
rozet archipelago) and from Amsterdam Island have
been profitably incorporated into analyses of the na-
ture of the geomagnetic dipole, and the secular varia-
ion of the geomagnetic field, for the period involved.

Watkins et al. (in press a) show that a model pro-
posed for the Upper Tertiary geomagnetic field (Wil-
son, 1970), in which the main dipole is envisaged as

eing offset along the spin axis from the geocentric
osition, does not hold for the Brunhes Epoch. The
ffset dipole, if a real phenomenon, must be a pre-
runhes Epoch feature.
The latitude dependence of the angular dispersion

Of the present geomagnetic field directions is best un-
derstood to owe generally to a centered, relatively
table dipole and a more rapidly moving nondipole

component of variable magnitude and direction. Doell

ilependencc
nd Cox (1971) have shown that the present latitude

 of the secular variation holds for the
pacific during the Brunhes, except for the region
round Hawaii, where the presently atypical very low

nondipole activity was maintained during the Brunhes
Epoch. It is suspected that this may be due to an
ffect in the central Pacific mantle, which shields out

nondipole activity at the surface. Results from Crozet
and Amsterdam Islands are critically valuable in facili-
tating extension of examination of the Brunhes field to
the Indian Ocean. Watkins et al. (in press b) show
that the Brunhes Epoch secular variation in the
southern Indian Ocean is strongly latitude dependent.

Paleomagnetic data from Kerguelen Island will be
analyzed after potassium-argon age measurements are
completed.

Geochemistry. The results of analyses of basalt spec-
iinens from East and Possession Islands have been

ublished (Gunn et al., 1970; in press a). The lavas
form a flat-lying sequence of oceanites, ankaram -
i es, olivine basalts, and feldsparphyric basalts. The
fractionation trends are unique with respect to the
C nstant aluminum-titanium and potassium-strontium
ratios, and all can be reproduced by subtraction of
c romite, olivine, and low-titanium clinopyroxene
from an alkali basalt parent.

Analyses of samples from Amsterdam Island (Gunn
e al., in press b) reveal mainly lavas with tholeiitic
a Ffinities, ranging from olivine tholeiites to plagioclase
b 3.salts. Some high alumina lavas are similar to by-
t wnite cumulates dredged from the Mid-Indian
Ridge, and some low alumina lavas resemble the thol-
e ites of Hawaii. The island appears to be in an early
stage of evolution from deep oceanic basalt to an alka-
li e volcano.

Analyses of Kerguelen basalts and plutonic syenites,
4iartz syenites, and monzonites are continuing. Prelim-
irary isotope age analyses on a tholeiitic basalt suite
filom Foch Island (northern Kerguelens) by Dr. A.
Bàksi (Queens University, Kingston, Ontario,

Canada) yielded an Upper Oligocene to Lower Mio-
cene age. Isotopic analyses of the Rallier du Baty plu-
ton (southeastern Kerguelens) yielded preliminary
age estimates of approximately 9 m.y. (from commer-
cial potassium-argon sources) and 12 to 15 m.y. by the
rubidium-strontium isotope method.

These studies are being made in cooperation with
Dr. Jacques Nougier (University of Paris) and Mr. C.
E. Abranson and Dr. B. M. Gunn (University of
Montreal). They are made possible by the generosity
of Administrator Pierre Rolland of the Territoire des
Terres Australes et Antarctiques Françaises, who pro-
vided transport aboard the vessel Galliéni, helicopter
transport, and all other logistic support.
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Paleomagnetic investigations of the
Queen Alexandra Range, Antarctica

J . H. OSTRANDER

Department of Geology
Case Western Reserve University

Recent paleomagnetic data from the central Trans-
antarctic Mountains lend support to the critical role
Antarctica must play in the current hypotheses con-
cerning the fragmentation of Gondwanaland. Paleo-
magnetic study of Jurassic rocks from the Queen Al-
exandra Range suggests that Antarctica was 30 de-
grees of latitude north of its present location.

During the 1969-1970 antarctic field season, sam-
pling in the Queen Alexandra Range was carried out
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by Dr. Donald Peterson of Case Western Reserve Uni-
versity (presently at the State University of New York
at Fredonia) in conjunction with the geological-pa-
leontological investigations of the Institute of Polar
Studies of The Ohio State University. Dr. Peterson
collected both volcanic and intrusive Jurassic rocks.
His samples represented 12 lava flows from Storm
Peak, 14 lava flows from Mount Falla, and seven
minor intrusions.

The magnetic properties of these rocks were studied
during the past year in an attempt to establish the rel-
ative position of Antarctica for the early Jurassic. Six
oriented samples were taken from each site. A single
core was then drilled from each sample and used for
remanence measurements, which were obtained by
using the Foster Spinner magnetometer. Cores were
magnetically cleaned in alternating fields up to 1,200
oersteds. In general, the samples were stably and nor-
mally magnetized. The results (see table) agree with
those of igneous intrusions of similar age from other
areas of Antarctica (Briden and Oliver, 1963; Bull
and Irving, 1960; Turnbull, 1959).

Paleomagnetic work on these igneous rocks was
backed up by a qualitative examination of the oxida-
tion states of the iron-titanium oxides. Quantitative
examination of the opaque minerals is in progress. It
is possible that a causal relationship does exist between
the opaque petrological properties and the magnetic
properties in many instances. Titanomagnetite high
temperature oxidation, which describes the process of
ilmenite exsolution and further oxidation, does not
vary extensively from flow to flow. According to
the most recent classification, high temperature oxida-
tion is divided into six progressive stages (Ad .e-Hall et
al., 1968). The antarctic cores contain oxides repre-
sentative of classes 1 to 3 and only rarely class 4, which
describes the further alteration of the ilmenite lamellae.

Titanomagnetite granulation, which describes the
alteration of titanomagnetite to impure rutile gran-
ules, occurs in flows characterized by a limited de-
velopment of high temperature oxidation. Granula-
tion, when highly developed, is suspected of influenc-
ing the stability of remanence (Ade-Hail, 1969).

The influence of the degree of development of ti-
tanomagnetite high temperature oxidation on the sta-
bility of natural remanence could lie in the decreased
effective grain size resulting from subdivision by the ii-

Magnetic directions of rocks from three locations in the
Queen Alexandra Range, with calculated virtual geomagnetic

pole positions.

Dec-	In- No.
lina-	dma- of	 V. P.

Location	tion	tion sites a9 5	coordinates

Storm Peak	252.7 —64.2 12 6.9 44.1 0 S. 128.5°W.
Mount Falla 224.7 —71.7 14 4.4 53.8°S. 137.4°W.
Sills	224.5 —72.0	7 5.4 54.2 0 S. 139.80W.

on

• VGP positions
• field sampling area

Virtual geomagnetic pole positions for Jurassic lava flows and
minor intrusions.

menite lamellae. This is not, however, a complete ex-
planation, and we may only say at present that the
results are consistent with some sort of relationship
between paleomagnetic stability and the opaque
petrology.

The combined results of the study give the virtual
pole positions indicated in the figure. If one assumes
the geocentric dipole hypothesis, these paleomagnetic
poles represent paleogeographic poles. These results
from the Jurassic would imply a movement of some 30
degrees of latitude relative to the continent of Antar -
tica subsequent to the extrusion of the lavas and th e
emplacement of the minor intrusions. Two types of
movement could explain the differences between Ju -
assic and present pole positions: either (1) the cont -
nents have remained fixed, while the rotational axes
have changed (hence the poles have shifted), or (2)
the rotational axes and poles have remained fixe
while Antarctica has moved relative to the poles an
other continents. The interpretation offered here is
that the field sampling area was located at a latitude
of 51°S. during the early Jurassic, possibly locati g
western Antarctica adjacent to the coast of southeas -
ern Africa as suggested by Dietz and Holden (1970
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Late Precambrian
silicic pyroclastic volcanism

in the Thiel Mountains, Antarctica'
A. B. FORD and R. S. SuMsION

U.S. Geological Survey
Menlo Park, California

and
Department of Geology

San Jose State College, California

The Thiel Mountains, an isolated range in the
Transantarctic Mountains midway between the Ross
and Weddell Seas, consist of variably recrystallized,
porphyritic-appearing silicic igneous rocks of probable
Late Precambrian age that were intruded by Early Pa-
leozoic granitic plutons. The Late Precambrian rocks
are characterized by an unusual coarse-crystal assem-
blage that includes hypersthene and minor cordierite or
their alteration pseudomorphs of chlorite and mica.
Preliminary petrographic studies were inconclusive
about the origin of these rocks (Ford, 1964). On one
hand they suggested the possibility of pyroclastic dep-
osition, but on the other they favored a shallow intru-
sion origin. Further microscopic study, however, has
yielded much textural evidence for a pyroclastic origin,
and the rocks are reinterpreted as being crystal-rich
silicic tuffs. The evidence includes the presence of
vague bedding, rare lenticular and eutaxitic struc-
tures, and a profusion of broken and embayed, poorly
sorted crystals, all of which resemble features of some
volcanic tuffs (Ross and Smith, 1961).

Secondary effects, such as sieve-textured mineral
overgrowths and alteration coronas, finely granoblastic
quartz and K-feldspar of the groundmass, and skeletal
chlorite and mica poikiloblasts, mask primary features
in many places. Some secondary features were proba-
bly produced by recrystallization during cooling from
initial temperatures perhaps as high as 700° to 900°C
(Ross and Smith, 1961), but most are probably ther-
mal effects from the nearby granitic plutons. The vol-

Publication authorized by the Director, U.S. Geological
Survey.

Figure 1. Modes of 10 samples of quartz latitic tuff from localities
throughout the Thiel Mountains. Q, P, K, M of histograms show
volume percent, respectively, of coarse quartz, plagioclase,
K-feldspar, and mafic minerals, including alterations. G, ground-

mass of mainly fine K-feldspar (lined) and quartz.
quartz

I'

I I
I'
I'
I	1
I	I

_ 60
artz
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__ 20
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Figure 2. Modal minerals of pyroclastic rocks of the Thiel
Mountains in volcanic rock classification of Streckeisen

(1967).

canic pile is broadly folded and locally faulted, but
the absence of penetrative deformational effects in the
groundmass and of broken crystal pieces that can be
refitted indicates that crystal breakage was a primary
and not a tectonic feature. Deep resorption embay-
ments in quartz and delicate patterns of igneous oscil-
latory zoning in plagioclase crystals are destroyed by
nearly complete recrystallization of the entire rock
only near contacts with younger plutons. Plagioclase
( An15_50) is generally intermediate in structural
state; studies in progress show an increase in ordering
degree with approach to the plutons.

Modal counts on rock slices (Williams, 1960),
stained to enhance contrast of plagioclase (red) and
K-feldspar (yellow), show that the tuffs characteris-
tically are crystal-rich and dominated by coarse frag-
ments of plagioclase, generally 3 to 5 mm in diameter,
with lesser amounts of quartz and mafic minerals, and
minor K-feldspar (fig. 1). Fine-grained K-feldspar
predominates, with lesser amounts of quartz, in the
dense groundmass. J-Iypersthene is the only primary
mafic mineral throughout the entire exposed se-
quence. Modally (fig. 2) and chemically the rocks
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