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Geology of the Western Queen Maud Mountains
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Introduction

The western Queen Maud Mountains are topo-
graphically and geologically part of the Transantarctic
Mountains and show many similarities to the moun-
tains to the northwest and southeast. They lie between
the Ross Ice Shelf to the northeast and the polar pla-
teau to the south. The mountains within 20 to 55 km
of the remarkably straight coast have angular forms
typical of glaciated terrain, are rarely much higher
than 2000 m, and are composed of metasedimentary
and plutonic rocks. Behind them, impressive, com-
monly flat-topped mountains of gently-dipping sedi-
mentary rocks and diabase sills rise to more than
4000 m. The mountains decrease in elevation south-

west of the higher peaks and disappear beneath thg
ice of the polar plateau at elevations of 2600 to
2800 m. Several large glaciers from the polar
plateau cut through the range. The Beardmore
Glacier is the largest, and the Mill Glacier—a tribu-
tary of the Beardmore—and the Ramsey, Shackle-
ton, Liv, and Bowman Glaciers are also important.
Rock exposures are abundant near the mouth of the
Beardmore Glacier, between the Keltie Glacier and
the polar plateau, near the head of the Ramsey
Glacier, along the sides of the Shackleton Glacier
and its tributaries, and in the coastal mountains be-
tween the Shackleton and Strom Glaciers. Elsewhere
there are extensive areas with few outcrops.

The geology of the map area has been studied by
members of nine expeditions. In 1911, Amundsen’s
South Pole Party collected about twenty rock speci-
mens from Mt. Betty, at the mouth of the Strom
Glacier. The specimens were described by Schetelig
(1915). In the summer of 1929-1930 a geological
party from the first Byrd Antarctic Expedition briefly
examined the coastal mountains between the Liv and
Axel Heiberg Glaciers (Gould, 1931 and 1935), and
collected some specimens which were described by
Stewart (1934a, b, and ¢). Systematic mapping in the
Queen Maud Mountains began when the 1959-1960
New Zealand Alpine Club Expedition under R. W.
Cawley worked in the area around the Hood Glacier,
east of the mouth of the Beardmore Glacier (Oliver,
1964a and c). The 1961-1962 New Zealand Southern
Field Party led by W. W. Herbert traveled through
the southern part of the map area; most of the
party’s geological work was done in the area around
the Mill and Keltie Glaciers (Grindley et al., 1964;
McGregor, 1965a). In the same summer United
States parties made geological observations in the
course of other work in the northern part of the
Dominion Range (Oliver, 1964b) and at the mouth
of the Liv Glacier (Linder et al., 1965). The Texas
Technological College Field Party led by F. Alton
Wade studied the northern part of the Shackleton
Glacier area in 1962-1963, and in 1964-1965 used
helicopters to extend their investigations over the
entire central part of the map area. The 1963-1964
New Zealand Southern Field Party under V. R. Mc-
Gregor examined the geology of the coastal ranges
between the Axel Heiberg and Shackleton Glaciers
(McGregor, 1965b; Barrett, 1965).

Stratigraphy

Three major rock units are exposed in the western
Queen Maud Mountains: (1) an upper Precambrian
and lower Paleozoic basement complex of metasedi-
mentary and intrusive igneous rocks, (2) a cover of
gently dipping upper Paleozoic and lower Mesozoic
strata intruded by great quantities of Jurassic tholei-
itic diabase and overlain by comagmatic flood
basalts, and (3) young glacial deposits.

Two areally and lithologically distinct units of
metasediments are present in the basement complex.
Between the Beardmore and Kosco Glaciers all the
metasediments belong to a metagraywacke sequence
which has a minimum thickness of 3300 m. This unit
1s very similar in lithology to the upper Precambrian
Goldie Formation of the Beardmore Group which
crops out west of the Beardmore Glacier (Gunn and
Walcott, 1962), and it is therefore proposed to in-
clude it in the Goldie Formation. The Duncan
Formation, which crops out between the Liv and
Strom Glaciers, is a thick unit of dark pelitic horn-
fels and schist and is tentatively correlated with the
Goldie Formation.

The Taylor Formation comprises a thick sequence
of quartzite, calcareous quartzite, marble, and felsic
volcanics which crops out between the Kosco and
Gough Glaciers. It is thought to be younger than the
Goldie Formation. The Fairweather Formation and
overlying Henson Marble crop out on both sides of
the Liv and Strom Glaciers and are more strongly
metamorphosed than the Taylor Formation, with
which they are tentatively correlated. The Fair-
weather Formation has a strong cataclastic texture,
and its original lithology is uncertain; it may have
been derived from porphyritic, felsic, igneous rocks.
The Taylor and Fairweather Formations and Henson
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to Middle (?) Cambrian Byrd Group of the area
between the Byrd and Beardmore Glaciers (Laird,
1963). No contact between the Taylor and Goldie
Formations i1s known, and at the only locality where
the Fairweather Formation has been seen in contact
with the Duncan Formation the rocks are strongly
deformed schists and the stratigraphic relation be-
tween the two formations is uncertain. The meta-
morphic grade of the metasediments reaches horn-
blende-hornfels facies in the area around the Liv
and Strom Glaciers and at the mouth of the Hood
Glacier; elsewhere it may be low greenschist facies.

The metasediments have been invaded by large
volumes of calc-alkaline intrusive rocks correlated
with the Granite Harbour Intrusives of Victoria Land
(Gunn and Warren, 1962; Grindley and Warren,
1964) and dated radiometrically as Ordovician to
Silurian (McDougall and Grindley, 1965; Wade et al.,
1965). Granodiorite and adamellite are most abun-
dant, but there is also some hornblende gabbro, dio-
rite, and granite. The more calcic plutons are mainly
older than the less calcic ones. Most of the intrusive
rocks make up a large composite batholith, the Queen
Maud Batholith, which extends almost continuously
across the whole area where the basement complex
crops out from the western side of the Beardmore
Glacier to beyond the eastern edge of the map area.
Small plutons of fine-grained tonalite and adamellite,
the latter lithologically similar to the Hope Granite
of the area west of the Beardmore Glacier (Gunn
and Walcott, 1962; Grindley, 1963), cut the meta-
sediments adjacent to the batholith in the eastern
Duncan Mountains and elsewhere. Felsic dikes are
abundant, and metamorphosed mafic dikes are com-
mon in some places.

The basement complex is truncated by a gently
dipping erosion surface or peneplain which has a
maximum observed local relief of about 3 m. The
peneplain is overlain by at least 1800 m of conti-
nental and possibly some near-shore marine sediments,
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all correlated with the Beacon Group (Grindley,
1963; Grindley and Warren, 1964). The Beacon and
Ferrar Groups sequence in the western Queen Maud
Mountains closely resembles the one in the Queen
Alexandra Range on the western side of the Beard-
more Glacier (Grindley, 1963). Therefore, forma-
tion names used here are those introduced by Grind-
ley for the Queen Alexandra Range.

In the Shackleton Glacier area the oldest Beacon
unit is 62 m of gray to buff conglomerate, quartzitic
sandstone, and conglomeratic quartzite. East of the
Shackleton area the oldest Beacon strata are thin
conglomeratic beds, probably tillite and glacio-
fluvial gravels, which fill depressions in the peneplain.
The Mackellar Formation rests conformably on both
the quartzites in the Shackleton area and the glacial
conglomerates in the area to the east. It consists of
as much as 140 m of dark, lacustrine sediments,
mainly shale. The Mackellar Formation is overlain
by some 650 m of the Buckley Coal Measures, which
consist of about 200 m of lacustrine sandstone over-
lain—in many places unconformably—by fluviatile
sediments. The upper part of the formation is a
cyclic sequence of alternating sandstone and carbon-
aceous shale. In the Keltie Glacier area the Buckley
Coal Measures contain coal seams as thick as 9 m
and at least one good Glossopteris floral assemblage.
Farther east, coaly strata are less common, and only
poorly preserved fragments of glossopterids have

been found. The overlying Falla Formation is about

565 m thick and consists of cyclically interbedded
buff, cross-bedded sandstone, and gray or green-gray
silty shale. Petrified logs, some apparently in position
of growth, have been noted in both the upper and
lower parts of this formation in the Shackleton
Glacier area, and a sparse flora has been found in
shales of the upper part of the formation at the
head of the glacier. The Falla Formation may be
the highest sedimentary unit exposed in most parts
of the map area, but in the Dominion Range and
at the head of the Shackleton Glacier it is succeeded
by the lithologically similar Dominion Coal Mea-

sures, which are at least 380 m thick and contain an

abundant Triassic flora. A Middle or Upper Triassic
flora found in an erratic block of shale in the

Grosvenor Mountains may have come from the

Dominion Coal Measures.

The Beacon Group and, to a much smaller extent,
the basement complex have been intruded by vast
quantities of tholeiitic diabase correlated with the
mid-Jurassic Ferrar Dolerites (Harrington, 1958;
McDougall, 1963). The diabase forms sheets which
are approximately parallel to the bedding of the
Beacon Group, and dikes of various thicknesses. The
diabase sheets account for nearly half the post-
peneplain sequence and form steep cliffs that domi-
nate the landscape wherever they crop out. The
southern nunataks in the area between the heads of
the Mill and Shackleton Glaciers are composed of
thick flows of tholeiitic basalt belonging to the Kirk-
patrick Basalts. They are believed to be comagmatic
with the Ferrar Dolerites and are included with them
in the Ferrar Group (Grindley, 1963). All the basalt
flows are amygdaloidal in their upper parts. The
original thickness of the basalts was probably greater
than the 600 m now exposed. No contact between the
Kirkpatrick Basalts and the Beacon Group has been
seen In this area.

Young glacial deposits are present both along the
sides of the glaciers and near the coast. Compact
tills are preserved near the heads of the Ilarger
glaciers and In places are some hundreds of meters
above the present ice level. They were deposited
when the polar plateau ice was as much as 300 m
higher than at present but are not necessarily all the
same age. Till deposits which are generally not so
high above present ice levels are present along the
walls of the glaciers and on extensive flat and gently
sloping deglaciated areas, particularly in the vicinity
of the Mill Glacier and the upper part of the Shackle-
ton Glacier. Unconsolidated till and glacial striae
have been observed hundreds of meters above the
present level of the Ross Ice Shelf in the coastal
ranges near the mouths of the Beardmore, Liv, and
Strom Glaciers and must date from a time when the
surface of the ice shelf was much higher than it is
now. Ice-cored moraines cover the ice at the edge
of the ice shelf at several places along the coast
between the Strom and Shackleton Glaciers and are
especially extensive in embayments on the eastern
side of the Duncan Mountains.

Structural Geology

The basement complex metasediments have been
moderately to intensely folded. In the Duncan
Mountains the folds are isoclinal, with axes that
plunge to north-northwest at 20° to 30°, and limbs
that dip about 60° to northeast. East of the Shackle-
ton Glacier and between the Ramsey and Beardmore
Glaciers the average strike of bedding is approxi-
mately north, and dips are steep. In the Hood Glacier
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Formation on both walls of the Shackleton Glacier
trend within about 45° of east, roughly normal to
the strikes of the metasediments to the east and west.
A north-trending belt of subvertical mylonites ex-
tends south from Waldron Spurs, east of the Shackle-
ton Glacier, and separates the east-striking meta-
sediments from north-striking metasediments to the
east. In the middle part of the Shackleton area the
east-trending folds are broad and open, with dips on
the limbs of about 45°. Farther to the north they
are isoclinal, and the limbs are nearly vertical.

The Beacon Group generally dips gently to the
south. Local variations in attitude are believed to be
the result of irregular uplift of blocks by the larger
diabase intrusions. Both the Beacon and Ferrar
Groups have been displaced by faults that trend
between north-northwest and west, roughly parallel
to the axis of the Queen Maud Mountains. Most are
normal faults, but a few reverse faults have been
noted. The throw of the faults probably does not
exceed 150 m, except in two cases. The throw of a
major fault inferred near the margin of the Mincey
Glacier may be as much as 1500 m. Beacon strata
and diabase found at an altitude of 300 m at Cape
Surprise, on the coast just east of the mouth of the
Shackleton Glacier, must have been downthrown
about 5000 m with respect to the rocks to the south
by a fault which is inferred to have a strong sinistral
transcurrent component (Barrett, 1965) and to be
associated with a major fault zone just off the coast.
The western Queen Maud Mountains are a major
crustal block which has been upthrown along the
coastal fault and tilted southward at a gentle angle.

Geologic History

In the late Precambrian a thick sequence of geo-
synclinal turbidite-type sediments was deposited and
may have been folded before the deposition, possi-
bly during the Early and Middle Cambrian, of a
sequence of shallow-water maiine sediments. During
the Late Cambrian to Silurian Ross Orogeny both
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