopyrite and pyrite, which are oxidized to malachite and
limonite, respectively.

At station KG.237, the gabbro is intruded by granodiorite.
This granodiorite is a medium-grained dark hybridized rock,
which possesses a distinct mineral lineation and which also
contains elongated xenoliths that have been derived from the
adjacent gabbro. Marginal veins of a granite-pegmatite trending
parallel to the contact at 310° (mag.) intrude the gabbro at the
western end of this outcrop and pyrite occurs as narrow veins
and disseminated crystals both in the granodiorite and in the
gabbroic country rock. Within a zone about 30 m wide at the
eastern contact, the gabbros are extensively stained with limon-
ite and epidote as a result of the granodiorite intrusion.

On the eastern flanks of Mount Bagshawe, granite-pegmatite
veins trending at 325° (mag.) cut the augite-leucogabbro,
indicating that these gabbros have also been intruded subse-
quently by acid magma.

At Thomson Rock (KG.201) (Fig. 40), the granodiorite is a
coarse-grained mesocratic rock in which the dark minerals and
xenoliths are aligned in a direction 330° (mag.) and they dip
north-eastward at approximately 70° (Fig. 41). Zones of dark
medium-grained xenoliths up to 13 m long occur within the
granodiorite (Fig. 42), which is also cut by many sub-horizontal
pegmatite dykes and quartz stringers. Epidote and limonite
veneering the open cross (Q) joints is infrequently associated
with malachite.

Another outcrop of granodiorite recorded by R. R. Horne at
Mount Cadbury possesses a mineral lineation which trends at
130° (mag.) and dips north-westward at 35°. At this locality,
veins of the granodiorite intrude gabbroic rocks.

The acid rocks exposed north of Mount Bagshawe, and north
and east of Horse Bluff, are also probably granodiorite. These
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FIGURE 39
A geological sketch map showing the outcrop of gabbroic rocks north-east of
Mount Bagshawe; also included are diagrams indicating the strikes of the pre-
dominant joint planes and the direction of mineral lineation, L. The unclassi-
fied outcrops of gabbroic rocks are indicated by horizontal shading.

outcrops are composed of pale grey and pink massive well-
jointed rocks which become noticeably more orange-coloured
towards the contact with volcanic rocks, and which are crossed
by a network of basic dykes. They apparently intrude the earlier
voleanic rocks (Fig. 43).
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Frgure 40
The granodiorite outcrop at Thomson Rock.

o

FIGURE 41
Ciranodiorite at the summit of Thomson Boeck, showing the many small xeno-
liths encloesed by this well-joimted rock.

Fink granitic rocks crop out south of Armstrong Glacier and
at Horse Bluffy they also occur as erratics on the summit of
Swine Hill, to which they had presumably been carried from the
east. It is uncertain whether these granites represent a later or a
marginal phase of the main granodiorite intrusion bul it is prob-
able {Adie, 1954) that they are the last plutonic rocks lo have
been injected.

PARTLY DIGESTED

FIGURE 42
A ficld sketch showing the arrested process of assimilation of basic xenoliths
b the granodiorite intrusion,

ACID INTRUSIVE ROCKS
HORNFELS

FiGurE 43
A contact exposed at station KG.236, north of Mount Bagshawe. Pink acid
rocks intrude and hornfelsed darker fine-grained rocks. These hornfelses may
have been derived from earlier basic voleanic rocks (p. 36) The face of the
nunatak is about 230 m high.

Cin the south side of Armstrong Glacier a prominent ot out-
crop of a medium-grained massive pink granite juts out into the
glacier and has weathered to give a characteristic jagged ridge
profile (Fig. 13). The joint planes within this granite are veneered
with epidote and limonite, and the whole intrusion is cut by
dolerite and quartz-porphyry dykes. The volecanic country rocks
are baked at the contact with the granite intrusion. This contact
continues in a north-westerly direction on the north side of
Armstrong Glacier.

A small cupola of pink granitic rocks crops out at Horse
Bluff, where it 15 cut by many basaltic dvkes of the later swarm.
This granite becomes increasingly fine-grained near the contact
with the wolcanic rocks and grades eventually into a grey
porphyritic microgranite, which has a texture similar to that of
the guartz-porphyry dvkes within the volcanic rocks at Swine
LI

Many minor intrusions related to the granite and grano-
diorite oceur in the Batterbee Mountains. Thick irregular sills
were observed within the voleanic rocks south of Bushell Bluff
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and within the outcrop of basic rocks south of Mount
Bagshawe. These minor intrusions appear to dip either south-
ward at about 45° or more occasionally eastward.

Two thick quartz-porphyry sills trending at 268° (mag.) and
dipping northward at about 50°, and two 6.5 m wide vertical
dykes striking at 340° (mag.), cut the volcanic rocks at southern
Swine Hill. Pyrite occurs within these dykes and has impregna-
ted the country rock up to 6.5m from the contact. Several
‘similar brightly iron-stained minor intrusions are conspicuous
within the rhyolite succession of northern Swine Hill.

The irregular quartz-porphyry dyke which cuts the granite on
the south side of Armstrong Glacier indicates that at least some
of these minor intrusions are younger than the granite. These
minor acid intrusions are considered to represent a late stage of

the intrusive cycle, comparable to the phase of porphyritic
microgranodiorite minor intrusions of the Taurus and Braddock
Nunataks area.

3. Dyke swarm

A swarm of: dolerlte and andesite dykes cuts all the prev1ous
stratlgraphlcal units, ‘although the dykes are. particularly con-
spicuous in 'the acid rocks north of Horse: Bluff and Mount
Bagshawe. The aspect of these dykes varies conSIderably but the
predominant strike is north-west to south ‘ast The dykes
metasomatized: the adjacent country rock, resul
forma‘uon of a/ narrow zone impregnated w1th epido
and less frequenﬂy wﬁh malachlte S !

IV. PETROLOGY

A. VoLcaNic GRoOUP

1. The Taurus and Braddock Nunataks area

The correlations between the volcanic rocks which crop out in
the Taurus and Braddock Nunataks area are shown in Table 1.

a. Basaltic lavas and interbedded tuffs. Andesitic lithic tuffs
interbedded ‘with andesine-basalt lava flows comprise the lowest
stratigraphical horizon which is exposed at station KG.214. The
number of lava flows increases at the expense of the tuff towards
the summit of this nunatak, which is formed of successive lava
flows, separated by rubble zones up to 0.3 m thick. ‘

TABLE 1
CORRELATIONS BETWEEN THE VOLCANIC SUCCESSIONS IN THE BRADDOCK NUNATAKS AREA

Northernmost of the
North-westernmost North-easternmosi south-western group
of the of the of the
Braddock Nunataks Braddock Nunataks Braddock Nunataks
(KG.214) (KG.213) (KG.215)

Station KG.223 and
Central ridge of the southernmost of the
south-western group south-western group
of the of the
Braddock Nunataks Stations KG.218, Braddock Nunataks
(KG.221) 219 and 224 (KG.222)

Vent agglomerate

many andesine-
basalt lava flows

Green well-bedded

Green well-bedded

tuffs tuffs
Massive lava
Weathered
consolidated
ashes and tuffs
Andesitic lithic
tuffs with few
interbedded lava
flows
Flow-banded
Andesitic lithic rhyolite lavas

tuffs with

infrequent

interbedded lava

flows Andesitic lithic
tuffs with
infrequent inter-
bedded lava
flows

Andesitic lithic
tuffs inter-
bedded with

Augite-andesite
lava flow

Green well-bedded
tuffs

Vitroclastic
rhyolite

Augite-andesite
lava flow

Weathered tuffs

‘Layered andesitic

tuffs and
volcanic
breccias

Spherulitic flow-
banded
rhyolite lavas
and crystal
tuffs

Andesitic lithic
tuffs

Vent agglomerate

Andesitic lithic
tuffs* containing
accidental
fragments of
granodiorite

*These tuffs may be part of a parasitic cone derived from the vent at station KG.223.
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The tuffs are dark green or black, massive but well -jointed
rocks, which contain many tabular feldspar crystal fragments
with their long axes orientated parallel to the bedding surfaces.
Lithic fragments of 3essent1al basaltrc scoria composed of an
aggregate of magne e and labradorrte (Anss) crystals and less
‘accessory rhyohtrc tuﬂ oceur w1th1n the
unsorted tuﬂ'aceous matrlx These“ rocks are ‘irregu larly iron-

nes re veneered ‘with calcrte and

2e deut: ic alteratron assocrated with the

ocks and lava ﬂows also contain

- of  pyrite Wthh were produced by
iated with the granodlorrte 1r1trusror1

Thin sections rey at these tuffs are icol 1 of large
broken crys,tals of labr dorite Ansz) mfrequen ded ortho-
clase crystals and uralrte pseudomorphs 'of augite phenocrysts
set in a cryptocrystalhne felsic groundmass composed of
randomly orientated andesine (An,,s) microlites, . granular

i

rnagnet1te ‘and amorphous patches of uralite. The tuffaceous
matrix is irregularly banded and vesrcles within it are mﬁlled by
a radiating mtergrowth of fibrous actmohte and. penmnlte with a
characteristic anomalous brown 1nterference colour.

Near the grano r1te/tuff contactg these andesmc tuffs are
propylrtrzed to a brlg ht green oCkl in WhlGh the large feldspar
crystals are stame nk and the pyr1te crystals are oxrdrzed to
consprcuous pocket ~

pyroxene wrthr

llmomte due to lat -
volcanism. The tuft
disseminated crys
mineralization ass0C

crystal edges but,
completely. pseudo
mtergrowth ; iy |

The andesine- basalt‘ lava ﬂows, whrch crop out at the top of
station ! KG 214, are ark grey or black aphamtrc rocks contain-
ing orrentated felds ar phenocrysts Large labradorite (Anj,)
phenocrysts, which are zoned normally to Ang; at the crystal
edges, and phenocrysts of pale brown augite 2V ~ 55°),
twinned frequently on {100} are set in an intergranular fine-
grarned matr1x of a“desme (An38) mlcrohtes, subhedral mag-

brous 3 pennmrte—actmohte

These are

associated orphed by uralite.
Oval vesicles | cse ﬂows are 1nﬁlled
by an intergre

quent aggr

These amy :

modal | analy

(KG. 214‘2‘7 als pseudo-
morphed in lite. s_a result
of deuteric al ic activity, and
by all stag S O rgrowth as a
result of meta line solutions
(erhams and i rite intru-
sion.

Of the| several;dolerxte dykes cuttrng the basalt lava ﬂows at
least oneis a: feeder he voleamc group of roeks (p 11). These
medium- gramed por phyrmc dolerrtes consrst of unaltered
phenocrysts of pale brown augite (2V ~ '50°) and corroded
labradorite (Ang,) set in an intergranular groundmass of labra-
dorite (Anj;,) laths, subhedral magnetite grains, euhedral augite

granules and amorphous patches of urahte (Frg 44b) Small
crystals of an iron-rich biotite, which are pleochrorc from deep
brown to pale yellow, are associated wrth the uralite in one dyke
(X G.214.26). Therefore, the amorphous patches of uralite in the
basalts and tuffs may have been produqed by the deuterrc altera-
tion of original biotite crystals. which only appear in the unal-
tered doleritic rocks. | ,

b. Andesitic tuffs. The andesine- basalts are. succeeded by a
considerable thickness of lithic vandesmc tuffs, with which infre-
quent massive basic lava flows are 1nterbedded These tuffs are
exposed in the ice cliff west of station KG 213, where they dip
steeply northward, and in the cliff facelof statlon KG.213 itself.
The lower sequence of andesitic tuﬂ's at statron KG 215 is
correlated with them and they are in'turn correlated with the
lower andesitic tuffs at station KG.224 in the south-western
group of the Braddock Nunataks.

The tuffs west of station KG.213 contain many angular
accessory fragments of porphyritic and spherulitic rhyolite
together with fragments of rhyolitic tuﬂ trachytrc andesite lava
and holocrystalhne epidote-impregnated porphyr1trc andesite.
One atypical pumiceous lapillus of trachytic andesite contains
sub-parallel oval vesicles filled with an. mtergrowth of secondary
radiating chlorite assoc1ated with granular magnetite crystals.
The long axes of these oval laprllr are approxrrnately parallel to
the bedding surfaces W1thm the unsorted tuffaceous matrix,
which is composed of sub parallel crystal fragments of quartz,
sericitized orthoclase, cloudy oligoclase (Anzg) and pen-
mmte—actmolrte pseudomorphs after adgrte These crystal frag-
ments are set in a cryptocrystallme felsic groundmass contain-
ing magnetite granules and local mters‘utral intergrowths of
minute crystals of chlorite and actrnohte Euhedral basaltic
hornblende (lamprobohte) mrcrophenocrysts with a pleo-
chroism scheme a = yellow, B' = reddish brown and Y = red-
brown are conspicuous in the groundmass (Fig. 44c)

At station KG.215, similar lithic tuﬂs contain sub-parallel
angular lapilli of porphyrrtrc and cryptocrystallme rhyolite lava
and tuff, and porphyritic trachytic andesite lavas containing
oligoclase (An,,;) phenocrysts set in an unsorted matrix com-
posed of fragments of orthoclase, quartz and andesine (An)
crystals. The interstitial| felsic groundmass Wthh is. extremely
fine-grained, is speckled with granules of magnet1te, minute
plagioclase microlites and amorphous mtergrowths of chlorite
and minute actinolite crystals (Frg 44d). Both the laprlh and the
tuffaceous matrix are cut by minute strmgers ‘of [crystalline
quartz and epidote derived from the granodrorrte intrusion.

The lowest andesitic tuffs at station KG.224 contam similar
lapilli- of accessory fragments of rhyoh‘n( tuff and porphyrrtrc
andesite, trachytic andesite and rhyolite lavas,r wrthm an unsort-
ed matrix of quartz anc feldspar crystal fragme nts, with local
aggregates of mrnute crystals of green biotite, actinolite and
magnetite grains, whieh‘have also beeh )roduceddby the grano-
diorite intrusion, weaving through lapilli and ‘tuﬂ"aceous matrix
alike. i .

c. Rhyolitic lavas. The andesitic lithic' tuffs at station KG.215
are succeeded by about 30 m of rhyohte lava ﬂows which are
correlated with the rhyolite horizon at the summrt of station
KG.221 and at stations KG.218, 219 and 224 in the south-
western group of the Braddock Nunataks. These rhyolites are
also tentatively related to the rhyolites at station. KG.232; all
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. AN andesing-basalt showing oval vesicles infilled with a quanz—epidote light; =31}
granular mosaic, (KG.214.25; ordinary highl: = 5) d. Andesitic lithic tuff from the Braddock Nunataks showing many sub-paral-

b. The intergranular groundmass of a dolerite dvke composed of subhedral lel lapilli of rhyolitic lava and (ol set in a felsic matrix of crysial fragments,
magnetite graing (hlack), labradorite laths {twinned), euhedral angite crystals plagioclase microlites and granular magnetite, (KG.215.4; Xonicols: =6)
(high relief) and amorphous patches of interstitial uralile which are associa- o. The vitroclastic texture of the groundmass of a glassy spherulitic rhyolite
Led with iron-rich biotite. (K.G.2 14,260 Xonicols: = 28) from the summit of station KG.221 in the Braddock Nunatzks. The original

oA twinned microphenocryst of lamprobolite in a wfl, composed of sub- glass shards have been replaced by quarte. (G221, 1; Xonicols; = 2H)
parallel orientated rhyolite and trachytic andesite lapilli in a cryptocrystal- f. An orientated biotite orvstal contained within a band of cryplocrystalling
line felsic matrix speckled with magnetite granules. (KG.2 16,1, ordinary devitrified glass in a crystallized rhyvolite matriz, (KG.2232.5; Xonicols, x22)
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; TABLE ]I
MODAL ANALYSES. OF VOLCANIC ROCKS FROM THE BRADDOCK NUNATAKS AREA, AND OF GRANODIORITE INCLUSIONS
.. IN VENT AGGLOMERATES AND TUFFS FROM THE BRADDOCK NUNATAKS AREA AND THE BATTERBEE MOUNTAINS
N 3 j Volcanic rocks Granodiorite inclusions
KG.214.27 | KG.224.5 KG.213.2 KG.221.2 KG.214.17 | KG.220.12  KG.223.2 KG.209:1
Quartz ook : ¥ * * — 11.2 19.9 10.9
phenocrysts - 1311 10.9 4.7 1.4
Orthoclase 25.0 34.0 43.0
- groundmass — — — — —
) phenocrysts 25 8.9 19.1 35.5 6.0
Plagioclase 52.0 43.0 35.2
groundmass 39 — —_ —_— —
Prehnite — — — tr —— — —_ —_
Unresolved predominantly
quartz-feldspathic groundmass 9 70.1 47.5 47.6 64.0 — — —
Biotite — — — — — —_ 0.2 —
Penninite * trt 3.0* 3.1 0.7 tr 2.3 10.7
[ phenocrysts — —_ —_ 1.5 2.5
Magnetite — 0.2 tr
1 groundmass 11 0.2 tr 3.2 6.7
Epidote tr* tr tr* tr* — 8.0 0.4 0.2
Augite 5 — 1.5 2.7 — —_ — —
Amphibole T* — 0.2§ — — — — —
Apatite tr tr tr — — e tr e
Vesicles* 4 — 5.8 1.6 — — — —
Stringers — 6.9 — — — — — —
rhyolitic — 0.8 5.0 0.1 —
Lapilli — —_ —
andesitic — — 7.0 — —
Pyrite tr — tr — tr —_ —_ _
Sphene — — — — —_— 3.8 tr —
Calcite — — tr tr 18.7 tr —— —
Plagioclase phenocrysts Any, An,, Anzy,, An,, Ange o
o Ang, An,, Angg
COMPOSILION | oroundmass Ang, — — — Any,
tr Trace.

* Also occurs in vesicles.
1 Also occurs in stringers.
1 1.1% forms spherulites.

§ Conspicuous microphenocrysts pseudomorphed by epidote, calcite and magnetite.

KG.214.27 Andesine-basalt lava flow; north westernmost of the Braddock
Nunataks.

KG.224.5 Spherulitic rhyolite;
Nunataks. -

KG.213.2  Andesitic tuff; north-easternmost of the Braddock Nunataks.

KG.221.2 Augite-andesite lava flow; central ridge of the south-western
group of the Braddock Nunataks.

south-western  group of the Braddock

KG.214.17 Matrix of vent agglomerate; north-westernmost of the Braddock
Nunataks.

KG.220.12 Granodiorite inclusion from an andesitic tuff; south-eastern group
of the Braddock Nunataks.

KG.232.2 Granodiorite inclusion from a vent agglomerate; south-western
group of the Braddock Nunataks.

KG.209.1 Adamellite inclusion from a vent agglomerate; Norman Glacier.
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these rhvolitic lavas and tuffs of the Taurus and Braddock
Munataks area are classified with the potash-rhyolites.

The rhyolites of station K(3.215 are black porphyritic lavas
containing “orientated feldspar phenocrysts set in a flinty,
aphanitic or glassy low-banded matrix. A complex columnar
jointing  pattern causes them to weather into jagged rock
pinnacles. These rhyolites are composed of deeply embayed
quartz, sericitized orthoclase and olizoclase (An,,) phenocrysts
in a cryptofelsitic groundmass. Both the orthoclase and oligo-
clase phenocrysts contain many inclusions of granular epidote
and amorphous patches of caleite, and these secondary minerals
are also widespread within the felsic groundmass. Original sub-
hedral microphenocrysts of biotite are pseudomorphed by an
ageresate of minute crystals of secondary biotite (pleochroic
from olive-green to pale vellow) with associated bright green
chlorite and granular magnetite. These rhyvolites have, in general,
undergone [airly extensive deuteric alteration due to the hydro-
thermal solutions which percolated through the lavas as thew
cooled.

At the summit of station K221, the rhyolites are both
glassy and porphyritic. The groundmass of these rocks has a
vitroclastic texture (Fig. 44e) due to the arcuate glass shards,
which have subsequently been replaced by quartz, set in a
banded iron-stained cryptocrystalline matrix containing some
sub-parallel feldspar microlites. The feldspar spherulites which
also occur at intervals within this cryptocrystalline matrix have
often been lformed around the nuclel of a quartz mosaic. Crystal
lapilli ol large corroded oligoclase (An,;) crystals, which are
roned normally o An,; at their rims, are quite commaon but they
are usually dissociated from the large octahedral magnetite
crystals, which include minute prisms of apatite, and the uralite
psendomorphs after original biotite phenocrysts. The ground-
mass also contains infrequent euhedral microphenocrysts of
lamprobolite and small fresh euhedral crystals of sanidine,
which are distinguished by their small 2V and claricy.

Flinty flow-banded porphyritic rhyolites, which are dissected
by a columnar jointing pattern, crop out at stations KG.218 and
219, although they are extremely hornfelsed at the latter locality.
At station KG.218 the flinty rhyelites are iron-stained but other-
wise they possess a mineral assemblage similar to that of the
rhyolites at station KG.215. As a result of deuteric alteration,
the biotite microphenocrysts have bheen partly altered Lo pennin-
ite and calcite, and the andesine {An,,) and corroded orthoclase
phenocrystls contain many inclusions of granular epidote. These
flow-banded rhyolite lavas supersede an unusual horizon of
banded green rhyolitic wils, which are rhythmically colour
banded (Fig. 45). Each unit consists of a dark-coloured base, up
to 5 mm thick. composed of euhedral magnetile grains and
disseminated chlorite; this grades into a pale green zone (up to
10 mm  thick), which is almost entirely composed of felsic
minerals. Each unit represents an ash fall, in which the heavier
mafic minerals are the first o separate from the atmosphere and
are followed by the lighter felsic minerals. However, quartz-rich
lapilli have broken through the layers at intervals, due to the
force of their fall,

About 30 m of porphyritic flow-banded flinty rhyolites crop
out at the summil of station KG.224 and are distinguished from
the majority of the previous rhyolites by the feldspar spheru-
lites. concentrated on nuclet of euhedral orthoclase crystals,
which oceur infrequently in the groundmass. This pale brown
groundmass conlaing a greater proportion of granular iron ore

FIGURE 45
Rhvithmic banding within an horizon of consolidated ashes showing the
successive gradation within each ash fall from a dark magnetite-rich base to an
upper zone rich in felsic minerals, Small lapilli break through the ash bands at
irregular intervals, (KG.218; = 1.2)

than those rhyolites described above. A maodal analysis of these
rhyolites is given in Table I1 (K{G.224.5). Deuteric alteration has
ziven rise to many inclusions of granular epidote in the oligo-
clase (An,) and orthoclase phenccrysts in these lavas, and
many stringers and elongated wvesicles filled with a granular
mosaic of erystalline quartz cut the groundmass. These stringers
represent zones in which the more volatile components of the
lava were concentrated as it cooled. Discrete fragments of rhyo-
lite lava, which oceur at intervals within the main lava flow, may
be lapilli of accessory rhyolite or they may have been caused by
autobrecciation of the individual Aows.

At station KG.232, flow-banded, predominantly  glassy,
porphyritic rhyolite lavas (Fig. 46}, which dip steeply south-
ward and south-westward, form the whole outcrop. Subsequent
deuteric alteration associated with the volcanism has, however,
caused many of the numerous joint planes to be veneered with
limonite, epidote and calcite. Fuhedral phenocrysts of oligo-
clase (An,,) and sericitized orthoclase are orientated with their
long axes approximately. parallel to the banding in these lavas
and they occur in association with phenocrysts of an iron-rich
biotite {pleochroic from deep brown to pale yellow) and octa-
hedral magnetite crystals including small prismatic crystals of
apatite. Extremely fine-grained bands with a crypofelsitic tex
ture and elongated lenses and irregular stringers composed of a
granular quartz mosaic, with associated sphene. penninite and
epidote, accentuale the fluidal banding and have been caused by
the greater concentration of volatile constituents in these zones
(Fig. 44f). Sub-angular fragments of rhyolitic tuff. composed of
magnetite eranules and angular quartz and feldspar crystal frag-
ments set in a ceryptofelsitic base, infrequently occur within the
lavas,

At the extreme east of station KG.232, the rhyolite lavas
grade into rhyolitic crystal tuffs, composed of sub-angular frag-
ments of fresh andesine which are normally zoned from An,, to
An,e, uralite—penninite—magnetite pseudomorphs after biotite,
quarlz, sanidine (distinguished by its small 2V) and octagonal
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FIGURE 46
A porphyritic rhyalitic lava from the nunatak 6.5 km north-cast of Cetes Hill
showing the alipned eubedral phenocrysts of oligoclase set in 2 fine-grained
fiinty fow-banded matris, A ragment of rhvolitic T is contained in the lava
(bottom right).

magnetite crystals. These are set in a pale brown fine-grained
felsic groundmass which is impregnated with parallel veins of
sericite (Fig. 48a), It is probable that this horizon represents
either the autobrecciated base or top of a flow and that the lithic
fragments of dark porphyritic flinty rhyolite contained in this
tuff have been derived in the same way.

d. Andesitic brecciay and tuffs. At stations KG.215 and 224,
lithic andesitic breccias and tuffs succeed the rhyvolite horizon.
Al the first locality these tuffs have been subject to excep-
tionally severe deuteric hydrothermal mineralization and any
zones of weakness within the rock have been coated with limon-
ite, caleite and epidote. This mineralization may have been
caused by late-stage voleanic activity around hol springs or
fumarcles. The tufls are composed of lapilli of holocrystalline
porphyritic andesite, metasomatized rhyolitic tuff, and fine-
grained rhyolite and trachytic andesite lavas set in a banded
felsic matrix composed of magnetite grains and sericitized feld-
spar laths set in a cryptocrystalline matrix. Both the lithic frag-
ments and the matrix are extensively impregnated with secon-
dary calcite, epidote and chlorite, and the infrequent crystal
fragments ol oligoclase (An,.} and orthoclase are particularly
altered.

Al the summit of station KG.224, the tuffacecus rocks over-
lying the rhyolites are also less basic than the lower andesitic
tuffs. They are composed of conspicuous irregular layers of

- light-coloured gravelly crystal tuffs interbedded between thicker,
maore massive, dark green volcanic breceias. A 1 em thick ash
band forms one consistent horizon (Fig, 223, The oval blocks in
the voleanic breccias are all flattened in the plane of the bedding
surfaces, for these tuffs may have accumulated on a shallow
scree slope. The small slump structures (Fig. 47, which occur in
some of the finer-grained less competent beds of gravelly tuff,

FiGure 47
A polished section of a tuffaceous rock showing the slumping which has occur-
red in an irregular light-coloured band of gravelly crystal wil enclosed between
the more competent dark green voleanic breccias, (1KG.224.4; =0.8)

supportl this postulated environment and may indicate that the
unconsclidated tuffs tended to “slide™ down-hill before they were
consolidated. Allernatively, the unconsolidated twfls may have
been contorted by an over-riding lava flow.

The voleanic breccias contain orientaled blocks of porphy-
ritic rhyolite lavas and very fine-grained consolidated ashes
together with less frequent lapilli of trachytic andesite lavas,
composed essentially of aligned andesine {(An,,) microlites, The
tuffaceous matrix between the lithic fragments consists of crystal
fragments of deeply embayed quartz, clear andesine (An,,) and
sericitized orthoclase erystals, the smallest fragments of which
form the interstitial cryptocrystalline groundmass of the tuff
Lenses and stringers, composed of a granular mosaic of
recrystallized quartz. occur frequently throughout the whole
groundmass, which is also impregnated with amorphous patches
and well-defined wveinlets of secondary green biotite, which is
partly altered to penninite with associated chlorite, magnetite
and sericite. This unusual combination of secondary minerals is
the result of deuteric alteration that ook place as the lavas
cooled,

e. Wearhered hovizons, Two weathered horizons ocour in the
volcanic rocks of the Taurus and Braddock Nunataks area: at
stations KG.213 and 224, respectively. On  purely strati
graphical evidence, they occur at a comparable level in the
succession, and the petrographic similarities between the hori-
zons strengthens the contention that they may be correlated.

AL station KG.213, the weathered horizon consists of about
6.5 m or iron-stained tuffs interbedded with very fine consoli-
dated ash bands {porcellanite), which are more frequent lowards
the top of the horizon. The tuffs contain sub-angular lapilli of
trachytic andesite and rhyolitic lavas set in an iron-stained
gravelly matrix containing fragments of ecuhedral orthoclase and
oligoclase (Any,) crystals and infrequent rectangular sanidine
microphenocrysts. These are set in 4 fine-grained matrix. which
contains many plagioclase microlites, granular magnetite largely
oxidized to limonite and interstitial patches of granular quartsz.
Both the lapilli and the matrix are extensively impregnated with




28 BRITISH ANTARCTIC SURVEY SCIENTIFIC REPORTS: No. 105

amorphous patches of calcite with some associated chlorite and
re-distributed limonite, and the feldspar crystals are sericitized.

The consolidated ashes, which occur in the upper part of the
weathered horizon, are purple, bright green or brown finely
banded porcellanites. They were probably produced following a
particularly violent explosive eruption of the volcano, which was
followed by a quiescent period during which weathering of the
earlier volcanic rocks took place. A thin section shows that the
ashes are composed of a fine uniform aggregate of felsic
minerals which have been sericitized, and granules of magnetite
which have been subsequently oxidized to hmomte, together
with some minute grains of epidote and apatite.

At station - KG.224 - in the south-western group of the
Braddock Nunataks, the weathered zone of tuffs is underlain by
the crudely bedded volcanic breccias and tuffs, which are lnter-
bedded with a band of laminated, green, fine-grained consoli-
dated ash (Fig. 22), very similar to the porcellamtes at station
KG.213.

The weathered horizon itself is iron-stained and contams sub-
angular, accessory lapilli of porphyritic rhyolite lava, fine-
grained rhyolitic ash and less frequent basaltic lapilli, which are
composed of plagioclase laths set in an amorphous groundmass
of partly oxidized magnetite. The cryptocrystalline - felsic
groundmass of these tuffs is impregnated with sericite, and the
fragments of oligoclase (An,;) and orthoclase crystals- are
cloudy:due to alteration (Fig. 48b). Fragments of quartz crystals
and vesicles infilled with a granular quartz mosaic are scattered
throughout the matrix, which also contains many patches of re-
distributed limonite associated with small muscovite crystals.

The weathering process of these tuffs and ashes has, in
general, resulted in alteration of the feldspars and oxidation of
the iron ores, with the developmentof secondary calcite, sericite
and limonite which is re-distributed throughout the matrix.

f. Green andesitic tuffs and interbedded augite-andesite lavas. A
thin though consistent  horizon of bright green well-bedded
lapilli-tuffs exposed directly above the weathered zone at station
KG.213:is correlated with a similar inaccessible horizon at the
summit of station KG.215 and at station KG.221.

At station K G213 these tuffs contain large angular acces-
sory lapilli of flinty porphyritic rhyolite and essential scoria of
medium-grained andesite set in a gravelly unsorted matrix of
sub-parallel lithic and crystal fragments. It is significant that the
majority of the lapilli in this horizon are rhyolitic, because, in the
absence of a recorded rhyolite horizon at station KG.213, their
presence ‘adds weight to the contention that these green tuffs
accumulated after the eruption of the rhyolite lavas in the south-

western group of the Braddock Nunataks. Examination of thin -

sections reveals that the tuffs also contain lapilli of porphyritic
trachytic andesite lavas, which are composed of phenocrysts of
augite and andesine (An;,), and oval chlorite-filled vesicles set in
a trachytic groundmass of aligned feldspar microlites. The other
sub-parallel lapilli: consist of fine-grained consolidated ashes,
spherulitic and cryptocrystalline rhyolites, and porphyritic ande-
site lavas containing andesine (An,) phenocrysts. These are set
in a fine-grained groundmass composed of plagioclase micro-
lites, grains ofiiron ore and interstitial patches of chlorite. As a
result of deuteric alteration, many of these lapilli had been partly
altered to a granular intergrowth of epidote and:penninite before
they were included in the tuff. The andesite scoria are composed
of glomeroporphyritic: aggregates of sheared andesine: (An,,)

and orthoclase phenocrysts contained in an intergranular matrix
impregnated- with secondary crystallme granular epidote and
quartz. Deuteric alteration has caused the original micropheno-
crysts of amphibole to- be pseudomorphed by epidote and
magnetite which has been concentrated along the original
cleavage planes.

The groundmass of this green tuff contains many embayed
fragments of orthoclase and andesine (Ang;) crystals, which
contain ‘epidote, penninite and calcite inclusions, together with
euhedral crystals of magnetite including small prismatic apatite
crystals, and derived augrte phenocrysts which are altered at
their rims to calcite (Flg 48c). The many vesicles in the ground-
mass are filled with chlorite (with an anomalous blue bire-
fringence colour) and this vesicular texture is a result of the large
proportlon of volatiles which were present in the accumulating
tuffs. Thrs factor probably accounts for the brrght ‘green colour
of the propylitized rocks and has caused many of the joint
planes to be veneered with epidote and pink feldspar.

The tuffs at station KG.213 are correlated with similar green
tuffs at the summit of station KG.215 and at station KG.221."
These lower outcrops are interbedded with augite-andesite lava
flows, which were first encountered just below the summit on the
east side of station KG.221: Similar lava flows:crop out above
the weathered horizon at station KG.224 and they probably
form the thick lava flow which occurs directly beneath the green
tuffs at the summit of station KG.215. This lava contains large
aligned phenocrysts of feldspar ‘and smaller black phenocrysts
of augite set in a grey-green fine-grained matrix.

In thin section, the rock contains augite phenocrysts pleo-
chroic from colourléss to pale brown and containing magnetite
inclusions; they are frequently twinned on {100} (Fig. 48d).
Other mafic crystals are pseudomorphed in fibrous chlorite (with
an anomalous blue birefringence colour), either representing a
ferromagnesian mineral phase which became unstable in the
conditions that prevailed as the magma was erupted, or alterna-
tively, these pseudomorphs could be - accidental - xenocrysts
which were caught up and altered by the magma as it pene-
trated the pre-existing country rock (Fig. 48e). The most fre-
quent - phenocrysts -are euhedral -oligoclase (An,,) containing
inclusions of epidote and prehnite; but orthoclase phenocrysts
and large sub-octahedral crystals of magnetite are also common.
All the phenocrysts are corroded and are set in- a pilotaxitic
groundmass composed of feldspar microlites and granules of ore
in an interstitial pale brown cryptocrystalline matrix. Vesicles
within: the lava are infilled with quartz and crystalline epidote
which encloses some hexagonal B-quartz crystals. The volatile
constituents of the original lava have been' concentrated within
these vesicles but, in general, very little deuteric alteration of the
lavas at station K'G.221 has' occurred. The few tuff fragments
contained in these lavas were probably incorporated - in the
advancing front of the flow. A modal analysis of this lava.is’
given in Table I1(KG.221.2).

Similar augite-andesite lava flows occur above the weathered
horizon at station KG.224 and, although they are essentially
alike, they have been more extensively hydrated. Augrte pheno-
crysts:have been partly pseudomorphed by actinolite, which has
preserved the original crystal form and twinning, while the
plagioclase phenocrysts in this outcrop are of basic' andesine
(Anao) Sheaves of secondary prehnite crystals occur in cavities
in the lava and these are associated with the chlorltrc pseudo-
morphs of the mafic minerals (see above).



Fuoure 48

a. A crystal tull from the east end of the nunatak 6.5 km north-cast of Cetus groundmass composed of small erystals of feldspar and grains of magnetite
Hill showing crystal fragments of andesine, quartz, magnetite and sanidine in a eryptocrystalline base, Part of a guartz-filled vesicle appears at the top
with less Irequent large shattercd erystals of normally zoned andesine of the photograph, (KG.221.1; X-nicals; <32)

LA b 5ot in a sericite-impregnated cryplocrystalline matrix, (KG.232.6; & Phenocrysts of oligoclase (An,-), orthoclase and augite, quartz-filled vesicles
Honieols; x=22) and the chlorite pseudomorphs in an avgite-andesite lava. (KG.221.1;

b, Impregnation of a weathered tuff by sericite, (KG,224,2; Monicols; =23} X-nicols; x4.3)

¢, Large crystals of angite (altered at their rims to caleite) which are contained f. An andesitic tuff from the south-eastern group of the Braddock Munataks,
in the bedded green tuffs of station KG.213 in the Braddock Munataks. showing an oval lapillus of metasomatized granodicrite, Although the
(KG.213.2: ordimary light; 2300 original guartz has remained unaltercd, the original feldspars have been

d. An augite-andesite lava containing augite phenocrysls et in a pilotaxitic prewdomorphed by 8 mosaic of cryvstalline caleite, (KOG 2200125 Xonicols;

x5y
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A thin cap of green propylitéizefdf andesitic tuffs interbedded
with similar augite andesite lava flows covers the intrusive
granodrortte in the south: eastern~ grd)up of the”Braddock Nuna-
taks. ,
These tuffs contam many: large grey and whlte angular essen-
tial laprllr of frnty, porphyritic-and | pum1ceous rh “olrtes set in an
unsorted pale green propyhtlzed matrix contamrng many feld-

crystal ragments (Fig. 23). Near the i ncordant contact
‘rodr}orrte, these tuffs ‘are extensively impregnated
condary icalcrte and pyrrte subsequently oxidized to

he llﬂhrc fragments 1n the tuﬁ"s were derrved from the
mterbedded 2 uglte andesrte lava flows but there are also many
accessory ' lar illi bf granular, holo rystallme and banded rhyo-
litic tuffs and lavas, trachytrc andesite lavas and infrequent basic
lapilli composed of a plagroclase—,nagnetrte intergrowth. Small
sub-angular - accrdental lapllh of granodrorrte roccur in the
easternmost nunataks of the south- eastern group of the
Braddock Nunataks although the 1ey were often extenswely
altered to calcrte and eprdote as; trey were erupted (Frg 48f).
nodio 'te mclusrons were orrgnlalls co‘mposed of a

: sarc of uartz e tabular crystals of micro-
% "1trcally inc ud° ‘su‘b -angular

An,.) cryst 11§ that have been
euhedral cry stal of sphene
eral in one of the granodiorite
: green tuffaceous matrix, which
of orthoclase plagroclase of
] o . o/ Any,, and cubic crystals of
| patrte‘mclusrons Partrcularly near the grano-
,t both the feldspfar constituents mclude much
: ar eprdote The pyroxene cryst “s in these tuffs
derived from the lnterbedded augite

sheargd (

also occu
laprllr ‘

‘—andesrte lava
: ley |are “often pseud 3morphed by luralrte while
es m he tuffs are fil ed with ra lratrng crys llme eprdote
veral augite- Landesrte lava flows, which are 1nterbedded with
these green tuffs, are very similar to the andesrte lavas in the
south-western group of the Braddock Nunataks However, due
to the proximity, of the intrusive granodiorite, they are more
altered; The orrgmal py; oXene phenocrysts have been partly or
‘ v altéred to a fibrous : aggre gate of actmolrte w1th which cal-
ssociated; the chlorite p;eudomorphs rncludmg prehmte
in. the original layas have not' undergone any further
but the zoned andesme (/f\n42) phenocrysts have been

1

S

ed and C)ntain ny granula e mclusrons The
texture of the oundmass, "s from holo-
crys “llme_to pilotaxitic, is largely obliterated by secondary

of granylar epidote and calcite, but in one relatively
d lava, hornblende is the mafic mine ‘jrn ‘the holo-
ne groun:lmaés and is associated ‘wrth“ cubic ‘magnetite
, andesine (Any,) laths and somé rnters itial quartz. It is
srgmﬁcant that the ferromagnesran nuneral in! thc groundmass of
this lava is horn slende rather than augrte, mdrcatrng that the
was more hydrd‘us than the augrte«an iesrte lava of
KG 221. lIn cases where extreme alterr on ‘has taken
cly pseudomo ;
calcite ‘and eprdote, an he andes ne pheno ysts, which are
more liable to alteratron ‘than the groundmass, are completely

altered to calcite.

%

g. Parasitic cone. It is uncertain what relationship the volcanic

rocks of station KG:222 bear 'to the successions in the other
adjacent nunataks. These outcrops are of green andesitic lithic
tuffs, characterized by the accidental granodiorite inclusions
they contain.. These sub- angular fragments of - granodiorite,
which posséss a hyprdromorphrc granular texture, are com-
posed of euhedral biotite crystals pseudomorphed by strongly
pleochrorc (green to colourless) pennrnrte and granular epidote,
set in a mosaic of sheared euhedral andesrne (An34) crystals,
more poorly formed sercrtlzed mrcroperthrtrc orthoclase crystals
and interstitial c]ear quartz (Fig. 49a). Accessory lapilli of
porphyritic and holocrystallme rhyolrtrc lavas and tuffs are also
widespread in these tuffs and they occur with less frequent frag-
ments of porphyrrtrc andesite lavas possessmg a icharacteristic
pilotaxitic groundmass, and trachytrc andesite lavas with a
characteristic trachytic groundmass. Some of the accidental
inclusions incorporated in these tuffs are altered to a granular
aggregate of epidote and calcite but the degree of this alteration
varies consrderably One unusual fragment which is completely
sericitized, may ' have been derived from an earlier weathered
horizon. All the lavas recorded Ifrom orthern part of the
south-western group of the Braddock Nuna‘ra s occur ias lapilli
in these andesitic tuffs. Tt is ref‘ore probable that they
accumulated after the main volcan cone had been forrned and
it is also possible that they were erupte
lated vent at station KG.223, 0. 1 n
These tuffs; may be part ofa paras c‘ cone f(
of the main volcano. ‘

The fine-grained groundmass of these ttffs contains much
disseminated granular magnetrte and eprdote together with large
crystal’ fragments derrved from the granodrorrte laprllr How-
ever, the andesrtes are propylrtrzed near the vents in an iron-
stained, zone rmpregnated with secondary cc“ e, whereas near
the summit of statron KG 222 ‘they are many veins of
crystalline quartz. and eprdote assocrated th the! mineraliza-
tion caused by a large microgranodic ‘ |

The granodrorrte 1nclus10ns which occur in the andesitic tuffs
at stations KG.222 and 224, and in the south-eastern group of
the Braddock Nunataks, are also present as boulders in the vent
agglomerate at station KG.223. iModal analyses (Table 1I,
KG.220.12 and 223. 2) of these i 1 granodiorite xeno-
liths do not clarrfy the relatronshrp they bea the granodiorite
outcrops to the south’ and west, b but| it i gnificant that the
granodrorrte fragments show non of ‘th ; xtures associated

)),‘“whrch should be
found if thrs mtrusrve granodror e‘had beer uncorpora’ted into
rocks. The most satrsfac tory explanatron is
rlier granodl
rated in these tu
lunataks volca
that the granodro te boulders were
which crops ou o the west and sd h
require: that th lcanrc rocks at'l» tat
other relevant outcrops were er 1pt< Jafter] ith
granodrorrte in ~absence of any 'St ! t‘a evidence of an
unconfornnty h the volcanic - <uc‘cessro \in the Braddock
Nunataks area, this explanatron is cC nsndered unlikely.
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rnaed on the ﬂanks

‘ c‘l,ds, which are part
p: The alternative is
d from the intrusion
is explanation would
222 and at the
intrusion of the

h. Vent agglomemtes Vent agglc merates occur in the Braddock
Nunataks area in the cliff face at station KG.214, at the western
foot of station KG.222 and at station KG.223. where they form
the major part of that knoll. In all cases, the agglomerate and



FIGURE 49

A pranodiorite lapillus in the andesitic wf of station KG.222 in the
Braddock Munataks. This granodiorite is composed of an hypidicmorphic
granular aggregate of euhedral biotite, andesite CAn,, ), microperthitic ortho-
clase and interstitial quartz, (KG.222.11; X-nicols; x 24}

. The texture of the groundmass of the vent agslomerate with an euhedral
andesine phenoeryst set in a e grained matris of feldspar microlites,
magnelite graing and a cryptocrystalline interstitial base, (KG.214.17;
X-nicols; x27)

c. A fragment of granodiorile in a vent agglomerate. Subhedral andesine

{Ang.) erystals are olten poikilitically incleded in large orthoclase plates and

there is a little anhedral interstitial quartz, (K.G.223.2; Xeonicols; <4.5)

. The gravelly wifls, which are composed of erystal fragments of quartz.

orthoclase dl'llj :‘l]1!’.|_|::=ilnf: {An) and rhyolite ; lapilli, set in a sericite-
impregnated fine-grained matrix, (KG,207.6; X-nicols; =24

- Aclapillus ol spherulitic rhyolite which is contained in the taff south-east of

the summil of northern Swine Hill. The spherulites are composed of radiat-
ing intergrowths of alkali-feldspar, (1G.207.12; X-picols; =20}

LA quartz-plagioclase-porphyry showing Carlsbad twinning in a corroded

feldspar phenocryst contained in & microcrystalline groundmass of feldspar,
smuall biotite crystals and patches of anhedral gquarte, (KG.207.14; X-nicols:
® 19
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surroundmg volcanlc rocks are extensrvely rmpregnated with
calcite and limonite.

The vent. at station KG 214 is about 6 S5m ac ross;and it is
composed of many large boulders of the earher volcahic rocks
set inj’ ;?ﬁne-grarned andesitic matrix. The matrix is formed of
feldspar ‘microlites and magnetlte grams set'in a cryptocrystal-
line base 1mp ‘ ‘amorphous‘patches of se ndary cal-
cite. lA mod: |
(KG.214. 17) '
(ranging m c

from the bour it
ably represents alate e
volcanic activity which causex hy i
tion of the surrounding volcanlc rocks. No boulders of grano-
diorite were recorded from this vent.

The vent agglomerate at station KG.223 is about 15 m across
and has extensrvely baked the adjacent earlier volcanrc rocks
(Fig. 26) It is also drstmgulshed from the vent‘ at station
KG.214 by the act that it con rs.of
drorrte which also appear in

This | igra" odrorrte 7Whlch o]

i brotrte eryst Is lar ‘fly pseudo-
e, broken euhedrall crystals of
orthoclase crystals, which

some!ac‘cessory sphene nc magnetrt contarnmg apatrte inclu-

sions ! (Frg 49c) A modal analysrs is glven m Table II
(KG.223. 2)

The groundmass of the agglomerate is, composed of crystal
fragments of quartz and sericitized orthoclase and ollgoclase set
in a crypt crystalhne matrrx, nnpregnated by granular epidote.
Also contained are lithic fragments of the earlier volcanic
rocks‘j%trachytrc an rmteS, composed of alrgned ollgoclase
(Any) 1 uuohtes and rmcrocrystalhne and cnyptocrystalhne
rhyolites. Many large cubic crystals of pyrite, largely' oxidized to
limonite, are disseminated through the groundmass. -

The vent agglomerate which occurs at the western foot of
statron KG.222 is far less significant than the previo‘us agglom-
erate.. However, granodrr rite: boulders are contalned in it, and
the agglomerate and surroundmg rocks: are 1mpregnated with
secondary limonite and calcrte i

i. Summary, The Volcamc rocks: of the Taurus and Braddock
Nunataks area are part of an orrgmal composite - cone centred
north: est of statlon KG 215 It is probable that the orrgmal

h a certarn amount of assocrated explo-
1 nced the mterbedded tuﬂ“s at station

on this co
through the hrstory of the Volcano, which then began to erupt a
sequence of potash rhyolite lava flows with some associated
pyroclastic debris. This rhyohte horizon is restrrcted to the

south-western group of the Braddock Nunataks and becomes
thinner southward away from station KG.215, :

As the eruptlon of rhyohte lavas decreased, explosive act1v1ty
increased producmg a succession of andesitic and rhyohtrc
breccias and tuffs. This activity gradually gave way to a period
of quiescence during which the uppermost ash and: tuff horlzons
were weathered.

In a short time, there was renewed actrvxty of'a qunte drfferent
character to the rhyolite eruptions. The opening stages of this
activity produced the dugite-bearing andesrtrc tuffs, whrch form
the thin but consistent horizon on the outer walls of the cone,
preserved at stations KG. 213, 215 and 221, and th lisouth—
eastern group of the Braddock Nunataks, The explosrv actrvrty
responsible for these tuffs accompanied the eruption of several
augite-andesite lava flows, some of which swept down the sides
of the volcano from station KG: 221 as far as the south- eastern
group of the Braddock Nunataks.

It is probable that the tuffs. at statron KG 222 were derrved
from a parasrtrc icone at statran KG 223 on the southern flank
of the main Volcano, at a fairly 1 te‘ stage in the volcamc actrvrty
However, in the final stage of ‘actrvrty, fumaroles and hot
springs were active, partlcularly around the choked Volcanrc
vents at stations KG 214 ar d r222 |

This course ot‘ eruption is ‘very similar to that 1n the Lassen
group of volcanlc rocks for rmmg the volcamc province of the
Cascade Range in the north-we tern Unlted States. Many of the
peaks of the Hrgh Cascades §COmpos1te cones of andesite,
dacite and rhyolite, and ha en formed by a raprd inconsis-
tent alternation| of basalt, andesite and rhyollte eruptions
(Turner and‘Ver'ho‘ogen, 16 60 p.1287). In the Braddock Nuna-
taks area there is a general trend from basrc to more acid erup-
tions up to the close of the rhy te eruptions but in the renewed
volcanic activity this trend is upset by the eruption of the augite-
andesite lavas. The trend of these eruptlons cannot be attributed
toa strarght—forward differenti \tion series but is consrdered to be
due to the differential fusion of deep-seated crustal rocks
accompanying an orogeny in the Antarctic Peninsula. When this
folding was active, filter pressing and segregation of the deep-
seated magmas, ‘subsequent blending of these magmas on their
way to the surface, and further, nodrﬁcatron by differentiation
whenever the magmas were held in a closed chamber, could
cause the varratrons recorded | in - the eruptrve rocks in the
Braddock Nunataks and srmrlar areas.

2. Balterbee ‘Mountains

Outcrops of volcamc rocks were visited in the Batterbee
Mountains at northern Swine Hill, southern Swine Hill and at
Bushell Bluff. Although the successions: at ‘these localrtres are
fundamentally 31m11ar, it'is| consrdered madvrsable to mter relate
them because so little of the ground was covered. The petro-
graphic charactdrrstlcs of each of the three outcrops are there-

l
fore consrdered in turn

l i
a. Northern Swme Hill. The succession at northern Swine Hill
(Fig. 50) is drav‘vn from a! traverse made from the foot of the
southerniridge to the summrt cairn.

The lowest rdcorded beds are gravelly tuffs which contain
pillows of rhyohtrc lava. These pillows of fine-grained flinty
grey-green rhyolite are colour zoned and not only indicate that
the succession is younging upwards but also that the éruptions
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A diagrammatic ‘sectlon at! northern Swine Hrll,‘ showing prllow lavas, rhyolite
lava flowsiiand interbedded tuffs, and volcanic ‘breccias’ (open pattern) The
vertical exaggeration is x 3.

FIGURE 51 :
A field sketch’ showmg the form of the colour-zoned pillows contained in a
banded matrrx of gravelly tuff, indicating that the section is younging upwards.

were submarine (Fig. 51). Thin sections reveal that the rhyolite
pillows are composed of angular fragments of quartz, serici-
tized orthoclase and occasional relatively unaltered phenocrysts
of oligoclase (An;) set in a banded cryptocrystalline felsic
matrix.. Amorphous green chlorite pseudomorphs of an original
ferromagnesian mineral (probable biotite) are rare but conspic-
uous and partly oxidized magnetite grains are evenly scattered
thoughout the groundmass. Some sub-parallel quartz lenses and
stringers in the groundmass represent zones along which the
volatile constituents in the lava were concentrated. However,
deuteric alteration, which probably occurred at the time of the
submarine eruptions, has produced the many epidote inclusions
in the groundmass feldspar and in the sericitized feldspar pheno-
crysts. Amorphous patches of secondary calcite and sub- parallel
stringers of crystalline calcite in the groundmass were caused in
the same way. Some small lithic fragments of ‘holocrystalline
and spherulitic rhyohte are contained in the rhyolite pillows,
indicating that explosive activity occurred at the same time as
the eruption of the lavas.

The gravelly banded matrix enclosing these p1llows is:an iron-
stained, 'poorly | consolidated, equigranular . lithic crystal tuff,
composed of small sub- angular fragments of quartz and feld-
spar crystals, infrequent chlorite and epidote pseudomorphs
after biotite, and fragments of rhyolite, set in a fine-grained felsic
matrix impregnated by sericite. It is probable 'that this sericite

indicates the aqueous environment in wh1ch the gravels accumu-
lated but the angularity of the grams md1cates that they had not
been abraded and that they were proba‘bly produced durlng the
explosive activity accompanymg these eruptlons

6.5 m higher in the succes<1on, 1rregu ar but continuous layers
of these grey-green flinty banded rhyohtes are separated by less
resistant layers and lenses of a, s1m11a r grey-green gravelly tuff
(Fig. 52). These gravelly tuffs are c¢ numed of equigranular
andesine (Anag) orthoclase, quartz fand green rhyolite frag-
ments set in a grey green  sericite-in megnated matrix. The
succession is cut by plpe armygdal s, 15 cm long, ﬁlled with cal-
cite (Fig. 52). These pipe amygdales ‘yplcally occur at the base
of a flow and have resulted from the uprising of steam from the
moist surfaces over which the lava flowed. Since they commonly
occur when lava is erupted over wet sediment (Du Toit, 1907), it
is probable that the lenses and irregular beds of gravel were
caught up in the lava flow from the floor of the area of water
into which these rhyolites were erupted. | ‘

v

FIGURE 52 .
A field sketch showing the lenses and bands of gravelly tuff (stippled) which
are interbedded with banded rhyolite layers. A pipe amygdale filled with
crystalline calcite (black) cuts the succession..

About 15 m higher in the succession, the rhyolites at the top
of a flow become slaggy and vesicular, and are dissected by
many haphazardly orientated joints which: are frequently
veneered with a black cmdery deposit. Iron-stained gravelly tuffs
containing many large angular fragments of -glassy rhyolite
separate this from the subsequent rhyohte ava flow and they are
also composed. of sub-angular lithic fr‘agn ents of cryptocrystal-
line, spherulitic and porphyritic rhyolites, and crystal fragments
of oligoclase (An,y) and ‘quartz set in a fine-grained sericite-
impregnated felsic matrix (Fig..49d). The sericite laths are often
sub-parallel tothe outlines of the lithic fragments

Another lava flow crops out at the top of the ridge extendmg
to the summit of northern Swine Hill. This is composed of
vesicular and finely banded rhyolites dissected by innumerable

joints. The banded rhyolites are composed of slightly corroded

phenocrysts of andesine (An,;) and orthoclase, which are con-
tained in a fine-grained felsic groundmass with disseminated
grains of oxidized magnetite concentrated in the darker bands.



FIGuRE 53

a. Crystalline caleite associated with a granular quartz mosaic infilling a cavity
in bedded quartz-porphyry lava Aows, The twin lamellae are curved due to
subsequent deformation. (KGL208.8; X-nicols, = 19}

b. Detail of the replacement by caloite of a plagioclase phenocryvsat in the
massive green (alls at the summit of southern Swineg Hill, {KAG.208.1;
X-nicols: «2R)

c. Inclusions of the fine-grained groundmass in guartz phenocrvsts in a quarls
porprhyry lava Mow at Horse Bluff (K.GL2 1009 Xonicols; < 21)

d, The cryplocrystalling corona of feldspar and interstitial quarte which accuers

around the guartz crystals in g gquartz-porphyry lava at Horse Bloff
(KO 2100%, Xonicols; € 21)

. The detail of an aggregale of secondary magnetite and green hornblende in a

hornfels. (K G230, 15 ordinary light; = 300

A troctolite showing olivine crystals, which are crossed by alteration cracks
containing magnetite and serpentine, surrounded by a reaction rim grading
from diopsidic augite to fibrous amphibole. The olivine crystals are con
tained in an hypidiomorphic granular agegregate of clear bytownite crystals
exhibiting pericline and albite twinning. (KG.234.6; X-nicols; = 3.5)




THE GEOLOGY OF PARTS OF CENTRAL WEST PALMER LAND 35

Many of the porphyritic rhyolites in the upper part of this flow
are glassy and iron-stained due to weathering which occurred
soon after the eruption.

At the summit of northern Swine Hill, the rhyolites are super-
seded by coarse tuffs and quartz-porphyry lavas. The coarse
tuffs, which crop out south-east of the summit (Fig. 38), are
composed of: angular fragments of porphyritic and banded
spherulitic rhyolites, and crystal fragments of quartz and ortho-
clase, set in a fine-grained felsic groundmass impregnated with
bright ‘green chloritic - patches ‘and . partly ‘oxidized magnetite
grains (Fig. 49¢)."

At the summit cairn, the uppermost stratum recorded is a
yellow quartz-plagioclase-porphyry that appears to constitute a
lava flow. This rock is composed of hexagonal quartz and
euhedral feldspar crystals set in a pale yellow fine-grained
groundmass Thin sections reveal that it contains corroded
quartz and euhedral andesine (An33) phenocrysts together with
smaller brotlte mrcrophenocrysts set in a holocrystalline ground-
mass compc sed of a mosaic of quartz, feldspar and small biotite
crystals (Fig. 49f). This biotite, which is pleochr01c from green
to pale yellc w, may well be the original ferromagnesxan imineral
that has been pseudomorphed by green chlorlte ini the lower
rhyohtes ‘In' a quartz porphyry lava flow, b 3 beneath the survey
cairn at !Sw1 e Hill, green chlorite with assoc ated granular epi-
dote does, in fact partly pseudomorph the bxonte

b. Southern Swzne Hill. At southern Swine Hill the volcanic
rocks are folded about an east—west-trending anticlinal axis, the
northern limb of which dips more steeply than the southern one
(Fig. 38). The tentative stratigraphical succession illustrated in
Fig. 38 is based on the limited number of observations which
were made.

The lowest exposed outcrops consist of a succession of grey-
green rhyolitic lava flows interbedded with massive dark green
tuffs, and cut by basaltic and quartz-porphyry dykes. Each flow
is iron-stained and slaggy towards its top and is generally
inconsistent in thickness and direction. At the summit of
southern Swine Hill, the sequence in the folded succession
appears to be from bedded metasomatized quartz-porphyry
lavas to iron-stained volcanic breccias and massive green tuffs.

Well-bedded green quartz-porphyry lavas exposed east of the
summit of southern Swine Hill are extensively impregnated with
crystalline calcite, which is particularly conspicuous along the
open joints trending parallel to the fold axis. In thin section,
these rocks are evidently composed of large, corroded euhedral
quartz crystals, and many almost entirely sericitized feldspar
phenocrysts, some of which are identified as oligoclase (An,),
set in a microcrystalline felsic groundmass impregnated by
many sub-parallel zones of granular quartz. Calcite pseudo-
morphs some of: the original euhedral amphibole micropheno-
crysts, stringers of crystalline calcite cut all the constituents of
the rock and large crystals of calcite are associated with granu-
lar quartz which infills large cavities at the apex of the anticline.
The cleavage planes of ithis calcite are markedly curved (Fig.
53a), indicating that the crystals were probably deformed at the
same time as the rocks were folded.

At the summit of southern Swine Hill, the volcanic breccias
are composed of sub-angular blocks of quartz-porphyry,
spherulitic and cryptocrystalline rhyolite lavas set in a gravelly
iron-stained tuffaceous matrix. These breccias, which appear to

be interbedded with the succeeding tuffs, are dissected by a
complex but well-developed joint pattern. One quartz-porphyry
block in this volcanic breccia is composed of sub-angular frag-
ments of quartz, containing many cryptocrystalline inclusions of
the groundmass that invaded it, sericitized orthoclase crystals,
unaltered. oligoclase' (An,g) phenocrysts, and chloritic pseudo-
morphs of an ‘original ferromagnesian mineral contained in a
microerystalline felsic mosaic of quartz, feldspar and interstitial
secondary chlorite.  Vesicles in this groundmass are filled with
granular quartz, with which crystalline siderite is associated, and
pyrite  crystals . characteristically = altered  to limonite are
disseminated throughout this rock.

The massive green tuffs exposed west of the summit of
southern Swine Hill are composed of lapilli of green and brown
porphyritic rhyolite set in a green flinty matrix containing feld-
spar. crystal fragments. The bedding surfaces of some of these
compact . well:jointed rocks are iron-stained :as:a. result of
contemporaneous weathering but ‘deuteric alteration: has resul-
ted "in a calcite veneer on:some: joint planes and crystalline
calcite infills many: of the ‘cavities in these rocks. In'thin section,
they are evidently composed of lapilli of fine-grained porphy-
ritic. and. holocrystalline rhyolites set in a fine-grained felsic
matrix containing magnetite grains, sub-parallel quartzose lenses
and amorphous patches of calcite, and'secondary.green chlorite.
Large crystals of orthoclase and oligoclase (An,,), contammg
calcite and quartz inclusions (Fig. 53b), are also widespread in
this groundmass.

c. Bushell Bluff. The outcrops at the summit of Bushell Bluff are
iron-stained, bedded, well-jointed green lithic tuffs cut by basalt
dykes, which are underlain by quartz-porphyry lavas. These
green tuffs are composed of crystal fragments of. quartz, ortho-
clase, oligoclase (An,q) and less frequent muscovite set in a fine-
grained groundmass impregnated with secondary green chlorite.

This green chlorite also partly pseudomorphs original biotite
phenocrysts. Grains of magnetite are concentrated in patches of
altered rock and occasional lapilli and blocks of dark green
holocrystalline and cryptocrystalline porphyritic rhyolite lavas
containing zoned feldspar phenocrysts are embedded in the
tuffaceous matrix. However, there is no trace of secondary cal-

cite in these rocks.

d. Summary. This succession represents the remains of a vol-
cano, the active centre of which may have been situated near
southern Swine Hill. This conclusion has been reached because
most of the coarse-grained pyroclastic rocks occur at southern
Swine Hill and because deuteric alteration of the volcanic
succession is most intense there. Dominantly rhyolitic lavas and
tuffs were erupted from it, the basal flows being erupted in a sub-
aqueous: environment. The higher flows do not appear to have
been erupted under water, since the contemporaneous iron stain-
ing associated with them leads to the conclusion that they were
erupted and weathered above the water level. The trend in these
eruptions was for explosive activity to increase with time and for
quartz-porphyry lavas to be included in the later activity.

e. Other outcrops of volcanic rocks in the Batterbee Mountains.
At the western end of Horse Bluff quartz-porphyry lavas crop
out. These contain conspicuous corroded quartz phenocrysts
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containing many inclusions of the groundmass by which they
had been invaded (Fig. 33c). These phenocrysts are also
surrounded by a fine-grained reaction rim composed of anhedral
quartz and microlites of feldspar (Fig. 53d). Andesine (An,,)
phenocrysts, infrequent penninite pseudomorphs after biotite
and occasional orthoclase crystals, sometimes aurrounded by a
graphic intergrowth of quartz and feldspar, are set in the micro
crystalline felsic groundmass composed of feldspar microlites,
chlorite and interstitial quartz. The vesicles in this lava are filled
with crystalline epidote but, in another more altered quartz-
porphyry lava, epidote inclusions occur in the feldspar pheno-
crysts and in the penninite—calcite—magnetite pseudomeorphs
after biotite. These quartz-porphyries may be related o those of
Swine Hill.

In the middle of lower Norman Glacier a small knoll is com-
poesed of agglomeratic rocks, which mark the site of a former
vent, These agglomerates contain blocks of porphyritic and
flinty rhyolite and granodiorite, and feldspar and mafic crystal
fragments set in a well-jointed, glassy, iron-stained rhyolitic
tuffacecus matrix. The rhyolite blocks are similar to the lavas of
Swine Hill. perhaps indicating that this vent agglomerate was
formed after the Swine Hill eruptions. Although the grano-
diorite blocks are somewhat similar to the granodiorites of the
plateau (Table 11, KG.209.1). it is probable that the explosive
activity at this locality was a late phase of the Swine Hill activity
and that, as in the Braddock Nunataks area, the granodiorite
blocks were derived from an earlier intrusion.

Although velcanic rocks appear to be widespread in the
Batterbee Mountains, they were only sampled at two other
localities. At station KG.236. north of Mount Bagshawe (Fig.
39}, hornfelsed dark-coloured rocks crop out above a pink acid
intrusion (Fig. 43). This hornfels is composed of a fine-grained
granoblastic masaic of quartz, magnetite, green amphibole and
feldspar, in which are set euhedral phenocrysts of basic ande-
sine (Ang,), anhedral sericitized orthoclase crystals and compo-
site aggregates of malfic minerals. These mafic aggregates grade
from a core of small biotite crystals (pleochroic from olive-green
to pale wellow), with associated quartz and granular magnetite,
to a rim composed of crystalline deep green amphibole (o = pale
brown; | = green; v = dark green) (Fig. 53e). It is possible that
the hornfels was derived from a porphyritic basic volcanic rock.

R. R. Horne, who visited the nunatak 235 km north-cast of
Mount Cadbury, described a vent agglomerate and nearby black
cryptocrystalline andesitic lava flows of indeterminate age. This
nunatak (lat. 71% 15'S, long, 66° 02'W) is sharp and conical,
composed of a vent agglomerate, and formed of blocks of ande-
sitic lava up to 2.5 m across cemented by grey toff with lithic
erystal and vitric components.

The lava blecks contain euhedral andesine (An,,) and infre
quent orthoclase phenocrysts, more or less pseudomorphed by a
crystalline aggregate of epidote, with which a little secondary
chlorite 1s associated, These discrete or aggregate phenocrysts
are embedded in a pilotaxitic groundmass composed of feldspar
microlites and magnetite grains in a eryptocrystalline matrix.

Infrequent cubic pyrite crystals are disseminated throughout
the groundmass of the agglomerate, which is a compact grey
andesite containing large crystal fragments of feldspar and lithic
fragments of andesitic tuff and lava.

Actual lava flows, which are very similar to the blocks in the
agglomerate, were recorded in a small nunatak 0.4 km south
east of the main nunatal.

B. ANDEAN INTRUSIVE ROCKS
. Gabbroic rocks

These occur in the Batterbee Mountains on the eastern side of
Mount Bagshawe, at stations KG.234 and 237 (Fig. 39), and
range from augite-microgabbro and lineated amphibole-gabbro,
which form the majority of the exposures, (o an equigranular
troctolite differentiate.

The troctolite, which occurs in the centre of the outcrops of
gabbroic rocks, is a coarse-grained equigranular rock com-
posed of a mosaic of glassy feldspar and olivine (Fig, 543, Thin

FiGure 54
A polished seetion of troclolite showing the equigranular mosaic of large
glassy byltownite crvstals, dark-coloured olivine and accessory pyroxcne,
which Form the rock, The white mineral, which emphasizes the sutured
conlacts between the component crystals, is composed of small triturated
grains of bytownite, (KG,234.4; =0.68)

sections reveal that it contains large, rounded, optically nega-
tive olivine crystals (2V ~ B0°) crossed by a network of altera-
tion cracks filled with magnetite grains and fibrous chlorite. The
olivine crystals are sometimes partly altered to patches of
vellow-green antigorite and are [requently surrounded by a
narrow reaction rim of diopsidic augite, in turn fringed by horn
blende (pleachroic from pale green to pale brown). Infrequent
large crystals of diopsidic augite are associated with the olivine
crystals and are allered initially to diallage with many inclu-
sions of tremolite along a parting parallel to [ 100}, and subse-
quently, at the crystal edges, to crystallized hornblende and
clinochlore. Al the extreme edges of these composite crystals,
the hornblende merges into a fibrous aggregate of tremolite, in
which there are some ragged grains of green spinel {pleonaste).
The ferromagnesian minerals usually occur in aggregates of
crystals representing a continuous reaction series from olivine to
tremolite. Some of the smaller olivine crystals are poikilitically
included in plates of fresh bytownite, which ranges in composi-
tion from Ang, 1o Ang,, but some small grains of this bytownite
are also poikilitically included in the larger subhedral bylownite
plates and in the larger olivine crystals (Fig. 530, This restricted
poikilitic texture has probably arisen because the bytownite and
olivine were crystallizing slowly and simultaneously, and it is
probable that this rock is formed of a cumulate of early crystal-
lizing minerals. which separated oul from the magma and were
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TAaBLE 111
MODAL ANALYSES OF ANDEAN INTRUSIVE ROCKS
KG.234.6 KG.2352 KG.237.10 KG.225.1 KG.201.1 KG.2152 KG.211.1 KG.228.7 KG.227.1 KG.210.3 KG.2 19.5
Unresolved quartzo-
feldspathic
groundmass — — — — — — — — — — 60.6
Quartz — — — 30.2 - 138 38.1 11.8 8.9 12.3 46.6 0.8
Orthoclase — — — 17.7 5.3 20.5% 62.81 9.7 9.2 27.3% 2.0
Plagioclase 69.9 49.7 28.3 37.2 66.1 30.7 17.8 39.7 60.0 224 16.8
Sericite — — tr tr tr tr tr — tr tr tr
Olivine 25.7 — 18.1 — — — — — — — —
Antigorite 0.7 — 0.1 — —_ 1.0 o — — — —
Magnetite 0.2 3.5% 3.1 0.9 tr 1.0 1.1 0.7 0.3 tr 2.2
Pyroxene 2.8 45.1 3.2 — — 1.7 0.2 — — — —
Hornblende 0.7 0.2 34.2 5.9 3.2 1.0 4.1 27.9 9.2 — —
Actinolite-tremolite tr 1.5% 12.9* — — 0.6 — — — — —
Clinochlore — — — tr 1.7 2.5 0.3 3.9 0.9 — —
Biotite — e — 1.5 9.7 2.0 1.9 75 0 — — —
Penninite — — — 04 0.2 e tr tr 7.6 1.3 14.4
Prehnite e — — tr tr tr tr tr 0.1 — —
Pleonaste tr — 0.1 — — e — — — — ——
Epidote — — — tr tr — tr 0.4 0.1 2.4 0.8
Calcite — — — — — — — — — — 1.8
Apatite — — — 0.2 tr tr tr tr 0.3 — 0.4
Sphene — — — tr —_ — — 1.3 tr — tr
Plagioclase composition|  Angs Angg Angg Ang .. Angyy, Angg,, Anig,s Ange ., Ang An,, Any,
tr Trace. '
* Some of this occurs in secondary veins.
1 Microperthitic.
T Partly oxidized to limonite.
KG.234.6 Trocolite; main north-south ridges 5 km east of Mount Bagshawe. KG.211.1. Basic inclusion in granodiorite; westernmost of the Taurus
KG.235.2  Augite-microgabbro; north-eastern side of Mount Bagshawe. Nunataks.
KG.237.10 Olivine-gabbro; peak 5 km south-west of Mount Ness. KG.228.7 Basic inclusion in granodiorite; main peak in nunatak group
KG.225.1 Granodiorite; depot site, central member of the Taurus Nunataks. 10:km north-west of Cetus Hill.
KG.201.1 Granodiorite; Thomson Rock. KG.227.1 Leucocratic raft in granodiorite; north-westernmost of nunatak
KG.215.2 Marginal ‘hybridized granodiorite; northernmost of the south- group 10 km north-west of Cetus Hill.
western group of the Braddock Nunataks. KG.210.3  Granitic rock; Horse Bluff.

KG.219.5 Microgranodiorite dyke cutting granodiorite; south-western group
of the Braddock Nunataks. )
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consolidated into an allotriomorphic mosaic by the pressure
exerted by the remaining crystallizing magma. A modal analysis
is given in Table III (KG.234.6).

In contrast, the other gabbroic rocks from Mount Bagshawe
and station KG.234 are either augite-microgabbros or lineated
coarse-grained amphibole-gabbros and pyroxene-leucogabbros,
which vary in grain-size and composition -according to the
rapidity of their crystallization and the extent of subsequent
deuteric hydration.

A traverse A-B (Fig. 39) across the strike of the mineral
lineation in the easternmost of the ridges at station KG.234
shows that the coarse-grained lineated hornblende-gabbros
occur as an irregular layer in the equigranular augite-micro-
gabbros (Fig. 55). This augite-microgabbro is composed of a
hypidiomorphic granular mosaic of pale brown augite and

FIGURE 55
A field sketch showing how the layer of lineated, coarse-grained, deuterically
altered amphibole-gabbros is related to the augite-microgabbros at the north-
western end of the eastern of the main north—-south ridges 5§ km east of Mount
Bagshawe.

bytownite (An,;) crystals in the approximate proportions of
1:2. The augite crystals contain small inclusions and a kely-
phitic fringe of hornblende (pleochroic from green to brown); the
clear plagioclase crystals often show albite and pericline twin-
ning (Fig. 56a). Stringers of fibrous tremolite' cut the granular
groundmass. and veneer some of the joint planes of these iron-
stained rocks, and aggregates of large diallage crystals are also
scattered irregularly through the microgabbro.

A layer of coarse-grained lineated altered gabbro is inter-
leaved with the equigranular more widespread microgabbro.
This lineated gabbro is composed of sub-parallel .elongated
anhedral crystals of glassy feldspar and dark green mafic
minerals. Therefore, the lineation shows up most strikingly on
the weathered rock surfaces. In thin section, the rock is com-
posed of ragged phenocrysts of diopsidic augite, from which
minute grains of magnetite have exsolved, surrounded by kely-
phitic rims of optically continuous actinolite, merging at the
crystal edges into a feathery -aggregate of fibrous tremolite
crystals. This secondary tremolite sometimes completely
absorbs the pyroxene. The original bytownite (An,,) remains as
isolated ragged phenocrysts but it has been largely granulated
by deuteric alteration to form a fine mosaic of relatively unal-
tered grains often impregnated by calcite.

A coarse-grained pegmatitic gabbro in the scree at the foot of
this outcrop is composed of aggregates of large interlocking
crystals of pale brown hornblende, in the cores of which grains
of the original pyroxene remain. In some cases, these pseudo-
morphs consist of aggregates of small randomly. orientated
tremolite—actinolite crystals but, more frequently, the amphi-
bole ' crystals are optically continuous with the pyroxene
crystals. Large interlocking bytownite' (An,;) crystals occur
between the mafic crystals and are slightly sericitized and granu-
lated. Accessory crystals of euhedral apatite and a little granu-
lar epidote are associated with the amphibole pseudomorphs in
this altered pegmatitic gabbro (Fig. 56b).

On the north-eastern flank of Mount Bagshawe the gabbroic
rocks are lineated pyroxene-leucogabbros in which the lineation
trends at 145° (mag.). These gabbros consist of finer- and
coarser-grained layers, and contain irregular more leucocratic
inclusions. The pyroxene in these rocks is pale green diopsidic
augite, which occurs as ragged crystals or crystal aggregates
that are slightly altered to antigorite and include small grains of
magnetite. However, about 80% of the rock is composed’ of a
granular aggregate of subhedral interlocking bytownite crystals
(An,;) of varying sizes with associated anhedral patches of
magnetite.

The outcrops of gabbroic rocks high on the eastern side of
Mount Bagshawe are also augite-microgabbros and altered

-lineated coarse-grained amphibole-gabbros. The coarser-grained

lineated varieties are identical to those at the eastern of the
ridges at station KG.234 and have been subjected to deuteric
alteration. This has produced amphibole pseudomorphs after the
original pyroxene crystals and has caused some copper stain-
ing. A little farther east (Fig. 39), iron-stained augite-micro-
gabbros crop out; these are also essentially similar to those of
the eastern of the ridges at station KG.234, although limonite is
concentrated along the sutures between the constituent minerals
and infrequent magnetite-rich bands occur. A modal analysis of
this augite-microgabbro is given in Table III (KG.235.2).

At station KG.237, there are gabbros similar to both the
coarse-grained lineated amphibole-gabbros and the augite-
microgabbros of station KG.234. The gabbros south-west of a
small intrusive boss of granodiorite (Fig.:39) are extremely iron-
stained and impregnated with malachite and epidote due to
metasomatism associated with the intrusion. In one such altered
coarse-grained gabbroic rock, the original ferromagnesian
mineral has been altered either to large pale green araphibole
crystals with associated clinochlore or to a felted aggregate of
actinolite and penninite crystals containing amorphous inclu-
sions of calcite. The original feldspar has been altered to large
irregular crystals of epidote, with which are associated radiating
sheaves of prehnite.

North-west of the granodiorite intrusion the gabbroic rocks
are not so extensively metasomatized. They consist of olivine-
gabbros and microgabbros, which contain all members of the
reaction series from olivine to tremolite. Infrequent corroded
olivine crystals with patches of olive-green antigorite are crossed
by typical alteration cracks containing exsolved magnetite.
Surrounding the olivine crystals is a corona structure composed
of a reaction rim of diopsidic augite, which is in turn altered to
amphibole (pleochroic from pale green to colourless) forming
large, optically continuous partial pseudomorphs after the
pyroxene. The crystallized amphibole grades at the edge of the
reaction rim into an aggregate of disorientated feathery actino-



FIGURE 56

a. An augite-microgabbro composed of an hypidiomerphic granular aggre-

gate of bytownite (Ang. ) and pale brown augite surrcunded by a kelvphitic
fringe of hornblende, (KAG.234.1; X-nicols, = 3.5)

. A gabbro-pegmatite composed of a mosaic of large interlocking, optically
conlinuous, near-complete hornblends pseudemorphs after pyroxene and
slightly sericitized bytownite (An,,) cryvstals, In places the crystallized horn
blende is replaced by a Obrous aggresate of leathery (remolite-actinolite
crystals, (KG.234.5; Xonicols: =2.5)

;. The corena of magnetite and fibrous tremolite which has developed around
an olivine crystal in an oliving-gabbro, The interstitial feldspar is labradorite
(Angh (G237 10 Xonicels; <31)

CAn olivine-gabbro showing the deuleric alteration which has taken place,
The original labradorite (An. ) crystals are slightly granulated and include

feathery crystals of tremolite; the original pyroxene crystals are altered
either Lo a felled mass of tremolite covstals or w optically continuous amphi
bole; the intermediate sones are composed of aggregales of re-distributesd
feathery actinolite-tremolite erystals, (KG.227 100 X-micols; = 3.5)

. A characteristic radiating growth of dendritic iron ore which has developed

as  diopside replaced the original olivine in an  alivine-microgabbro.
(K237, 1 ardinary light; = 300

LA typieal granodiorite from the depot site in the central part of the Taurus

Munataks. Large anhedral orthoclase crystals poikilitically include some of
the rounded shghtly sericitized andesine crystals. Cuartz 15 interstitial and
ecuhedral erystals of hornblende, biotite and magnetite oceur fregquently.
(KO 225.1; Xonicols, = 3.5)
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lite crystals with dendritic growths of granular magnetite,
whereas ‘the actual contact between plagioclase and the mafic
minerals is marked by an outer shell of fibrous tremolite contain-
ing many vermicul ar feldspar 1nclus10ns (Fig. 56¢). Thrs corona
is idealized and is eserved in all stages of completlon within
the gabbro The large original crystals of d1ops1d1c augite are
also largely pseudOm ‘rphed by either optically continuous pale
green hornblende,: - by an aggregate of feathery actinolite
crystals; whrch frequently contain amorphous patches of pleo-
naste. These larg‘! mpos1te mafic crystals subophitically
enclose rounde' grains of labradorite (An68) This feldspar
forms the allotj c, granular mosaic between the mafic
minerals (Fig. 56d) and also encloses many small crystals of
feathery actinolite. The actinolite has been re-distributed as veins
and stringers and is associated with a little calcite. A modal
analysis of this rock is given in Table 1 (KG 237. 10)

The mrcrogabbros Whlch occur near the coarse-grained
olivine-gabbros, a 1 olivine pheno-
crysts almost com‘

phenocrysts ‘ nded by coronas of radiating | dendritic
iron ore‘(Fr‘.jl ‘ reactlon rims ofw pale brown diopsidic
augite with n-grained
groundmass: mrcrogabbros is‘ forrred lbY many

interpenetrating 1
by diopsidic adg
ded grains be
ted with| gra
phenocrysts 315
Similar m‘iicr
1.6 km north‘;v‘ est
recorded gabbre
granodlorlte ga
to those of Mc
Gurney Point. T ! com‘posed ofa coarse—gramed
hypidiomorphic granular aggrevate of olivine crystals partly
altered to antigorite and surrounded by a reaction rim of pale
brown aug1te and hornblende ‘Original crystals of diopsidic
pseudor orphed by hornblende and
156 crystals are serlcmzed and
stalline epidote. In a pegmatitic
ros the large plates of feldspar
eir rims and are surrounded by

r1te (An63) laths subophrtlcally enclosed
| also occurs as intersti ldl roun-

1 laths and is usually associa-
‘te Some ragged bytowmte (An,,)

tin he small nunatak about
.237 (Fig. 39). R. R. Horne also
C: ‘aury where they are intruded by

ir nla ,mlneralogwal composmon

contain:. many 1nc
rock assoc1ated wi

which produced mamlyz‘ ohvme gabbros composed essentlally of
bytowmte or labradorrte and ol1v1ne. The troctohte is a differen-
a whereas the remamrng outcrops have
lization of the orxglnal magma under the
froughout the mtrusron(s)

varrable condltrons '
The ratxo of maﬁc

'tlon of the mafic. mmerals
] ; on of the orlgrnal olivine
iopsidic augite, followed by horn-
blende and ﬁbrous actinolite~tremolite, which in extreme cases
is partly altered to ca crte, whereas the 1nfrequent alteration of

bytownite has produced crystalline epidote.

2. Granodiorites

Granodiorites ‘are widespread in the Braddock Nunataks
area, forming all the nunataks west and south of the south-

ntigorite. These

_from An,, to Ang, shghtly sericitize

western group of the Braddock Nunataks w1th the exceptron of
station KG.232. Margmal variations of this granodiorite intru-

sion also appear where the granodr
exposed in the south-western group o he
and surrounding outcrops (Fig. 16);
be the most widest read pluton.
Mountains (Fig. 1). in
sent cupolas of the s
ably several phases
within the period of t
orogeny. ‘

Granodiorite was ﬁrst encountered atuth
the Taurus Nunataks and this outcrop is typ

1te/voIcamc ‘contact is
‘ Sraddock Nunataks
odiorite lso appears to

he Batterbee

> main 1depot site in
cal of the unhybrid-

ized granodiorite of the Braddock Nunataks area. It is a meso-
cratic - coarse-grained rock contammg finer- gramed more

and is composed of uhedr‘
patchy extinction and corltammg
more serrcltrzed andesme crys
hornblende icrystals
scheme | a = yellow—

and altered along the
aggregates of minut lary
clinochlore and amorphous ¢

associated with amphibole °rystals and

melanocratic basic 1nclus1ons, whlch are: elongated in the drrec-

; the longi-
r orienta-

‘tlly zoned
tals with a
ions of the
s of ragged

V‘e

soclfated with

usually

quartz forms

about one-third of this rock (Fig. 561") A modal analys1s is given

in Table I11 (KG.225.1). |
The granodrorrte outcrops in the Taurus
taks area are consistent but there are so
norm. In cases. where lthe grano «
adjacent to later dyke mtrusrons
morphed by an aggregate of wpenm.
and magnetite. When iblotrt
are concentrated alonlg the,
other granodronte outcrop

‘:‘)nly an‘

crystals of hornblende; orth and a g

clase intergrowth ' are porkrlltlcally mclude

clase plates (Flg 57a), in one gran
residual . core of pyroxene occurs
blende crystals o

Several features of these granodlorltes are Si
andesme are more  se;

poikilitic inclusions of
enveloping orthoclase
frequently pseudomorp
indicates that some de
had occurred before

and Braddock Nuna-

tions from the
etasomatized
s are pseudo-
nular epidote
hese‘ minerals
planes./In some
ut subhedral

crystallized. The occurrence of 1nfrequent re31dual pyroxene
cores in the mafic minerals and the consistent occurrence of nor-
mally zoned andesine crystals also means that! these rocks had
been formed by the assimilation of relatively basic rocks by a

more acid magma.
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Fioure 57
a. A granodiorite from the main peak in the nunatak group 10 km nocth-west
of Cetus Hill, showing the poikilitic inclusions of the malic minerals and
plagioclase in the large euhedral crvstals of orthoclase. (FG.228.3;

Xenicols; =4)

b, The sharp contact and textural and compositional dilferences between a
basic inclusion and granodiorite, (KiG,228.8; X nicols; =21.5)

The granodiorite outcrops are uniform in the Braddock
MNunataks area but the outerop at Thomson Rock is signifi-
cantly different. This granodiorite is composed of euhedral
crystals of hornblende, biotite, quartz and feldspar which are
clearly aligned. The proportion of mafic to felsic constituents is
about 1:4 in most of the granodiorite but zones and discrete
finer-grained basic inclusions are more melanocratic. In thin
section, this rock is composed of euhedral biotite crystals, pleo-
chroic from brown to pale vellow and very slightly altered to
prehnite and penninite. This biotite is usually associated with
ragged green hornblende crystals with a pleochroism scheme
o = pale brown, B = greenish and ¥ = dark green, and infre-

quently altered to flakes of clinochlore. Many rounded grains of

magnetite and euhedral crystals of apatite are contained within
the mafic minerals. The felsic minerals of this rock are inter-
stitial quartz, euhedral crystals of slightly sericitized labradorite
(An,;) zoned normally to An,, at the erystal rims, and infre-
quent interstitial patches of orthoclase.

The Thomson Rock granodiorite is significantly different
from that of the Taurus and Braddock MNunataks in scveral
respects {Table 111, KG.201.1). The plagioclase is both more
abundant and more caleie:; orthoclase is an interstitial mineral at
Thomson Rock but it poikilitically includes the earlier cryvstal-
lizing minerals in the Taurus and Braddock Nunataks area; the
proportion of biotite in the Thomson Rock granodiorite is
greater, apparently at the expense of hornblende. It is probable,
in view of the fact that there are many more basic inclusions and
zones of inclusions in the Thomson Rock granodiorite, that the
more basic composition of this granodiorite is due to the greater
proportion of basic material that has been assimilated.

a. Basic inclusions. These are widespread in the granodiorite
and in the cases where they occur in the marginal granodiorite

they are clearly xencliths (Fig. 22). However, in the majority of
cases, it is not certain whether these inclusions are genuine
reconstituted xenoliths, or autoliths, formed of segregations of
early formed minerals in the granodiorite. These inclusions are
composed of the same minerals as the enclosing granodiorite but
they occur in different proportions (Table 111, KG.228.7) In
particular, the content of mafic minerals, strongly zoned plagio-
clase. apatite, sphene and magnetite is greater in the inclusions.

Al Thomson Rock, zones of fine-grained basic inclusions and
schlieren up to 10 m long occur in the granodiorite. by which
they have been more or less assimilated (Fig, 420,

Similar, though less frequent basic inclusions. ocour in the
granodiorites of the Taurus and Braddock Nunataks area. At

; FiGuRE 58 :
A polished section showing the difference in texture and composition between
a hasic inclusion and granodiorite, (KG.228.8; =2.5)
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station KG.228, a basic inclusion in the granodiorite (Fig. 58)
has a medivm-grained hypidiomorphic granular texture, It
contains eunhedral hornblende  crystals, with a pleochroism
scheme o = pale brown. B = pale green and ¥ = dark green,
which include many magnetite grains and which are partly
altered to flakes of clinochlore. Associated with these are large
grains of magnetite, euhedral sphene crystals and infrequent
large biotite crystals pleochroic from dark brown to pale yellow,
These hiotite flakes include lenses of prehnite and have been

partly altered to penninite and granular epidote. The mafic:

crystals or erystal aggregates are enclosed by a mosaic of large
clear euhedral andesine {An,) crystals. which may have been
introduced from the enveloping magma and which are normally
zoned to An,, at their rims, interstitial orthoelase crystals with a
patchy extinction and some infrequent interstitial quartz. Both
the plagioclase and particularly the orthoclase crystals are
extensively sericitized. The main difference between this basic
inclusion and the granodioritic matrix is the smaller grain-size,
the smaller quartz content and the Fact that orthoclase is inter-
stitial in the basic inclusion {(Fig. 57b).

The basic inclusions vary considerably in composition and
appearance, depending presumably upon how much they hawve
been assimilated. The more they have been assimilated, the
closer their mineralogical composition approaches that of the
enveloping  granadiorite, and the more inclusions of large
feldspar crystals and interstitial guartz are introduced from
granodioritic magma into the more basic xenoliths.

Some stages of this transition are shown by the modal analy-
sis of a basic inclusion from the western-most of the Taurus
Munataks (Table III. KG.211.1). The basic inclusions at this
locality are as much as 1 m long and are composed of a hypidio-
morphic granular aggregate of large clear normally zoned ande-
sine (Ang) crystals derived from the magma. Thesc large
crystals are sharply zoned to oligoclase (Ang), which forms a
narrow distinct optically continuous rim. In some cases, the
microperthitic orthoclase. which constitutes the major part of
the groundmass of this inclusion, has also grown in optical
continuity on to the outer edges of the zoned plagioclase
crystals.

The hornblende crysials in this basic inclusion possess a pleo-
chroism scheme @ = pale brown, f = green and v = deep green,
and they frequently contain a residual pyroxene core. Magnetite
grains are associated with these mafic aggregates, which grade
at their extremes into a mass of disorientated biotite crystals
with associated flakes of clinochlore replacing the hornblende.
The interstitial finer-grained matrix is composed of an allotrio-
morphic granular mosaic of guartz. small erystals of sericitized
microperthitic orthoclase and cloudy plagioclase (An,,) together
with small ragged crystals of the mafic minerals. Both apalile
and sphene occur as accessory minerals within the mahc
crystals.

b. Lencocratic rafi. A further indication that the granodiorile is
not homogenous is provided by a small rock outcrop between
stations KC3.227 and 228 (Fig. 79). This outerop contains a raft
of leucocratic igneous rock which appears to have been in the
process of being assimilated by the surrounding granodiorite
(Fig. 390 In thin section, the rock comprising this raft contains
euhedral erystals of green hornblende ecach with a residual core
of pyroxene, and which include magnetite grains, apatite prisms
and sphene crystals. These hornblende crystals are partly altered

Frauge 59
A raft of eoarse-grained leneocratie rock contained in the granodiorite at the
east end of station K227, This raft has been partly assimilated by the
surrounding granadiorite,

to flakes of clinochlore and are associated with penninite
pseudomorphing crumpled biotite crystals. These include lenses
of prehnite, granular epidote and ragged sphene crystals. Much
of the rock is composed of idiomorphic unzoned andesine (An,,)
erystals fairly extensively sericitized and granulated: some of
them are ophitically included in the amphibole crvstals, Both the
orthoclase, showing patchy extinction, and the guartz are [resh
and interstitial, and include corroded grains of plagioclase and
mafic minerals. This indicales that the quarty and potash feld-
spar were Lhe last constiluents Lo erystallize.

This ralt has a sharp contact with the surrounding grano-
diorite and may represent a large plagioclase-rich segregation,
which formed early in the course of crystallization and which
was subsequently partly assimilated by the magma. A modal
analysis (Table 111, KG.227.10 confirms thal the interstitial
quartz and orthoclase are less abundant in the raft than in the
granodiorite and it is probable that these minerals were intro-
duced into the aggregate of euhedral plagioclase crystals late in
the course of crystallization. This would cause the distortion and
shearing in the plagioclase crvstals, and the characteristic
poikilitic inclusions of plagioclase in orthoclase, This explana-
tion accounts for the differential sericitization of the plagioclase
and orthoclase, and for the deuteric alieration of the original
prroxene to amphibole and clinochlore before the magma com-
pletely solidified. Howewver, this raft is apparently unique in the
granodiorites of the Taurus Nunataks.

c. Orthoclase-rich bands. In the granodiorites at station
K228, consistent pink bands up Lo I m across, which are
finer-grained than the surrounding granodiorite, more or less
follow the mineral lineation. They owe their colour to the pre.
dominance of large euhedral pink orthoclase crystals (Fig. 600,
In thin section, these cryvstals are fresh, euhedral and twinned
according to the Carlsbad law. They appear Lo have grown
around nuclei of corroded plagioclase erystals and also include
small grains of the mafic minerals (Fig. 6 1a). Biotite, pleochroic
from wvellow to dark brown, and hornblende with a pleochroism
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FiGure G0
A polished section showing the difference in texture and composilion between
orthoclase-rich bands and the surrounding granodiorite, (KA. 228.6; «0.4)

scheme o = pale yellow, 3 = pale green and v = dark green are
associated with the felsic minerals. This amphibole is partly
altered to Nakes of clinochlore and contains cuhedral sphene
lozenges, magnetite grains and apatite crystals, while the
remainder of the rock is composed of sericitized unzoned plagio-
clase (Ang,) crvstals. These bands probably represent zones in
which the last acid residuum crystallized. since both the
euhedral orthoclase crystals and the interstitial arcas of quartz
contain many poikilitic inclusions of the carlier crystallized
minerals. Since these bands are almost as coarse-grained as the
granodiorite, it would appear they crystallized while the
surrcunding rock was still hot. Similar orthoclase-rich zones
occur in the granodiorite at Cetus Hill {K.G.230).

e

d. Greissose zones. Mineralized gneissose zones in the grano-
diorite outcrops are characterized by the intense brecciation
caused in the surrounding rocks. These zones are particularly
conspicuous at station KG.212, where they are impresnated
with secondary epidote, in association with iron and copper sul-
phide ores. These near-vertical zones trend at 105-115% {mag.)
and reach a maximum width of | m but irregular stringers
impregnated with similar secondary material cut the surround-
ing granodioritic rocks and become more frequent as the
gneissose zones are approached. The mineralized zones trend in
a direction parallel to the longitudinal joints in the granodiorite
but they also appear to be cut by this igneous jointing system
(Fig. 62}

The first indication of these gneissose zones is provided by the
many randomly orientated epidote-impregnated stringers which
cut the surrounding granodiorite (Fig. 63) In these grano-
diorites, penninite pscudomorphs the original biotite, sericite and
granular ‘epidote have partly replaced the sheared feldspar
crystals and the original quartz has an undulose extinction.
Many sub-parallel stringers of re-distributed cepidote  with
associated granulated quartz cut these rocks and. in the more
intensely altered zones associated with these stringers, a felted
aggregate of secondary green biotite crystals has completely
replaced the original mafic minerals. In the actual gneissose
zones, lhe plagioclase erystals of the original granodiorite are
completely replaced by pranular epidote, which has been re
distributed, together with secondary green biotite, throughout
the mineralized zone. In these most intensely altered zones the
only remaining constituents of the granodiorite are the abraded
quartz crystals, Chalcopyrite and pyrite are disseminated
throughout the gneissose zones but they have heen oxidized Lo
malachite and limonite, respectively. These secondary ores have
then been re-distributed along the joint planes in the grano
diorite. In some of the most intensely brecciated zones very little

FiGure 61
a. Large euhedral orthoclase erystals, which are Carlsbad twinned and contain
plagioclase and mafic inclusions, (KG,228.6; X-nicols; = 15}
Ir, The aplitic texture of the margin of a pegmatice dyke at the westernmost of
the Taurus Munataks. The marginal aplitic zone grades rapidly into a
coarser-grained garnel-pegmatite. (KA4G.211.5: X-nicols; x4)
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FIGURE G2
A map of the nunatak 12 km west of the Braddock Nunataks showing how the
strike of the mineralized gneissose veins parallels the strike of the longitudinal
Joints and is perpendicular to the strike of the Nat-lying and cross (023 joints,
The contoured stereographic plot is on the lower hemisphere.,

FIGuReE 63
. polished section of granodiorite from the nunatak 12 km owest of the
raddock Munataks showing many stringers of epidote and secondary green
intite. These stringers trend predominancly in the direction of the gneissose
zones (KOG212.2; «0.5)

mineralization is evident bul augen of granodiorite are con-
tained within a brececiated matrix of gquartz, feldspar and mag
netite fragments (Fig. 64). Pockets of recrystallized quartz occur
in these rones with associated pyrite, partly oxidized to limon-
ite, and small muscovite crystals.

These gneissose zones have been formed, at a late stage in the
cooling cycle of the granodiorite, by percolating hydrothermal
solutions, which brecciated and mineralized the rock and altered
the original feldspar to epidote. and the original mafic minerals
ter green hiotite with associated epidote and magnetite. These
seccondary minerals were then re-distributed with the metallic
Ores.

Similar zones occur in the granodiorite outcrops at stations
K211 and 228, and the nunatak 2.5 km south-south-east of
Cetus Hill. At the last locality many sub-parallel stringers, com-
posed of an aggregate of penninite, green biotite, granular epi
dote, minute tremolite and recrystallized quartz crystals cut the
granodiorite. This granodiorite is not homogeneous but the
variations in grain-size are most probably due to the different
rates of cooling that occurred rather than to brecciation of the
constituent minerals. The many xenoliths in this rock are not
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FIGuRe 64
A specimen from a gneissose zone showing augen of granodiorile included in a
hreceoiated mineralized dark matrix. (KG,212.7; =2.T

well digested and it appears that this granodiorite possesses tex-
tures that could occur near the edge of the intrusion. There is
very little evidence of granulation of the constituent minerals of
the granodiorite at this locality, although the original biotite is
pseudomorphed either by penninite or by aggregates of secon-
dary green biotite, and the original feldspars contain many inclu-
sions of granular epidote. Many fine-grained felsitic stringers cut
the granadiorite.

At station KG.21 1, conspicuous sub-horizontal veins cutling
the granodiorite are filled with a central zone of recrystallized
quartz and outer zones of granular epidote with a little associa-
ted green biotite and tremolite. These zones are considered to
have a similar hydrothermal origin to the gneissose zones at
station KG.212 but the constituent minerals are more crystal-
ling at station KG.211. Copper and iron mineralization is con-
spicuous at station KG.211 and also appears to be concen-
trated along the longitudinal joints but, as at station KG.212,
the ariginal chalcopyrite and pyrite have been oxidized and re-
distributed along the other joint planes.

e. Pegmatites. Many sub-horizontal felsitic and pegmatitic dykes
and stringers cutl the granodiorite at Thomson Rock. They also
occur in the Taurus Nunataks sranodiorites. At station KG.211,
where the pegmatite dykes are as much as | m wide. they strike
at about 3407 (mag.} and dip either sub-parallel to the flat-lying
or longitudinal joints of the granodiorite. The larger dvkes. how-
ever. parallel the longitudinal joints and impose on the adjacent
granadiorite a local jointing pattern parallel to their edges. In
thin section, these pegmalite veins are composed of a graphic
intergrowth of quarte, with an undulose extinetion, and perthitic
orthoclase, in which are disseminated euhedral muscovite and
oligoclase (An,,) erystals, and penninite pseudomaorphs of biotite
{Fig. 61k). The marginal texture of these dvkes is aplitic but
towards the centre they become coarser-grained and contain
- euhedral almandine and more frequent muscovite crystals. The
pegmatites were intruded after the granodiorite had solidified
and partly cooled. becaunse the marging of these dvkes are finer
grained and the contacts with the surrounding rock are sharp.

At station KG.212, similar narrow pegmatite and quartz
veins, up to 10 cm across, trend in a direction 232% (mag.)
approximately parallel Lo the cross () joints.

. Marginal features of the granodiorite intrusion. The marginal
granodiorites, which crop out at station KG.214, along the
western edge of the south-western group of the Braddock MNuna-
taks and in the south-eastern group of the Braddock MNunataks.
are unusual becauvse they have crystallized adjacent to the vol-
canic counlry rocks.

Ad station KG.214, a small granodiorite boss has intruded the
volecanic succession which is domed over it. At the top of this
boss, fit-par-lit intrusion has taken place as lavers of grano-
dioritic magma were injected along the bedding planes of the
andesitic tuffs and basaltic lava flows. The volatile constituents
of the magma have been concentrated at the top of this boss,
resulting in intense metasomatism of the interleaved lavers of
volcanic rock.

A traverse was made across the summit of station KG.214 to
record the variations in the contact rocks and the results are
summarized in Fig. 65, The marginal iron-stained granodioritic
rocks are extremely fine-grained and are frequently laminated
parallel to the contacl. They are composed of lenses of crystal-
line granular quartz contained in a eryplofelsitic banded ground-
mass of devitrified glass. This is impregnated with calcite and
sericite, and contains many partly hydrated magnetite grains.

This glassy marginal zone, which seldom exceeds | m in
width, merges into more widespread pink fine-grained felsitic
rocks containing many xenocrysts derived from the original
phenocrysts in the adjacent voleanie rocks and many fine-
grained semi-digested hornfelsed  xenoliths of the original
groundmass of these voleanic rocks. These relict basaltic and
andesitic fragments are more assimilated away from the immedi-
ate contact. Adjacent to the basaltic rocks. the marginal grano-
diorites contain derived crystals or cryvstal aggregates of almost
unaltered augite, labradorite and penninite set in a cryptofelsitic
matrix in which there are quartzose segregations. Stringers of
secondary quartz and epidote cut both the groundmass and the
xenocrysts, Adjacent to the andesitic tuffs, however. the cryvpro-
felsitic matrix of these marginal granodiorites contains many
corroded xenocrysis of penninite and pink andesine {(An,,}
including much granular epidole and calcite. The fine-grained
matrix of the andesitic tulls is apparently more liable to assimila-
tion than that of the basalts.

The layers of fing-grained marginal granodiorite, which are
interleaved with the metasomatized voleanic rocks at the summit
of station KG.214 (Fig, 65, inset), are characterized by their
porphyritc texture and red colour. The phenocrysis, which have
alzo apparently been derived from the adjacent voleanic rocks,
consist of acicular mafic crystals that are always pseudo-
morphed by a caleite—magnetite-epidote—penninite intergrowth
and large feldspar crystals partly or wholly pseudomorphed by
caleite and sericite. These phenocrysts are set in a microcrystal
ling groundmass of feldspar microlites, amorphous patches of
calcite and oxidized magnetite grains. Hydrothermal oxidation
ol the eriginal iron ores has caused the red colour of these rocks.
Many ol these marginal granodioritic rocks contain zones of
sub-parallel oval vesicles filled with secondary sericite, quartz,
caleite and imonite (Fig. 66,

The iron-stained residual lavers of metasomatized volcanic
rock contain much secondary calcite, limonite and sericite pro-
duced by the hvdrothermal mineralization that occurred at the
top of the intrusive boss. These altered rocks frequently contain
many large vesicles, up Lo 3 mm across. which are filled with
ridiating growths of alkali feldspar (Fig. 67) that have grown on
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FIGURE 65
a. A geological sketch map of station KG.214 in the Braddock Nunataks
showing the marginal features of the granodiorite intrusion at this locality.
The location of the inset is shown on the map.

b. A field sketch of station KG.214.

nuclei of euhedral quartz or feldspar crystals. The vesicles them-
selves ‘are cut by many radiating granular quartz veins. The
groundmass, in which these vesicles are set, is composed of
stringers and lenses of granular quartz in a laminated crypto-
felsitic matrix. Some large relatively unaltered inclusions of vol-
canic rock in these marginal granodioritic rocks are rimmed by
pitchstone.

West of the centre of the boss, this zone of lit-par-lit intru-
sion grades into coarser-grained extensively hybridized mar-
ginal rocks, largely composed of brecciated aggregates of
slightly altered crystals derived from the adjacent volcanic rocks
and set in a graphic quartzo-feldspathic matrix with' some
associated crystalline epidote and sphene. The large plagioclase
xenocrysts are partly altered to an aggregate of sericite, epidote
and calcite. Secondary actinolite~tremolite, produced from the
original chloritic groundmass of the volcanic rocks, has been re-

distributed throughout the hybridized marginal rocks of the
intrusion.

At the steep western contact of this boss, a network of steeply
dipping interweaving dykes and veins has impregnated and
partly assimilated the marginal volcanic rocks. These horn-
felsed volcanic rocks ‘are iron-stained and cut by a well-
developed set of joints parallel to the contact. They are
impregnated with pegmatitic veins and quartz blebs (which
become more abundant towards the contact) composed of a
graphic intergrowth of quartz and microperthite, with which
some crystalline epidote:is associated (Fig. 68a).

The marginal volcanic rocks ‘are hornblende-biotite-plagio-
clase-hornfelses of the amphibolite facies. They are composed of
a granoblastic mosaic of quartz, feldspar and mafic minerals,
and exhibit a blastoporphyritic texture due to the relict feldspar
phenocrysts which contain many granular quartz inclusions.
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FIGURE &6
v omarginal, hydrothermally altered granodioritic rock from station KG.214
ontaining many sub-parallel vesicles filled with ervstalline quarte, caleite, seri-
cite and limonite, (KG.214.22: x1.3)

FiGuRE 67
he many spherical vesicles in the marginal metasomatized voleanic rock at
ation KG.214, These vesicles are filled with a radiating feldspar agarepate
which prows from nuclei of quarte or feldspar erystals, (KG.2 1444 = 1)

“hlorite in the original groundmass of the voleanic rocks has
artly recrystallized to form aggregates of small, brown biotite
rystals (Fig. 68h). which are evenly disseminated throughout
he most severely hornfelsed rocks, and apatite is a frequent
coessory mineral.

Pockets ol red ochre in the voleanie rocks near the intrusion
ave been derived from original pyrite which impregnated these
ocks at the time of the intrusion. Some chalcopyrite associated
vith the pyrite has been oxidized to malachite.

Along the western cdge of the escarpment of the south-
vestern group of the Braddock Nunataks, the contact between
he granodiorite and volcanic rocks is discordant and dips east
card at moderate angles. 11 is exposed at stations K(G.215, 219,
21 and 224 {Fig. 167,

At station KG.215, the voleanic country rocks are baked
and impregnated with secondary quartz—epidote veins. The
marginal hybridized granodioritic rocks contain many large,
dark grey. anhedral feldspar xenocrysts set in a finer-grained
interstitial felsic matrix. This granodiorite therefore appears o
be more melanocratic than its compaosition justifies.

In thin section this rock contains large subhedral labradorite
xenocrysts, which are sharply and normally zoned from An in
the cores to An,, at the rims. These crystals are frequently
enveloped by a rim of perthitic cloudy orthoclase, which is also
widespread in the hypidiomorphic granular groundmass of this
rock., The composite malic xenocrysts in this rock are com-
posed of a residual core of pyroxene, oflen altered to vellow-
green fibrous chlorite surrounded by an optically continuous rim
of hornblende {with a pleochroism scheme a = yellow-green,
= yellow and ¥ = brown) which has itself been partly altered to
clinochlore. However, some of the mafic minerals have been
pseudomorphed by an aggregate of fibrous actinolite, Biotite Ire-
gquently occurs in the rims surrounding the composite mafic
crystals and it is also present in the groundmass of the rock.
This biotite is pleochroic from light to dark brown and appears
to be the final stable alteration produet of the mafic minerals.
Anhedral inclusions of magnetite and apatite are frequently con-
tained in these mafic aggregates, but large ragged patches of
magnetite, with associaled antigorite and apatile prisms, are also
widespread in the groundmass of this rock. The groundmass is
compased of a sub-graphic intergrowth of quartz and micro-
perthitic cloudy orthoclase (Fig. 68¢). This texture is the most
characteristic feature of the hybridized marginal granodioritic
rocks, of which a modal analysis is given in Table 11
(KG.215.2).

These marginal rocks contain disseminated pyrite crystals
which, when oxidized, cause the ron-staining of the outcrops.
They are also cut by finer-grained felsitic veins and stringers.
One zone of hydrothermally altered granodiorite, which dips at
739 in a direction 310° (mag.) sub-parallel to the contact. is
impregnated by secondary epidote, limonite and caleite. The
original andesine (An,;} crystals in these zones are sheared and
largely altered to granular epidote and calcite, and the original
fuartz erystals have an undulose extinction, The original mafic
minerals  have been pscudomorphed by a  penninite—epi-
dote—magnetite assemblage and the secondary epidote and
caleite have been somewhat re-distributed, together with some
recrystallized quartz. along the sutures between the original
minerals.

At the foot of station K(G.221, a fine-grained acid porphyritic
dyke intrudes a more widespread, coarse-grained, melanocratic
hybridized granodiorite similar to the marginal outcrop at
station KG.215. This dyke encloses many xenoliths of the
hybridized marginal rocks and has imposed a set of joints on to
the hybrid rocks parallel to the edge of the dyke. The margin of
the dyke is composed of about 10 mm of fine grained felsitic
rock (Fig. 69) formed of a graphic intergrowth of perthitic
orthoclase and quartz with a little associated oligoclase (AN,
and brown biotite.

The perthitic orthoclase and graphic quartz—perthite inter-
growth, which occur in the melanocratic hvbrid and in this
marginal felsitic zone of the dyvke. do not appear in the greater
part of the dyke. This may indicate that both the groundmass of
the melanocratic hybridized granodiorite and the marginal fel
sitic zone of the dyvke cooled more rapidly than the centre of the




a. The process of assimilation of hornfelsed xenoliths of voleanie rock by a
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granadioritic magma. This has cryvstallized to a graphic quartz-micro
perthite intergrowth. (KG.2 14,23 X-nicols: «#,5)

Many crystals of secondary brown biotite which form in the marginal horn
felsed voleanic rocks of station KG.2 140 (K02 14,34 Xonicols: « 200

>. The texture of the marginal granodioritic rocks at station KG.215 in the

Braddock Munataks. Euhedral crvstals of labradorite (AN are normally
zoned Lo oligoclase at their rims and are enveloped by microperthitic ortho-
clase. This mineral occurs in a sub-graphic intergrowth with quartz in Lthe
matrix ol the rock, (KG.215.2; X-nicals: =5}

d. The large crystals of dark brown hornblends in a hornfelsed andesitic tufl,

.

(KOG224.7 Xonicols: =323

The marginal granodiorites at station K.G.220 in the Braddock Nunataks.

Henolithe and xenocrysts from the original voleanic rocks are contained in a
sub-graphic intergrowth of quartz and microperthitic orthoclase, (K.G,220.8;
X-nicols; x3)

L Ophitic inclusions of plagioclase in hornblende retained in the marginal

grancdiorite of the peak 5 km south-west of Mount MNess, {KG.237.12:
H-micols: x4 1)
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FIGURE 6Y
The contact between a later dyke of porphyritic fine-grained micrograno-
dierite and the hybridized coarse-grained marginal granodiorite at the foot of
atation KOG.221 in the Braddock Munataks.

dvke. Much of the dvke is composed of xenocrysts of labra-
dorite (An,,} containing many quartz inclusions, set in a granu-
lar mosaic of euhedral brown biotite cryvstals partly altered to
penninite, euhedral green hornblende crystals (with a pleo-
chroism scheme a = pale brown. B = green and v = dark green,
and partly altered to clinochlore), granular quartz and clear
orthoclase with a patchy extinction. Apatite and magnetite
inclusions occur in the mafic crystals, which are more abundant
in this dyke than in the normal granodiorite.

It appears that this dyke was intruded after the initial
assimilation of the basic country rocks and it is therefore
possible that the granodiorite intrusion was composite.

Similar hybrid rocks occur at station KG.219, The volcanic
country rocks are baked and extensively iron-stained in a
contact zone about 15 m wide. The hornfelses produced from
the rhyolitic country rocks are composed of a granoblastic
maosaic of brown biotite, strongly pleochroic green hornblende,
quartz, feldspar and magnetite. The blastoporphyritic texture of
these hornfelses is caused by large corroded orthoclase and
strongly zoned plagioclase (An,,) relict phenocrysts that contain
many mafic inclusions.

Morth-west of this contact zone the marginal granodioritic
rocks are similar pink and grey hybridized rocks cut by many
sub-vertical hydrothermally altered rones. Finer-grained felsitic
dykes also cut the coarser-grained typical hybridized grano-
diorites at this locality.

In thin section, these marginal hybridized granodioritic rocks
are identical to the marginal outcrops at station KG.215,
although the euhedral plagioclase xenocrwsts are zoned [rom
Ang, o Ang, and the mafic minerals are less frequent. The
dearth of ferromagnesian minerals in this hybridized rock is
probably due to the rhyolitic nature of the voleanic country rock
into which the granodiorite has been intruded.

In the most southerly of the south-western group of the
Braddock Nunataks, where the granodiorite/volcanic contact is
exposed (Fig. 16), the volcanic rocks are extensively hornlelsed
in a narrow zone near the contact and both the volcanic and

marginal granodioritic rocks are impregnated with epidote in
association with some iron and copper mineralization.

The hornfelsed andesitic tufls al this locality are composed of
a granoblastic mosaic of quarte, feldspar, magnetite, brown
biotite and green amphibole. Relict phenocrysts of euhedral
andesine (An, ). containing many quartz inclusions, and augite
crystals rimmed with strongly  pleochroic hornblende  are
commeon. Much of the original augite has been transformed to
diallage and there are large crystals of dark brown hornblende,
with which are associated some faintly pleochroic (purple to pale
vellow) apatite prisms and brown biotite crystals (Fig. 68d).

Farther from the contact, the less altered voleanic country
rocks are cut by many quartz stringers containing epidote,
sphene, penninite and pyrite, and the groundmass of these tuffs
is impregnated with minute crystals of preen biotite associated
with aggregates of green amphibole. magnetite and quariz. This
may be a deuteric feature of the original rock or, alternatively, it
may have been caused by thermal metamorphism.

Fine-grained dyvkes and stringers of the intrusive granodiorite
finger inte the volecanic rocks (Fig. 31) and the near-contact
aranodiorites  are iron-stained. The hybridized granodioritic
rocks are similar to those of the other outcrops bul they contain
a higher proportion of mafic minerals and accessory sphene.
Both the major intrusion and dykes contain small xenoliths of
hornfelsed voleanic rocks, in which green hornblende is concen-
trated.

Father east, in the south-eastern group of the Braddock
MNunataks, similar coarse-grained, pink. well-laminated, xeno-
lithic, epidote-impregnated hybridized granodiorites crop out.
This intrusion appears to have domed the voleanic country
rocks. because the dips are anomalous adjacent to the steep
western contact between the granodiorite and volcanic rocks.

These marginal grancdiorites contain many xenocryvsts of
fibrous chlorite and augite, and hornfelsed xenoliths derived
from the wvolcanic country rock. The microscopic charac-
teristics of these rocks are similar to those of the marginal
granodiorites in the south-western group of the Braddock Nuna-
taks, although the composition of the plagioclase (An,,;) xeno-
crysts is the same as that in the green andesitic tuffs of the south-
eastern group of the Braddock MNunataks {(Fig. 68e). There is
very little biotite in these marginal granodioritic rocks but
crystalline epidote frequently occurs in interstices of the rock
fabric.

At the westward-dipping contact exposed in the south-eastern
group of the Braddock MNunataks (Fig. 16), the marginal
metasomatized voleanic rocks are cut by stringers of epidote
and caleite, and by pegmatitic veins composed of a graphic
quartz—microperthite intergrowth. These marginal granodioritic
rocks are similar to those in the exposures of the western contact
at station KG.214 and they are composed of brecciated frag-
ments of the volcanic rocks set in a matrix of more finely granu-
lated fragments. Epidote stringers cul the rock and radiating
erystalline epidote fills the interstices: there is some copper and
iron mineralization. However, the original pyrite is frequently
oxidized to pockets of red ochre and calcite vensers many of the
joint planes of this brecciated contact zone.

Farther west in the south-eastern group of the Braddock
Munataks, sub-parallel fine-grained granodioritic dykes have
intruded the volcanic country rocks and have caused hydro-
thermal mineralizalion similar to that in the fif-par-fit intrusion
at station KG.214,
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In the Batterbee Mountains, a small granodiorite boss
intrudes the gabbroic country rock at station KG.237. The
marginal gabbros are extensively iron-stained in' a zone about
30 m wide and are metasomatized near the contact, resulting in
the production of epidote from the original feldspar-and secon-
dary tremolite—actinolite, penninite and calcite associations from
the original mafic minerals (p. 38). The marginal rocks are
impregnated with pyrite and some chalcopyrite. The hybridized
marginal granodioritic rocks contain many xenocrysts - of
sharply zoned sericitized euhedral feldspar crystals, which are
often granulated and contain frequent inclusions of recrystal-
lized granular feldspar. These xenocrysts may tbe as basic as
Ang, when they are not significantly zoned but the majority of
crystals, ‘which appear to have been more altered by the
contaminating magma, are strongly and normally zoned from
Any, to An,, and are frequently surrounded by a rim of clear
orthoclase. In the most marginal granodioritic rocks, the mafic
minerals occur as aggregates of small ragged olive-green biotite
crystals: and green amphibole  crystals with much associated
magnetite, sphene and apatite. Towards the centre of the boss,
however, the crystal aggregates become fused to form large
composite hornblende and biotite crystals, in which biotite has
apparently formed at the expense of hornblende. The numerous
mafic xenocrysts are either strongly pleochroic hornblende (o =
pale brown, B-= greenish and y = dark green), clinochlore or
biotite. Relict ophitic textures of plagioclase included in the
mafic crystals are sometimes retained in these xenocrysts (Fig.
68f). - . :

These xenocrysts are set in a groundmass of abundant granu-
lar quartz with some associated orthoclase; Graphic textures in
this groundmass are rare but epidote frequently veneers the joint
planes of these rocks, disseminated pyrite crystals and veins are
frequently found and the many dark inclusions of the adjacent
gabbros are aligned in the direction of a mineral lineation which
is evident in the centre of this boss. : ,

Similar rocks oceur in-a small nunatak north-west of station
KG.237 adjacent to fine-grained microgabbros (Fig. 39). In
these ‘marginal granodiorites the mafic xenocrysts have also
been transformed to strongly pleochroic hornblende surrounded
by brown biotite crystals and the strongly zoned plagioclase
xenocrysts are set in a quartzose groundmass.

Summarizing - the marginal features caused by the grano-
diorite intrusion, the volcanic rocks near the contact contain
veins and vesicles infilled with crystalline quartz and epidote
with associated copper and iron mineralization. The marginal
hornfelsed volcanic rocks are impregnated by pegmatitic veins
and inclusions composed of a graphic quartz—microperthite
intergrowth, with which are associated some epidote, actinolite
and sphene. The hornfelses contain brown biotite and green
hornblende resulting from. the thermal metamorphism. Occa-
sionally, the extreme edges of the granodiorite intrusion are
glassy and laminated parallel to the contact but, more typically
and particularly where the contacts are discordant, the marginal
volcanic rocks have been brecciated and assimilated by the
intrusive granodioritic rocks. The sharpness of this contact is
probably related to the original composition: of the volcanic
country rock. Marginally, the granodioritic rocks contain many
xenocrysts and xenoliths derived from the volcanic rocks and
these are enveloped in a graphic groundmass composed essen-
tially of quartz and microperthite. Farther from the contact, as
the material ‘derived from the country rocks becomes more

digested, the plagioclase crystals become strongly zoned and are
rimmed with microperthitic orthoclase, the groundmass texture
becomes sub-graphic and any original augite is transformed first
to amphibole and then frequently to biotite. Sphene and apatite
are abundant accessory minerals in the marginal granodioritic

- rocks but they become less frequent away from the contact.

It is clear that the composition of these marginal grano-
dioritic rocks will have been modified by the type of volcanic
rocks into which they have been intruded, and it is also apparent
that the features of these marginal granodiorites occur on a
smaller scale in the basic inclusions in the main granodiorite out-
crops.

8. Minor intrusions allied to the granodiorite. Minor intrusions
trending sub-parallel to the contact between the volcanic rocks
and the granodiorite cut both the volcanic and the marginal
intrusive rocks. In miniature, these dykes and sills repeat some
of the variations which appear in the marginal granodioritic
rocks. .

The mineralogical compositions of these minor intrusions and
the granodioritic rocks are similar (Table III, KG.219.5) but fre-
quently large crystals derived from the country rock are con-
tained in the fine-grained matrix of these intrusions. A section
across a dyke at station KG.214 (Fig. 70), which dips north-
eastward at 61°; illustrates some of the textural variations that

MARG INAL CENTRAL MICRO- INTERMEDIATE
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FIGURE 70
A section across a dyke allied to the granodiorite, which intrudes the volcanic
rocks at station KG.214, showing the textural variations across its width.

occur. The central part of the dyke is banded parallel to the dyke
edges and is composed of a microcrystalline aggregate of
euhedral andesine (An,,) laths set in an interstitial groundmass
of orthoclase and quartz. Infrequent ragged penninite crystals,
magnetite grains and disseminated. grains of epidote and sphene
occur in this groundmass. Large acicular mafic crystals, which
have been extensively altered to a penninite—calcite—magnetite
aggregate, and large feldspar crystals containing many epidote
inclusions have been incorporated from the volcanic country
rocks into which the dyke was intruded. In the zones adjacent to
the dyke centre, small rounded hornfelsed xenoliths and xeno-
crysts of the adjacent country rock are contained in a graphic
quartzo-feldspathic groundmass containing disseminated epi-
dote grains (Fig. 71a). The iron-stained margins of these dykes
are extremely fine-grained and are laminated parallel to the
contact with the volcanic country rocks. Many parallel stringers
of quartz, epidote, penninite and sphene cut both the dyke
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FIGURE

a. The intermediate rone of the dyvke shown in Fig. 70, fllustrating the graphic
texture of the groundmass of this dyke and the hornfelsed xenoliths of vol
canic country rock which are contained in it (G2 145 Xonicols; = 10)

b Cuartz—epidote veins which cut the hydrothermally altered pranodiorite al
the margins of a minor acid intrusion, (KG.215.6: X-nicols; x6)

margins and the adjacent voleanic country rock, Copper- and
iron-staining frequently occurs in these marginal zones.

Several similar minor intrusions cul and bake the volcanic
rocks near the contact with the granodiorite at station KG.214
and similar dykes oceur at stations KG.215, 218, 222, 223 and
232 in the Braddock MNunataks. In some cases the intrusions dip
at relatively shallow angles but they usually strike sub-parallel to
the grancdiorite/voleanic contact {Fig. 72). The edges of the
dykes and the marginal volcanic rocks have frequently been
hydrathermally altered at the time of the dyke intrusion, produc-
ing much secondary caleite and sericite from the original feld-
spar., as opposed to secondary caleite and epidote derived from
feldspar at the dyke centres. These dykes and the adjacent vol-
canic rocks are alwavs brightly iron-stained due occasionally o
the hydration of the original magnetite grains but more fre-
quently to pyrite mineralization associated with the dyke intru
SicH.

A few of these minor intrusions. which appear to have under-
gone more extensive hydrothermal alteration, contain a differ-
ent assemblage of secondary minerals. The acid dyke cutting the
voleanic rocks at the western fool of staton KG.222 15 com-
pased of reerystallized aggregates of quartz, calcite and musco-
vile set in a finc-grained quartzo-feldspathic proundmass, in
which all the original magnetite has been oxidized to limonite.
Several other dykes from this locality and one at Cetus Hill
contain the same secondary mineral assemblage.

The 6.5 m wide intrusion at Cetus Hill, which dips south-cast-
ward at 382, is unusual in that it penetrates the granodiorite. A
similar 6.5 m broad dvke of fine-grained granodioritic rock cuts
the marginal granodiorite at station KG.21% in the Braddock
Munataks and contains large crystal fragments from this grano
diorite sel in a calcite-impregnated microcrystalline  felsic
groundmass. The crystals, which have been derived from the

adjacent granodiorite, are feldspar containing many inclusions
of sericite. calcite and  epidote, penninite—magnetite—cal-
cite—epidote pscudomorphs of the original mafic crystals, ocea-
sional sphene lozenges and corroded quartz crystals. In many of
these xenocrysts, poikilitic inclusions of plagioclase remain in
the large plates of orthoclase, The mafic minerals in the adja-
cent hydrothermally altered granodiorite are impregnated with
epidote. whereas sericite has impregnated the feldspar crystals.
Quartz—epidote veins also cut these rocks (Fig, T1b).

Similar, though more coarsely crystalline rocks form the
6.5 m high rock knoll of the Friedmann Munataks. The fine
grained pink rock forming this outcrop is composed of many
interlocking andesine {An,,) laths and some similar micro-
phenocrysts set in an interstitial matrix of orthoclase and quartz.
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FiGure 72

A contoured stereopraphic plot on the lower hemisphere showing how the

sirikes of the majority ol the minor acid intrusions parallzl the contact hetween

the sranodiorite and voleanic rocks in the Braddock Munataks area. The dip
directions of these dvkes are referred to true north.
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The ferromagnesian minerals are pseudomorphed by aggre-
gates of epidote, penninite and magnetite with associated acces-
sory sphene-and apatite. The feldspars are speckled with epi-
dote.

In the Batterbee Mountams coarse—gramed gramte-pegma-
tite dykes cut the gabbro outcrops near the contact with grano-
diorite. One such dyke, striking at-310° (mag.), wasirecorded at
station KG.237 and this contained orientated biotite crystals.
Several similar narrow veins of granite- pegmatlte cut the augite-
leucogabbros, which crop out on the east side of Mount
Bagshawe; these are composed of a coarse- gramed mosaic of
sericitized orthoclase, euhedral andesine (An42) and haphazardly
orientated euhedral brown biotite crystals. These include lenses
of prehnite and are frequently pseudomorphed: by calcite and
penninite, speckled with tiny needles of a. secondary dark brown
blotlte A httle copper mmerahzat10n is assocxated w1th the dyke.

h. Summary The granodlormc rocks exposed in. the Braddock
Nunataks area and in the Batterbee Mountams are similar to
each other and the minor differences in composition depend on
the amount and nature of country rock (or the autoliths) that
has been assimilated. All of the outcrops possess features typi-
cally associated with the marginal outcrops of a granodiorite
intrusion(s); it is probable that the intrusive rocks farther east on
the plateau are less extensively hybridized, possess a less well-
developed igneous jointing pattern and are more uniform in tex-
ture and composition.

3. Granitic rocks

Pink granitic rocks occur in the Batterbee Mountains, west

and south-west of Mount Bagshawe and at Horse Bluff; the pink
acid intrusive rocks which are visible in the western Batterbee
Mountains may well be similar (Fig. 1).'To the west of Mount
Bagshawe, granitic rocks intrude and bake the adjacent vol-
canic rocks. The near-vertical contact trends slightly west of
north. However, erratics of these granites are found in the
coastal mountains, notably at Swine Hill,

These rocks are composed of a coarse-grained hypidio-
morphic - granular assemblage of euhedral andesine (An,,),
anhedral ‘microperthitic sericitized orthoclase and ‘abundant
interstitial quartz. Plagioclase is rare and is frequently poikiliti-
cally included in the large orthoclase crystals. Some ragged
crystals of biotite, largely pseudomorphed by green chlorite,
occur in the felsic matrix with associated magnetite grains and
infrequent euhedral zoned allanite crystals (pleochroic from pale
to dark brown).

Similar rocks occur at Horse Bluff intruding the volcanic
rocks that are exposed at the western end of this locahty These
granites are finer-grained and are cut by many veins containing
secondary epidote, resulting from hydrothermal alteration
associated with the many basalt dyke intrusions. Secondary
green chlorite, which pseudomorphs the mafic minerals at this
locality, occurs in aggregates of small crystals. Near the contact,
the marginal granitic rocks grade into fine-grained hybridized
porphyritic microgranites, which are frequently stained by mala-
chite and limonite. They contain .corroded quartz phenocrysts
that have been invaded by the felsic groundmass, sericitized
orthoclase and andesine phenocrysts (An,,), and less frequent
brown hornblende xenocrysts pleochroic from yellow-green to
brown. These mafic crystals have been partly altered to green

chlorite and include large rounded grains of magnetite. The
phenocrysts are set in a mlcrocrystallme flinty quartzo-feld-
spathic. matrix containing many small crystals of hornblende
that have been partly altered to chlorite and chnochlore '

Allied quartz-porphyry. minor  intrusions. Several quartz-
porphyry dykes cut the granite outcrop south-west of Mount
Bagshawe and the volcamc succession at Swme 'Hill. The former
irregular sub-vertical minor intrusions contain rounded quartz
and euhedral feldspar phenocrysts in a grey-green fine-grained
matrix. The quartz- porphyry dykes at Swine Hill are similar but
they are brightly iron-stained due to pyrite mineralization. Large
corroded quartz crystals ‘with kelyphitic rims and sheared
euhedral cloudy andesine (An,,) crystals are set in the fine-
grained, cryptocrystallme or; mlcrocrystalhne banded ground-
mass of these dykes. Towards the centres of the dykes, areas of
graphic mtergrowth of quartz and orthoclase occur in the micro-
crystalline . groundmass and aggregates .of secondaxy green
biotite crystals are also present.

The quartz- porphyry dykes in the Batterbee Mountams prob-
ably represent a later stage of the granite intrusions. However, in
view of the fact that quartz-porphyry lavas occur in the vol-
canic successions at Swine Hill and at Bushell Bluff, this conclu-
sion is not definite.

C. DYKE SWARM

Many dykes cut all the stratigraphical units in the Braddock
Nunataks area and in the Batterbee Mountains. They form part
of a swarm striking slightly west of north (Fig. 73) but their dips
and widths vary considerably.

It is probable that all the dykes are fundamentally basaltic but
they have been' contaminated by the rocks into which they have
been injected. All possess severely chilled margins and the
majority contain many xenocrysts derived from the country
rock in addition to the original phenocrysts.

In the vicinity of station KG.228, the widest dykes, which are
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FIGURE 73
A contoured stereographic plot on the lower hemisphere illustrating. the
predominant trend of the dyke swarm in the Braddock Nunataks area. The dip
directions of these dykes are referred to true north.
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A dolerite dyke from Cetus HHIL This shows the phenoerysts of augite and
labradorite contained in an inlergranular matrix in which quarte is an inter-
stitial accessory constituent. (KG,230.3; Xonicaols; = 5.5)

up te 6.5 m wide, are dolerites composed of large clear corro
ded phenocrysts of augite and labradorite (An,,), contained in
an intergranular groundmass of labradorite (An.,) microlites,
augite crystals, magnetite grains and interstitial chlorite (Fig.
743 Many of the augite phenocrysts are associated with fibrous
chlorite pseudomorphs possessing an anomalous blue bire-
fringence colour. The chilled margins of the dykes are finer-
grained basalls, which contain acicular amphibole phenocrysts
and groundmass crystals in place of the sugite and many quartz,
sphene, andesine and penninite xenocrysts derived from the
country rock. The quartz xenocrysts have been corroded. the
andesine xenocrysts contain many inclusions of calcite, prehnite
and epidote, and the penninite pseudomorphs original biotite.
These penninite pseudomorphs contain epidote, calcite and
magnetite inclusions and lenses of prehnite. The marginal rones
of these dykes are frequently cut by quartz stringers containing
crystalline epidote and caleite.

Many of the narrower dykes are andesitic. This is probably
because they have assimilated a large amount of the surround-
ing granodiorite, since quartz is a frequent interstitial mineral.
The textures of these contaminated dykes range from pilotaxitic
at their edges to holocrystalline at their centres. The plagioclase
in these rocks is andesine (An,) and the acicular mafie pheno-
crysts are typically brown hornblende. sometimes colour zoned
to pale green at their edges, This hornblende is partly altered Lo
magnetite. calcite and epidote. and contains apatite inclusions.

The granodiorite adjacent to these minor intrusions is hydro-
thermally altered., Original biotite is altercd Lo muscovite and
penninite, containing prehnite lenses, and the ariginal feldspar is
altered to sericite and calcite. and is occasionally replaced by
complete euhedral muscovite pseudomorphs. The surfaces of the
Joints, which are imposed upon the adjacent granodiorite by the
dyke intrusions, are frequently veneered by crvstalline calcite
and epidote, and copper- and iron-staining of the adjacent
granodiorite frequently oceurs,

Similar dykes cut the voleanic rocks of the Braddock Nuna-

taks area and, although they are not so conspicuous in these
rocks, they frequently occupy deep trenches in the more resis-
tant country rock. Although these dykes cutting the volcanic
rocks do not appear to be extensively hybridized. they do
contain many semi-dipested xenocrysts and xenoliths of the
adjacent country rock (Fig. 75). Frequent wvesicle trains filled
with crystalline calcite and gquartz are presenl in the finer
grained marginal zones of the dykes, which also contain brown
hornblende and penninite mafic aggregates instead of the pyro-
xene—antigorite associations that occur in the dvke centres. This
variation in the mafic mineral content reflects the more exten-
sive hydration that has taken place in the margins of these
dykes. Similar dykes, which also trend predominantly north-
westward, occur in the Batterbes Mountains, cutting the grano-
diorite, granite, gabbro and voleanic rocks.

Fraure 75
A polished section of a porphyritic baslat dyke from station K G224 in the
Braddock Munataks. This contains sericitized phenocrysts of labradorite
{Ang) and smaller crystals of augile which are partly or wholly pseodo-
morphed by penninite and epidote. These are contained in @ grey intergranular
matrix which 1s extensively i1rlprugl1slt{:t1, with secondary epidote, (KG.224.6;
#1.3]
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FIGURE 74
A field sketch of a cross-scction across a basaltic dyvke which culs the grano-
dicrite at Thomson Rock, This illustrates the characieristic variations which
oCour across its width.
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The dolerites intruding the granitic counlry rock al Horse
Bluff are fine-grained iron-stained rocks composed of breceiated
augite crystals, sericite pseudomorphs after feldspar {Ang,) and
penninite—epidote—magnetile pseudomorphs sel in an intersertal
matrix containing interstitial quartz and caleite. The marginal
hasalts and granite are extensively impregnated with granular
epidote.

Similar dyvkes cut the gabbros at stations KG.234 and 237,
and they also contain accessory interstitial quartz in their
COMmposition.

Al Thomson Rock, a similar dyke cuts the granodiorite out-
crop (Fig. 76). causing intense epidote impregnation of the adja-
cent granodiorite. In this dvke, augite, acicular corroded hrown

hornblende and sheared labradorite (An, ) phenoerysts are set in
an intersertal matrix of normally zoned andesine {An,,) micro-
lites, augite and magnetite grains, and brown hornblende
crystals {(with a pleochroism scheme @ = greenish brown, p =
reddish brown and ¥ = red-brown); throughout the crypto-
erystalline matrix grains of secondary calcite are disseminated.

Sunimeary

These dykes cut and occasionally offset the late-stage dykes
allied to the granodiorites in the Braddock Nunataks area. This
phase of hypabyssal intrusion is consequently the latest geo-
logical episode in this area bul the dykes are apparently
unconnected with the superficial extrusion of volcanic rocks.

V. STRUCTURE

THE observations on the structure are largely confined Lo
measurements of the linear Aow structures and primary igneous
jointing pattern in the granodiorites of the Taurus and Braddock
MNunataks area. However. measurements of the dykes and of the
joints in the volcanic rocks in the Taurus and Braddock MNuna-
taks area and the Batterbee Mountains are also significant.

AL STRUCTURAL PATTERN IN THE GRANODIORITE AND OTHER
ANDEAN INTRUSIVE ROCKS

The interpretation applied to the jointing pattern and the flow
structures in the granodiorites of the Taurus and Braddock
Munataks area is that of Cloos and Balk (Hatch and others,
1949, p. 139—62). It is probable that these granodiorite out-
crops represent a cupola(s) of the Andean intrusive rocks which
comprise much of the core of the Antarctic Peninsula in these
latitudes, and the linear flow structures and the primary joint
patterns of the otherwise unconnected exposures substantiate
their petrological affinities.

Froure 77

Flat-lying, cross (00 and lengitudinal joints in the granodiorite outerop at

station K.G.212, 12 km wesl of the Braddock NMunataks, The vertical face of
the longitudinal joint is 1 m high,

The primary joints in the granodiorite cutcrops follow Balk’s
interpretation (Fig, 77). The cross () joints are always open
and are frequently veneered with epidote and calcite, whereas
the feldspars in the adjacent country rock are stained pink.
These open joints appear to have been [ractures along which
hydrothermal mineralization was able to take place at a late
stage in the cooling cycle of the sranodiorite. The strike of the
longitudinal joints is sub-parallel to the linear flow structures
and the elongated basic inclusions in the granodiorite, and, like
the cross joints, these joints usually dip steeply. The linear flow
structure is caused by the alignment of the long axes of the malic
minerals, Little evidence of a platy How structure was recorded,
although basic inclusions and segregations of dark minerals at
stations KG.211 and 227 occur in vertical zones,

In several outcrops, the typically sub-horizontal flat-lying
joints appear to be folded. At station KG.211 they are folded
about a north-west to south-east-trending anticlinal axis extend-
ing along the length of the outcrop (Fig. 78). The contoured
sterecographic plot for station KG.211 (Fig. 79) indicates this
division of the fat-lying jeints about the fold axis. Major
corrugations aboul a similar trending axis were observed in the

FOLD AXIS

FLAT-LYING
JOINTS

Fraure T8
A field sketch showing the apparent anticlinal axis which extends along the
summil of the westernmaost of the Taurus Munataks (locking eastward).
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FIGURE 79

A structural map of the Taurus Nunataks—Braddock Nunataks area which

shows the linear flow structure in the granodiorite in relation to the igneous

jointing pattern. The joints in the volcanic rocks are also plotted (solid black
sectors or dots). The plots are on the lower hemisphere.
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FIGURE 80
A contoured stereographic plot on the lower hemisphere of the primary joint-
ing pattern in the granodiorites of the Braddock Nunataks area.
a. Cross joints; b. Flat-lying joints; c. Longitudinal joints.

flat-lying joints at station KG.228, while the flat-lying joints dip
northward at station KG.219 in the south-western group of the
Braddock Nunataks but southward at the adjacent station
KG.224. In general, the flat-lying joints on the contoured stereo-
graphic plot of the primary igneous joints in the Taurus and
Braddock Nunataks area (Fig. 80) shows a marked symmetry
about an approximately east—west-trending axis. It is possible,
however, that these flat-lying joints do not always represent
primary igneous joints but exfoliation surfaces caused by recent
weathering of the granodiorite outcrops. Consequently, the most
important factors that have been used to provide structural
information about the granodiorite outcrops are the measure-
ments of the cross (Q) joints, the longitudinal joints and of the
linear flow structures.

These linear flow structures trend in a direction varying
between northerly and north-westerly (Fig. 79). Their trends
vary from north-westward in the group of nunataks 10 km
north-west of Cetus Hill to northward in the Taurus and
Braddock Nunataks. The cross (Q) joints strike predominantly
east—west but their dip varies in magnitude and direction. They
dip gently south-south-eastward at station KG.212, steeply
north-north-westward in the Taurus and Braddock Nunataks,
and are vertical or sub-vertical in the group of nunataks 10 km
north-west of Cetus Hill, where they strike slightly north of east.
If the cross (Q) joints are considered to be perpendicular to the
contact of the granodiorite intrusion, a possible form of the
upper surface of this intrusion is represented in Fig. 81.

FIGURE 81 .
A section from station KG.212 to the nunatak group at station KG,228 show-
ing how the aspects of the cross (Q) joints may be related to the form of the
intrusion(s).

In the Batterbee Mountains, the linear flow structures in the
similar granodiorite outcrops at Thomson Rock and station
KG.237 also trend at about 10° west of north. However, zones
of basic inclusions in the outcrop at Thomson Rock dip north-
westward at about 70°. The foliation in the gabbros at station
KG.234 also strikes slightly west of north and dips vertically or
sub-vertically (Fig. 39).

The minor intrusions allied to the granodiorite, which cut both
the granodiorite and the volcanic rocks, reflect this predomi-
nant structural trend, slightly west of north. The principal
pegmatite dykes at station KG.211 trend north—south and dip
westward at about 45°. The minor intrusions allied to the grano-
diorite also strike in a predominantly north-north-west direction
parallel to the granodiorite/volcanic contacts (Fig. 72) but dip
steeply both east-north-eastward .and west-south-westward. One
of the minor acid intrusions, at station KG.218, is offset 2 m by
a small normal fault, the plane of which dips at 73° in a direc-
tion 220° (mag.). Several small parallel reverse faults each offset
the volcanic rocks by about 0.7 m near the contact with the
granodiorite at the foot of station KG.215. The planes of these
reverse faults, which resulted from the granodiorite intrusion,
dip at 70° in a direction 145° (mag.).
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B. OTHER INDICATIONS OF A STRUCTURAL PATTERN

The volcanic rocks of the Taurus and Braddock Nunataks area’

are dissected by many joints which have been plotted at the indi-
vidual nunataks (Fig. 79). Although there are local maxima both
in the individual stereographic plots on this map and in the com-
plete stereographic plot (Fig. 82), it is not cons1dered posmble

FIGURE 82
A contoured stereographic plot on the lower hemisphere of the joints cutting
the volcanic rocks of the Braddock Nunataks area.

with the available evidence to relate the jointing pattern to struc-
tural controls. However, some of the joints clearly parallel the
contacts between the granodiorite and volcanic rocks, and
locally others follow the trends of dykes (Fig. 36).

It appears that the volcanic rocks have been slightly distorted
by the intrusion of the granodiorite. Anomalous dips were
recorded in the volcanic rocks at station KG.214, which appear
to have been folded about an axis trending slightly north of west,
whereas steep and sometimes anomalous dips were recorded in
the volcanic succession adjacent to the granodiorite intrusion in
the south-western and south-eastern groups of the Braddock
Nunataks (Fig. 16). It is probable that the distortion caused by

the granodiorite intrusion was restricted to the volcanic rocks
near the actual contact.

In the Batterbee Mountains, the volcanic succession at the
summit of southern Swine Hill has been asymmetrically folded
about an anticlinal axis trending slightly north of west (Fig. 38).
The dips of the volcanic rocks forming the northern limb are
about 60° but those of the southern limb are about 15°.
Congruous drag foldimg of the layered strata in.the southern
limb of this major fold is accompanied by minor reverse fault-
ing along calcite-filled Jomts dipping at 81° in a direction 130°
(mag.), the strike of which follows the axial trends of the drag
folds. This offsets strata by 1-3 cm. The anticlinal drag folds
plunge at 224°%in a direction 220° (mag.) and the many trans-
verse joints cuttmg the major fold dip eastward at 35-70°.

The dykes of a swarm cutting all the rock types also strike
slightly west of north and are usually sub-vertical (Fig. 73).
These dykes trend in a direction perpendicular to the Andean
compressmnal stress system. By analogy with the Hercyman
and Alpine dyke swarms of the Scottish Highlands, which trend
at right-angles to the orogenic compressmnal stress (de Sitter,
1964, p. 114), it is considered that this dyke injection was due to
an elastic release of the regional compression after the main
Andean period |of foldmg and intrusion. Some of the dykes are
offset along relatively shallow planes in both the granodiorite
outcrop at station KG. 228 and the granite outcrop south-west
of ‘Mount Bagshawe. This offsetting, which seldom exceeds
6.5 m may have been:caused by movement along the original
flat-lying joints in ‘the plutomc rocks or it may have been caused
by minor faulting independent of these joints.

Summary

It appears that the emplacement of the gabbros and grano-
diorites in the Taurus and Braddock Nunataks area and the
Batterbee Mountains was controlled by a principal compres-
sional stress which acted in an east-north-east to. west-south-
west plane. From the limited evidence of the sub-vertical zones
of basic inclusions and of the dominantly vertical dykes of the
swarm, this stress may have acted in a sub-horizontal plane in
these areas.

The folding about axes trending shghtly north of west may be
related to the release of the Andean compressional stress but,
without more widespread observations, the extent and signifi-
cance of the structural trend cannot be determined.

VI. SUMMARY AND CONCLUSIONS

IN ‘its broadest context, the Taurus and Braddock Nunataks
area and the Batterbee Mountains are part of the Antarctic
continuation of the circum-Pacific orogenic belt, which includes
the Antarctic Peninsula and extends into Marie Byrd Land.
Consequently, those areas in which the geology is most closely
related to the present reconnaissance are in the explored areas to
the north in the Antarctic Peninsula, although there are some
geological similarities in the mountain ranges of Marie Byrd
Land, in the - Ellsworth Mountains, the Eights Coast and the
cordillera of the Andes. The andesite-basalt—rhyolite volcanic

rocks, which have been erupted from discrete vents in the
Taurus and Braddock Nunataks area, and the rhyolites of the
Batterbee Mountains, are typical volcanic associations of this
orogenic belt; as such, they have many counterparts in the more
northerly parts of the Antarctic Peninsula.

Since these volcanic rocks are almost unaltered and are also
intruded by Andean gabbros and - granodiorites, they are
assigned to the Upper Jurassic Volcanic:Group. Tuffaceous and
agglomeratic representatives of this group were first described in
1905 by Nordenskjold from Hope Bay, where they overlie
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Middle Jurassic lacustrine sediments. Predominantly andesitic
volcanic rocks of a similar age have subsequently been found
along much of the coast and on the offshore islands of western
Graham Land as far south as Marguerite Bay (Adie, 1964a). On
the east coast of Graham Land, however, the representatives of
this group are less abundant and more rhyolitic. South of
Marguerite Bay, the extent and character of the Upper Jurassic
volcanic rocks-is not so well known. However, andesitic and
rhyolitic rocks have been described from the Falliéres Coast and
the east coast of George VI Sound (Adie, 1953) and from the
Mount Edgell area (Procter, 1959). ' o

The volcanic successions of both the Taurus and Braddock
Nunataks ‘area and the Batterbee Mountains linclude rounded
fragments of granodiorite and more acid plutonic rocks which
are not found in situ. Perfectly rounded boulders, up to 1.3 m
across, which are predominantly granodioritic and less fre-
quently granitic or gneissose rocks of the Basement Complex,
have been recorded in conglomeratic beds in the stratified rocks
of Adelaide Island (Dewar, 1970) but they have also not been
found in situ. Similar boulders of acid plutonic rocks have been
found in the volcanic conglomerates of Pourquoi Pas Island
(Adie, 1953) and it is probable that they have been derived from
pre-Jurassic plutonic intrusions into Basement' Complex rocks.
Adie (1954) has recorded several prominent boss-like intrusions
of unfoliated coarse “pink and white granites”, to which he
assigned ‘an early Palaeozoic age, cutting the Basement
Complex of Marguerite Bay. Not only are these considered to be
more widespread in southern Graham Land but they have also
been considered (Adie, 1964b) to represent the acid phase of a
gabbro—granite suite which is: similar' to but older than the
Andean Intrusive Suite. Consequently, it is possible that the
rounded granodiorite and granite boulders in the Taurus and
Braddock Nunataks and Batterbee Mountains volcanic rocks
have been derived from this older intrusive sequence. American
geologists working in -the Jones Mountains (Craddock and
others, 1964) have recorded a granitic “Basement Complex” of
at least Triassic age, which may be important in this context.

Dewar (1970) considered that the well-rounded boulders con-
tained in the volcanic rocks of Adelaide Island had been trans-
ported rapidly over short distances and he suggested that they
accumulated in either fanglomerates or coastal sediments at the

foot of a mdunt‘gin range. In contrast, Adie (1‘953)‘ suggested

that the boulders in the Pourquoi Pas Island conglomerates may
have been incorporated in the lowest volcanic rocks which over-
rode boulder-filled valleys in a pre-volcanic erosion surface.
However, in the Taurus and Braddock Nunataks area and the
Batterbee Mountains, the large rounded boulders most fre-
quently occur in or near circular volcanic vents together with
similarly rounded boulders of earlier volcanic rocks. It appears
that the boulders had been rounded during their passage through
the vents, unless they Had been derived from .an original
unexposed conglomerate horizon, and that they have been incor-
porated in the surrounding tuffs after explosive ejection from
these active centres. P

Although no boulders of Basement Complex ‘rocks have yet
been recorded from the Taurus and Braddock Nunataks area,
J. F. Pagella (personal communication) recorded these rocks
about 160 km to the south-east, and Adie (1953) observed that
stratified flow rhyolites of the Upper Jurassic Volcanic Group
overlie the Basement Complex rocks north of the Batterbee
Mountains where both stratigraphical units are cut by acid plu-

tonic rocks of presumed Andean age. Procter (1959) also record-
ed gneisses and schists from Mount Guernsey and the Mica and
Rhyolite Islands, and an older sequence of volcanic rocks on the
mainland coast north-east of the Rhyolite Tslands. )

Taylor (1966), in his discussion on the source area of the
Aptian sediments of Alexander Island, has postulated a high
rapidly eroded Aptian landmass east of George VI Sound com-
posed of older intrusive rocks and subordinate metamorphic and
sedimentary rocks on which active volcanoes were erupting
predominantly andesitic lavas. The exact origin of the plutonic,
metamorphic and sedimentary rocks in the Aptian sediments
cannot be defined by the present work. However, oscillatorily
zoned allanite crystals in the Andean intrusive rocks of Horse
Bluff also occur in the Aptian greywackes and arkoses, and
granodiorites are widespread on the Antarctic Peninsula plateau
in these latitudes. The existence of predominantly andesitic vol-
canic fragments in the sediments may have been the result of the
andesitic volcanic eruptions in the Braddock Nunataks area. If
this volcano provided some of the debris included in the Aptian
sediments, the Upper Jurassic volcanic eruptions. in the
Braddock Nunataks area will have extended into Aptian times.
This would mean that the age of the intrusive granodiorite in this
area is post-Aptian. Since Taylor recorded few rhyolites in the
Aptian sediments of Alexander Island, the Swine Hill vol-
cano(es) was probably already extinct.

A sub-tropical flora has been recorded from the Middle
Jurassic volcanic rocks of the Hope Bay area (Halle, 1913),
while the flora of the Aptian rocks of Alexander Island indi-
cates a warm-temperate if not sub-tropical climate (Taylor,
1966). These climatic conditions, which presumably extended
throughout Upper Jurassic times, could have resulted in the red
bole horizons that are present in the Braddock Nunataks vol-
canic succession and also the iron-stained agglomeratic hori-
zons in the Swine Hill successions. Although no fossil remains
or definite sedimentary rocks have yet been discovered in the
Batterbee Mountains or the Taurus and Braddock Nunataks
area, it is significant that some of the lower rhyolite flows of
northern Swine Hill are pillow lavas and are consequently con-
sidered to have been erupted in a sub-aqueous environment. It
also seems that the outcrops on the northern side of Bertram
Glacier in the longitude of the Taurus Nunataks depot are well
stratified, possibly indicating that in the southern part of the
Antarctic Peninsula sedimentary rocks of a Mesozoic age are
not only confined to Alexander Island. In this context, Knowles
(1945) recorded a hornfels in lat. 70° 25'S, long. 67° 15'W,
which he considered may have been the metamorphic product of
a greywacke; also Jurassic sedimentary rocks have been dis-
covered in the Antarctic Peninsula in eastern Ellsworth Land in
lat. 70°S, long. 72°W (Halpern, 1966).

The nearest described outcrops of Upper Jurassic volcanic
rocks occur at Mushroom Island, Cape Jeremy and on some
islands in the north of George VI Sound. Mushroom Island is a
small volcanic vent composed of rocks grading from acid
trachytic andesites to rhyolites, the most acid of which are the
innermost and youngest. It may be questioned whether the rhyo-
lites of the Braddock Nunataks area are intrusive rather than
extrusive but from field and laboratory evidence this alternative
is considered unlikely.

The most acid rhyolites of the Mushroom Island vent are
impregnated with iron pyrites of hydrothermal origin. This
phenomenon could be compared with that of ithe pyrite
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impregnation of the quartz- porphyry dykes cutting the southern
Swine Hill volcanic succession.: Although these dykes have been
tentatively correlated with the acid intrusive rocks of the
Batterbee Mountains, they could well represent a late stage of
the volcanic activity. :

The consistent trend of eruption from more basic to more acid
lavas, which has been observed at Mushrrom-Island, has been
apphed in general terms (Adie, 1964b) to the Upper Jurassic vol-
canic rocks, in ‘which several basic to acid cycles of eruption
have been postulated. In the 366 m thick Braddock Nunataks
succession, one such cycle does exist and the uppermost
sequence of andesitic tuffs and interbedded augite-andesite lava
flows could be considered ‘to rrepresent the early stages of a
second cycle. However, the upward gradation in the volcanic
rocks from agglomerate to flow lavas postulated by Adie is not
borne out in the Braddock Nunataks area, where explosive
activity appears to have become more widespread as the acidity
of the extruded lavas increased.

Rhyolites ‘and rhyodacites similar to those of Mushroom
Island have been recorded from the north coast of Cape Jeremy,
on the groups of small islands off the east coast of George VI
Sound and from the west coast of the mainland and the
Batterbee Mountains (Adie, 1953). The epidotization of the
more basic andesites in these areas can be compared with the
present observations but no lithophysae were found in the Swine
Hill rhyolites, although spherulitic rhyolites were recorded.

Procter (1959) also recorded agglomeratic rocks containing
rhyolite fragments from Cape Jeremy; quartz-porphyry lavas
and minor intrusions on the east coast of George VI Sound
north-east of the Rhyolite Islands and in the Mount Edgell area;
and rhyolites from the Rhyolite Islands. These volcanic rocks
appear to be similar to the rhyolites, agglomerates and quartz-
porphyries of the Swine Hill and Horse Bluff areas.

Dewar (1970) found that the earliest dykes of Adelaide Island
pre-date the emplacement of the Andean intrusive rocks.
Although he only recorded one definite instance -of this, he con-

sidered that many of the mafic dykes cutting the volcanic rocks .

may have been feeders through which the higher members of the
volcanic pile were erupted. In the Braddock Nunataks area one
dyke, baked by an:adjacent felsitic dyke related to the grano-
diorites, has also been classified as a feeder. Although this dyke
follows the trend of the later dyke swarm, many of the dykes in
the Braddock Nunataks volcanic group may be feeders to the
upper extrusive rocks rather than members of the later dyke
swarm. ‘

Modal analyses of the intrusive plutonic rocks of the Taurus
and Braddock Nunataks area and Batterbee Mountains are
comparable with those of the most widespread plutonic rocks
elsewhere in the Antarctic Peninsula, assigned to the Andean
Intrusive Suite. Stelzner (1885) first applied the name “Andean”
to comparable rocks of the South American cordillera system,
the age of which ‘has subsequently been bracketed, by a
comparison with Patagonian stratigraphy (Adie, 1955), between
the late Cretaceous and early Jurassic. K-Ar dating of Andean
rocks from the Antarctic Peninsula has subsequently shown that
they range from 100 (+20) to 45 (+5) Ma (Halpern, 1964; Scott,
1965), indicating that the Andéan Intrusive Suite was emplaced
between mid-Cretaceous and: Eocene times. However, Adie
(1962) considered that the main intrusions are Aptian in age.

Throughout the Andean Intrusive Suite a basic to acid
sequence of intrusion has been observed. The primary members

of this suite are considered to have the same parentage and to
follow a line of liquid descent by a process of crystallization
differentiation (Adie, 1964b). However, the pre-existing country
rocks and earlier intrusions will have been subject to assimila-
tion by the later members, giving rise to hybrid rock types.

The ‘evidence from both the Taurus and Braddock Nunataks
area and the Batterbee Mountains does. not. contradict these
statements; since there is definite evidence that the gabbro intru-
sions pre-date the granodiorites, although no evidence has yet
been found regarding the relative ages of the granite and grano-
diorite outcrops, particularly of those occurring near the contact
with the volcanic rocks in the Braddock Nunataks area.

Granitization has not taken place in the Taurus and Braddock
Nunataks area and Dewar’s observations that all facies of the
plutonic rocks appear to have been gently intruded into the
country rocks applies -here. As in Adelaide Island, the volcanic
country rocks are: no more than slightly thermally meta-
morphosed at the always sharp contacts. Assimilation appears
to have been the principal process involved in the displacement
of the country rocks by plutonic rocks, although the rounded
forms of the xenoliths in the intrusive rocks indicate that some
dissolution has taken place.

Both Dewar (1970) and Procter (1959) recorded intrusion

"breccias at some of the contacts between the plutonic and vol-

canic country rocks, comparable -to the brecciated contact
between the granod10r1te and volcanic country rocks at station
KG.214 and in the south-western group of the Braddock Nuna-
taks. Those described by Procter from the Mount Edgell area
represent “a continuous gradation from dark grey volcanics to
medium-: or coarse-grained granites”. The matrix of these
brecciated rocks frequently contains diffuse dark grey patches
representing relic xenoliths which have been altered to such an
extent that they approach the composition of the pink acid
matrix. In the Taurus and Braddock Nunataks area it may be
significant that the intrusion breccias occur at the steep western
contacts 'between the granodiorite and volcanic rocks, whereas’
at the less steeply dipping eastern contacts the intrusive igneous
rock has ‘been injected into the adjacent volcanic succession.
Dewar (1970, p. 176) recorded many large zoned calcic plagio-
clase xenocrysts in the Adelaide Island acid plutonic rocks and
these are remnants of assimilated xenoliths. This feature is evi-
dent in the hybridized Taurus Nunataks_granodlorlte

The nearest recorded outcrops of granodiorite and quartz-
diorite were described by Knowles (1945). His description of
these rocks, the related pegmatites and felsites, and the later
dyke swarm appears to correspond to the observations in the
area described here. However, the one example described from
the Eternity Range appearsto be a deeper-seatéd plutonic rock.

Gabbroic intrusions are also widespread in Adelaide Island
and are always more heterogeneous than the granodioritic or
granitic rocks. The gabbroic rocks of the Batterbee Mountains
are somewhat similar 'to the olivine-gabbros at the Terra Firma
Islands (Adie, 1953) which are uralitized and layered but which
have produced a 12 m wide metamorphic aureole in the adja-
cent dndesitic rocks. The outer zones of the aureole are
comparable to the narrow thermal aureoles around the grano-
diorite intrusions of the Taurus and Braddock Nunataks area
but the ultimate plagioclase-pyroxene-hornfels resulting from the
volcanic rocks of the Terra Firma Islands is of ‘a higher meta-
morphic grade than the plagioclase-amphibole-hornfelses of the
amphibolite facies in the Braddock Nunataks area. The latter
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contain strongly pleochroic amphibole whereas the former
contain pale green diopsidic augite. However, the faintly. pleo-
chroic pale blue or pink apatite crystals récorded in the Terra
Firma Islands hornfelses also occur in the hornfelses of the
Braddock Nunataks area. Adie (1953) recorded a marked differ-
ence between the low-grade metamorphism of lavas and. tuffs
which is not so pronounced in the higher metamorphic grades.
Some evidence to support this statement has been found in the
Braddock Nunataks area. : e

The structural trends in the Taurus and Braddock Nunataks
granodiorites ‘have been: briefly recorded on p. 54. Procter
(1959) has also recorded a predominant vertical set of joints
striking parallel to the Antarctic Peninsula but Dewar (1970)

considered that the intrusion of rocks of the Andean Intrusive
Suite has not caused the formation of additional strong jointing
in the country rocks.

In the Taurus and:Braddock Nunataks area and in the
Batterbee Mountains, the trends of the linear flow structures in
the intrusive rocks parallel the length of the Antarctic Peninsula
and, where there are any platy flow structures, they dip: steeply
to the east or west. The longitudinal joints in the granodiorite are
also sub-vertical and strike parallel to the length of the Antarc-
tic Peninsula but insufficient observations of the jointing pattern
in the volcanic rocks have been made to extend Dewar’s conclu-
sions. However, the infrequent presence of folds, the axes of
which strike approximately east—west, may be significant.
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