GEOLOGY OF THE SHACKLETON RANGE:
I. THE SHACKLETON RANGE METAMORPHIC COMPLEX

By PETER D. CLARKSON

ABSTRACT. The Shackleton Range Metamorphic Complex forms the Precambrian basement to
the Shackleton Range. It is broadly divided into two parts: older gneisses with migmatites and granite
stocks, and a younger metasedimentary sequence of schists, amphibolites and metalimestones. Two
structural trends, related to the two periods of metamorphism, are recognized but the relationship
between the rocks of each period is not known. The petrology of the major rock types is described.

Fifty-nine chemicals analyses of migmatite neosomes and related rocks are given to demonstrate
the evolution of the migmatites. A period of anatexis with increasing temperature, accompanied by
continual draining of a “‘magma chamber”, produced an initial acid magma which became more
basic with time. The final event in the anatectic sequence was the intrusion of a granodiorite dyke.

E Shackleton Range (lat. 80°07'-80°50'S, long. 31°~19°W) lies east of the Filchner Ice
If at the head of the Weddell Sea (Clarkson, 1972). The Shackleton Range Metamorphic
omplex forms the Precambrian basement and is exposed throughout most of the range
(Fig. 1). It comprises older gneisses which have been migmatized and intruded by granite
stocks and a younger metasedimentary sequence of schists, amphibolites and metalimestones.
The basement complex is overlain in the south by the late Precambrian Turnpike Bluff Group
of slates and quartzites (Clarkson, 19824) and in the north-west by the Cambro-Ordovician
Blaiklock Glacier Group of arenaceous rocks (Clarkson and Wyeth, 1982). Dolerite dykes
were intruded during the Ordovician, Carboniferous (Rex, 1971) and Mesozoic (Clarkson,
1982b).

The Shackleton Range Metamorphic Complex has been broadly divided into two parts:
the older gneisses, which have been extensively migmatized and intruded by granitic stocks,
crop out mainly in the Read Mountains, Otter Highlands and parts of the Haskard Highlands;
the younger schists, amphibolites and metalimestones represent a metamorphosed sedimentary
sequence cropping out in the northern part of the range and in the central part of the Haskard
Highlands. Within each of these broad areas are contrasting inliers and outliers but their
contact relationships are not known, although faulting or thrusting seem likely.

The older part of the Shackleton Range Metamorphic Complex is considered to be Middle
Precambrian: a granodiorite dyke, the final expression of the migmatization, intruding the
granite at Hatch Plain, has been dated at 1446 -60 Ma (Rex, 1971), thereby providing a
minimum age for the migmatization. The age of the metasedimentary sequence is not known.

he nearest similar rocks to the Shackleton Range Metamorphic Complex are found in
eimefrontfjella (Worsfold, 1967: Thomson, 1968: Juckes, 1972) and in areas farther east
(Roots, 1953, 1969) but detailed comparison between these rocks and those of the Shackleton
Range has not been made. However, it seems likely that the older part of the Shackleton
Range Metamorphic Complex represents part of the Antarctic shield.

STRUCTURE
The structure of the gneisses and migmatites forming the older part of the basement complex
is not clearly defined. In the western part of the range a north-west plunging fold axis is
indicated (Fig. 2a) and this agrees fairly closely with the few observed fold axes. In the Read
Mountains the distribution of poles to foliation planes (Fig. 2b) suggests either a possible
north-south fold trend or an east-west fold trend. However, it is also possible that these
rocks originally had a north-west to south-east trend, which has been modified subsequently
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Fig. 2. Structural stereograms of rocks in the Shackleton Range Metamorphic Complex. The contours are

at 0, 24, 5, 74, 10 and 209 per 19, unit area.

@ Plunge of observed fold axis.

*  Plunge of calculated fold axis.

a. Poles to foliation planes in gneisses and migmatites from northern and southern Haskard Highlands
and central Otter Highlands.

b. Poles to foliation planes in gneisses and migmatites in the Read Mountains.

¢. Poles to foliation planes in schists, amphibolites and metalimestones from the Lagrange Nunataks,
the Herbert Mountains and Pioneers Escarpment.

d. Plunges of fold axes in schists, amphibolites and metalimestones from the Lagrange Nunataks,
the Herbert Mountains and Pioneers Escarpment.

e. Poles to foliation planes in schists, amphibolites and metalimestones from central Haskard
Highlands.
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during migmatization, culminating in the intrusion of the granite stocks and consequent
steepening of the fold limbs.

Folding of the younger metasedimentary sequence of the basement complex was about
predominantly east-west fold axes. This is illustrated by the stereogram of poles to foliation
planes (Fig. 2c) where the calculated fold axial plunge is coincident with the maximum
concentration of observed fold axial plunges (Fig. 2d). Some evidence of north-south folding
is shown by the observed fold axes (Fig. 2d) and also by the plot of poles to foliation planes
in the metasedimentary rocks of central Haskard Highlands (Fig. 2e). This trend is regarded
as the local expression of the Cambro-Ordovician Ross orogeny.

The predominant east-west fold trend of the Shackleton Range Metamorphic Complex
continued through the Precambrian, where it is most obvious in the Turnpike Bluff Group
(Clarkson, 1981a), and is evident at the present time in the shape of the range shown by the
trend of the major boundary fault zones now occupied by Slessor and Recovery Glaciers.
This trend may still be active if the report of an earthquake at approximately lat. 80°S,
long. 20°W (Kaminuma and Ishida, 1971) is related to the northern boundary fault zone

&ncath Slessor Glacier.

SCHISTS

Several varieties of schist have been found in the Shackleton Range and they are described
here under seven broad headings according to their principal ferromagnesian minerals or
metamorphic index minerals. Most of these schists have a wide distribution except for certain
garnet-mica-schists, which are very distinctive in the hand specimen, and the pyroxene-schists,
which appear to be confined to the Dutoit Nunataks and the area around Mount Provender
(Stephenson, 1966).

Pyroxene-schists

These are among the highest grade schists in the range and are associated, at the Dutoit
Nunataks, with high-grade gneisses, migmatites and granite. In thin section these rocks have a
granular texture with slight elongation and comprise crystals of pyroxene and feldspar with
accessory quartz, kyanite, brown biotite, pink sphene and rare unidentified ore minerals.
The pyroxene is colourless or slightly pale green with a maximum extinction angle (y : ¢ = 49°)
indicating augite. It is normally fresh although some crystals are partly altered and replaced
by cryptocrystalline sericite or calcite. Plagioclase is the principal feldspar which is usually
fresh and polysynthetically twinned. In the thin section of specimen Z.682.1 (Fig. 3a) the

gioclase is labradorite (Any;), whereas in specimen Z.688.2 there is much microcline,

me very heavily sericitized, and the plagioclase is andesine (Any). An additional contrast
between these two rocks is the presence of biotite and kyanite in specimen Z.682.1 against
sphene and a trace of biotite in specimen Z.688.2. These mineralogical differences may
depend on the partial pressure of water, greater in specimen Z.682.1, although their bulk
chemical compositions could be similar. Despite their pyroxene content, these rocks must
belong to the hornblende-granulite facies as sphene is invariably absent from the pyroxene-
granulite facies (Turner and Verhoogen, 1960).

Hornblende-schists

These schists are possibly the commonest in the Shackleton Range. They consist essentially
of a quartzo-feldspathic mosaic with crystals of hornblende and often biotite marking the
schistosity (Fig. 3b). Accessory minerals include garnet, epidote, sphene, zircon, calcite,
muscovite and ore minerals.
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Fig. 1. Generalized geological sketch map of the Shackleton Range showing the outcrop of the major rock groups.
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Fig. 3. a. Augite, biotite and labradorite in a py roxene-schist (Z.682.1; ordinary light; x27).
Intergrown biotite and hornblende marking the schistosity in the quartzo-feldspathic matrix
of a hornblende-schist (Z. 724.1; X-nicols; > 27).
¢. Muscovite and biotite wrapped around a garnet with quartz inclusions in a garnet-mica-schist
(Z.585.8; X-nicols; x30).
d. Staurolite, kyanite and biotite against garnet in a staurolite-kyanite-schist (Z.657.1; X-nicols; x30).

Quartz is the principal mineral in most thin sections, occurring as equant to elong’
crystals with sutured margins. Most crystals are strained to some degree but the quartz mosaic
in lenses invariably shows the greatest strain. Inclusions are rare but lenses often contain
long, thin orientated plates of mica.

The feldspars show considerable variation in composition. Plagioclase is commonest,
frequently untwinned and difficult to determine but albite twins, where present, and optic
signs indicate a variation from albite (Ang) to andesine (Any,). These feldspars are usually
fresh, whereas those thin sections with potash feldspar, typically microcline, also show many
untwinned crystals which are heavily sericitized. Many feldspars are microperthitic but the
host is unknown: these often show the greatest degree of sericitization. Myrmekite occurs
in some thin sections.

Hornblende usually has a pleochroism scheme a = pale brown, B — green, y = dark blue-
green. It occurs. as .interstitial xenamorphic crystals in the quartzo-feldspathic matrix and
is often intergrown with biotite, sometimes in sandwich form. Laths, are rarely longer, than
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1 mm and usually comprise up to 109, of the thin section. There seems to be little gradation
between the hornblende-schists and the amphibolites with 509, or more hornblende.

Mica in these rocks is usually biotite, either a dark green-brown variety or common brown
biotite. Alteration to pale green penninite is common along crystal margins and cleavage
traces. It tends to form in bands which mark the schistosity. Muscovite occurs to a minor
extent in some thin sections and is always unaltered.

Garnet is uncommon but it occurs as xenomorphic porphyroblasts, often shattered, partly
altered to chlorite and embayed by epidote with inclusions of quartz and zircon. There is
no evidence of rotation. Epidote commonly occurs as minute crystals (0.1 mm or less) in

the matrix. Sphene, zircon, calcite and ilmenite are found in accessory or trace amounts
in most thin sections.

Mica-schists

These schists also have a wide distribution. Most thin sections have a quartz or quartzo-

feldspathic matrix with plates of biotite marking the schistosity. The mica content, typically
iotite, varies from about 109 to an exceptional 90% in an infolded schist in marble at
llingworth Cliffs.

Quartz is mostly in mosaic form, either as the matrix or in lenses. Most crystals are strained
with sutured margins, although in the thin section of specimen Z.663.4 from Meade Nunatak
there are some triple-point junctions between straight-edged quartz crystals. This thin section
also shows elongate quartz crystals.

The feldspars take two major forms: as part of the granoblastic matrix with quartz and
as single crystals or groups of crystals surrounded wholly or in part by mosaics of strained
quartz. The thin section of specimen Z.601.3 demonstrates the latter form where the feldspar
(fairly fresh twinned andesine (An,;) and heavily sericitized untwinned feldspar with interstitial
flakes of sericite, brown biotite and chlorite) is bordered by fine and coarse quartz mosaics
of severely strained crystals. In general, the feldspar is difficult to determine either due to the
lack of twinning or to the extent of sericitization. However, potash feldspar appears to be
absent (no microcline was observed) unless the more heavily sericitized crystals are untwinned
orthoclase or microcline.,

Biotite is commonly dark brown but the thin section of specimen Z.588.6 from Hollingworth
Cliffs contains a pale green-brown mica which has been identified as phlogopite. Crystals
are frequently large (5 mm or more in length or diameter) but some schists comprise countless
small flakes (about 25 um or less) which resemble brown “sericite”. Zircon inclusions with
pleochroic haloes are common.

Specimen Z.588.6 from Hollingworth Cliffs contains phlogopite with accessory muscovite.

Qe thin section has a peculiar texture of intergrown basal plates of phlogopite (i.e. no
avage visible and a centred interference figure) up to 2 mm long by 0.6 mm broad; 2V« is
estimated at 5°. The margins of the plates are fuzzy and appear to merge with one another.
Normal muscovite plates are also present but similarly fuzzy crystals with a very low
birefringence and 2Va estimated at 30° are presumed to be basal plates of muscovite. Prehnite
also occurs in this thin section.

Epidote occurs as small crystals distributed through the specimens and in the thin section
of specimen Z.663.4 (Meade Nunatak) a slip cleavage is marked by extensive epidotization
as large (0.5 mm) crystals of yellow pistacite. Accessory minerals include brown sphene in
small anhedral crystals with some calcite and sericite, and rare ilmenite.

Garnet-mica-schists 3
The majority of these schists are very similar to the mica-schists except for the addition

of pink garnet. The matrix of the rocks is quartzo-feldspathic with slightly greater proportions
of twinned plagioclase of andesine composition, and muscovite is commoner.
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Most of the garnets contain inclusions but few show any rotation. In the thin section of
specimen Z.829.2 (north-west end of Wedge Ridge), the garnets are syntectonic and contain
sinusoidal trains of quartz inclusions indicating about 60° clockwise rotation. This thin section
is finely crystalline except for a large quartzite fragment; kink bands are common and a long
narrow quartz lens is recumbently folded parallel to the schistosi*y. In the thin section of
specimen Z.585.4 (Jamieson Ridge), the garnets have cores with sinusoidal trains of quartz
inclusions surrounded by an inclusion-free zone with an outer zone of spiral trains of quartz
inclusions, indicating two periods of rotation and growth separated by a period of growth
only. This thin section is also peppered by minute ilmenite crystals.

Two varieties of ‘“‘classic”” garnet-mica-schist occur in the Shackleton Range with limited
outcrop but with a wide distribution. Both are best exposed in the Herbert Mountains, where
a golden garnet-biotite-schist (Z.585.8) crops out on Jamieson Ridge and a silvery garnet-
muscovite-schist (Z.710.2) crops out at the north-west end of the ridge west of McLaren
Monolith. In the thin section of specimen Z.585.8 (Fig. 3c), the schistosity, marked by plates
of biotite, muscovite and chlorite, is wrapped around large (up to 1 cm in diameter) garnets
with inclusions of quartz, ilmenite and muscovite, and fractures parallel to the schistog
infilled with green chlorite. The matrix is essentially mica or chlorite with porphyrobl
epidote and minor amounts of ilmenite. In one part of the thin section a small veinlet or lens
of probable pericline shows typical variable extinction and optic axial angle (MacKenazie,
1957). By contrast, in specimen Z.710.2 muscovite predominates over biotite and hence over
chlorite, and the rock is finer-grained with smaller garnets (up to 5 mm in diameter). Quartz
forms a coarse mosaic with included muscovite plates; epidote and feldspar are absent but
around one garnet there is a little fibrous sillimanite and some staurolite.

Kyanite- and staurolite-schists

These schists have been found only at Lewis Chain, Lord Nunatak and M’Clintock Bastion.
In most specimens, both minerals occur in what is otherwise a garnet-mica-schist. The
schistosity is marked by bands of mica (muscovite and/or biotite) with equant or elongate
quartz crystals wrapped around garnets, and lenses of quartz or oligoclase (about Any)
mosaic. Kyanite occurs as typical bladed crystals generally parallel to the schistosity, whereas
staurolite forms large (up to 5 mm in diameter) irregular yellow crystals with innumerable
inclusions of quartz and muscovite (Fig. 3d) and is usually associated with garnet. The garnets
(up to 7 mm in diameter) also contain quartz inclusions but show no evidence of rotation.
In the thin section of specimen Z.657.1 (Lord Nunatak), there are some accessory brown
tourmaline crystals with green cores, presumably zoned schorlite. These crystals show centred
uniaxial interference figures, indicating parallel alignment within the schistosity and t
probably represent original detrital grains. In the thin section of specimen Z.669.7 (sout
nunatak of the Lewis Chain), staurolite is absent and kyanite is present in small quantities
only, probably due to a lower alumina content of the original rock.

Sillimanite-schists

So far, only one specimen has been found containing sillimanite in any quantity. This rock
(Z.686.2), from the northern part of Hatch Plain, is a coarse quartzo-feldspathic garnet-
mica-schist with a very little interstitial sillimanite. The mica is brown biotite, often altered
to colourless chlorite. Much of the feldspar is heavily sericitized but some twinned plagioclase
crystals are identifiable as oligoclase (about An,). Most quartz crystals are highly strained
and, with feldspar, form a mosaic comprising most of the rock. The sillimanite forms narrow
veinlets and small aggregates of laths between sericitized feldspars and is often intimately
associated with biotite plates.
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Fig. 6. a. Hornblende crystals in a garnet-amphibolite (Z.708. 1 : ordinary light; = 27).
b. Replacement of diopside by chrysotile in a diopside-chrysotile-marble (Z.729.2; X-nicols: - 150),
c. Granoblastic quartz matrix with plates of muscovite and chlorite in a quartz-schist (Z.660.2;
X-nicols; = 27).
d. Quartz-mylonite with strained quartz in a quartz-sericite-chlorite matrix (Z.599.5; X-nicols; ~ 29).

pargasite, indicating a magnesium-rich or dolomitic horizon in the original limestone.
The thin section of specimen Z.588.5 is about 959/ amphibole with minor amounts of

erstitial caleite, strained quartz, sphene and muscovite, with some inclusions of epidote
gs.tacite) in the amphibole.

The field relations of many of the amphibolites suggest a sedimentary origin, from iron-
and magnesium-rich limestones, which is not contradicted by the petrography. However,
in such a large area as the Shackleton Range, it would be reasonable to expect some basic
intrusions and, although no relict igneous textures have been seen, e.g. ophitic texture, some
of the amphibolites, particularly those occurring as lenses in gneisses and schists, could well
be ortho-amphibolites.

CaLcareous RocKs
The calcareous rocks may be subdivided into three groups: marbles, found as pods and
lenses in gneisses or occurring as large bodies of unknown shape and dimensions, calcareous
schists, and metalimestones. None of these rocks shows any regular geographical distribution
except that they occur, almost exclusively, in the more northerly parts of the range.




266 BRITISH ANTARCTIC SURVEY BULLETIN

=

Fig. 7. Massive marbles with infolded mica- and amphibole-rich bands forming Hollingworth Cliffs in the
south-castern Herbert Mountains.

Marbles

The largest outcrop of marble, a diopside-chrysotile-marble, forms Hollingworth Cliffs
(Fig. 7). In the thin section of specimen Z.588.1 the calcite is completely recrystallized to
a coarse mosaic (up to 1 mm in diameter) and forms 70-807,, some crystals showing
deformation twin lamellae. The pyroxene occurs as small crystals (about 0.3 mm in diameter),
which are often parts of larger crystals now altered to fibrous chrysotile. The chrysotile forms
bands parallel to the pyroxene boundaries with the fibres at right-angles. The pyroxene
is difficult to identify but it is probably diopside.

On the lower slopes of the ridge (Z.729) 4.5 km west of Mount Etchells, a pod of marble
several metres wide is essentially similar to that at Hollingworth Cliffs but it is much smaller.
Massive green chrysotile is a prominent feature in the hand specimen and the thin section
(Z.729.2) shows extensive areas of chrysotile replacing pyroxene (again presumed to be
diopside) along cleavages and fractures (Fig. 6b). Calcite is virtually absent from the thin
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Fig. 4. Amphibolite lens in hornblende-schist near the summit of Charpentier Pyramid in the Herbert
Mountains.

Chlorite-schists

Although chlorite is common as an alteration product of other silicates, notably biotite,
it rarely forms a distinct rock type. However, specimen Z.587.2 (Ramsay Wedge) is from
a band of chlorite-actinolite-schist. About 309, of the thin section is composed of plates and
radiating aggregates of pleochroic green to pale green or colourless, optically negative penninite
with wavy extinction and anomalous green-grey birefringence. Muscovite is often interleaved
with chlorite but large areas of the latter exist and it appears to be a primary mineral. There
are a few laths (up to 7.5 mm long) of pale green actinolite which have deformed and grown
through muscovite plates. Large plagioclase porphyraeblasts (up to 4 mm in diameter) are
zoned and sericitized but untwinned. Accessory minerals include ilmenite, haematite and
probably brown sphene but no quartz. This rock represents the greenschist facies, probably
the quartz-albite-muscovite-chlorite sub-facies (Turner and Verhoogen, 1960).

Amphibolites have two principal modes of occurrence: most commonly they form bands
and lenses within gneisses and schists from about 1 m to tens of metres in length (Fig. 4),
and secondly as continuous horizons a few metres thick interstratified with metalimestones.
The lenses are common throughout the range, whereas the continuous horizons are largely
restricted to the central parts of the Haskard Highlands, the Lagrange Nunataks and the
Herbert Mountains.

The largest amphibolite found in the range forms much of the ridge extending south from
Sumgin Buttress (Fig. 5). It is about 300 m thick, dipping gently eastward, and comprises
massive amphibolites with garnetiferous horizons. This thick uninterrupted sequence of
amphibolite has not been found elsewhere in the range.

In thin section this amphibolite is composed of up to 909, hornblende, pleochroic from
dark green to pale brown, forming a mosaic of anhedral to subhedral crystals (0.5-1.0 mm

AMPHIBOLITES
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Fig. 5. Garnet-amphibolite at station Z.945 on the ridge south of Sumgin Buttress in the Herbert Mountains.

in diameter) with some inclusions of quartz which are occasionally “euhedral pseudomorphs™
controlled by amphibole cleavage directions. Accessory minerals occurring interstitially
include quartz, zircon (which may form pleochroic haloes), untwinned and twinned, sericitized
and fresh plagioclase, garnet, ilmenite, rare ilmeno-haematite and much calcite, Other thin
sections from this amphibolite (Fig. 6a) show a good foliation which is demonstrated by
laths of hornblende and some of pale green actinolite, and severely strained quartz crystals
(Z.946.1). Zoning in the hornblendes is not uncommon and one particular crystal has a
pale blue-green core with a broad pale green rim, both pleochroic to paler colours. No relict
igneous textures were observed so the pre-metamorphic rock type is uncertain.

The amphibolites of discontinuous bands and lenses are essentially similar to those described
above, although the amphibole content is not always so high. Specimen Z.601.8 is coarser
(crystals about 2 mm in diameter) and the hornblende is pleochroic from pale brown to
very pale brown with pale blue-green rims in optical continuity. Plagioclase, interstitial to
hornblende, is generally sericitized and untwinned, although rare twinned crystals are optici
positive with low twin angles indicating an albite/oligoclase composition. Quartz oc
as inclusions in hornblende and also in the groundmass which is largely sericite or sericitized
plagioclase. Ilmenite is present as an accessory mineral.

An amphibolite from Watts Needle, in the south-west Read Mountains (Z.593.3), 18
associated with pale grey limestones. It comprises about 50°%; hornblende crystals 1-2 mm
in length which are pleochroic from green-brown to pale brown with frequent chloritization
along cleavages and fractures. Plagioclase, probably albite or oligoclase, is heavily sericitized,
untwinned or poorly twinned and constitutes most of the remainder of the thin section.
Accessory minerals include chlorite, some interstitial calcite and rare ilmenite. No relict
textures were seen to indicate the original rock type but the association of the amphibolite
with metalimestone suggests that the amphibolite represents a metamorphosed iron- and
magnesium-rich limestone.

The infolded amphibolites in the marble buttresses of Hollingworth Cliffs contain pale
blue-green, barely pleochroic amphiboles which are optically positive and hence, are probably
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section except as replacement veins in pyroxene. There are some small crystals of colourless,
anomalously blue and brown-grey birefringent clinochlore between areas of calcite and
chrysotile. The blue birefringent crystals sometimes form on the ends of squat, brown-grey
birefringent crystals, suggesting a later origin of the former. The earlier crystals may have
formed after mica on account of their speckled or mottled appearance either side of the
extinction position.

Calcareous schists

Calcareous schists occur in many parts of the range and are not necessarily associated
with either marbles or metalimestones, although they are often found with amphibolites.
It seems likely that many of the outcrops along Pioneers Escarpment may be formed of
calcareous schists.

In thin section these rocks consist of completely recrystallized calcite mosaic enclosing
accessory quartz, opaque and micaceous minerals which mark the schistosity. About 709,
of specimen Z.655.1 (Lord Nunatak) is a calcite mosaic enclosing sub-angular to rounded,
slightly strained quartz crystals and quartzite fragments. The undulating schistosity is marked

rientated muscovite plates and associated trains of small ilmenite crystals. Some ilmenite
occurs as a dense aggregate of inclusions in an unidentified host mineral, possibly plagioclase.
Other anhedral to euhedral opaque crystals distributed across the thin section appear to
be pyrite or pyrrhotite which has been partially oxidized to haematite. The origin of the
quartzite fragments is uncertain; it may be brecciated vein quartz or detrital quartzite in an
originally impure limestone. Colourless brown-grey birefringent chlorite, possibly clinochlore,
may be altered biotite.

On the southern nunatak of Lewis Chain (Z.669), calcareous schists are interbedded with
metalimestones. These schists are generally banded, layers of calcite mosaic alternating
between micaceous layers with quartz lenses. The calcite layers are generally fairly pure with
inclusions of quartz and sub-angular to rounded intergranular crystals of quartz or fragments
of quartzite; orientated plates of brown biotite, muscovite, colourless or neutral chlorite
and rare epidote also occur. The micaceous layers are composed of biotite and chlorite in a
matrix of sericite with minor amounts of muscovite, plagioclase, parallel and elongated
calcite crystals and some quartz. Quartz lenses are formed of a mosaic of strained quartz
crystals with thin plates of biotite and some calcite.

Metalimestones

The metalimestones are pale blue-grey finely crystalline rocks which may be massive or

well-bedded, compact or friable. The main occurrences are between Williams Ridge and Mount

ers, south-east of Butterfly Knoll, at the southern nunatak of Lewis Chain and at the
southern end of Bernhardi Heights.

At the outcrop south-east of Butterfly Knoll (Z.732), the rock varies from about 959/
recrystallized calcite mosaic (grain-size about 0.2 mm) with anhedral rhombs and fibres of
tremolite (Z.732.2) to an impure limestone of about 50 9] calcite mosaic with anhedral quartz
crystals, fragments of quartzite and crystals and fibres of tremolite embayed by calcite.
Specimen Z.669.2, from the southern nunatak of Lewis Chain (Fig. 8), is 99 % recrystallized
calcite with traces of muscovite and quartz crystals, whereas specimen Z.669.4 is a fine-grained
(crystals about 0.1 mm in diameter) calcite mosaic with tremolite fibres up to 1.5 cm long
and parallel plates of muscovite. Specimen Z.711.2, from central Bernhardi Heights, is
999, calcite mosaic with traces of quartz, muscovite and myriad opaque crystals.

Thus the mineralogy of these rocks is essentially similar, although the proportions of the
minerals vary considerably. The calcareous schists may represent a similar but less pure
limestone facies.
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QUARTZITES

Quartzites and micaceous quartzites or quartz-schists are found throughout the range
but they are not very common.

Quartzites

Two types of quartzite have been found in the range: a rock consisting of 989, or more
quartz in a granoblastic polygonal network with some crystal elongation and a rock with
a mortar texture of larger quartz crystals in a fine-grained matrix of quartz and subordinate
feldspar.

The first type has a grain-size of about 1.5 mm and has a thinly schistose or flaggy texture
in the hand specimen along planes marked, in thin section, by short narrow parallel plates
of muscovite. None of the quartz crystals shows any secondary enlargement, indicating that
the whole rock has been recrystallized, and undulose extinction due to strain is universal.
Some of these rocks are a distinctive pale green colour in the hand specimen, e.g. Z.665.1
from Sauria Buttress (Fig. 9), which is attributed to fuchsite, a green chromium-bearjge
variety of muscovite which is colourless in thin section. “

The second type with mortar texture is less pure and contains feldspar in the matrix.
Specimen Z.593.5 (Watts Needle) consists of large (up to 0.7 mm in diameter) angular
to sub-rounded strained quartz crystals; the feldspar crystals are generally smaller and are
cither twinned plagioclase or perthite. In the thin section of specimen Z.659.2 (Jackson
Tooth). the coarser quartz is often in mosaic form rather than in single crystals and the
matrix has a recrystallized granoblastic texture with much heavily sericitized untwinned
feldspar. There is also a little chlorite and some fibrous laths and scattered crystals of prehnite
but no mica.

Fig. 8. Metalimestone at station Z.669 on the southern nunatak of Lewis Chain in the Lagrange Nunataks.
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Fig. 9. Steeply dipping hornblende-schist, quartz-schist and quartzite at Sauria Buttress, Pioneers Escarpment.

Quartz-schists

These rocks are very similar to the first type of quartzite (p. 268) but their mica content is
higher and in the hand specimen they possess a well-defined schistosity. In the thin section
of specimen Z.660.2 from Jackson Tooth (Fig. 6¢c), the quartz matrix has a granoblastic
polygonal texture; individual crystals show little strain and the schistosity is strongly marked
by parallelism of muscovite plates, many of which are altered to green penninite. There is
some accessory sphene and some ore, probably ilmenite.

Quartz-mylonite

Thrust contacts between rocks often produce mylonitization but only one major mylonite
has been observed by the author in the Shackleton Range. At the northern end of the ridge
‘ween Glen Glacier and Kuno Cirque (Z.599), a quartz-mylonite about 1 m thick separates

gen-gneiss to the west from migmatites to the east (Fig. 10). In the thin section of specimen
Z.599.5 the rock is composed of shattered and strained quartz and heavily sericitized feldspar
porphyroclasts (up to 0.7 mm in diameter) in a microcrystalline groundmass of quartz,
sericite and some feldspar (Fig. 6d). Pale green chlorite has pervaded the groundmass and
also forms long thin stringlets generally sub-parallel except where they are ““folded” by internal
shearing forces. Porphyroclastic ilmenite is rimmed with leucoxene which is also common
in stringlets like the chlorite.

MIGMATITES

Migmatites are exposed throughout the Shackleton Range but they reach their maximum
development in the Read Mountains, culminating in the intrusion of granite and granodiorite.
In the Read Mountains almost all of the rocks have been migmatized to some degree. whereas
in other parts of the range the lower-grade and more calcareous metamorphic rocks are
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Fig. 10. Quartz-mylonite occupying a thrust zone which separates migmatite from augen-gneiss at station
7.599 between Glen Glacier and Kuno Cirque in the western Read Mountains.

Fig. 11, Augen-gneiss cut by granitic veins at station Z.599 between Glen Glacier and Kuno Cirque in the
western Read Mountains.
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commoner or predominate, particularly in the Herbert Mountains. In these other areas,
unexposed contacts between migmatite outcrops and the surrounding country rocks are
presumed to be fault or thrust planes.

Field relations

The migmatite neosomes take several forms, ranging from augen-gneiss to granite pluton.
The augen-gneisses are considered to have resulted from the metasomatism of basic country-
rock gneisses (Fig. 11) because the feldspar porphyroblasts do not appear to be directly
related to the acid veins which frequently cut these rocks. The agmatitic neosomes are probably
the commonest type (Clarkson, 1972, fig. 2) and are apparently intrusive in origin. In some
examples, pegmatitic margins to one side of a neosome may have been caused by the upward
streaming of volatiles and therefore may indicate the orientation of the rock at the time of
crystallization.

Fig. 12. Lit-par-lit migmatization of a basic gneiss palacosome by granitic neosomes at station Z.864, 3 km
north of The Ark in the western Read Mountains.




Fig. 13. Xenolith of basic gneiss in a large granitic neosome at station Z.870 at the foot of the escarpment
below Holmes Summit in the western Read Mountains.

The most obvious examples of intrusive neosomes are the regular parallel-sided veins
up to 4 m or more wide. They show either cross-cutting dyke relations to the structure of
the palacosome or /it-par-lit intrusion (Fig. 12) which may have suffered subsequent boundinage.
Some acid dykes have narrow chilled margins, implying that they are probably later than
the agmatites at the same level because of the relatively mobile or plastic state of the palacosome
during the intrusion of the latter. The largest of the acid veins are irregular in shape but their
intrusive origin is shown by the presence of xenoliths of more basic gneiss with a reaction
rim against a chilled margin to the granitic host (Fig. 13). These granite veins reach their
ultimate development in the granite plutons where different phases of intrusion can often be
recognized, although the plutons appear to be homogeneous at first sight (Fig. 14).

The final event of the migmatization episode was the intrusion of the granodiorite dyke
exposed in the south face of Hatch Plain. The margins of the dyke are slightly chilled against
the host granite but not enough to suggest that the time of intrusion was significantly differe
from the time of emplacement of the granite. The dyke has been dated at 1446160
(Rex, 1971) and thus provides a minimum age for migmatization. At present this is the only
age available to indicate the time of the metamorphic events in the basement complex.

The isolation of many outcrops and the non-continuous exposure of others has precluded
attempts to zone the migmatites. It is fairly clear that migmatites predominate along the
southern parts of the range where the basement complex is exposed but, apart from a general
observation that the parallel-sided neosomes are more frequent in the area of the plutons,
no zonation has been determined. Any original pattern of migmatization has doubtless been
complicated by tectonic activity such as has already been suggested to explain the migmatite
distribution in the northern parts of the range.

Petrography

The country-rock gneisses, which form the palacosome of the migmatites, are mostly
dioritic or quartz-dioritic in composition. They are dark-coloured and well foliated with
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. 14. Granite at station Z.860 along the ridge between The Ark and Watts Needle in the western Read
Mountains.

substantial proportions of hornblende and/or biotite. Plagioclase is the dominant feldspar
but perthitic types and heavily sericitized untwinned feldspars make accurate composition
determinations difficult. Accessory minerals include sphene, epidote, chlorite, garnet, zircon
and iron ore.

In thin section the grain-size is often comparatively fine, rarely more than 5 mm in diameter
and the foliation is not always well marked. Quartz occurs as clear equant grains or as a
recrystallized mosaic; strain, shown by undulose extinction, is common, particularly in
mosaic lenses. Rounded quartz grains are common in feldspar porphyroblasts.

Feldspar is probably commonest as very heavily sericitized crystals so that determination
is difficult or impossible. In specimen Z.707.1 (MacLaren Monolith), the feldspar is remarkably
fresh with well-twinned andesine crystals (about An,y), optically positive untwinned feldspar
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Fig. 15.

Quartz, biotite, andesine and untwinned feldspar in a dioritic gneiss (Z.707.1; X-nicols; = 27).
h. Myrmekite between microcline-microperthite and oligoclase with biotite, untwinned feldspar and
quartz in an augen-gneiss (Z.594 .5; X-nicols; = 110).
¢. Hornblende, quartz, microcline, biotite and plagioclase in a granitic neosome (Z.603.1; X-nicols;
<27).
d. Large perthitic feldspars, biotite, quartz and microcline in a granite (Z.691.1; X-nicols; = 75).

op

with its refractive index approximately equal to that of balsam (probably albite) and sor
perthitic feldspar (Fig. 15a). The perthitic feldspar is a patch or braid type (Spry, 1969, p. |
the two components providing separate extinction positions but both being optically positive,
possibly a peristerite structure (Deer and others, 1966). Antiperthitic andesine porphyroblasts
contain patches of microcline with characteristic “tartan” twinning, although they are
apparently optically positive. One crystal of microcline with poorly developed *‘tartan”
twinning and refractive indices less than balsam is also apparently optically positive. Quartz
and biotite inclusions are common and some crystals contain calcite veinlets and blebs.
In many thin sections the feldspars are perthitic but, as neither the host nor the enclosed
feldspars are twinned, it is not possible to ascertain whether the feldspar is perthite or
antiperthite.

Biotite is the principal mica in these gneisses. It is commonly pleochroic from dark brown
to pale brown, although green varieties occur and many plates are partly altered to chlorite.
Where hornblende is also present, the two minerals often form adjacent parallel crystals.

Hornblende generally has the pleochroism scheme a — pale brown, 8 — green, y - dark




GEOLOGY OF THE SHACKLETON RANGE: 1 275

blue-green. In specimen Z.728.8 (Mount Etchells), the hornblende is largely turbid with
countless minute inclusions, particularly concentrated along thin transverse fractures and
the crystals are rimmed with a pale blue-green amphibole.

Specimen Z.685.1 is a pyroxene-gneiss with crystals of augite up to 9 mm in diameter
forming about 709 of the thin section. This rock appears to belong to the pyroxene-granulite
facies but the presence of small sphene crystals must refer it to the lower-grade hornblende-
granulite facies (Turner and Verhoogen, 1960).

Pale pink garnets occur in some rocks, although porphyroblasts up to 5 cm in diameter
are known (Stephenson, 1966). Garnet is not very common in the thin sections examined but
it is found as porphyroblasts in mafic bands (Z.712.1; Bernhardi Heights) or less commonly
as inclusions in feldspar (Z.723.2; Morris Hills).

Accessory minerals include rare muscovite and some equant crystals of epidote; chlorite
is often present as an alteration product of biotite and garnet, and zircon and calcite also
occur. Ilmenite is the principal ore mineral, often with a rim of haematite and sometimes
surrounded by sphene.

In addition to the dioritic gneisses described above, there are some granitic gneisses. These
gimerstratiﬁed with the more basic gneisses but are paler in colour, frequently massive

not as well foliated. In thin section their mineralogy is similar to that of the dioritic
gneisses but they contain more quartz and feldspar and less hornblende and biotite.
Plagioclase is very heavily sericitized and fractures are filled with sericite, chlorite or, rarely,
calcite. Accessory minerals include zircon, rare garnet and ore minerals, typically ilmenite.

The augen-gneisses are dark, massive medium-grained gneisses with feldspar porphyroblasts
up to 16 cm long. They usually possess a coarse foliation shown by the alignment of the
major axes of the feldspar augen. The augen-gneisses are frequently cut by granitic migmatite
neosomes (Fig. 11).

The feldspar porphyroblasts are usually microcline-microperthite, which may include
crystals of quartz, biotite and other rarely sericitized feldspars. The matrix contains similar
microperthite, oligoclase which is frequently sericitized and untwinned plagioclase or possibly
cryptoperthite. Myrmekite is common (Fig. 15b). Quartz is present in patches of mosaic;
individual crystals are strained with sutured common margins but smooth margins against
feldspars.

Dark brown biotite, rarely altered to chlorite, is normally the only mica present and the
plates show no preferred orientation. A colourless, neutral or straw-yellow amphibole,
slightly pleochroic and sometimes fibrous (possibly actinolite), occurs as a minor constituent
in some thin sections. It is usually rimmed by a pale green amphibole, possibly uralite
developed during metasomatism, and it is associated with biotite-rich bands. Accessory

inerals are rare but they include garnet, epidote, calcite, haematite and ilmenite.

he migmatite necosomes and the granite plutons are petrologically very similar; both
comprise microcline, perthite and plagioclase feldspars with quartz, biotite and some
hornblende (Fig. 15¢). The major difference between the two types in the hand specimen is
the grain-size; the plutonic granite is much coarser than the neosomes, although the latter
occasionally exhibit pegmatitic phases.

The granite of Hatch Plain is composed of microcline, microcline-perthite, heavily sericitized
plagioclase (probably oligoclase) and mosaics of strained quartz with interstitial myrmekite
and brown biotite. In the thin section of specimen Z.691.1 (Fig. 15d), the brown biotite is
extensively altered to chlorite and many crystals are rimmed with finely granular epidote.
The granite forming part of the ridge between The Ark and Watts Needle is similar to that
at Hatch Plain but it appears to contain more quartz and less microcline. Specimens from
station Z.860 (Fig. 14) show evidence of shearing with feldspars up to 5 mm in diameter
set in a matrix of fine-grained quartz mosaic with streaked and elongated crystals. These
shearing effects may be due to successive intrusion phases of the granite,




Fig. 16. a. A granodiorite dyke intruding granite in the south face of Hatch Plain, Dutoit Nunataks.
(Photograph by M. J. Skidmore.)
b. Quartz, andesine, biotite and hornblende in a granodiorite dyke (Z.602.2; X-nicols; x27).

The migmatite neosomes are petrographically similar to the granite plutons; the thin section
of specimen Z.601.1, from the nunataks at the north-west corner of Glen Glacier, is typical
of these rocks. Large porphyroblasts (up to 1.5 em across) of microcline and microcline-
perthite and smaller (up to 5 mm across) crystals of heavily sericitized plagioclase and
untwinned feldspar are bordered and cut by areas and veinlets of recrystallized and strained
quartz mosaic. Straining of feldspars is indicated by distortion of twin lamellae, by apparent
lateral displacement of twin lamellae across quartz veinlets and by occasional marginal
granulation of crystals. Myrmekite is absent from this thin section; green chlorite and rare
sphene are the only accessory minerals,

The single dyke of granodiorite intruding the granite in the south face of Hatch Pl,
(Fig. 16a) is about 2.5 m wide at the base of the cliff and thins upward and eastward; the
plane of intrusion is approximately north-south. In the thin section of specimen Z.602.2
(Fig. 16b), the rock comprises quartz, feldspar, biotite and ore. Quartz is present as clear
strained crystals (up to 0.4 mm in diameter) often in patches of mosaic. Plagioclase (about
An,,) is predominant over untwinned (?) albite or cryptoperthite and rare microcline. The
feldspars are comparatively fresh except for the untwinned varieties which are frequently
heavily sericitized; crystals are up to 1.5 mm in diameter. Biotite occurs as short plates,
pleochroic from dark brown to very pale brown, and as uniformly brown basal plates; there
is no preferred orientation. It is usually interstitial to quartz and feldspar, although some
plates are included in feldspar. Hornblende, pleochroic from green to very pale green, has
a similar form and habit to biotite with which it is often associated. The very small opaque
crystals are probably ilmenite. The margin of the dyke is poorly marked in thin section but
it may be recognized by the change from biotite in the dyke to chloritized biotite in the granite.
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