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With the Soviets in Antarctica, 1972-1974
EDWARD S. GREW

Geophysical and Polar Research Center
Department of Geology and Geophysics

University of Wisconsin
Madison, Wisconsin 53706

The Soviet Union has supported an ever-growing
antarctic program each year since the International
Geophysical Year (1957-1958). About 430 persons
participated in the 18th Soviet Antarctic Expedition
(SAE) during 1972-1973, of which 240 spent the 1973
austral winter. Six stations are occupied year-round
(figure 1). At Molodezhnaya, the largest of these,
94 persons wintered in 1973. A field camp at the
edge of the Amery Ice Shelf on Sandefjord Bay

Dr. Grew was U.S. exchange scientist with the 18th
Soviet Antarctic Expedition. The March/April 1975 issue
of Antarctic Journal will include a report by meteorologist
L. A. Zhdanov, U.S.S.R. exchange scientist at McMurdo
Station during 1973-1974.

(69°42'S. 73°42'E.) was operated for three austral
summers (1972 through 1974). Each summer about
a hundred persons were involved in geological, geo-
physical, and geodetic projects in the Amery Ice
Shelf region.

In the spirit of Article 3 of the Antarctic Treaty,
the Soviet Union and the United States traditionally
exchange scientists each year to winter at a station
supported by the other country. The experiences of
recent U.S. participants in this exchange are described
in MacNamara (1969), Maish (1970), and Vane
(1973). I was the 16th U.S. citizen to participate in
this exchange, and the first U.S. geologist to join a
Soviet field party in the Antarctic.

My program with the SAE was a petrologic study
of Precambrian metamorphic rocks of the east ant-
arctic shield. I hoped to visit as many areas as possi-
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FIgure 2. Professor Zubov
moored to an iceberg near
Molodezhnaya Station, De-

cember 1972.

ble to collect samples for later petrologic work and
to obtain structural and stratigraphic information
needed to interpret the metamorphism. The Soviets
made every effort to help me realize these hopes;
their efforts were successful. I was able to do large-
scale mapping around Molodezhnaya, where I spent
the winter, and around Novolazarevskaya, as well as
spend two summers in the Amery Ice Shelf region.

Southward bound

The 18th SAE began in early November 1972 with
the Leningrad departure of the scientific research
vessel (NIs) Professor Zubov. The Zubov, designed
for polar oceanographic work, is one of several ships
leased to the SAE to supply antarctic stations and to
transport antarctic personnel. Other ships leased for
this purpose in 1972-1973 were two diesel-electric
(d/e) ships of the icebreaker class, Ob and Navarin,
both antarctic veterans; a tanker also called at
Molodezhnaya to replenish fuel supplies.

2

I boarded Zubov in Montevideo, Uruguay, on
November 28, thereby becoming a full-fledged mem -
ber of the 18th SAE. The Zubov's first port-of-call
was Bellingshausen Station on King George (Watr-
loo) Island (figure 1), where it remained 3 d 
(December 10 to 12). I was shown volcanic roc s
exposed near the station, samples of which ha e
been given to N. E. LeMasurier, University of Col:)-
rado, Denver. Upon reaching heavy sea ice ne3,r
Mol.odezhnaya, the second call, Zubov was moored
to an iceberg on December 24 and 25 (figure 2).
The winterers, including myself, were ferried
helicopter to the station 200 kilometers away. From
there I was transferred to Navarin, moored to f4st
ice 80 kilometers from Molodezhnaya. Navarin de-
parted for Sandefjord Bay on December 28, arriving
January 2, 1973. Fast ice prevented the ship from
approaching Amery Base closer than about 30 to 50
kilometers. Cargo was flown from the ship to the
camp by helicopter and by small plane (figure 3).
The ice, up to a meter thick, was rotten and, ese-
cially when a swell came in, tended to break
around the ship. The ship consequently was forcd

ANTARCTIC JOURNAL
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Figure 3. Assembling an AN-2 on fast ice during unloading of Navarin near Amery Base, January 1973.

to move several times to a new location in order to
resume unloading. The thousand or so metric tons
of cargo for the field camp, including 800 metric tons
of fuel, nonetheless was unloaded in 9 days.

Most of those planning to winter at Molodezhnaya
sailed on either Zubov or Ob, the latter arriving in
mid-January. A few were flown to Perth, Australia,
and arrived in March when Zubov made a second
call at the station. Much of the Molodezhnaya cargo
was aboard Navarin, which returned to the station in
late March. Navarin, leading the tanker, broke a
channel through fast ice to a point a few hundred
meters from the ice barrier and less than 2 kilometers
from the station. While fuel was pumped from the
tanker into storage tanks, Navarin was unloaded in
a round-the-clock operation that involved many sta-
tim personnel.

January/February 1975

Summer activity in the Amery Ice Shelf region

Amery Base was located between two islands along
the ice barrier in Sandefjord Bay. Field operations
began in early January in both 1973 and 1974. The
camp was temporarily closed for the season on March
4, 1973, and permanently on February 25, 1974,
when all structures were dismantled and removed.
One "pDKO" hut was left on the island just south of
the camp for future emergency use. The ice in
Sandefj .ord Bay went out both years before February
16th; therefore the ships could be moored and loaded
at the ice barrier.

People at the base lived in PDKO huts and in
KAPSh tents (figure 4); roughly 25 to 30 of these
structures were erected. The huts were rapidly assem-
bled by clamping together plywood panels containing

3
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about 7 to 8 centimeters of styrofoam insulation. The
tents come in two sizes: one a hemisphere with a
radius of about 2 meters, the other oval in cross sec-
tion and about 2 by 5 meters at the base. The tent is
assembled by draping a windproof canvas exterior
over an aluminum pole frame, then attaching a can-
vas floor and cloth liner inside the frame. KAPSh
tents have been used in Soviet antarctic field opera-
tions for many years; the PDKO huts also are used at
permanent stations.

Field operations, under the direction of D. S.
Soloviev, involved the following parties (and numbers
of persons) : geology (5), geophysics (10 to 20),
radar ice sounding (3), geodesy (13). These parties
were supported by 30 to 33 aviators, two cooks, a
meteorologist (1974 only), a doctor, and several
mechanics-drivers and radio operators. Scientific per-
sonnel represented several organizations (mostly the
Arctic and Antarctic Scientific Research Institute,
Leningrad, and Sevmorgeo, a new organization that
has absorbed the former Scientific Research Institute
of the Geology of the Arctic, Leningrad). The 1974
geology party was joined by a specialist (German
Democratic Republic) in structural and petrofabric
analysis and by a biologist (Poland) collecting sam-
ples for micropaleontological work. Aircraft at Amery
Base included two IL-14 two-engine airplanes, an
AN-2 single-engine biplane, two of the large MI-8
helicopters, and, in 1973, one of the small MI-2 heli-

copters. Principal programs were deep seismic souid-
ing across the Amery Ice Shelf, aerial photography
and topographic mapping, magnetic and gravimeric
surveys, airborne radar ice thickness measurements,
and geology. The work was carried out in MacRobert-
son Land and along the Ingrid Christensen Cost.
Some aeromagnetic and ice thickness work also was
done along a coastal strip between Molodezhnaya
and Mirnyy stations. Many of the programs re-
quired outlying field camps (supplied by the AN-2
and the MI-8) in the interior up to 600 kilometers
from the camp.

Much of the geological research involved a de-
tailed examination of exposures accessible by foot
from outlying field camps (figure 5); exposures up
to 15 kilometers across the regional strike were ex-
amined. Eight of these exposures were examined in
1973-1974 (seven by myself) : six in the southern
Prince Charles Mountains (figure 6) and two on
the Ingrid Christensen Coast. The balance of the
field work was done by reconnaissance from aboard
one of the helicopters or the biplane, and generally
in conjunction with geophysicists who took magnetic
and gravity measurements at each stop. Fifty or
more localities were reconnoitered by Soviet geologists
in these two seasons; I visited or was given samples
from 36 of these localities.

Soviet geologists invited an Australian team, also
working in the southern Prince Charles Mountaiis,

Figure 4. Two assembled
"PDKO" huts and unassem-
bled panel sections at Amery
Base. Unnamed island and
Sandefjord Bay are in back-

ground.
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to ompare results at the McCauley field camp
(January 1973). Twelve guests arrived in three
Jayrow helicopters. I also had the opportunity to
spend a day on Mount Stinear with the Australian
geoogist R. J . Tingey.

The weather in southern Prince Charles Mountains
in January and early February was suitable for field
work and flying nearly every day. Coastal storms
rarely penetrated the mountains at this time of the
year, although storms hampered flights from the base
to the interior. Temperatures in the mountains ranged
from +3.5' to -17.5'C.; winds were from 0 to 10
meters per second, rarely exceeding 20 meters per
second. The weather in mid-February deteriorated
rapidly, however; the mountains were seized by
plunging temperatures and increasing winds, while
the coast was battered by storms of increasing fre-
quency and severity.

Activities at Molodezhnaya

I returned to Molodezhnaya on February 26 aboard
an IL-14 and remained there until December 14. The
Station, SAE headquarters, was named in honor of
th young persons who were so active in its early
construction (molodezh young people). Molodezh-
n ya has grown remarkably in the last few years.
T e Station consists of about 60 structures in an
area exceeding a square kilometer. More than half

of the major structures were erected from the 14th
SAE through the 17th SAE (1969 through 1972),
including several dormitories, combination living and
working quarters for geophysicists, computer center,
polyclinic, warehouses, bath and laundry building
(figure 7), garage, aerology pavilion, and living and
working quarters for radio operators. Newer build-
ings are built of metal and are raised on stilts to
reduce snow drifting.

Those spending the 1973 winter at Molodezhnaya
included: chief of the station and of the 18th SAE,

P. K. Senko; three administrators, three cooks, and
bath and laundry attendant; two doctors; 30 (includ-
ing a Mongolian exchange scientist) in meteorology
and related activities; 11 in geophysics; 12 in avia-
tion; 18 in radio; six at the diesel-electric station;
six mechanics-drivers. Year-round meteorology pro-
grams included standard weather observations every
3 hours, aerological balloon launches twice daily with
data reception on a Meteorit-2 station installed in
1973, actinometry, radar tracking of meteor trails,
preparation of synoptic maps twice daily using satel-
lite photographs, and rocket sounding of the atmos-
phere. About 60 rocket launches were made in 1973;
70 or more are scheduled for 1974. In addition to
standard temperature, pressure, chemistry, and wind
speed (determined by capsule drift and by drift of
an artificial cloud) measurements, corpuscular flux
intensities were measured with a Geiger counter in
the head capsule of the M-100 rocket (1973 only).
A Minsk-2 computer was put into operation in 1973

Figure 5. "KAPSh" tent at the
geology field camp in south-
ern Prince Charles Mountains.

January/February 1975	 5
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Figure 6. View of Cumpston
Massif from Mount Maguire,
southern Prince Charles Mon-

tains.

and meteorological data from all Soviet stations were
processed; processing of actinometric and aerologic
data was scheduled for 1974. Satellite photographs
also were used to map sea ice conditions as a ship
navigational aid. A study of radioactive elements in
the atmosphere was being made in cooperation with
French researchers. Year-round geophysics programs
included studies of radio wave propagation, inclined
and vertical sounding of the ionosphere, riometry,
geomagnetism, short-period fluctuations of the mag-
netic field (1973 only), and aurora studies, both with
radar and visual (all-sky photography and intensity).
A 60-meter antenna mast for inclined sounding was
erected in 1973. A study of crevasse detection by
radar sounding and polarization of radio waves in
ice was made in 1973. The doctors periodically
examined all station personnel, planned the menus,
inspected the food, and collected sputum samples
for immunization studies. During the 1974 summer,
Polish biologists collected marine fauna in Alasheyev
Bight for protein studies.

Geological field work around the station was possi-
ble from September through April. Most of the expo-
sures along Alasheyev Bight were accessible by foot.
More distant outcrops were reached in day trips
using a cross-country vehicle, by staying for a week

in a PDKO hut 13 kilometers from the station'and
by joining other groups who were working on r
near outcrops. About 20 square kilometers of ice-free
area were mapped along the coast between 450 25'
and 46°20'E. Three Soviet topographic maps we e
available: 1:10,000 (1967), 1:50 5000 (1972), ar d
1:200,000 (1967). The winter months (May through
August) were spent preparing and examining thin
sections; I succeeded in making 35. The German
Democratic Republic's pavilion, where E. E. Mac-
Namara lived in 1967, served as my laboratory.
Equipment needed for this work was brought from
the United States: a petrographic microscope, Buehler
trim saw and polisher/ grinder, transparent epoxy
cement, and many accessories.

The winter at Molodezhnaya

Life at Molodezhnaya has all the comforts of a
modern antarctic facility. Each of the major build-
ings has running water (from a storage tank) and
decent toilet facilities. Water is pumped directly from
Lagernoe Lake to the bath and laundry building
and is distributed to storage tanks by truck. Indoor
areas were maintained at comfortable temperatures

6	 ANTARCTIC JOURNAL
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(around 20°C.) by electric radiators. The station is
equipped with a telephone network and public address
system, the latter used for music and news broad-
casts and for announcements. Saturday is a special
day at the station: the sauna is in full operation (a
tub bath or shower with hot water could be taken
on any day). Bundles of leafy birch twigs are brought
to Antarctica especially for body swat massages while
steaming in the sauna.

Meals at the station were wholesome, well pre-
pared, and hearty. Ingredients generally were natural:
potatoes, onions, and cereal grains were kept for the
entire year. Fresh bread, kasha (porridge), tuorog
(pot cheese), marinated herring, caviar, bliny,
kholodets (meat with aspic), and soups were among
my favorites. A wide variety of soups, all made from
scratch, were served at the midday meal: shchi
(cabbage), borshch, chicken, mushroom, pea, fish,
rassolnik (meat, pickle, and vegetable). As the chief
cook was a pastry specialist, we were occasionally
treated to cookies, cakes, and other pastries.

Expedition members were expected to do their
fair share of the chores: setting tables, washing dishes,
washing the mess hall and game room floors, clean-
ing common areas in dormitories, seeing that water
tanks were full and sewage disposed of, transferring
foDd from the warehouses to the mess hall, and un-
loading cargo from ships.

For diversion there were movies every evening,
a game room with billiards, ping-pong, dominoes,
nardy, and shish-bess (games of Caucasian or Central
Asian origin), and a reading room, which also serves
as a quiet place for chess and checker games. Each
expedition brings a fresh supply of journals and
newspapers for the reading room. A small library
is in a separate room. Scientists occasionally gave
talks on their research programs.

Visit to Novolazarevskaya

I had an opportunity to spend 2 weeks (December
14 to 28, 1973) at Novolazarevskaya Station, flying
there and back aboard an IL-14. At Novolazarevskaya
I stayed in Gregg Vane's seismology pavilion. Using
the newly published 1:25,000 topographic sheet
(1972), I mapped roughly 6 square kilometers of
the eastern tip of Schirmacher Hills. I also was driven
to a nunatak 15 kilometers southwest of the station.
In contrast to the Molodezhnaya area, where snow
cover still was considerable and most lakes remained
frozen both summers, at Novolazarevskaya relatively
little snow remained and several lakes were ice-free
in December.

Figure 7. Molodezhnaya Station. The bath and laundry building and aerology pavilion (with cupola for antenna) are in the foreground.

January/ February 1975



Geology of areas visited

I studied four areas while in Antarctica: Alasheyev
Bight, Schirmacher Hills (70°45'S. 11°50'E.), Ingrid
Christensen Coast (72 0 30'E. to 78 0 30'E.), and the
southern Prince Charles Mountains (73 0 to 74030'S.,
60 0 to 70 0 E.). The three coastal areas are underlain
by granulite facies metamorphic rocks, including
charnockitic granite gneiss, pyroxene and amphibole
gneisses, and subordinate marble, calciphyre, ultra-
mafic rocks, and rocks with cordierite and sillimanite.
The metamorphic rocks are cut by pegmatite, granite,
mylonite, and dolerite. Rocks exposed along Alasheyev
Bight and in the Schirmacher Hills have been affected
by later metamorphic events of lower grade. The
southern Prince Charles Mountains, by contrast, are
underlain by at least two distinct series of meta-
morphic rocks: (1) a basement complex consisting
of pink granite gneiss and subordinate quartzo-feld-
spathic gneisses, and (2) younger sedimentary and
volcanic rocks metamorphosed under conditions of
the amphibolite and greenschist facies. Included
are quartzite, marble, calciphyre, conglomerate, mica
schist, amphibole schist, and iron formation. Binary
granite and pegmatite, hypabyssal mafic rocks, and
amphibolite intrude the younger rocks; the last also
intrudes the basement complex.

I collected samples for petrologic study and for
radiometric age work, and for a chemical study of
metamorphosed igneous rocks by Fred Barker, U.S.
Geological Survey, Denver. Samples of greenschist
facies metasedimentary rocks were submitted to L. R.
Wilson, University of Oklahoma, Norman, to search
for microfossils.

I flew to Amery Base from Molodezhnaya on Janu-
ary 3, 1974, aboard an MI-8, returning by IL-14 on
February 20. Alasheyev Bight was ice-free by this
time; the fast ice had gone out completely on Febru-
ary 6, the first time in 3 years. This was fortunate
since the ships could moor at the ice barrier 1.5
kilometers from the mess hail. In the meantime, most
of the 19th SAE winterers were southbound aboard the
passenger motorship Bashkiria, which normally plies
the Black and Mediterranean seas. Bashkiria called
at Mirnyy, Amery Base, and Molodezhnaya, taking
on most of the 18th SAE wintering personnel. After
getting freshwater at a lake near Moiodezhnaya,
Bashkiria left Antarctica on March 7, arriving in
Las Palmas, Canary Islands, March 31.

My participation in the SAE ended on April 2 with
a touching farewell on the pier as Bashkiria departed
from Las Palmas. It was a fitting tribute to the mutual
friendship and goodwill that existed during my stay
with the Soviets in Antarctica. I am grateful to
expedition members who so generously helped me
carry out my program, both in the field and at
Molodezhnaya, and without whose help my work
would have been impossible to complete. Especial
thanks are due to Yu. M. Zusman, chief of Novo-
lazarevskaya Station, to D. S. Soloviev and P. K.
Senko, who provided logistics support for my field
work, and to B. G. Lopatin and L. V. Fedorov,
chiefs of the geological parties, for their cooperation
and assistance. The hospitality and generosity of the
Soviet polyarniki ("polar men") made my stay in
Antarctica memorable, enjoyable, and fruitful.

This research was supported by National Science
Foundation grant GV-36413.

Transition between the 18th and 19th SAEs

The Leningrad departure of NIS Professor Vize,
on October 11, 1973, heralded the end of the 18th
SAE i s long winter sojourn. This event soon was fol -
lowed by the departures of d/e Olenek, Vasily Fedo-
seyev, and refrigerated vessel Nina Sagaydak. Winter
isolation at Moiodezhnaya ended December 7, 1973,
with the arrival—hailed by rocket flares—of an MI-8
from Olenek (moored 60 kilometers distant). Finish-
ing at Molodezhnaya, Olenek proceeded to Sande-
fjord Bay, where unloading for Amery Base was com-
pleted before the New Year.
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Rubidium-strontium data from the southern
Prince Charles Mountains

MARTIN HALPERN
Institute for Geosciences
University of Texas, Dallas
Richardson, Texas 75080

GARRIK E. GRIKUROV
Research Institute for the Geology of the Arctic

Leningrad, Soviet Union

Regional geologic field mapping was done in the
Larnbert Glacier area during the 17th, 18th, and 19th
Soviet Antarctic Expeditions (SAE). To understand
the geologic evolution of this cratonic area of East
Antarctica, samples for radiometric dating of various
lithologic units at Mount Ruker, Mount Rubin,
Mount Scherger, Radok Lake, Pickering Nunatak,
and Mawson Escarpment (figure 1) were collected
in 1972 by Dr. Grikurov and 0. A. Tarutin. This
paper reports the results of the rubidium and stron-
tiuln isotopic analyses (table) and their calculated
ages. Brief descriptions of geologic setting and
petrography at the sampling sites are given in the
appendix.

al geologic setting

The geology of the Lambert Glacier area has been
used on the basis of field data collected in 1972 by

17th SAE (Grikurov and Soloviev, 1974). These
d ta, supplemented with observations during two sub-

luent field seasons and with results of Australian
N ttional Antarctic Research Expedition investigations

'ingey, 1972; Tingey and England, 1973), are sum-
irized in figure 1.

This is contribution 272 of the Institute for Geosciences,
The University of Texas at Dallas. A Russian-language
version of this paper has been prepared for publication in
the Soviet Union (Grikurov and Halpern, in press).

High-grade metamorphic rocks with porphyro-
blastic charnockites are believed to form part of an
early Precambrian sialic basement. This basement was
later affected during repeated thermal-tectonic events
that resulted in the metamorphism and deformation
of overlying sequences of greenschist and low-grade
amphibolite facies rocks.

Two distinct greenschist facies sequences, separated
by at least one episode of orogeny and erosion, out-
crop in the southern Prince Charles Mountains. An
older greenschist sequence contains jaspilite; a pre-
sumably younger sequence does not. This conclusion
is suggested by the occurrence of jaspilite pebbles
in metaconglomerates at Mount Rubin and at Mount
Dummet. The uppermost Precambrian to lower
Paleozoic age of the younger greenschist sequence is
further suggested by this paper's rubidium-strontium
results and by unidentified fossils found in carbonate
pebbles at Mount Rubin. We assume, by analogy
with similar iron-rich terrains of other continents,
that the age of the older jaspilite-bearing greenschist
sequence may exceed 1,700 million years. The am-
phibolite facies assemblages may have resulted from
later zonal metamorphism superimposed on the
greenschist facies rocks.

The field relationships of the cataclastic and/or
gneissic granites with surrounding rocks are obscure.
On the basis of the rubidium-strontium dates, the
granites at Mount Ruker appear to be intrusive
bodies only with respect to the high-grade metamor-
phic sequences that crop Out at Mount Rymill and
at Mount Stinear. The greenschist and low-grade
amphibolite facies rocks at Mount Ruker and at
Cumpston Massif probably represent sequences that,
in places, cover the ancient basement.

The relative position and age of metabasites and
granites at Fisher Massif are doubtful; however,
these granite bodies are less deformed than those at
Mount Ruker and may belong to younger late Pre-
cambrian to early Paleozoic magmatic activity.

January/ February 1975	 9
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Figure 1. Generalized prelini..
mary geologic map of south.
ern Prince Charles Mountain,,
showing locations of sit.,
sampled for rubidium-str4n..
tium geochronology. 1: major
bedrock exposures. 2: Permian
sediments. 3: uppermost Let.
Precambrian to lower Palo.
zoic greenschist facies meta.
sedimentary rocks; a (?)
younger sequence. 4: gre4n
schist facies metasedimentciry
rocks with jaspilites and
metabasites; an (?) older
sequence, and low-grade am.
phibolite facies rocks, un.
differentiated. 5: high-grade
amphibolite facies rocks and/
or amphibolite-gran u lite fades
polymetamorphic assemblag,
6: granulite facies rocks. 7:
(?) younger granites. 8: per-
phyroblastic charnockites. 9:
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Analytical results

Rubidium and strontium isotopic analyses of 24
total rock samples and one muscovite concentrate
were done by Dr. Halpern at the University of Texas,
Dallas, using the 15-centimeter radius mass spec-
trometer (the results are listed in the table). The
laboratory procedures used have been described pre-
viously (Halpern, 1972, page 197). The present-day

strontium-87/strontium-86 ratio of each sample ws
measured directly and normalized to a strontium-86/
strontium-88 ratio of 0.1194. At the time of these
analyses, the normalized strontium-87/strontium-$6
ratio of the SrCO 3 standards Eimer and Amend
(Massachusetts Institute of Technology) was 0.7080
±0.0006 (2o) and the National Bureau of Standards
number 987 was 0.7 100 5 ± .00092 (2a). From
duplicate dissolutions of the same powdered total
rock sample or mineral, the normalized strontium-87/
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strclntium-86 ratios generally agree to about 0.1
perent, and the rubidium-87/strontium-86 ratios to
about 2 percent. Ages were calculated using the
decay constant A/3 = 1.47 X 10 l year'.

Calculated ages

nalytical results have been plotted on diagrams
of the present-day strontium-87/strontium-86 ratio
versus the rubidium-87/strontium-86 ratio for those
cases where several specimens were available

from the same probable rock unit (figure 2). With
the possible exception of figure 2B, it is apparent
that the data points are not colinear. This lack of
linearity may be inherent to the mode of sample
acquisition and/or may reflect the complexity of
the orogenic evolution of this region of East Ant-
arctica.

The slopes drawn in figures 2A to 2E were not
determined by least squares regression analyses. The
calculated ages at best are an approximation of the
time of partial or complete closure of the specimens'
rubidium-strontium isotopic systems. Because of the
remoteness of the area and the complexity of the

Rubidium and strontium isotopic analyses of total rock samples and muscovite from the Prince Charles Mountains area of
East Antarctica.

Sample number	Dissolution* Present-day Sr 87/Sr86	Sr" (M/g)	Rb87 ( 1uM/g)	 Rb87/Sr86

206c	 A
	

0.9522
	

0.0796
	

0.539
	

6.77
B
	

0.9515
	

0.0781	 0.538
	

6.88

206m	 A
	

1.0373
	

0.0825
	

0.606
	

7.35
B
	

1.0358
	

0.0858
	

0.626
	

7.30

206n	 A
	

1.0765
	

0.0747
	

0.642
	

8.59
B
	

1.0776
	

0.0788
	

0.649
	

8.24

A
B

A

A

A
A
A

A
A
A
A

A

A

A
A
A

A
A
A
A

A
A
A

206o

209a

211a

216d
2l6g
216z

216/23
216/24
217e,
217j

220d

221/4

222
222 muscovite
222a

510
510-1
510-3
510-4

552
552-2
552-3

1.0154
1.0162

0.8017

0.7193

0.8130
0.8909
0.8243

0.7494
0.7326
0.7525
0.7311

0.7222

0.9033

4.9400
9.9324
0.7961

0.7230
0.7876
0.7688
0.8112

0.7107
0.7454
0.7505

0.0704
0.0695

0.0252

0.279

0.0465
0.0339
0.0459

0.0700
0.193
0.0972
0.625

0.178

0.0448

0.0020
0.0022
0.0588

0.323
0.140
0.165
0.136

1.025
0.221
0.166

0.568
0.569

0.204

0.0418

0.482
0.717
0.550

0.108
0.0237
0.197
0.0640

0.0072

0.627

1.161
2.85
0.397

0.460
0.663
1.271
0.408

0.373
0.687
0.675

8.07
8.19

8.10

0.150

10.4
21.2
12.0

1.54
0.123
2.02
0.102

0.0404

14.0

581
1272

6.75

1.42
4.74
7.70
3.00

0.364
3.11
4.07

*A and B represent chemical dissolutions and analyses of the same rock powder.
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Figure 2. Plots of strontium-
87/strontium-86 versus ii-

bidium-87/strontium$6 of g-

neous and metamorphic rous

of the Prince Charles Mom-

tains. lsochron lines ac

drawn as reference lines oI'y
and are not intended to inf,r

least squares fitting of tie
data points.

geology, however, we have attempted to explain the	Phyllite specimen 209a from Mount Rubin has a
geologic significance of the isotopic analyses of samples	calculated age of about 520 million years, assuming
listed in the table.	 an initial strontium-87/strontium-86 ratio of about

Granitic specimens 206c, 206m, 206n, and 206o	0.740. Although considered from the same green.
fromMount Ruker lie between reference isochrons	schist sequence, this specimen was collected a few
(figure 2A) that have an assumed initial strontium-	hundred meters below specimens 216 (figure 2B).
87/strontium-86 ratio of 0.702 and slopes of 3,200	For this reason we assume a strontium-87/strontium-
and 2,500 million years. The nonlinearity of these	86 initial ratio at the time of metamorphism that is
data points may be related to post-crystallization	similar to the samples in figure 2B.
structural deformation in the area, as indicated by	Metagabbro specimen 211a from Mount Ruker,
the cataclastic texture of these probable early Pre-	which has a rubidium-strontium ratio of about 0.05,
cambrian rocks,	 appears to have been contaminated with radiogenic
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strontium-87 during its emplacement as a sill into
the country rock (see appendix). For an assumed
strontium-87/strontium-86 initial ratio of 0.703, the
calculated age using the data in the table is an
anomalous 8 billion years.

Phyllite specimens 216d, 216g, and 216z from
Mount Rubin are colinear about a line having a
slope of 495 million years and an initial strontium-87/
strontium-86 ratio of 0.738 (figure 2B). The data,
although limited in quantity, indicates that the
provenance of the sedimentary detritus was sialic
crustal material and that during Cambro-Ordovician
metamorphism isotopic homogenization occurred
within these sedimentary rocks.

Granitic and granitic gneiss specimens 216/23,
216/24, 217e, and 217j are from boulders within a
metaconglomerate at Mount Rubin. The metacon-
glomerate stratigraphically directly overlies the
phyllite unit of figure 2B. The analyses of these
boulders lie about a reference isochron line of 800
million years with an initial strontium-87/strontium-
86 ratio of 0.730 (figure 2C). Assuming that the
boulders were derived from a granitic complex of
similar geologic age and genesis, the relatively high
strontium-87/strontium-86 initial ratio for the late
Precambrian reference isochron of figure 3C implies
that the boulders' material had a prior history in
the sialic crust before the late Precambrian geologic
event that resulted in the homogenization of their
rubidium-strontium systems. Further, these granitic
and gneissic boulders appear to have maintained
closed rubidium-strontium isotopic systems during the
Cambro-Ordovician metamorphism, which affected
the matrix of the conglomerate (see appendix) as
well as the underlying sedimentary rocks represented
by the phyllite specimens of figure 2B.

Carbonate schist specimen 220d is from Mount
Rubin. The relatively high strontium-87/strontium-86
ratio of 0.7222 and the rubidium /strontium ratio of
0.014 implies that the strontium, and presumably
the carbonate salts, were derived from a terrestrial
environment enriched in radiogenic strontium and
deposited in a sedimentary basin isolated from the sea.

Pegmatitic granite boulder specimen 221/4 is from
a Permian basal conglomerate along the shore of
Radok Lake. Assuming a closed rubidium-strontium
system for the pegmatitic material since initial
crystallization, and an initial strontium-87/strontium-
86 ratio of 0.705, the calculated age for this proven-
ance granitic terrain is about 960 million years.

Muscovite pegmatite specimen 222 intrudes schis-
tose country rock specimen 222a at Mount Scherger.
Assuming an initial strontium-87/strontium-86 ratio
of 0.705 for the muscovite pegmatite, the calculated

ages of the pegmatite specimen and its muscovite
concentrate are 495 and 493 million years. For coun-
try rock specimen 222a, if we assume initial strontium-
87/strontium-86 ratios of 0.710 to 0.750, the corre-
sponding calculated ages range from 865 to 465 million
years. If the pegmatite (222) is the product of partial
melting of the schistose country rock, and therefore
had an initial strontium-87/strontium-86 ratio as
high as 0.750 at the time of pegmatite crystallization,
the calculated age for the muscovite pegmatite would
be 490 million years.

Plagiogneiss specimen 410, granite specimen 510-1,
pegmatite granite specimen 510-3, and garnet gneiss
specimen 510-4 are from Mawson Escarpment. The
heterogeneity of the specimens collected perhaps ex-
plains the general scatter of the data points plotted
in figure 2D. No attempt has been made to calculate
meaningful geologic ages for these specimens.

Plagiogneiss specimen 552, granite specimen 552-2,
and pegi iatite granite specimen 552-3 are from
Pickering Nunatak. Analyses of gneissic country rock
specimens and intruded granitic veins have been
plotted on figure 2E and lie about a reference isochron
line having a slope of 765 million years and an initial
strontium-87/strontium-86 ratio of 0.707. This may
indicate a late Precambrian orogenic episode.

Summary

The Prince Charles Mountains region of East Ant-
arctica is believed to have experienced a long and
complicated geologic evolution from early Precam-
brian to early Paleozoic time. From the rubidium and
strontium isotopic data presented in this paper, and
subject to additions and corrections as more data are
obtained, we present the following summary of geo-
logic events:

(1) Early Precambrian metamorphic and plutonic
processes formed the ancient crystalline basement of
high-grade metamorphic rocks and Mount Ruker-
type granites.

(2) Late Precambrian orogenic events, with asso-
ciated granitic activity, probably were followed by
erosion of the older jaspilite-bearing greenschist facies
sequence.

(3) Early Paleozoic orogenic events resulted in
greenschist facies regional metamorphism of sedi-
mentary formations and were accompanied by
intrusions of two-mica and pegmatitic granites.

The isotopic analyses were supported by National
Science Foundation grant ov-28757.
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Appendix

Location, stratigraphy, and petrology of specimens listed
in the table:

206c, 206m, 206n, and 206o: Mount Ruker, on the
southern side of Fisher Glacier. A granite body underlying
(?) greenschist facies metasedimentary rocks that are inter-
bedded with metabasjc rocks.

206c—Cataclastic plagiogranite: 50 percent sericitized
plagioclase, 30 percent highly recrystallized quartz, 15 per-
cent K-feldspar, and 5 percent biotite.

206m—Slightly cataclastic biotite granite: 35 percent
albitized plagioclase with secondary sericite and saussurite,
30 percent microcline, 30 percent broken quartz, and 5
percent biotite partly with secondary muscovite.

206n—Cataclastic granite: 38 percent microcline, 30 per-
cent albitized plagioclase with secondary sericite, 30 percent
quartz, and 2 percent biotite.

206o—Slightly cataclastic granite: 40 percent sericitized
plagioclase, 30 percent quartz, 25 percent slightly perthitic
K-feldspar, and 5 percent biotite.

209A: Mount Rubin, on the western part of the northern
slope. A 400 meters-thick unit of dark-green phyllite, which
sometimes is transitional into fine-grained schistose meta-
sandstone and rare thin interbedded calcareous quartzites,
is present.

Chlorite-sericite-quartz phyllite: 60 percent quartz, 20
percent sericite and muscovite, 10 percent chlorite, 3 to 5
percent opaques, 5 percent plagioclase, and traces of tourma-
line and zircon.

211A: Mount Ruker, at its northeast corner. Metabasic
sill, about 30 to 40 meters thick, intruded into quartz-
sericite phyllite. Sample taken at the contact of the sill and
counry rock.

Metagabbro: 55 percent plagioclase albitized into acid
andesine and almost completely replaced by saussurite, 38
percent amphibole, 5 percent ilmenite with secondary
leucoxene, and 2 percent chlorite.

216d, 216g, and 216z: Mount Rubin, central part. A 20
to 30 meters-thick section of quartzite and phyllite.

21 6d—Biotite-sericitequartz phyllite: 45 percent quartz
with slight amounts of albite, 35 percent sericite, 15 percnt
biotite as porphyroblasts, 5 percent opaque as poikiloblasts,
and accessory tourmaline and apatite.

216g--Biotite-quartz_serjci phyllite: 40 percent quartz,
50 percent sericite, 7 percent porphyroblastic biotite, 3
percent opaques, and traces of tourmaline.

2l6z_Sericitequartzbiot phyllite: 33 percent poikil
I 
o-

blastic biotite, 32 percent quartz, 32 percent sericite, aid
3 percent opaques of tourmaline and apatite.

216/23, 216/24, 217e, and 217j: Mount Rubin, central
part. The specimens are from boulder clasts within a single
metaconglome rate unit overlying phyllites (216). The con-
glomerate's matrix is coarser grained but quite similar to
phyllite specimens 216g, 216z, and 216d.

21 6/23—Cataclastic granitic gneiss: 40 percent plagio-
clase that is somewhat cataclastic and has been sericitized
and carbonatized, 30 percent perthite, 22 percent granu-
lated quartz, 5 percent chloritized biotite, and 3 percent
opaques.

2 1 6/24—Plagiogranite: 70 percent plagioclase, 28 percent
quartz, and 2 percent opaques.

21 ?e—Cataclastic granitoid rock: 55 percent plagioclase
that now is albite with secondary carbonate and sericite,
25 percent quartz, 16 percent K-feldspar, 3 percent relics
of muscovite, chlorite, and biotite, and 1 percent opaques.

217j—Cataclastic gneissic plagiogranite: 60 percent pla-
gioclase that now is albite with secondary carbonate and
sericite, 33 percent granulated quartz, and 7 percent musco-
vite after biotite and biotite relics.

220d: Mount Rubin, near the southeast end. An 800-
meter section with a bottom unit of carbonate schist.

A lbite-quartzcarbonat granoblastic rock: 75 percent
carbonate, 10 percent albite, and 15 percent quartz.

221/4: Radok Lake. A granite boulder from a coarse
basal conglomerate at the base of Permian sedimentary
rocks.

Granite Pegmatite: 80 percent K-feldspar with perthite
veining containing small relic grains of highly-altered
plagioclase (10 percent) and 7 to 10 percent broken quartz.

222, 222 muscovite, and 222a: Mount Scherger. The
schist country rock (222a) is cut by small stocks, veins, and
dikes of pegmatite material (222).

222—Muscovite pegmatite: quartz, muscovite, feldspar.
222 muscovite—Muscovite concentrated from 222.
222a—Fibrolite-biotitequartz schist: 30 percent quartz,

10 percent plagioclase, 25 percent biotite, 7 percent musco-
vite, 18 percent fibrolite, 2 percent tourmaline, and 8 percent
opaques.

510, 510-1, 510-3, and 510-4: Mawson Escarpment,
northern part. Migmatite consisting of biotite plagiogneiss
(510) in bands 20 to 30 centimeters thick. The most typi-
cal and abundant vein material is biotite granite (510-1) in
bands 10 to 15 centimeters thick. Biotite-garnet gneisses
(510-4) occur as irregular lenses, 1 by 30 meters in size,
in both the plagiogneiss and veins. The last magmatic event
was the emplacement of pegmatitic veins (510-3) up to 1.2
meters thick.

510—Biotite plagiogneiss with a lepidogranoblastic tex-
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ture: 50 percent plagioclase, 25 percent quartz, 20 percent
bioiite, and 5 percent apatite, chlorite, and zircon.

510-1—Biotite granite: 10 percent plagioclase partly re-
placed by microcline and conspicuously sericitized, 70 percent
K-feldspar that is slightly cataclastic, and 20 percent biotite
that is partly chloritized and replaced by epidote micro-
veining, accessory zircon.

510-3—Pegmatitic granite: 65 percent K-feldspar that is
partially albitized and sometimes contains relics of more basic
plagioclase, 3 percent quartz, and minor plagioclase that is
sericitized.

5I0-4--Biotite-garnet gneiss: 25 percent plagioclase that
is highly sericitized and albitized at junctions with K-
feldspars, 35 percent microcline, 23 percent quartz, 7 percent
biotite, and 10 percent garnet.

552, 552-2, and 552-3: Pickering Nunatak. A migmatized
sequence of granulite facies rocks with a slight degree of
diaphthoresis. Hypersthene plagiogneiss (552) contains bands
of leucogranite (552-2) and both are cut by veins of
younger granites (552-3).

552—Biotite-hypersthene plagiogneiss: 52 percent plagio-
clase (An45), 15 percent quartz in granulated bands, 18
percent hypersthene, 13 percent biotite after hypersthene,
2 percent opaques, and accessory apatite and zircon.

522-2--Cataclastic leucogranite: 40 percent microcline,
25 percent plagioclase, 35 percent quartz, and rare muscovite
after microcline.

552-3--Slightly cataclastic leucogranite: 40 percent
microcline, 40 percent quartz, 20 percent plagioclase, and
accessory biotite and zircon.

Subterranean flow into Lake Bonney

BARRON L. WEAND, RICHARD D. FORTNER, and
ROBERT C. HOEHN

Civil Engineering Department

BRUCE C. PARKER
Biology Department

Virginia Polytechnic Institute and State University
Blacksburg, Virginia 24061

Lake Bonney (77°43'S. 162'23'E.), a meromictic,
permanently ice-covered lake in Taylor Valley, south-
ern Victoria Land, has been the subject of numerous
liinnological investigations (Armitage and House,
1962; Angino and Armitage, 1963; Angino et al.,
1964; Goldman, 1964; Yamagata et al., 1967). Since
1972 researchers from Virginia Polytechnic Institute
aid State University have been making an intensive
effort to model the lake's unique ecosystem. Emphasis
to date has been on in situ monitoring of seasonal
variations in the lake's major chemical and biological
parameters (Parker et al., 1973; Parker et al., in
press; Hoehn et al., in press; Craig et al., 1974).

Lake Bonney is a nearly closed ecosystem. It is
permanently stratified with a chemocline beginning
at about 10 meters and a hypersaline monimolimnion
extending to the maximal depth (34 meters). The
lake is covered by approximately 3.5 meters of per-
manent ice. During the austral summer, the extreme
eastern end of the lake becomes ice-free and a narrow
(less than 10 meters) moat forms along the lake's
entire periphery. Glacial meltwater only enters the

lake during a 4- to 6-week period (in December and
January) of each year.

The present report is primarily based on chemical
changes in Lake Bonney's water and on measurements
and estimates of glacial meltwater flows into the
lake during the 1973-1974 summer. The latter, how-
ever, were hindered by problems of siltation and
unexpectedly high water flows (Hoehn et al., in
press; Hoehn et al., 1974).

Based on an observed increase in lake level (1.03
meters) during the 1973-1974 summer, we calculate
that the lake volume increased by 3.26 million cubic
meters, or by about 5 percent. Surface flow to the
lake was from the following glaciers: Sollas, LaCroix,
Matterhorn, Hughes, Calkin, Rhone, and Taylor
(figure 1). The last of these is by far the most im-
portant; we visually estimate it to represent 74 per-
cent of the total surface flow to the lake. Although
we were not able to precisely measure the flow from
each of these sources, our best estimate for the total
surface flow is 1.32 million cubic meters. Angino
(1964) estimated surface flow into Lake Bonney to
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Seasonal variations in sodium, magnesium, potassium, and calcium at site 1, Lake Bonney, during the 1973-1974 austral summer.*

Depth	 Sodium	 Magnesium	 Potassium	 Calcium(meters)	I	II	III	I	II	III	I	II	III	I	II	III

19
44

102
220
640

1,380
940

3,600

68
95

123
312
423
920
700

1,500

	

4.0	275	96

	

6.0	760	570

	

8.0	1,780	2,050

	

10.0	3,600	4,700

	

12.5	6,280	8,600

	

15.0	11,600	16,200

	

20.0	26,000	11,300

	

26.0	43,000	48,000

	

340	37

	

320	76

	

1,790	190

	

-	630

	

10,900	2,400

	

26,100	9,300

	

41,000	8,600
35,000 18,500

	

18	40

	

107	135

	

532	460

	

1,310	-

	

2 1 850	3,800
6,600 12,300
7,100 15,500

22,000 13,300

	

10	32

	

37	64

	

133	100

	

265	-

	

412	490

	

1,390	1,600
930 4,000

	

3,550	2,600

	

45	86

	

95	103

	

162	169

	

360	-

	

380	300

	

900	1,060

	

700	1,430

	

1,580	1,160

*Sampling dates: I, November 25, 1973; II, December 12, 1973; III, January 19, 1974. All concentrations are in
per liter.

be 295,000 cubic meters during the 1961-1962 sum-
mer. It should be noted that the 1973-1974 summer
was unusually warm and the flow was apparently
much greater than in recent years. We estimate that
surface flow during the 1973-1974 summer accounts
for only 41 percent of the increase in lake volume,
leaving 1.94 million cubic meters to be from other
sources. Because of these and other data collected
during the 1972-1973 and 1973-1974 summers, we
now believe that there is subterranean flow into Lake
Bonney.

Angino and Armitage (1963) suggested possil
inflow of thermal waters to explain Lake Bonne
high chloride levels. A later study (Angino et
1964) found excessive loss of water (by ablation
ice) over gain by inflow and suggested inflow
depth might compensate for the discrepancy.

On November 23, 1973, a vigorous effervescer
was noted at our sampling site 1 (figure 1). A simi]
phenomenon was reported previously by Koob a
Leister (1965) in conjunction with drilling sampli
holes near our site 1. They supposed the gas to

S

t

Figure 1. Significant sources
of runoff to Lake Bonney in
relation to sampling sites.
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FIgure 2. Temperature and
dissolved oxygen profiles in-
dicative of bottom fluctua-
tions at site 1A during the

1972-1973 austral summer. Temperature, °C

oxygen produced photosynthetically in the mixolim-
nion. In our experience, however, the effervescence
occurred in a drill hole that had been open for
about 3 weeks. The odorless gas evolved is presumably
carbon dioxide or oxygen, although we did not deter-
mine its chemical nature. It would be possible for
dissolved gases carried in any subterranean water to
be released upon entering the hypersaline monimolim-
nion of Lake Bonney due to decreased solubility of
the gas in the saline water (American Public Health
Association, 1971). It is noteworthy that during the
summer we found a dramatic increase in oxygen
concentration below the chemocline. Dissolved oxygen
at the bottom of site 1 (26 meters), for example,
was 0.8 milligrams per liter on November 12, 1973,
but 13.7 milligrams per liter on December 24, 1973.
A similar change (shown in figure 2) was observed
at the bottom of the lake during the 1972-1973
summer at site 1A (Parker et al., 1973). The dramatic
increase that occurred in dissolved oxygen on January
1, 1973, was correlated with an increase from —2° to
0°C. at the bottom of site 1A (31.5 meters). During
the 1973-1974 summer we found, in addition to an
increase in dissolved oxygen at the bottom of site 1,
a substantial increase in sulfate from 2,250 milligrams
per liter on November 12, 1973, to 4,930 milligrams
per liter on January 15, 1974 (figure 3); a decrease
in pH from 7.5 to 5.7 also was recorded during this
period.

The fluctuations of sodium, magnesium, potassium,

and calcium show similar patterns at site 1 (table).
There is a decided seasonal decrease at the bottom
together with increases at depths 10 meters above
the bottom.

In addition to the chemical changes noted above,
from December P1973 to January 1974 there were
significant biological changes in both the mixolimnion
and monimolimnion. In several instances, increases
in the concentrations of various parameters in the
mixolimnion were accompanied by decreased concen-
trations at several depths in the monimolimnion and
the chemocline. On December 26, 1973, for example,
bacteria and yeasts were not detected below 15 meters;
by 1 to 2 orders of magnitude, however, they were
more numerous in the mixolimnion than they were
on the previous sampling date 2 weeks earlier. Surface
meltwater flow could not account for the increases in
heterotrophic organisms at this time, although the
transport of bacteria and yeast to the lake by the melt
streams at a later date was readily apparent by in-
creases in the total plate count from less than 20
colonies per milliliter to more than several hundred
per milliliter (Hoehn et al., in press; Parker et al.,
in press). Primary productivity also reached a maxi-
mum on December 26, 1973. This increased produc-
tivity occurred while inorganic nutrient levels also
were increasing in the mixolimnion. There were
sudden increases in inorganic nitrogen (primarily
ammonia) and less dramatic increases in orthophos-
phorus at this time. The contribution of inorganic
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nutrients by surface melt streams occurred too late
in the season to account for these increases in nitrogen
and phosphorus.

The aforementioned changes are compatible with
the hypothesis that there is significant, although inter-
mittent, subterranean inflow of fresh meltwater into
Lake Bonney at depths below 20 meters. Such inflow
of fresh, oxygenated water would result in the fol-
lowing: dilution effects of the principal cations at
depth; an increase in dissolved oxygen levels until
oxygen was consumed by inorganic and/or organic
reactions; a rise in sulfate concentration and decrease
in pH possibly due to the oxidation of sulfides,

H2S + 202 —4 SO42 + 211

biological and chemical changes in the mixolimnion
due to upwelling of the inflow waters through the
deeper lake waters that are relatively enriched in
certain nutrients and organisms.

Understanding such inflow and its effects on the

chemical and biological parameters of this lake will
be important to our ecosystem model.

We would like to thank Gary Crouch for his
measurements of surface runoff during the 1973-1974
summer, Mary Halliburton for her assistance in metal
analysis by atomic absorption and emission spec-
troscopy, and James Craig (Geology Department,
Virginia Polytechnic Institute and State University),
for his review of this manuscript. This research was
supported by National Science Foundation grant GV-
35171.
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Peru's Quelccaya Ice Cap:
glaciological and glacial geological studies, 1974
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Long ice cores have been obtained in recent years
from Greenland and Antarctica, and shorter cores
have been retrieved from other high-latitude glaciers.
It became evident that a stratigraphic record from
a glacier in the tropics would be needed to test cer-
tain assumptions made in the interpretation of polar
ice cores and to aid in an interhemispheric correlation
of polar ice cores by providing data from an inter-
mediate location.

Most glaciers in the tropics are on rugged moun-
tains or steep volcanic peaks. Only two tropical ice
caps are known to exist, both in the Southern Hemis-
phere: in Irian Jaya (formerly Dutch New Guinea),
at 4 0 S., the North Wall Firn (elevation: 4,800
meters) covers about 4 square kilometers, and in
Peru, at 14 0 S., the Quelccaya Ice Cap (elevation:
5,500 meters) covers about 70 square kilometers. The
Quelccaya Ice Cap is larger and thicker than the
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North Wall Firn; further, being in a colder environ-
ment it must be subject to much less percolation by
meltwater. It thus is likely to contain the best strati-
graphic record of any glacier in the tropics.

In June and July 1974 the Institute of Polar
Studies, The Ohio State University, organized a
four-person party to do a preliminary study of the
Quelccaya Ice Cap and its environs (figure 1) to
determine whether a large-scale investigation is war-
ranted. The party included Drs. Marangunk and
Mercer and Messrs. Thompson and Ricker.

The Quelccaya Ice Cap and vicinity

The Quelccaya Ice Cap (figure 2) covers a smtll
plateau of welded tuff. Its three domes, the highest
reaching 5,500 meters, suggest that the surface of
the underlying plateau is uneven. The greatest ie
thickness is estimated at about 200 meters. The ice
spills off the plateau in spectacular ice falls that fed
short ice tongues ending at about 4,800 meters in
elevation. In places on the south and west sides,
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Figure 1. Sketch map of the Quelccaya Ice Cap, Peru, and inset location map. Sketch map was prepared from aerial photographs;
it shows approximate sites of the snow pit and & oxygen-18 traverse samples. Also shown are the approximate positions of end
moraine belts to the southwest of the ice cap within 15 kilometers of the ice margin, and sites of carbon-14 age determinations.

Elevations are by aneroid.
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Figure 2. Quelccaya Ice Cap viewed from 30 kilometers to the southwest.

however, ice falls are absent; the ice cap ends at
elevations of 5,000 to 5,100 meters in steep or pre-
cipitous cliffs. Cliffed margins are typical of cold
glaciers in the polar regions; these also have been
no:ed at about 5,800 meters in elevation on Mount
Kilimanjaro at 3°S. (Gillman, 1923, page 17).

The longer ice tongues reach the foot of the escarp-
ment at the heads of steep-sided valleys. Beyond
the present glacier termini, belts of end moraines lie
on the valley floors, separated by alluvial deposits
extensively covered by peat bogs.

After studying aerial photographs we chose an
approach route along a ridge that reached the ice
cap at an elevation of about 5,000 meters (above
the level of the ice falls). The ice margin here is a
gently sloping ramp between two stretches of ice
cliffs; from this point the route to the summit is
straightforward without crevasses or other obstacles.

f,:7 V

-.
4p__

AV

A?
' •1

S .

Preliminary results: glaciology

On the summit of the main dome, at 5,500 meters,
we dug a pit 3.8 meters deep and cored another 3
meters, thus reaching a total depth of 6.8 meters.
Frn temperatures were measured, density measure-
nents were made, and snow samples were collected
fcr later laboratory analysis.

The pit stratigraphy suggests a net snow accumula-
tin of about 3 meters during the budget year 1973-
i74. No sign of reworking of the deposited snow
b wind was noted on the snow surface or in the

Figure 3. Particle layering of an ice cliff near the margin of the
Quelccaya Ice Cap (see figure 1 for location).
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Figure 4. Temperature profile from a snow pit dug at the and
of June 1974 on the '-. 5,500 meters high summit of Quelccaya
Ice Cap's main dome. Note that the sharp decreases in temperature
profile at surface, 1-meter, and 3-meter depths, are night cold
waves that appear as a result of deepening the pit on 3 con-

secutive days (June 29 through July 1, 1974).

snow pit. Particle layering is very distinct in a cuff
near the margin of the ice cap, having layer interv2ls
ranging from .5 to 1 meter (figure 3); this suggeas
that these variations in particle content could he
used to date temperate ice in the same way as they
are being used to date polar ice (Thompson, 19731.
The 3-meter accumulation' is in agreement with tie
annual accumulation suggested in microparticle ard
oxygen isotope ratio measurements discussed by
Thompson and Dansgaard (1975).

The temperature profile ('figure 4) from the snow
pit indicates that the ice cap probably is temperat.
The temperature at the end of June 1974 ranged fron
—9°C. near the surface (representing radiative cod-
ing at night) to —0.5°C. at '6.8 meters in depth.
Sharp drops with increasing depth in the temperatuie
profile occurring at 1 meter and again at 3 meters
are due to nightly cooling, the pit having been dug
on 3 consecutive days.

The density profile for the upper 3 meters of the
snow pit (figure 5) shows a range of 330 kilograms
per cubic meter near the surface to 500 kilograms
per cubic meter at a depth of 2.85 meters. The density
increase with depth is what would be expected in a
wet snow facies.

Preliminary results: glacial geology

The glacial geological investigations were directed
toward obtaining a radiocarbon-dated chronology of
ice-marginal variations. The deeper part of the ice
cap's stratigraphic record may overlap temporally
with datable ice-marginal variations, and dating of
older glacial events is valuable for comparison with
sequences from other parts of the world. In this
sparsely-vegetated environment, little organic matter
associated with glacial features was expected, par-
ticularly since virtually no radiocarbon dating has
been possible in the course of glacial geological studies
elsewhere in Peru (e.g., Clapperton, 1972). Abundant
peat was found, however, incorporated into end
moraines and interbedded with alluvium, some and
perhaps most of which is outwash.

Studies were concentrated in the valley of the Rio
Huancané (figure 1). In full-glacial time the ice flow-
ing from the ice cap down this valley joined ic
flowing south from the Cordillera Vilcanota, producL
ing a complex belt of massive end-moraine ridge's
between Huancané homestead and the outer glacia-
tion limit about 12 kilometers away. During a brie,
cursory study, no organic matter was found in these
moraines, which may date from more than on
glaciation.

Between the ice cap and Huancané homestead the
glacial features are easier to interpret because the
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reord successive ice-marginal positions of the proto-
Q ulccaya Ice Cap only. Three end-moraine belts
arc present, with their outermost ridges being about
1, , and 9 kilometers beyond the present ice margin;
thee belts are provisionally referred to as the Huan-
caé I, II, and III moraines, in order of increasing
disance from the present ice margin.

The Huancané I moraine belt extends about 1
kilsmeter in front of the present glacier fronts. At
leat six ridges generally are present, most of them
les than 5 meters high and 10 meters wide, appar-
enly formed during two episodes of advance and
reteat. In places, where the glacier bulldozed into
boçs, the moraine ridges contain abundant peat. Mate-
na from a cushion of vegetation that formed the
suiface of the bulldozed bog has been dated at 9054-
10) years before present (1-8441).

The Huancané II moraine belt is about 700 meters
wile and comprises about eight ridges lying 4 to 5
kibmeters from the present ice margin. A single,
80meters-wide ridge 3 kilometers from the ice margin
is Delieved to be the youngest recessional moraine of
th Huancané II belt; but it may represent a separate,
yonger event. A clast consisting of 60 centimeters
of peat in contact with clay is incorporated into the
baal part of the outermost Huancané II moraine
ridge. The peat is uniform in texture throughout, and
ncne has the characteristics of peat from near the
surface of a bog. It thus is uncertain whether the
peat stratigraphically covers the clay or vice versa.
The radiocarbon age of the peat farthest from the
peat-clay interface is 10,910 - 1-160  years (1-8209).

The Huancané III moraine belt is about 500 meters
wide and comprises about six ridges, the outermost
lying 9 kilometers from the present ice margin. An
exposure 1 kilometer upstream from the innermost
ridge consists of the following: thin turf, 270 centi-
meters of coarse sand, 60 centimeters of peat, 90
centimeters of clay, 0 to 7 centimeters of peat, >90
centimeters of coarse sand with base obscured. The
radiocarbon age of the uppermost peat is 11,460 ±
165 years (1-8210). The basal 1 centimeter of the
underlying thin peat has been dated at 12,240 4-170
years before present (1-8443). Two kilometers in front
of the outermost Huancané III ridge, 1 meter of peat
is covered by 2 meters of gravelly sand and covers more
than 1 meter of sandy gravel with base obscured.
The basal peat is 10,730 ±155 carbon-14 years old
(1-8212), and the uppermost peat is 9,625 ±150
years old (1-8211).

Full interpretation of these results must await age
determinations of some of the 21 undated samples
already collected, as well as further field work to
collect other samples for dating and to distinguish
between glaciofiuvial and fluvial deposits. If the age
determinations are accepted, the only firm conclusions
that can be drawn are (1) that the Huancané II

moraines are less than 10,910 years old, and (2) that
the Huancané III moraines are more than 11,460
years old. The age of sample 1-8443 shows that the
Huancané III moraines are more than 12,240 years
old. A further reasonable conclusion is that the
Huancané III moraines are at least several centuries
older than 11,460 years, because considerable sedi-
mentation and peat growth occurred after their for-
mation and before that date.

Thus, by 11,000 carbon-14 years ago, when the
Laurentide Ice Sheet in North America still extended
to the northern part of the Great Lakes, the Quelccaya

Density (kg m3)
300 400 500 600

[1IJ

1.20

2.00

2.40

2.80

WX

Figure 5. Density profile from the snow pit at '-5,500 meters on
the summit of Quelccaya Ice Cap's main dome.
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Ice Cap cannot have been much larger than it is
now; dating of samples already collected should
show whether it was indeed any larger. At that time
glacial conditions in Peru at 14°S. resembled those
in southern Chile and Argentina at 48 0 to 500S.
(Mercer, 1970, page 20), probably Venezuela at 9°N.
(Giegengack and Grauch, 1973), and Alaska at 620N.
(Denton, 1974, page 890).

This research was supported by National Science
Foundation grant cv-4141 1 to the Ohio State Uni-
versity Research Foundation and the Institute of
Polar Studies.
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Oxygen isotope and microparticle studies of snow
samples from Quelccaya Ice Cap, Peru

L. G. THOMPSON
Institute of Polar Studies

The Ohio State University
Columbus, Ohio 43210

W. DANSGAARD
Geophysical Isotope Laboratory

University of Copenhagen
Copenhagen, Denmark

During a preliminary investigation of the Quelccaya
Ice Cap (14°S. 70°50'W.), in June and July 1974,
a snow pit 3.8 meters deep was dug on the summit
of the main dome (elevation: 5,500 meters). Firn
temperatures were measured and snow samples were
collected for later laboratory analysis.

The stratigraphy revealed in the walls of the pit
suggests a net snow accumulation of about 3 meters
during the budget year 1973-1974. No signs of re-
working of the deposited snow by wind were noted
on the snow surface or in the pit's walls. Particle

layering in intervals from 0.5 to 1 meter is very dis-
tinct in a cliff near the margin of the ice cap; this
suggests that variations in particle content could be
used to date cores from this ice cap in the same way
as they recently have been used to distinguish annual
layers in polar cores (Hamilton and Langway, 1967;
Thompson, 1973; Thompson et al., in press).

Results of the microparticle and the stable oxygen
isotope ratio studies of these samples are noteworthy.
The microparticle concentration profile (figure 1)
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Figure 1. Microparticle data from the top 3.44 meters of the wall
of a snow pit dug on Quelccaya Ice Cap's highest dome (elevation:
5,500 meters). Note that particles composing the second peak are

coarser than those of the top and bottom peaks.

shows three distinct peaks. In the top and bottom
peaks (which are thought to represent winter snow
accumulation) the particle populations have respec-
tive coarseness factors (C) of 9 and 7 percent, where-
as in the middle peak (which probably represents
summer accumulation) the particle population has
a coarseness factor (C) of 25 percent. Values of the
coarseness (C), which is defined as the percentage
of the number of particles in the size range (1.0 tLm
^ d	13.0 p.m), divided by the number of particles
in the size range (0.5 14m	d	13.0 pm), are
marked on figure 1. These data, along with the par-

tide layers exposed on the cliffed margin, suggest
that analyses of microparticle concentration and size
distribution might be used for determining annual
layering, and hence for dating deep ice cores from
this ice cap.

The profile of the stable oxygen isotope ratios
(figure 2) shows an apparent seasonal distribution.
Note, however, that the least and most negative
values of 6 seem to occur respectively in winter and
summer snow. Although not the only exception
(Dansgaard, 1964), this is opposite to normal sea -
sonal variations. Further, the profile shows a range in
6 values of 22 parts per million (greater than has
been reported for any other snow, firn, or ice core)
the mean 6 value, -21 parts per million, is remark-
ably low for such a low-latitude site where the mean
annual air temperature is probably within a few
degrees of 0°C.

A comparison of the oxygen isotope and micro-
particle profiles gives more interesting information.
Both profiles show three peaks; the top and bottom
ones are coincident in depth, but the middle ones are
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Figure 2. Oxygen isotope data from the top 3.44 meters of the
wall of a snow pit dug on Quelccaya Ice Cap's highest dome

(elevation: 5,500 meters).
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displaced relative to each other. Although the inter-
pretations made thus far have been based on an
annual snow accumulation of 3 meters (inferred from
the snow stratigraphy in the pit walls), the alternative
must be allowed that this stratigraphy represents
2 years of accumulation.

The unusual 8 values for winter and summer
accumulation cannot yet be explained. The lower
values in summer than in winter may be associated
with different source areas for the precipitation, but
at present no year-round meteorological data are
available. The nearest meteorological observatory is
at Cuzco (elevation: 3,364 meters), 130 kilometers
away.
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X111 Meeting of the Scientific Committee on
Antarctic Research, September 1974

W. TIMOTHY HUS HEN
Committee on Polar Research
National Academy of Sciences

National Research Council
Washington, D.C. 20418

The XIII Meeting and Plenary Session of the
Scientific Committee on Antarctic Research (SCAR),
International Council of Scientific Unions (icsu),
was held at Jackson Hole, Wyoming, September 3 to

U.S. delegate to the 1974 Scientific Committee on Ant-
arctic Research meeting was J . H. Zumberge, chairman,
Committee on Polar Research (CPR), National Academy
of Sciences. U.S. advisors were D. J . Baker, Jr., W. S.
Benninghoff, C. R. Bentley, C. B. Bull, C. Craddock (Inter-
national Union of Geological Sciences delegate), Louis
DeGoes, S. Z. El-Sayed, A. N. Fowler, L. M. Gould
(past SCAR president), R. A. Helliwell, G. A. Llano, U.
Radok, M. J . Rubin (World Meteorological Organization
delegate), J . T. Shurley, R. B. Southard, Jr., and G. E.
Weller. Observers from the Committee on Space Research,
International Council on Scientific Unions (lesu), were
W. J. Heikkila, G. M. Keating, and W. Nordberg. Par-
ticipants from the CPR, in addition to Dr. Zumberge, were
J. R. Barcus, K. B. Mather, T. L. Péw, E. F. Roots,
A. L. Washburn, and W. F. Weeks. J . G. Roederer was an
observer from the Special Committee for Solar Terrestrial
Physics, icsu. Other U.S. participants were J . K. Barnes,
W. J. Campbell, J . 0. Fletcher, J . M. Hall, B. L. Hansen,
J . Masterson, E. P. McClain, S. B. McKee, V. T. Neal, and
R. H. Rutford.

73 1974. Eleven (Argentina, Australia, Chile, France,
Japan, New Zealand, Norway, South Africa, the
Soviet Union, the United Kingdom, and the United
States) of the 12 national SCAR committees were
represented. Also included in the 112 meeting par-
ticipants were delegates from the International Union
of Biological Sciences (IUBS), the International Union
of Geological Sciences (IUGS), the International
Union of Geodesy and Geophysics (IuGG), the Inter-
national Union of Radio Sciences (uRSI) and the
World Meteorological Organization (wMo). Belgium
was not represented.

The Committee on Polar Research, National Acad-
emy of Sciences, Washington, D.C., was host. The
1974 SCAR meeting was the second to be held in the
United States in SCAR'S 16-year history; the VI SCAR
Meeting, in 1962, was in Boulder, Colorado. SCAR
meets every 2 years.

SCAR, created in February 1958 as a nongovern-
mental committee of ICsU, is charged with coordinat-
ing antarctic science and furthering programs of
circumpolar scope and significance. Through SCAR
the 12 Antarctic Treaty signatory nations established
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H. Zumberge, chairman of the U.S. Committee on Polar Research, National Academy of Sciences, welcomes delegates to the XIII Meeting

of the Scientific Committee on Antarctic Research.

ational committees; the Committee on Polar Re-
arch represents the United States.
SCAR's work is done primarily by 10 standing

forking groups and by nine subgroups. These groups
ponsor international symposiums on biology, medi-
me, geology, oceanography, glaciology, meteorology,
nd logistics. The 12 SCAR nations prepare annual
eports on their antarctic programs; data are deposited
ti established World Data Centers and are available
o all upon request. Each SCAR nation is represented
'y one scientific delegate; eight international scientific
organizations also have one representative each, mak-
ng a total of 20 delegates. SCAR's resolutions are
tudied by the national committees and scientific
inions and then are forwarded to the respective
çovernments for development of national antarctic
)rograms. SCAR resolutions are advisory only and
tre not binding on member governments and scientific
)rganizations.

tgenda

The following subjects were included in the agenda:
(1) confirmation of proceedings of the XII (1972)
SCAR Meeting held in Canberra, Australia; (2) report
of the SCAR executive meeting, July 1973; (3) recom-
mendations from the 1972 SCAR meeting; (4) work-
ing group reports; (5) reports of specialist groups;
(6) symposiums; (7) relations with icsu and other

ICSU organizations; (8) remote sensing workshop
with the Committee on Space Research, icsu; (9)
relations with intergovernmental bodies; (10) iCsu/
WMO Global Atmospheric Research Project (GP);
(11) proposed disposal of nuclear wastes in Antarc-
tica; (12) finances; (13) election of officers; (14)
XIV (1976) SCAR Meeting.

Meeting of delegates

In 3 days of executive sessions the delegates dis-
cussed the following problems of antarctic scientific
research:

Antarctic mineral resources. Potential mineral re-
sources of the Antarctic were reviewed; the detri-
mental environmental effects that might result from
resource exploration and exploitation were considered.
Realizing the need for adequate scientific information
for wise governmental decisions, the delegates in-
structed the SCAR geology working group to assemble
information about antarctic mineral resources and to
provide scientific advice when requested. This issue
will be discussed further at the 1977 SCAR/luGs
Symposium on Antarctic Geology and Geophysics.

Delegates expressed their satisfaction that the sub-
ject of antarctic mineral resources was considered at
the Seventh Antarctic Treaty Consultative Meeting
and that further discussions are scheduled for June
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1975 at the Eighth Consultative Meeting in Oslo,
Norway.

Disposal of nuclear wastes in Antarctica. The dele-
gates discussed at length a U.S. resolution expressing
concern about proposals for storing or disposing of
nuclear wastes in the antarctic ice sheet. The dele-
gates concluded that the antarctic ice sheet might be
unsuitable for disposal of nuclear wastes because re-
cent research indicates that (a) water is present
beneath the ice sheet, (b) this water may be trans-
ported to oceans surrounding Antarctica, (c) the ice
sheet's base likely is very sensitive to small changes
in geothermal heat flow, and (d) such disposal
would probably render the material irretrievable.

The delegates prepared a resolution urging a
thorough investigation of the environmental effects
of disposal or storage of radioactive materials in the
antarctic ice sheet before any firm proposals for such
disposal or storage are considered by governments.
The resolution further urges national committees to
encourage their governments to support antarctic
research aimed at predicting the effects of such a
scheme.

Polar Experiment (south). At SCAR'S request, M. J.
Rubin prepared a proposal for an international pro-
gram, Polar Experiment (P0LEx), south. POLEX
(south), which is part of GARP, uses an interdiscipli-
nary approach to understand antarctic climate dy-
namics. Suggested POLEX (south) programs include
observational and modeling studies of how the ocean,
the atmosphere, and the cryosphere interact in polar
regions. Other programs would study how these
polar processes exchange with those of temperate
areas.

The proposal was accepted by SCAR for submission
in October 1974 to the GARP Joint Organizing Com-
mittee at the Second POLEX Planning Meeting in
Oslo, Norway.

Conservation. At the request of the Antarctic
Treaty nations, SCAR reviewed several proposals con-
tained in the Agreed Measures for the Conservation
of Antarctic Flora and Fauna. Pending approval of
the Agreed Measures by Antarctic Treaty nations,
these proposals are serving as interim conservation
guidelines for antarctic expeditions.

On the environmental impact of human activity
in the Antarctic, SCAR'S biology working group re-
ported that there had been significant improvement
in many areas, especially in the disposal of wastes.

SCAR's biology working group suggested that no
changes be made in the criteria for selecting Specially
Protected Areas (geographic areas in which human
activity is allowed by permit only). It was recom-
mended that Specially Protected Area Number 12,
a freshwater lake on Fildes Peninsula, King George
Island, be removed from the list since it is highly

probable that the lake already is contaminatedlt
also was proposed that restrictions on entering e-
cially Protected Areas be relaxed somewhat to aiw
for compelling scientific purposes that cannote
served elsewhere. In reviewing the criteria for Ses
of Special Scientific Interest (areas protected bece
of unique scientific characteristics or interest), ie
biology working group suggested that each site h.re
a definitive management plan. National commites
of 'Chile, Japan, New Zealand, and the United Ki-
dom, along with the biology working group, re
preparing management plans for selected sites. 'lie
biology working group recommended that three aris
be designated Special 'Sites of Scientific Interestit
the Eighth Antarctic Treaty Consultative Meetin

The delegates confirmed and recommended to te
national committees a proposal for the establishmat
of Marine Specially Protected Areas and Marie
Sites of Special Scientific Interest. These proposls
are designed to protect unique shallow benthic coi -
munities and representative examples of major at-
arctic inshore ecological systems.

At the request of the Convention on Conservatin
of Antarctic Seals, in 1972 SCAR established a grop
of specialists to provide broad scientific informatin
and advice on antarctic seals. R. M. Laws, convenr
of the group, 'reported that the group had agreed o
coordinate and standardize research methods, to ca-
vene a workshop on the aging of seals, and to prepae
a booklet on estimating seal populations.

In response to increased antarctic tourism, SCATS
working group on logistics and working group a
human biology and medicine recommended that 21
summer visitors to Antarctica have adequate medic.l
screening to reduce the risk of introducing diseass
to Antarctica.

Symposiums

SCAR/JUBS Symposium on Antarctic Biolog,
August 1974. G. A. Knox, chairman of the symposiun
steering committee, reported that about 150 biologists
from 12 countries attended the symposium and pre-
sented 76 papers. G. A. Llano was appointed editor
of the symposium proceedings; he will receive guid.
ance from the symposium steering committee. Th
proceedings may be published by summer 1975.

Scientific Committee on Oceanic Researcg
(SCOR)/SCAR Polar Oceans Conference, May 1974.
M. J . Dunbar, chairman of the conference program
committee and editor of the proceedings, reported
that the symposium was effective in bringing together
oceanographers from both polar regions. The pro-

28	 ANTARCTIC JOURNAJ.



ceedings should be published by the end of 1975.
CAR/IUBS Symposium on Human Biology and

M?dicine in the Antarctic, September 1972. 0. G.
Echolm reported that the symposium proceedings
wre published in December 1973.

Fiture symposiums

SCAR/JUGS Symposium on Antarctic Geology
and Geophysics. C. Craddock was appointed chair-
man of the steering committee and editor of the
proceedings. The symposium will be held in 1977 at
tFe University of Wisconsin, Madison.

Symposium on Antarctic Glacial History and World
P21eoenvironment. SCAR's group of specialists on
Late Cenozoic studies reported that it is organizing
the symposium in conjunction with the International
Quaternary Conference to be held in England in 1977.

Roederer, chairman of the IMS steering committee
of Icsu's Special Committee on Solar Terrestrial
Physics (scosTEP), informed SCAR that IMS (sched-
uled for 1976 through 1978) is directed toward
expanding knowledge of the magnetosphere and its
relationships to natural events on Earth and in the
atmosphere. IMS calls for a closely coordinated study
of the magnetosphere as a whole rather than as iso-
lated elements, and will involve 40 countries and
scientific committees. SCAR participation and support
is of extreme importance due to a particular need
for data from the polar regions.

SCAR's upper atmosphere physics working group
supported the program and recommended that (a)
IMS-related observations be included in antarctic
national programs from 1976 through 1978, (b)
logistic support be supplied to scientists contributing
to IMS, and (c) a liaison be established with SCOSTEP.
The upper atmosphere working group will serve
as SCAR liasion for IMS, and the working group chair-
man will represent SCAR at IMS steering committee
meetings.

Workshops

Conference on Remote Sensing in Antarctic Re-
search. F. J . Hewitt convened a workshop on space
applications of remote sensing in the Antarctic.
Automatic observatories and remote sensing devices
are especially important in the Antarctic due to the
relatively high cost of human life support. W. Nord-
berg, E. P. McClain, and W. J . Campbell presented
the most recent developments and applications of
U.S. remote sensing systems. Data obtained from
U.S. antarctic remote sensing are available to any
nation or scientific committee.

W. Nordberg also reviewed the types of U.S. re-
mote sensing data available and the procedure that
should be used to incorporate additional remote
sensing devices in future U.S. National Aeronautics
and Space Administration (NASA) antarctic-related
projects. During 1975 to 1980, NASA plans seven new
remote sensing satellites that will pass over Antarctica.

W. J . Campbell discussed the applicability of U.S.
remote sensing studies of antarctic physical processes.
Remote sensing is used to determine the extent and
the age of sea ice, to study changes in glacial activity,
and to measure temperature variations in the ice sheet.

E. P. McClain demonstrated the uses of remote
sensing data in oceanographic studies. Remote sens-
ing is used to map and monitor ice pack concentra-
tions, to measure sea surface temperatures, and to
measure temperature gradients.

International Magnetospheric Study (JMS). J . G.

Business

T. Gjelsvik (Norway) was elected president of
SCAR. G. de Q. Robin (England), previous SCAR
president, was unanimously elected an honorary mem -
ber. Other past SCAR presidents and honorary mem-
bers are L. M. Gould (United States) and G. R.
Laclavere (France). T. Nagata (Japan) will continue
as SCAR vice president until 1976. G. A. Knox (New
Zealand) was elected SCAR secretary, filling a vacancy
created by the death of R. W. Willet (New Zealand).
W. S. Benninghoff (United States) was elected chair-
man of the biology working group.

Professor Knox and Dr. Laclavere were selected
to represent SCAR at the XV General Assembly of
ICSu (held in Turkey in September 1974).

Delegates reviewed recommendations of the 1972
SCAR meeting. The following general standing resolu-
tions were adopted: (1) working group resolutions
should stand as recommendations until the next meet-
ing of the group, at which time resolutions will be
adopted or eliminated; (2) observer status will not
be extended to a national organization unless it has
stated its intention to establish an antarctic research
activity (national organizations active in arctic re-
search, however, are encouraged to participate in
SCAR symposiums).

SCAR accepted the invitation of the Argentine
delegate, R. M. Martinez Abal, to hold the 1976
SCAR meeting in Argentina.
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'Third SCAR/IUBS biology symposium:
"adaptations within antarctic ecosystems"

W. TIMOTHY HUSHEN
Committee on Polar Research
National Academy of Sciences
National Research Council

Washington, D.C. 20418

The Third Symposium on Antarctic Biology, co-
sponsored by the Scientific Committee on Antarctic
Research (SCAR) and the International Union of
Biological Sciences (luBs), was held in Washington,
D.C., August 26 through 30, 1974. The symposium's
theme was "adaptations within antarctic ecosystems."

Representatives from the 12 SCAR nations (Argen-
tina, Australia, Belgium, Chile, France, Japan, New
Zealand, Norway, South Africa, the Soviet Union,
the United Kingdom, and the United States) and
invited speakers from Canada and the Food and
Agriculture Organization presented 76 papers (in-
cluding seven invited review papers). About 200
scientists and observers participated in the sympo-
sium's nine sessions.

The first antarctic biology symposium (Paris,
France, 1962) included papers on microbiology,
plant and animal biogeography, ecology, and physiol-
ogy, and human physiology and psychology. The
second symposium (Cambridge, England, 1968) was
on antarctic ecology; the papers covered all aspects
of antarctic biology except human physiology and
psychology.

The third antarctic biology symposium's general
theme reflected a change in antarctic biological re-
search: instead of reconnaissance and descriptive
ecology, emphasis now is on quantitative ecology,
resource management, and population, behavioral,
and physiological studies. This new emphasis is aimed
at understanding how antarctic organisms adapt to
their individual ecosystems, and at elucidating the
energy and nutrient cycles of selected ecosystems.

The symposium's general theme was organized into
four subthemes representing major areas of recent
biological research. The subthemes were: (1) struc-
ture and function of marine ecosystems; (2) struc-
ture and function of freshwater and terrestrial eco-
systems; (3) development and evolution of antarctic
ecosystems; (4) ecosystem evaluation, modeling,
monitoring, and management.

In his opening remarks, George A. Knox, convenor
of the symposium and chairman of the SCAR biology

working group, stressed that antarctic biology, h2v-
ing reached a crucial stage, will become increasingly
important during the next 10 years.

"There's no doubt that we will see increasing
exploitation of antarctic resources; not only livbg
resources of the antarctic oceans, fish and krill in
particular, but . . . the exploitation of mineral re-
sources," Professor Knox said. "This will pose con-
siderable problems in antarctic conservation, aad
antarctic biologists will be deeply involved in seek-
ing answers and in providing knowledge that will be
necessary in order to avoid any unnecessary damage
to the resources of the Antarctic."

Subtheme I: structure and function of marine eco-
systems. This subtheme dominated five of nine sym-
posium sessions, thus reflecting today's marine eon-
systems emphasis in antarctic biological research. Joel
W. Hedgpeth, Oregon State University, provided an
overview for this subtheme in his paper entitled
"antarctic marine ecosystems." Other papers in the
first session were on factors controlling primary prD-
duction, distribution and significance of vitamins in
antarctic waters, phytoplankton biomass and produc-
tivity, and heterotropic potentials of microorganisms.

Patrick M. Arnaud, Station Marine D'Endoume et
Centre d'Oceanographie (France), in session 2 pre-
sented an invited paper on "some ecological com-
parisons between antarctic and subantarctic marine
benthic communities." The marine benthic community
was examined further by contributed papers on feed-
ing characteristics of asteroids, population variations
in benthic organisms, diversities of benthic annelid
populations, and densities of soft-bottom meiofauna
in response to the antarctic marine environment.

Bruce L. Umminger, University of Cincinnati, pref-
aced sessions 3 and 4 with his invited paper on
"mechanisms of cold adaptations in polar marine
animals." Eleven contributed papers examined specific
adaptations of fishes and birds to the antarctic marine
environment. Studies of antarctic fishes discussed the
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ph iology of colorless blood, respiratory and circula-
to ii adaptation to the absence of hemoglobin, and
th€ role of glycoprotein as an antifreeze agent.

Studies of antarctic birds concerned the dynamics
of microflora in digestive tracts, the osmo- and thermo-
regulatory responses of penguins, the body temperature
regulations of emperor penguins, and the cardio-
vascular adaptations of giant petrels. Other studies
concentrated on the behavior adaptations Adélie
penguins, rockhopper penguins, south polar skuas,
and arctic and antarctic terns have made to the
Antarctic.

Richard M. Laws, British Antarctic Survey, de-
livered a paper on "the significance of vertebrates
in the antarctic marine ecosystem," which provided
the background for session 5. Contributed papers dis-
cussed the behavior, the life history, and the special
environmental adaptations of antarctic tooth whales,
leopard seals, and young Weddell seals. Other papers
examined the development of temperature regulation
in seals, the status of pelagic seals in pack ice, and
the food consumption of seals.

Subtheme II: structure and function of freshwater
and terrestrial ecosystems. R. Barry Heywood, British
Antarctic Survey, gave an invited paper on "antarctic
freshwater ecosystems." His paper reviewed the. cur-
rent status of limnological knowledge of freshwater
ecosystems. Other papers in this session examined
production, periodicity, and the availabality of nutri-
ents in the antarctic freshwater environment.

Specific adaptations to terrestrial ecosystems were
explored by comparing climatic relationships among
moss populations, measurement and prediction of
net annual production, and reproduction and adap-
tive strategies of subantarctic grasses. Other papers
analyzed seed germination, energy flow through moss
communities, and adaptations of panantarctic mites
to the antarctic terrestrial environment.

Subtheme III: development and evolution of ant-
arctic ecosystems. In his invited paper on "the evo-
lution of polar ecosystems," Max J . Dunbar, McGill
University (Canada), discussed recent advances in
research on the paleoecology of marine and terres-
trial ecosystems and traced the development and
evolution of antarctic ecosystems. Contributed papers
in sessions 7 and 8 examined the evidence of ancient
precursors of the modern ecosystem, the evolution of
the Kar Plateau ecosystem, and the distribution and
eyolution of polychaete fauna. Other papers traced
tFe antarctic ecosystem development by means of fish
species distribution, the ecological adaptations of ani-
nal parasites, and the paleoecology of marine micro-
plankton flora.

I

f

U.S. Navy

Subtheme IV: ecosystems evaluation, modeling,
monitoring, and management. John A. Gulland, Food
and Agriculture Organization, presented an invited
paper on "the management of antarctic living re-
sources," which opened session 9. Other papers ex-
amined the effects of pollution and human activity
on the structure and function of antarctic ecosystems.
Reports were given on the management of krill as a
renewable resource, the environmental impact studies
of antarctic research sites, and the competitive and
adaptive responses of invading versus indigenous
biotas in the Antarctic. Other contributions discussed
mathematical models of benthic and planktonic com-
munities, effects of human disturbance on penguins,
and adaptations of cattle to the subantarctic.

Professor Knox closed the symposium by asking
scientists to view antarctic ecosystems in a global
context. He observed that antarctic ecosystems are
sensitive to worldwide influences.

	

The symposium proceedings volume is being	ted
by George A. Llano, National Science Fuum ion.
Scheduled for publication later in 1975, ti.,, pro-
ceedings will be issued by the Scientific Committee
on Antarctic Research, Scott Polar Research Institute,
Cambridge, England.
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Services for Dolar bioloav at the
Smithsonian Oceanographic Sorting Center

B. J. LANDRUM

Oceanographic Sorting Center
The Smithsonian Institution

Washington, D.C. 20560

The Smithsonian Oceanographic Sorting Center
(sosc) provides several technical and other services
to support systematic studies of polar fauna and flora.
SOSC receives, sorts, documents, and distributes
specimens to researchers throughout the world.

Major groups processed at sosc are marine zoo-
plankton and benthic invertebrates. Smaller collec-
tions of marine algaes are sorted to genera and are
distributed to algologists who request the materials.
Some fishes, particularly larvae and young, likewise
have been processed.

Most of sosc's antarctic collections were taken from
aboard USNS Eltanin, R/V Hero, and USCGC Glacier.
The arctic collections were taken from floating ice
islands in the Arctic Ocean. Most sorted groups of
arctic zooplankton are available to qualified investiga-

tors, as are several taxa from the antarctic collections.

Several benthic invertebrate taxa, which comprise
large sample holdings at sosc and are ready for dis-
tribution, include Actinairia, Pennatulacea, Gorgo-
nacea, Hydroida, Hydrozoa, Isopoda (except for
Bat hynomus and Epicaridea), Polychaeta, Echinoidea,
Rhynchocoela, Turbellaria, Ascidiacea, and other
smaller groups. Zooplankton groups that are ready
for distribution include various coelenerates, Cteno-
phora, juvenile gastropods, most copepods, Euphau-
siacea, Appendicularia, and families of Thaliacea.

SOSC technicians are processing arctic zooplanktofl
and polar benthic invertebrates. Larval and juvenile
fishes are being classified (in some groups to the
family level) to facilitate distribution to appropriate

Smithsonian InstItutipn

Processing antarctic zooplankton from a USNS Eltanin cruise.
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An example of fish sorting
facilities at the Smithsonian
Oceanographic Sorting Center.
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specialists. During 1973-1974 over 13 million speci-
mens (including numerous arctic foraminifera and
copepods) were sorted. About 186,000 specimens were
shipped to specialists for study.

A major portion of the circumpolar survey planned
for the U.S. Antarctic Research Program (USARP)
has been completed. The ocean-bottom photograph
collection (largely from Eltanin cruises) remains ac-
tive; systematic studies of these and other materials is
being emphasized during the present data flow interim
between Eltanjn and ARA Islas Orcadas cruises. In
1974 2,326 photographs were sent to 11 recipients.
Positive duplicates of frames from 417 camera sta-
tions also were produced for an investigator who is
studying the micromorphology of the southwest Pacific
Ocean.

Entry of data into the new computer system for
bottom photographs (Simmons and Landrum, 1973)
is under way. This system will aid efficient retrieval
of special photographs requested by investigators.
With an increase in scientific investigations of arctic
waters, the files will be expanded as necessary to
include arctic ocean-bottom photographs.

In the past sosc has contracted with several
specialists to complete systematic studies of taxa that
oherwise would not have been undertaken. This
project, "cooperative systematic studies in antarctic
bology," this year has resulted in preparation of
manuscripts on antarctic halacarides, soil bacteria, and

isopod crustaceans. Reports on cirriped larvae, soleno-
gastres, and medusae are being prepared. The project
will continue to assist those who are undertaking or
completing studies on several other important groups.
Data now only in specimen collections thus will be
more rapidly analyzed and reported in the growing
body of scientific papers on antarctic biota.

SOSC continues to provide related services to
USARP participants to facilitate specimen collections
and investigations. Preservatives and other supplies
and equipment are sent to the field, and sosc assists
in making arrangements for transportation and im-
portation of specimens. Upon completion of their
studies, sosa helps investigators to deposit specimens
in appropriate repositories.

Upon request sosc can provide computer listings
of sampling data organized by such parameters of
interest as depth, location, or type of gear used.
Geographic plots of sampling locations also can be
prepared by computer for investigators.

This work is supported by National Science Foun-
dation contract C-864.

Reference

Simmons, Keith L., and B. J . Landrum. 1973. Sea floor
photographs. Antarctic Journal of the U.S., VIII(3):
128-133.
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News and Notes
New Pole Station set	tion Battalion 71 and designed by primary responsibility for operat-

for first winter	 the Naval Facilities Engineering ing National Science FoundatOfl
Command (with research and de- facilities at the South Pole, partC 1-
velopment assistance from the pated in final phases of the neW

After nearly 4 austral summers Naval Civil Engineering Labora- station's construction. The iRS.
of construction, the new Amundsen- tory), the new station is set for Naval Support Force, Antarctia,
Scott South Pole Station—a kilo- an early January 1975 dedication South Pole operators for nearly 20
meter from the original station— and for full operation during the years, will continue to provide lair
was virtually complete by late 1975 austral winter,	 support to the remote spot through
December 1974.	 Holmes and Narver, Inc., which its Antarctic Development Squid-

Built by Naval Mobile Construc- on November 5, 1974, assumed ron Six (vxE-6).

An entrance to the original Amundsen-Scott South Pole Station.
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AlkAVOW

U.S. Navy
Crew of one of two Argentine air force C-130s that stopped at Williams Field,
McMurdo Station, for 3 hours on December 10, 1974, stand before their plane.
Of the 87 persons aboard the planes, 67 were cadets of the Argentine air force
academy. The McMurdo visit was part of a world tour for the graduating cadets.
Also in the tour was a stop at Base Vicecomodoro Mirambio, an Argentine station

on Seymour Island near the Antarctic Peninsula.

•1

18 Antarctic Treaty nations were
89I	moved to a spot near the new sta-

tion's entrance.
Over the years the old station

I has become buried under more than
10 meters of ice and snow. On

i November 29 a "significant" move-
ment of overhead support timbers
was noted in one of the tunnels
connecting the old station's build-
ings. Specially constructed to with-
stand eventual burial by ice and
snow, the new station seemed ready
not a day too soon.

New assistant director
takes post

On December 20, 1974, Robert
E. Hughes, former director of Cor-
nell University's materials science

U.S. Navy center, became the National Sci-

NSF

Robert E. Hughes

Radio operator at the new Amundsen-Scott
South Pole Station.

t

Isolated from February 14 to
Nvember 2, 1974, 21 persons lived
an worked for the last time at
th old South Pole Station,
oxjginally built by the Navy for
th International Geophysical Year
a 	wintered in for the first time
ml 1957.

Almost immediately after the
sesons first flight, preparations
w+re under way for occupying the
n  station. Electrical generators
arid other life support systems were
activated, supplies and equipment
were transferred from the old sta-
tion, and details were finished in
the station's construction. On De-
cember 14 radio communications
gar was switched to the new sta-
tion and the first residents moved
in. Later, on December 27, the sym-
bolic, barber-shop-striped South
Pole and surrounding flags of the
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ence Foundation's assistant direc-
tor, National and International
Programs. He was appointed to
the position by President Gerald
R. Ford.

Thomas 0. Jones, deputy as-
sistant director, National and In-
ternational Programs, had been
acting assistant director since the
post was vacated by the July 14,
1974, resignation of Thomas B.
Owen. The Office of Polar Pro-
grams is a part of the Foundation's
National and International Pro-
grams directorate.

Born in New York City in 1924,
Dr. Hughes received the B.S. in
1949 from Lehigh University. He
was a DuPont graduate fellow and
received the Ph.D. in 1952 from
Cornell. In 1967-1968 he was a
National Science Foundation fel-
low at Cambridge University.
Having held positions with the
Bakelite Corporation and the Uni-

versity of Pennsylvania's Depart-
ment of Chemistry, in 1964 he
became a professor of chemistry at
Cornell. He also has served as an
associate in Cornell's program in
science, technology, and society.

Dr. Hughes, an x-ray crystal-
lographer who has maintained
research programs in polymer sci-
ence, in hard refractory materials,
and in the molecular structure of
antibiotics, is a former editor of
the Journal of Solid State Chem-
istry and has been a member of the
editorial advisory boards of the
Journal of Polymer Science and
the Journal of Non-Metals.

From 1971 through 1973 Dr.
Hughes was chairman of the Solid
State Science Committee, National
Research Council, National Acad-
emy of Sciences. He has been a
consultant to the Department of
Transportation and to the Ad-
vanced Research Projects Agency.

While on sabbatical leave from
Cornell he spent time working in
the Foundation's Science and Tech-
nology Policy Office.

Correction

A technical error on page 2.96
(paragraph 2) of the November/
December 1974 Antarctic journal
resulted in the omission of a line
of type in "Seal and bird pop Ia-
tions off Adélie, Clairie, and B n-
zare coasts." The complete sente ce
reads as follows: "After deny ng
age estimations by using sections
of nails and teeth (to be examined
in our home laboratories), the data
will be used to work out growth
curves for these seals."

Superintendent of Documents, Government Printing Office, Washington, D.C. 20402

Enclosed find $-------(check, money order, or Sup!. of Documents coupons). Please enter my
subscription to ANTARCTIC JOURNAL OF THE UNITED STATES at $8.60 a year; $2.15 additional for
foreign mailing.

Please charge this order	Name
to my Deposit Account
No.------------	Address

FOR USE OF SUPT. DOCS.

City and State ----------------------. ZIP Code
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U.S. antarctic stations (right) that report dc
"Monthly climate summary," and Mount
(above), a live volcano near McMurdo S
Ross Island.

Monthly climate summary
November 1974	 December 1974

Feature	 Byrd McMurdo Palmer South Pole Byrd McMurdo Palmer South Pole
(date)	(date)	(date)	(date)	(date)	(date)	(date)	(date)

Average temperature (0 C.)	-15.9	-8.4	0.0	-39.1	-12.7	-2.3	1.1	-24.0

Temperature maximum (0 C.)	-7.0	0.0	7.8	-28.3	-4.1	4.4	7.2	17.8
(11/30)	(11/28)	(11/25)	(11/30)	(12/27)	(12/28)	(12/17)	(12/25)

Temperature minimum (° C.)	-25.6	-25.0	-11.1	-47.2	-22.4	-8.9	4.4	-31.7
(11/23)	(11/1)	(11/4)	(11/9)	(12/2)	(12/6)	(12/11)	(12/5)

Average station pressure (mb)	815.44	989.84	 688.11	816.46	992.21	 693.87

Pressure maximum (mb)	 827.29	1004.40	 697.93	830.34	1009.14	 705.72
(11/28)	(11/28)	 (11/25)	(12/5)	(12/6)	 (12/5)

Pressure minimum (mb)	 800.20	970.20	 679.31	808.33	976.97	 681.34
(11/18)	(11/19)	 (11/5)	(12/22)	(12/24)	 (12/21)

Precipitation (mm)	 9.65	22.61	 trace	1.02	4.06	 trace

Snowfall (mm)	 96.52	226.01	 trace	10.16	40.64	 trace

Prevailing wind direction	 250	900	 450	250	900	 25°

Average wind speed (rn/see)	7.9	4.0	 4.8	6.4	4.8	 4.2

Fastest wind speed (rn/see)	21.5	16.1	 11.3	17.4	23.7	 (*)
(25°)	(90°)	 (00)	(25°)	(180°)

(11/18)	(11/22)	 (11/30)	(12/4)	(12/27)

Average sky cover (tenths)	5.9	4.9	 0.3	5.1	6.2	 5.3

Number clear days	 4	10	 18	11	7	 10

Number partly cloudy days	6	13	 9	16	10	 12

Number cloudy days	 8	7	 3	4	14	 9

Number days with visibility less	4	0	 1	3	0	 4
than 0.4 km.

*From December 14 through 27, 1974, while being moved to the new South Pole Station, the continuous wind recorder
was not in operation. However, meteorologists at the station reported a wind of 16.1 meters per second on December 2 from 360°; this
is believed to be the month's fastest.

The Director of the National Science Foundation has determined that the publication of this periodical is necessary in the transaction of the public business
squired by law of this agency. Use of funds for printing this periodical has been approved by the Director of the Office of Management and Budget through
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