
Composition and texture of specimens from the
Polarstar Formation indicate sediment derivation
from a rather rapidly eroding source area domi-
nated by silicic volcanic and plutonic igneous rocks
and granite gneisses. The source area also included
mafic volcanic rocks, mica schists, minor sedimen-
tary rocks, and possibly granitic pegmatites. The
vertical sequence of texture and primary structures
suggests deposition in a prograding delta. Coal
seams, shallow-water trace fossils, and organic resi-
due composittoll are consistent with deltaic deposi-
tion. Coal rank, types of cement and matrix, and
alternation of mineral constituents indicate that the
sediments were subjected to low-grade burial meta-
morphism, perhaps as high as the laumontite
facies. The sedimentary rock sequence exposed in
the Ellsworth Mountains may represent shallow-
water deposition along a continental margin. If
the sediments were deposited along the margin of
the east antarctic shield, the Ellsworth Mountains
migrated away from East Antarctica sometime after
the Permian Period.

This research was supported by National Science
Foundation grant (;V-26529.
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Figure 4. Trace fossils in silty argillite. Mount Wyatt Earp,

near base of Polarstar Formation.
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Petrologic studies of the Dufek
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iron-titanium oxides
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The Dufek intrusion is a differentiated, strati-
form mafic body of inìmense size. Its major features
are described in Ford and Boyd (1968), Ford
(1970), and Ford (in press). The body is estimated
to be 8 to 9 kilometcrs thick, of which about 1.8
kilometers of the lower part make UI) the Dufek
Massif section and about 1.7 kilometers of the
upper part make up the Forrestal Range section
(figure 1). The basal part of the body and a 2 to 3
kilometers thick interval between these two sections
are not exposed.

Texture, structure, and chemical variation re-
lated to magmatic stratigraphy indicate that most
rocks developed by crystal accumulation, at times
under the influence of current activity, on the floor
of a magma chamber. The rocks are generally well
layere(l owing to the highly variable proportions of
the settled phases, liiefly plagioclase, two pyro-
xenes, and opaque oxides (figure 1). The domi-
nant rock type of the Dufek Massif section is
plagioclase-2 pyroxenc cumulate, and that of the
Forrestal Range section is plagioclase-2 pyroxene-
opaque oxide cumulate. In some generally thin
(1 to 3 meters thick) layers, rocks consist of es-
sentially single cumultts phases, as in plagioclase
cumulate, in pyroxciie cumulate, or in opaque
oxide cumulate.

Compositions of bulk rocks show a pronounced
chemical trend of iron enrichment stratigraphically
ascending in the layered sequence (Ford, 1970).
Bulk compositions of rocks formed by crystal

241



settling, however, cannot be used directly to infer
compositions or other characteristics of the magma
from which they crystallized. We therefore have
undertaken a detailed study of the chemistry and
mineralogy of individual phases in order to better
understand the conditions of differentiation in this
igneous complex. Results of a survey of the pyro-
xenes are in Himmelberg and Ford (1973) and in
Himmelberg and Ford (in press). Here we describe
preliminary results for opaque oxides; this work,
which is in progress, will further elucidate the in-
trusion's crystallization and cooling history.

Cumulus pyroxenes belong to two series—one
rich in calcium and the other poor in calcium—
that coexist through most of the exposed rock
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sections. Both series show trends of iron enrich-
ment upward through the layered sequence. Cal-
cium-poor pyroxenes in the series bronzite-in-
verted pigeonite range upward from Ca3.5Mg691
Fe274 to Ca114M9340 17e546 . Calcium-rich pyrox-
enes in the series augiteferroaugite range upward
from Ca364 I'Ig48 Fe 9 to Ca300 M g23 , 5 Fe465.
Both series show similarities to the Skaergaard and
Bushveld pyroxene trends, but the augite-ferro-
augite series does not become as enriched in iron
as in those instrusions, possibly owing to differences
in partial pressure of oxygen during later stages
of fractional crystallization. Differences might also
be expected, therefore, between opaque oxides of
these bodies.
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Figure 1. Generalized com-
posite columnar section of
the Dufek intrusion, show-
ing sample locations and
stratigraphic distribution
of minerals. Cumulus min-
erals shown by solid line;
postcumulus minerals and,
in granophyre, noncumu-
lus minerals shown by
broken lines. Pig denotes
the lowest occurrence of
cumulus inverted pigeonite.
Plagioclase content was
determined by optical
methods. P1, plagioclase;
Kf, potassium feldspar; Qz,
quartz; 01, olivine; Ca px,
Ca-poor pyroxene; Ca px,
Ca-rich pyroxene; Ox,
opaque oxides; AP, Apa-
tite. (From Himmelberg

and Ford, in press.)
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Iron-titanium oxides first occur as a cumulus
phase in the upper part of the Dufek Massif
section (figure 1), and they continue in much
greater amounts upward through the cumulates
of the Forrestal Range section. They are also ubi-
quitous though minor constituents of the capping
layer of granophyre. All oxide-bearing samples
studied contain a titaniferous magnetite (spinel
phase) and a ferrian ilmenite (rhombohedral
phase), using the terminology of Buddington et al.
(1963, page 140). The two phases most commonly
occur together as composite grains in which the
amount of titaniferous magnetite exceeds that of
ferrian ilmenite. The composite grains may con-
ceivably represent extreme unmixing of an original
homogeneous titaniferous magnetite, in keeping
with a study of iron-titanium oxides of the Skaer-
gaard intrusion (Vincent and Phillips, 1954) and
with textural studies in Buddington and Lindsley
(1964). The spinel phase shows abundant lamellae
of ilmenite, but exsolution features were not ob-
served in the rhombohedral phase. Ferrian ilmenite
also occurs as independent grains among the sili-
cate minerals, probably as a cumulus phase similar
to the coarse ilmenite grains in the Bushveld intru-
sion (Molyneux, 1970) and to the ilmenite in the
Skaergaard intrusion (Vincent and Phillips, 1954).

The host titaniferous magnetites and coexisting
ferrian ilmenites were analyzed with an ARL EMS-SM
electron microprobe to determine the temperature
and oxygen fugacity of the subsolidus recrystalliza-
tion. Eighteen samples were analyzed using a beam
size of approximately 1 micron on five points per
grain on two grains of each phase. Natural rhom-
bohedral and spinel phases of known composition
were used as standards. Corrections were made
for background, for mass absorption, for secondary
fluorescence, and for atomic number. Values for
weight percent Fe 20 3 , for molecular percent ulvo-
spinel in magnetite, and for molecular percent
R203 in ilmenite were computed according to
Carmichael (1967).

Analyses of the oxide phases in terms of the mole-
cular percent of the ulvospinel in the magnetite and
the molecular percent of R203 in the ilmenite
are plotted in figure 2. The spinel host phases show
a range in ulvospinel content from 5 to 76 mole-
cular percent, and the associated rhombohedral
phases show a range in R203 content from <1 to 6
molecular percent. This pattern is consistent with
the known phase equilibria between coexisting
spinel and rho mbo lied ral phases (Buddington and
Lindsley, 1964).

Temperature and oxygen fugacity values of 'sub-
solidus equilibration were estimated kr adjacent
titanilerous magnetite and ferrian ilnienite using
the curves of Buddington and Lindslcy (1964).
Inferred temperatures range from approximately

590° to 790° C, and oxygen fugacities range from
10203 to 10-14.8.

This research was supported by National Science
Foundation grant AG-238. The electron micro-
probe used for this study was purchased by the
University of Missouri, with assistance from Na-
tional Science Foundation grant GA-18445.
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Quantitative paleolimnology
and other studies in the central

Transantarctic Mountains
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tak (Tasch, in preparation, a; Tasch, 1975). Storm
Peak data provide an uncommon glimpse of lake
succession across a time lapse at the same site, as
well as a seasonal history of each lake.

Differences between fossil and modern lacustrine
ecosystems (Devonian to Recent) and their signifi-
cance were recently reviewed (Tasch, 1975). A
study of various spoor has been completed (Tasch,
in preparation, b).

Three crustacean brachiopods occur: Cyzicus,
Paleolimnadia, and Cornia. Unexpected was the
number of distinct species of the first two genera,
which is evidence of gene pool fractionation. The
appearance of Cornia was previously unreported
from the Jurassic outside the Russian rock column.
Russian affinities of antarctic insects have been
noted elsewhere (Tasch, 1970).

This research was supported by National Science
Foundation grant Opp 73-05831.
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Lower and upper basalt flow interbeds (Storm
Peak) were studied for paleosalinity by geochemi-
cal partition of B/Ga and B/V, and by the sedimin-
tary phosphate method. Biotic evidence was used
as a further check. All paleosalinities represent
much higher than actual values due to concentra-
tion in sediments.

In the lower flow interbed, salinity increased by
4 parts per thousand and then fluctuated ±1.0 part
per thousand. The total range was 27 to 31 parts
per thousand. The upper flow interbed presented
a steady-state paleosalinity (3.1 parts per thousand)
for most of the time, with decreasing paleosalinity
(to 21 parts per thousand) in the uppermost bed
(Tasch and Gafford, in preparation: part 1, figures
2 and 3; table 1).

At Blizzard Heights, the total year value of the
fossiliferous interbed, determined chiefly by con-
chostracan geochronology, was 306 ±20 years
(Tasch and Gafford, in preparation: part 2, table
2). These data afford the first year-value determi-
nation, and probably constitute a first record, of
the Jurassic interbeds of the central Transantarctic
Mountains. Because of the unique opportunity
these data presented, an electron microprobe
analysis was carried out on the basalt flows directly
above and below the fossiliferous interbed (Tasch
and Gafford, in preparation: part 2, table 3). These
two sets of data may permit specialists to evaluate
changes in Jurassic magmatic events over a meas-
ured time interval.

Persistence of and variation in biotic spectra
through time has been deciphered in samples from
Storm Peak, Blizzard Heights, and Mauger Nuna-
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Marie Byrd Land
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As a part of the investigation of the geology of
Marie Byrd Land, we have completed detailed
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