
ment deformation features were formed during episodic rapid
sedimentation and slumping events. Pinchout of the Mackellar
just north of the Nimrod Glacier and southward-directed pal-
eocurrents suggest that the edge of the basin was to the north.
Lack of broadly correlative units and the abundance of discon-
tinuous sand beds reflects deposition in a temporally and later-
ally complex mosaic of deltaic subenvironments. Gradual coar-
sening upward to sandstones of the Fairchild Formation
represents basin filling and establishment of fluvial
environments.

Was the Mackellar Formation deposited under marine condi-
tions as were portions of the correlative Polarstar Formation
(Ellsworth Mountains; Collinson and Vavra 1982) and Discov-
ery Ridge Formation (Ohio Range; Bradshaw, Newman, and
Aitchison 1984), or was it deposited under brackish to fresh-
water conditions (Barrett and Faure 1973)? Low diversity and
abundance of trace fossils and paucity of bioturbation may be
characteristic of Paleozoic brackish and nonmarine facies; this
and the absence of the Permian Eurydesma body-fossil fauna
suggests deposition in brackish to freshwater environments.
However, low faunal diversity and absence of shelled bottom
fauna might also be caused by low-oxygen conditions and rapid
sedimentation, both of which were prevalent in the Mackellar
basin. Thus, although it appears that the starved post-glacial
Mackellar basin was filled with sediments which were derived
from the north and deposited in and adjacent to relatively
small-scale distributaries, the relationship between this basin
and the Pacific Ocean remains problematic. Planned additional
work, including study of the trace fossils, analyses of sequences
of bedding types, petrographic analyses of sandstone and shal-
es, and organic geochemical analyses of shales may clarify
provenance and depositional environments and allow more
accurate paleogeographic reconstructions.

We would like to thank the other members of the nine-person
Vanderbilt University and Ohio State University team (studying
the Permo-Triassic sequence in the Beardmore Glacier area)
including J.M.G. Miller and B.J. Waugh (Vanderbilt) and J.W.

Collinson, L.A. Krissek, T. C. Homer, B. Lord, and J. Isbell, for
their assistance.
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The Transantarctic Mountains are a major transcontinental
range stretching for some 4,000 kilometers, varying from

200-400 kilometers in width, and having elevations up to 4,500
meters. The uplift and formation of the Transantarctic Moun-
tains have always been something of an enigma, but recent
apatite fission-track analysis is providing important new in-
formtion not only about their uplift history but also about the
implications of that uplift history for the glacial history of Ant-
arctica as a whole.

The main field objective of this project was to collect samples
for fission-track analysis to determine the timing and rate of
uplift of the Transantarctic Mountains and measure relative
vertical displacements across faults within the range. As part of
the 1985-1986 Beardmore Glacier field camp, two general areas
were selected for study: the coastal region around the mouth of
the Beardmore Glacier and further inland in the Miller and
Queen Elizabeth Ranges. Fieldwork was done on foot from two
helicopter-supported satellite camps as well as by close support
on day trips out of Beardmore camp during the period from 23
November to 16 December 1985. The two-person field party
consisted of Paul Fitzgerald and Ken Woolfe, also of Victoria
University.
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The study of mountain uplift using fission-track analysis
requires sampling at regular intervals over significant elevation
ranges in order to gain information representing the greatest
possible time period. Sampling is limited to those rocks that
contain small amounts of uranium-bearing minerals. Our study
concentrated on apatite, a common accessory mineral in gra-
nitic rocks. The granites in the area outcrop dominantly along
the Shackleton Coast but make up a large portion of the Miller
Range and also occur as isolated plutons elsewhere.

Prior to working in the Beardmore Glacier area, a number of
field seasons were spent collecting data from Victoria Land.
Results from those studies determined the sampling strategy
employed and the areas visited during the 1985-1986 field sea-
son. The results from southern Victoria Land (Fitzgerald and
Gleadow 1985) show a strong correlation between apatite age
and sample elevation and indicate a two-stage uplift history for
the Transantarctic Mountains. A good example (see the table
and figure 1) of these results is a set of samples collected from
Mount Barne on the eastern end of the Kukri Hills (77°35'S
163°33'E) and from basement cored in the CIROS-2 (Cenozoic
Investigations of the Ross Sea) drillhole (Barrett 1985), some 1.5
kilometers away in New Harbor, southern Victoria Land.

Results from southern Victoria Land indicate that uplift of the
Transantarctic Mountains was initiated at about 50 million years
ago and since that time the mountains have undergone some 5
kilometers of uplift at an average rate of 100 meters per million
years (Gleadow and Fitzgerald in press). it is important to
realize, however, that this is an average rate and may well
conceal pulses of faster and slower uplift or even periods of

subsidence. The amount of uplift across the mountain range is
differential; from the axis of maximum uplift about 30 kilo-
meters inland of the Victoria Land coast, the mountains dip
gently westward under the polar ice cap.

The study was extended to the Beardmore Glacier area to see
whether the uplift history and tectonics varies from that ob-
served in southern Victoria Land. In the lower Beardmore
Glacier area, we sampled every 100 meters over a 1,150-meter
vertical profile in the Mount Ida/Granite Pillars (83°36'S
170°35'E) area just to the north of the Beardmore Glacier. To-
pographic evidence for faulting in this area includes a decrease
in height of the mountains of the Queen Alexandra Range in the
form of a number of large generalized terraces and the presence
of scarps, for example the large scarp formed by the east face of
Mount Elizabeth (83°53'S 168°34E).

Near-horizontal dolerite sills in southern Victoria Land have
been used to determine the amount of displacement across
faults in the Transantarctic Mountain Front. The dolerite sills in
the Beardmore Glacier area do not outcrop at the coast, so we
took horizontal sampling traverses to generate artifical refer-
ence planes using apatite fission-track ages and hence confirm
the position of faults which had been suspected from analogy
with other parts of the Transantarctic Mountains or from to-
pographical evidence. A horizontal sampling traverse was
taken from Mount Hope (83°31'S 171°16'E) southwest to The
Cloudmaker (84°17'S 169°29'E). Samples were taken from each
suspected fault block to determine relative displacements across
the faults and to locate the position of the vertical sampling
profile with respect to the axis of maximum uplift.

Fission-track analytical data for samples from the New Harbor region, southern Victoria Land. Samples were prepared using methods
outlined in Gleadow and Brooks (1979). The external detector method was used and ages were calculated using the standard fission-

track equation (Hurford and Green 1982). Errors are quoted as 1 standard deviation throughout, after Green (1981). Neutron irradiations
were carried out in the well-thermalized flux of the Australian Atomic Energy Commission HIFAR research reactor

Age'	Uranium
Number	Standard	Fossil	Induced	 P( )2	(in	(in parts

Sample	 of	track	track	track	Correlation	 millions	per	Elevation
number	Mineral	grains	density	density	density	coefficient	%	of years	million)	(in meter)

Mount Barne
R2271 0	Apatite	20

	
3.26
	

0.348
	

2.238
	

0.899	75	88 ± 7	5	975
(5712)
	

(170)
	

(1104)

R22654
	

Apatite	20
	

3.26
	

0.597
	

5.470
	

0.905	70	63±4	11
	

870
(5712)
	

(342)
	

(3134)
R22655
	

Apatite	21
	

3.26
	

0.653
	

7.429
	

0.841	<1	55 ± 6	15
	

800
(5712)
	

(242)
	

(2753)
R22656
	

Apatite	21
	

3.26
	

0.509
	

5.459
	

0.950	10	54±4	11
	

685
(5712)
	

(238)
	

(2554)
R22657
	

Apatite	26
	

3.26
	

0.610
	

7.190
	

0.879	2	50±5	15
	

550
(5712)
	

(259)
	

(3055)
R22658
	

Apatite	24
	

3.26
	

0.323
	

3.790
	

0.605	55	49±5	8
	

420
(5712)
	

(121)
	

(1421)
R22659
	

Apatite	23
	

3.26
	

0.330
	

4.424
	

0.801	20	43±4	9
	

5
(5712)
	

(114)
	

(1527)
CIROS-2
R2271 8a	Apatite	25	3.26

	
0.347
	

4.930
	

0.905	70	41 ± 3	10	—377
(5712)
	

(280)
	

(3978)
R2271 8b
	

Apatite	21	3.26
	

0.379
	

5.101
	

0.921	25	43 ± 3	10	—377
(5712)
	

(278)
	

(3736)

Parentheses show number of tracks counted. All track densities as measured (g = 0.5). d = 1.551 x 10-10 per year, Zeta = 354 ± 10.
Track density measurements are times 106 per square centimeter. P( )2-probability of obtaining the observed value of Galbraith (1981)
2 parameter, for n degrees of freedom, where n = number of crystals-1, quoted to nearest 5 or 10 percent.
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Figure 1. Model for the uplift history of the Transantarctic Mountains
based on a vertical-sampling profile from the eastern end of the
Kukri Hills, southern Victoria Land, including a sample of basement
gneiss from the CIROS-2 drillhole. The "break in slope" in the graph
at about 50 million years marks the start of uplift of the mountains,
giving an average uplift rate since that time of approximately 100
meters per million years. Errors plotted for the apatite ages are two
standard deviations, for the elevation plus or minus 10 meters.
("km" denotes "kilometer?' "Ma" denotes "million years.")

On the southern side of the Beardmore Glacier, a partially
completed vertical profile of 900 meters was sampled on Cleft
Peak (83°55'S 173°34'E). Positions of suspected northwest strik-
ing faults are not as obvious here as on the northern side of the
glacier, because the relief is generally more rugged and granitic
rocks are not exposed as far to the northeast. Nevertheless, a
horizontal sampling traverse from Mount Robert Scott (83°55'S
172°36'E) southwest almost as far as Mount Patrick (84°10'S
171°52'E) was taken. A locality map of the area between the
Nimrod Glacier and the Commonwealth Range with sample
locations is shown in figure 2.

The Miller Range lies on the inland side of the Transantarctic
Mountains and is an uplifted block of granitic and metamorphic
rocks. Grindley (1967) worked on the geomorphology of the
Miller Range and observed three high-level glacial erosion sur-
faces. He calculated that these represented an uplift of about
1,600 meters since the onset of antarctic glaciation, assumed at
that time to be early Quaternary. However, the Cenozoic glacia-
tion of the antarctic continent is now thought to have begun
about 25 million years ago (Hayes et al. 1975), which gives an
average uplift rate of approximately 64 meters per million years.
This allows us the opportunity of testing the fission-track meth-
od against direct geological observations, and so a vertical sam-
pling profile of 800 meters was collected on MacDonald Bluffs,

Kukri Hills - eastern end

Figure 2. Locality diagram for samples collected for fission-track
dating studies in the Beardmore Glacier area during the 1985-1986
austral summer. ("km" denotes "kilometer.")

from spot height 0.2440 (83°12'S 158°5'E) down to the level of
the Marsh Glacier. Moody Nunatak (83°7'S 159°31'E), lying
across the Marsh Glacier was sampled, as were various localities
in the Queen Elizabeth Range, to deterine displacement across
faults lying between here and the Miller Range (Grindley and
Laird 1969).

This is a joint Victoria University/University of Melbourne
project. Research in Antarctica was supported by the Antarctic
Research Centre of Victoria University through funds from the
University Grants Committee. The New Zealand Antarctic Di-
vision provided logistic support. Fitzgerald was supported by a
Melbourne University postgraduate scholarship. Our thanks to
the pilots and crew of VXE-6 based at Beardmore Camp.
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Geochemical investigations of lower
Paleozoic granites

of the Transantarctic Mountains

S.C. BORG and D.J. DEPAOLO
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University of California
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This project is part of a long-term effort to investigate the
granites in the Transantarctic Mountains with modern geo-
chemical techniques. Work during the 1985-1986 season re-
sulted in a comprehensive collection of large samples of granite
and associated country rock from the region between the Nim-
rod and Good glaciers (see Borg et al., Antarctic Journal, this
issue). Our sampling program will be extended to the Gabbro
Hills in late 1986.

The primary objective of this project is to develop a modern
tectonic-petrogenetic model of the Paleozoic batholith and re-
lated rocks of the Transantarctic Mountains. The approach we
are using is to characterize the granitic rocks with respect to
their petrology, field relations and geochemistry, and in par-
ticular, with respect to their neodymium, strontium, and oxy-
gen isotopic compositions in as many key areas of the range as
possible. A pilot study of uranium-lead systematics in accessory
phases is also underway. The chemical and isotopic patterns
will yield information about Precambrian crustal structure,
place constraints on Precambrian continental drift, and eluci-
date the nature of Paleozoic continental margin tectonics and
magmatism. The patterns will also be directly applicable to
unraveling post-plutonism tectonics. This type of study, which
we refer to as "chemical tectonics" or "isotope tectonics," is a
powerful means of establishing the large-scale structural, tec-
tonic and petrogenetic characteristics of subcontinental-scale
areas even where detailed geologic mapping is unavailable. In
this light it is particularly well suited to studies of the antarctic
basement because of limited exposures and obvious difficulties
with access. The utility of this type of study to regional geologic
problems in Antarctica has recently been demonstrated in
northern Victoria Land (Borg 1984; Borg et al. in press). Consid-
ering the success of this granite study and the extensive areas of
unstudied granitic basement in the range (see figure 1 of Borg et
al., Antarctic Journal, this issue), it is clear that a systematic
investigation of granitic rocks throughout the range is likely to
improve our understanding of the evolution of the antarctic
basement rocks by a very large factor. This work will dovetail

with similar types of studies being carried out by workers in
several countries on rocks from other continents, and will even-
tually allow us to understand the relationship of the antarctic
basement rocks to those of other continents back into Archean
time, and further our understanding of the evolution of conti-
nental crust on a global scale through Earth history.

Exposed within the pre-Devonian basement of the Transan-
tarctic Mountains is an extensive complex of granitic batholiths
which was emplaced into Precambrian and early Paleozoic met-
asedimentary and metavolcanic rocks of the Ross Orogen. Suf-
ficient age determinations have been done to establish a general
emplacement history, but there presently exist little data bear-
ing on the genesis of the granitoids. It has been suggested that
the batholiths were emplaced along a margin of the east ant-
arctic craton primarily during the Cambro-Ordovician Ross
Orogeny and that this magmatism may have been related to a
subduction zone dipping under East Antarctica (Elliot 1975;
Gunner 1976; Stump 1976). The segment of the range between
the Nimrod and the Beardmore glaciers (figure 1) is fundamen-
tal to regional petrogenetic studies of granites because this is the
only area in the range which, according to existing maps, ap-
pears to straddle the boundary between old Precambrian craton
and late Precambrian geosynclinal sediments (Grindley et al.,
1964; Grindley and McDougall, 1969; Gunner, 1976). Studies of
granites in this region will form a substantial foundation but
data from granites in other parts of the range are necessary to a
comprehensive understanding of the origin of this plutonic
province.

Initial analytical work was begun on powdered samples
provided by C. Faure from rocks studied by Gunnerand Faure
(1972) and Gunner (1976). Samarium-neodymium (Sm-Nd) and
rubidium-strontium (Rb-Sr) isotopic measurements made on
these sample confirm that there are large differences in isotopic
composition between the granites on the Shackleton Coast and
those in the Miller Range (figures 2 and 3). From these data we
know there are substantial differences in crustal structure or
age. However, the isotopic variations cannot be adequately in-
terpreted until we understand the nature of the variations on a
broader geographic scale. The extensive regional coverage
available in our collection is an important feature as we begin to
focus our lab work under this proposal toward establishing
patterns of chemical and isotopic variation of the granites over
the whole region.

Within the reconnaissance analytical program underway we
hope to establish a pattern of regional variation in the batholithic
rocks across the range, and we will be able to see if the dif-
ference between the two clusters of points on figures 2 and 3
represents an abrupt discontinuity or if there is continuous
variation between them. It is also possible that there is some
combination of variation and discontinuity present. Whatever

1986 REVIEW	 41




