
probably widespread. It is also predicted that there should
be a complete range in compositions of Ferrar Dolerites
(based on analyses of chilled margins) and that their
classification into three magma types (Gunn, 1966) may on-
ly reflect insufficient sampling.

This research was conducted during an Ohio State
University postdoctoral fellowship. D.H. Elliot collected the
Storm Peak samples during fieldwork supported by National
Science Foundation grants GA- 12315 and GV-26652.
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Coal forming elements in
permineralized peat from
Mountain Augusta (Queen

Alexandra Range)

JAMES M. SCHOPF

Department of Geology and Mineralogy
The Ohio State University

Columbus, Ohio 43210

A deposit of permineralized peat, the first to be reported
in the Gondwana area, was discovered in the Permian coal
measures on Mount Augusta in the Queen Alexandra Range
during the 1969-1970 antarctic field season (Schopf. 1970).
The mode of preservation has been described (Schopf. 1971)
and is most comparable to the calcareous permineralized
peat of Pennsylvanian age known as 'coal balls." The Per-
mian peat can be taken as a sample of the plant material
that was altered and entered into the composition of Gond-
wana coal. The present note presents a brief summary of the
nature of the plant remains in the sliced surfaces of the peat
specimens that are available.

The plant structures include sterns, roots, leaves, the
gametophytes of mosses, ovules, sporangia, pollen grains,
and fungal hyphae. Of these the best preserved and most
numerous are the roots that can be identified as Vertebra na
(Schopf, 1965; Gould, 1975). The fact that most of the roots
are of a similar type suggests that they represent the dorni-

nant plants of the peat forming vegetation. Fungal remains
variously represented in all kinds of peaty plant material are
indicative of degradation. Some small spheroidal fruiting
structures have been observed, and the sporadic abundance
of fungal vegetative hyphae is more common than in Penn-
sylvanian age coal balls.

Peaty material. Early in the course of these studies two
distinctly different types of organic preservation, colored
brown and black, were noticed that are not attributable to
kinds of plants, to mineralization, recrystallization, or
weathering. In many instances the contrast between "black"
and "brown" organic matter is similar to that in Penn-
sylvania coal balls where brown organic matter (humified)
usually preponderates and the larger black organic
fragments are easily recognized as representing the ingre-
dient of coal known as fusain or as fusinite. In coal
petrography, the coarser tissue fragments of black-opaque-
organic matter are generally assigned to Fusinite, the finer
textured opaque matter to micrinite, and a material in-
termediate between the brown and the black to semfusinite.
All three together, since they share the same properties, may
be grouped as inertinite. The change leading to this dif-
ference in organic preservation occurred very early in
diagenesis, prior to mineralization. Many of the per-
mineralized blocks from Mount August contain a
preponderance of the black organic material. Its occurrence
in Permian peat serves additionally to confirm one of the
peculiarities in petrographic composition of Gondwana
coals, many of which show high concentrations of inertinite
(Mackowsky, 1975).

The contrast between brown and black organic matter in
the permineralized Mount Augusta peat is sufficiently
prominent that peels prepared from etched surfaces, ac-
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cording to the method previously described (Schopf, 1971),
can generally be categorized as 'brown" or "black." The
general distinction of the two kinds of material usually is ex-
ceedingly sharp although some are intermixed. The reasons
for this sharp difference are by no means clear at this time
but it seems most likely that the contrasting preservation has
some sort of separate stratified relationship in the original
deposit that cannot be determined now. The present collec-
tion represents loose blocks of silicified material exposed on
a hectare or so of relatively level ground on one nose of
Mount Augusta. The relatively flat area from which the
blocks studied were hastily collected had been considerably
disturbed by frost heaving and ablation.

Although critical sampling was not feasible, the quantity
of rock surfaces examined (about 3-1/2 square meters) sug-
gested an approximate estimate could be made of the kinds
of organic preservation in the peat. The proportions may be
taken to indicate the kinds of peaty material that would
have contributed to a deposit of Gondwana coal if the peat
had not been preserved by permineralization. Planimeter
measurements were obtained for nonduplicating rock slices,
1 to 4 centimeters apart, which show the three kinds of peaty
material. The results are presented in the table.

Slice surfaces, permineralized peat from Mount Augusta.*

Kinds of peaty material	Area, cm 2	Area, %

"Brown" organic matter	 15,019.6	43.9
(humified)

"Intermediate" organic matter	1,468.5	 4.3
(semifusinized)

"Black" organic matter	 17,721.7	51.8
(fusinized)	 _________

Total	 34,209.8	100.0

*Areas determined by planimeter.

Discussion. A general account of Gondwana coal has been
given by Chandra and Taylor (1975). They remark (p. 146),
in comparison with northern coals, about the lesser amounts
of vitrinite and the greater amounts of inertinite (p. 142,
148) present in Gondwana coals. Although quantities of the
petrographic constituents vary from one coal deposit to
another, I believe this generalization regarding a higher
concentration of inertinite and lower concentration of
vitrinite is usually applicable. At least the permineralized
peaty material from Mount Augusta certainly tends to con-
firm these observations. The black organic material of the
Mount Augusta specimens would be converted into coal
dominated by inertinite. The composition of this deposit of
Permian peat may be indicative of the nature of peat
deposits elsewhere that gave rise to extensive deposits of
Gondwana coal.

Possibly this deposit also provides a clue tending to ex-
plain the common deficiency of vitrinite in Gondwana coal.
Vitrinite in general is derived from humic alteration and
compression of organized fragments of plant tissue.
However, organic matter that has been converted to iner-
tinite cannot possibly contribute vitrinite. This serves to
reduce the total amount of vitrinite that may be formed. In
ancient northern coal swamps many of the thick layers of

vitrain (= vitrinite) formed from the sclerotic periderm of
arborescent lycopsids (e.g., Bothrodendron, etc.) (Hickling
and Marshall, 1933), in which cell walls are exceptionally
thick. Only a few arborescent lycopsids contributed to coal
in the Gondwana coal measures. In general, the Mount
Augusta peat shows a great deficiency in sclerotic tissue
fragments with cells having thick cell walls.

Roots of arborescent vegetation make a predominating
contribution to the Mount Augusta peat, and many of these
show a strong development of secondary wood. However, the
wood in these roots, and other woody fragments, are
unusual in lacking any strong secondary thickening of the
walls of cells. Although the cell size may change, the same
cell wall thickness (organic mass) occurs in both early wood
and late wood and is remarkably thin. These roots had soft
lightweight wood comparable to that of some of the modern
"weedy" trees of tropical vegetation (Pierce, 1942). This very
soft type of woody tissue was incapable, when compressed
and coalified, of producing thick bands of vitrain. It could,
in fact, contribute only thin streaks of vitrinite in relatively
modest amounts.

If other Gondwana coals were derived from peaty deposits
similar to that on Mount Augusta in having much of their
organic substance contributed by lightweight woody tissues
and by inertinite, the vitrinite of these coals would generally
occur in thin and microbanded streaks, interspersed within
a matrix rich in inertinite. It has been recognized that dull
luster may result from concentrations of inertinite, but the
interpenetration of roots and rootlets has not been common-
ly regarded as an important source of vitrinite. Nevertheless,
the Gondwana coals are noted for having just these
lithologic characteristics.

Support provided by Naval Antarctic Development
Squadron Six was indispensable in obtaining material for
this study during the "Beardmore" expedition of 1969-1970,
David Elliot leader, which was supported by National
Science Foundation grant GA-12315. This report represents
a continuation of work under National Science Foundation
AG-82 to the U.S. Geological Survey.
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Resource and radioactivity survey
in southern Victoria Land
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This report describes the first systematic attempt at a
gamma-ray survey of the exposed rocks in a portion of Ant-
arctica. The area examined is in the Transantarctic Moun-
tains between 76°45' and 78'30'S. and extends from the
Ross Sea coast to the ice sheet. We examined rock radioac-
tivity with the aim of assessing the uranium resource poten-
tial of the area. Before beginning the airborne survey, a
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Figure 1. Comparison of radiation profiles measures on
the ground and from a helicopter over the Nussbaum Riegel
in Taylor Valley. Variations in the ground speed of the
airplane are responsible for the displacement of the in-
dividual features, but the similarities of the two profiles are
easily recognizable. The ground profile is based on 127 in-
dividual measurements. The airborne profile was flown at a
ground clearance of 15 meters and a forward speed of ap-

proximately 30 knots.

calibration test was made by comparing high precision
ground measurements with results from a helicopter borne
gamma-ray detector. Figure 1 shows the results of this test.
After completion of the test, the survey was continued using
airborne gamma-ray measurement techniques, but ground
checks were made where significant anomalies were
detected. As a secondary objective, an attempt was made to
test the feasibility of using gamma-ray detectors to locate
fallout zones in snow layers on the Ross Ice Shelf.

The results are summarized below.
(1) Within the study area the Beacon Group sediments

have shown no significant concentrations of uranium despite
their generally favorable geochemistry as a host rock. In
view of the small area, this disappointing result should not
be construed as a justification for abandoning the Beacon
sediments as potential bearers of uranium.

(2) The metasediments show overall low concentrations
of radioactive elements and appear to have the lowest
resource potential. They should be examined carefully,
however, in the area where they show lower grade metamor-
phic phases.

(3) Volcanics are interesting because of the high uranium
content in the trachytes. Though no substantial localizations
of uranium were found, these volcanic rocks should be ex-
amined more completely. Further, they are clearly potential
source rocks from which uranium bearing solutions might
be derived.

(4) The granites have higher than average radioactivities
when compared with other rocks in the area, but they are
not anomalously radioactive when compared to granites
from other continents. In fact, they appear to be normal
with respect to radioactive element concentrations. The
bodies examined were of uniform radioactivity and did not
show any significant local concentrations.

(5) The pegmatities of the lit par lit sequence at Mt.
Dromedary and Roaring Valley are clearly the most in-
teresting occurrences found to date. They show discrete
uranium and thorium minerals, and the sequence is very ex-
tensive. It was discovered too late in the field season to per-
mit more than a very cursory examination, but similar
radioactive pegmatite veins were found in Garwood Valley
and on the divide between the Radian and Pipecleaner
glaciers.

(6) There is strong evidence of the mobility of uranium
under the weathering conditions which prevail in the study
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Figure 2. Radiation profile from ice at Williams Field,
Ross Ice Shelf. The peak between 6 and 8 feet is thought to
represent fallout from the 1970-1971 series of French bomb

tests in the South Pacific.
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