
South Africa. Reports of ribbed conchostracans (Leaia spe-
cies) are rare in South Africa. A new leaiid species was found
on a slab from the Cape Province. Contemporaneous Permian
leaiid horizon(s) appear to have been widespread in many
parts of Gondwanaland: Antarctica, South Africa and Zim-
babwe, South America (Brazil and Argentina), and Australia.

South America. In a collection from the Santander Massif,
Colombia, now in my laboratory, an Estheriella species was
found. The age is most likely Triassic. This is of interest since
Marlière (1950) described an Estheriella from the Triassic Karoo
(Cassanje III beds) of Angola.

The pattern of the marginal costae (partial ribs) of the Colom-
bia species, while not identical, is reminiscent of Estheriella
taschi Shah and Ghosh from the Panchet Formation of India.
The spread of this genus to three Gondwana continents during
Triassic time, representing as it does broadcast of the same
basic bioprogram, can be attributed to the proximity of con-
tinents.

This research was supported by National Science Founda-
tion grant DPP 79-09015. The fine cooperation of the Geological
Survey of New South Wales, and especially colleagues Toby
Rose, C. T. McElroy, and John Pickett, facilitated my Newcas-
tle Coal Measures fieldwork. Will Maze, graduate student,
Princeton University, contributed his Mesozoic conchostracan
collection from the Venezuelan Andes and Colombia.
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Geochronologic studies in East
Antarctica: Ages of rocks at Reinbolt

Hills and Molodezhnaya Station
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WILwM I. MANTON
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Richardson, Texas 75080

The bedrock exposures at Molodezhnaya Station (67°40'S
46°E) in Enderby Land and Reinbolt Hills (70°30'S 72°30'E) on
the Ingrid Christensen Coast consist of well-layered granulate-
facies rocks and foliated charnockite. The charnockite at
Molodezhnaya is a well-lineated or well-foliated rock contain-
ing quartz, two feldspars, and hornblende, with subordinate
orthopyroxene, clinopyroxene, garnet, and biotite (Grew
1978). The Reinbolt Hills charnockite is a porphyroblastic rock
containing quartz, two feldspars, orthopyroxene, garnet, and
biotite; the porphyroblasts (potassium feldspar) commonly
have preferred orientation (E. S. Grew unpublished field
notes; Ravich, Solovyev, and Fedorov 1978, pp. 166-167). At
both localities, the charnockite appears to be a plutonic rock

that was metamorphosed and deformed under granulite -facies
conditions soon after emplacement. However, Ravich, Solov-
yev, and Fedorov (1978, p. 167) suggest that the Reinbolt Hills
charnockite is derived by the metasomatic replacement of the
granulite -facies country rocks.

We report here uranium-lead (U-Pb) isotopic analyses of
zircons from charnockite at Molodezhnaya (samples 323, 108C)
and Reinbolt Hills (samples 565A and 557), and from a quart-
zofeldspathic gneiss at Molodezhnaya (106Z) (table, next
page). Specific localities of the Molodezhnaya specimens are
given elsewhere (Grew 1978, figure 8), as are results of analyses
of total rock samples of these three specimens for rubidium
(Rb) and strontium (Sr) isotopes (Grew 1978, tables 2 and 3).
The quartzofeldspathic gneiss (106Z) contains minor ortho-
pyroxene, garnet, and biotite. We also report thorium (Th)-U-
Pb isotope data on six zircon crystals from a subconcordant
pegmatite lens in quartzofeldspathic garnet-biotite gneiss at
Reinbolt Hills (also described by Fedorov and Grikurova 1980);
preliminary results have been presented orally (Grew and
Manton 1977). This pegmatite is also the source of single crys-
tals of sillimanite up to 6 centimeters long and 2 centimeters
across (Fedorov and Grikurova 1980; Grew 1980). The zircon-
bearing samples were collected during the winter of 1973 at
Molodezhnaya and during austral summer 1973-74, when
Grew was U.S. exchange scientist with the Soviet Antarctic
Expedition.

The zircons from the Reinbolt Hills charnockite are rounded
and milky; those from Molodezhnaya charnockite are subhed-
ral and clear. Zircons from the quartzofeldspathic gneiss are
elongate and rounded. We observed no detrital cores in any
of these zircons. The pegmatitic zircons are subhedral or
euhedral and red-brown in transmitted light, as seen in thin
splinters. The analyzed crystals range in weight from 0.07 to
1.44 grams and are up to 0.5 centimeters across.
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Uranium, thorium, and lead concentrations and isotopic ratios of zircons from Reinbolt Hills and Molodezhnaya Station

	

206Pb	206Pb

	

204pb	207Pb

Pegmatite- Reinbolt Hills

	

2.2x104	14.552

	

2.8x104	14.568

	

2.2x104	14.635

	

2.Ox 104	14.541

	

2.0x104	14.544

	

-	14.430

Sample	U	Th	Pb
number	 (parts per million)

5227	37.8	631.4
4951	49.6	648.6
4905	43.1	620.2
5092	53.9	667.1
4844	46.2	648.0
4478	55.3	577.1

575
743

244
136

847

*Radiogenic component.

206pb	207Pb
	2O6pb*

208Pb

189.4	1.240
	

0.1309
204.1	1.344

	
0.1420

197.8	1.291
	

0.1370
181.0	1.346

	
0.1419

186.3	1.374
	

0.1449
151.8	1.332

	
0.1394

7.852	1.213
	

0.1272
11.372	1.1908

	
0.1255

3.131	0.8601
	

0.0999
3.062	0.8196

	
0.0965

0.9781	1.436
	

0.1332

556-1
556-2
556-3
556-4
556-5
556-6

557
565A

108C
323

106Z

Charnockite-Reinbolt Hills
80.6	1.80x104	14.30
99.2	2.81x104	14.43

Charnockite- Molodezhnaya
31.1	7.69x103	15.56
16.8	5.9x103	15.61

Quartzofeldspathic Gneiss- Molodezhnaya
209	1.25x104	12.79

The pegmatitic zircons lie on a chord intersecting concordia
at 94 and 896 million years (figure), suggesting crystallization
of the zircon 896 million years ago and subsequent loss of lead.
Thorium ages range from 1300 to 1800 million years and are
markedly discordant. Isotopic data on zircons from the Rein-
bolt Hills chamockite lie on the chord defined by the pegmatite
zircon data. We conclude that the 896-million-year value is the
age of cyrstallization of the pegmatite and charnockite at Rein-
bolt Hills. There is no isotopic evidence that the zircons lost
lead during a metamorphic event between the time of crystal-
lization 896 million years ago and the present. Consequently,
the time interval between the crystallization of the pegmatite
and charnockite on the one hand, and the granulite-facies
metamorphism on the other, was relatively small and the 896-
million-year value is also the age of metamorphism. This value
lies in the range of Rb-Sr isochron ages (800 to 1100 million
years) reported by Tingey (in press) on plutonic and high-
grade metamorphic rocks in Mac. Robertson Land (between
about 67° and 73°S, and east of 62°E) and the Ingrid Christensen
Coast.

The two zircon samples from Molodezhnaya chamockite
have suffered a large lead loss and lie on a chord intersecting
concordia at 512 and 984 million years (figure). Although the
errors in the upper intersection are necessarily large, the 984-
million-year age is consistent with the 987 ± 60 million-yser-
Rb-Sr isochron age (initial 87Sr/86Sr ratio of 0.7109 ± 0.0015)
obtained on the charnockite (Grew 1978). We interpret the
ages near 1000 million years as the age of crystallization of the
charnockite, which was soon followed by granulite-facies
metamorphism and deformation. The lower intercept near 500
million years may reflect lead loss associated with pegmatite
emplacement, faulting, and amphibolite-facies metamorph-
ism dated 500 to 550 million years ago at Molodezhnaya (Grew
1978).

Isotopic data on the zircon from the quartzofeldspathic
gneiss (106Z) do not lie on the 512-984 million-year-chord,
and this zircon appears to be older than the other two Molod-
ezhnaya zircons. A total-rock model Rb-Sr age of 2120 ± 155
million years was obtained on sample 106Z assuming an initial
87Sr/86Sr ratio of 0.715 ± 0.010 (Grew 1978). Given the evidence

for a 550-million-year metamorphic event at Molodezhnaya,
we note that this sample plots on a 550-1800-million-year
chord. The zircon U-Pb data thus corroborate field and Rb-Sr
data cited by Grew (1978) as evidence for the quartzofeld-
spathic gneisses being older than the chamockite at Molod-
ezhnaya.

r4)
cJ

-o

0
c'J

Es
0	0.5	1.0	15

207Pb/ 235U

Concordia plot of uranium-lead isotopic data from zircon extracted
from charnocklte, pegmatite, and quartzofeldspathlc gneiss.
Closed circles = charnockite, Reinbolt Hills; Open
circles = pegmatite, Reinbolt Hills; Open triangles = charnockfte,
Moiodezhnaya Station; Closed triangle = gneiss, Molodezhnaya
Station. Numbers on concordia are ages in billions of years. The
Reinbolt Hills data lie on a 94-896-million-year chord and the
Molodezhnaya Station charnockite data, on a 512-984-million-
year chord. The dashed line Is  portion of a 550-1800-million-year
chord.
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These zircon data provide further evidence for charnockitic
plutonic activity and granulite -facies metamorphism 900-1100
million years ago in an east-west trending belt exposed in
western Enderby Land, Mac. Robertson Land, and the Ingrid
Christensen Coast.

This research was supported by National Science Founda-
tion grants DPP 75-17390 and DPP 76-80957 to the University of
California, Los Angeles. Grew thanks members of the 18th
and 19th Soviet Antarctic Expeditions for their logistic support
and cooperation.
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Petroleum resources of Antarctica*

JOHN C. BEHRENDT

U.S. Geological Survey
Denver, Colorado 80225

There are no known petroleum resources in Antarctica, and
information on which to base reliable estimates of undiscov-
ered resources is lacking. Given the hostile antarctic environ-
ment, only giant fields (approximately 70 million tons, or 0.5
billion barrels), or more probably supergiant fields (approxi-
mately 700 million tons, or 5 billion barrels), could reasonably
be considered economical in the next few decades. Consider-
ing the locations of known giant oil fields in the world, Ant-
arctica does not appear a very good prospect. The location of
Antarctica in the Gondwanaland reconstruction suggests that
West Antarctica is the area most likely to contain petroleum
resources. Probably only the continental margins (possibly

*This paper will be published in Mineral Resource Potential of Antarctica
by I . Splettstoesser (University of Texas Press).

including ice-shelf areas) bordering the Ross, Amundsen, Bel-
lingshausen, and Weddell Seas will be exploitable with present
or future technology because of the several-kilometers-thick
moving grounded ice sheet covering the rest of Antarctica.

Geophysical data are sparse but do suggest the presence of
several kilometers of unmetamorphosed sedimentary rock
(possibly Cretaceous and Tertiary age) beneath the Ross and
Weddell continental shelves. There is no information on the
Amundsen and Bellingshausen continental shelves. Several
Deep Sea Drilling Project (osDr') holes beneath the Ross con-
tinental shelf have shown the presence of Tertiary marine and
nonmarine sedimentary rocks as old as Oligocene in age over-
lying early Paleozoic basement. Shows of gas in the DSDP holes,
although provocative, cannot be considered evidence of any
hydrocarbon resources. Technology to exploit possible petro-
leum resources in Antarctica is developing faster than the
scientific studies directed at resource assessment and environ-
mental hazards, and faster than the international legal process
of establishing a mineral resources regime to determine
whether, or under what circumstances, industrial exploration
and exploitation should be permitted. As future geophysical
and geologic studies outline possible prospective areas, sci-
entific studies are needed of hazards associated with geologic,
meteorologic, and oceanographic conditions, as well as eco-
systems that might be affected adversely.

Tectonic studies in the Scotia Arc
region and West Antarctica

IAN W. D. DALZIEL

Lamont-Doherty Geological Observatory of Columbia University
Palisades, New York 10964

My students and I were involved in two major field studies
during the 1980-81 austral summer. The first involved a con-
tinuation of work in the southernmost part of the Andean

Cordillera undertaken by scientists from Lamont-Doherty over
the past 12 years. The second involved a new venture in West
Antarctica undertaken in cooperation with scientists of the
British Antarctic Survey (see Doake and Crabtree, Antarctic
Journal, this issue).

With the absence of RIVHero as a result of her major overhaul,
the South American work was limited to the foothills of the
Andean Cordillera. Here Terry Wilson completed a detailed
structural traverse from the outcrop of the Upper Jurassic
Tobifera Formation through the folded and thrusted Lower
and Upper Cretaceous strata of the foreland fold and thrust
belt to the outcrop of the Tertiary. This traverse was located in
the district of Ultima Esperanza near the spectacular Miocene
granitic pluton of Cerro Paine. The structures in the area stud-
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