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U.S. Antarctic Research Program, 1969-1970
Part I: Review of the Summer Season

Historically, each summer season of the U.S. Ant-
arctic Research Program (USARP) will probably be
remembered, not by the year, but by one or several
events that were particular to that season. The 1969-
1970 season may be remembered by four.

The first of these four events—and one that af -
fected the entire program during the early season—
was the weather. Not since 1915 had such snowfall
been observed at McMurdo Station: 7 times the
3-month average for October–December. Its oc-
currence reemphasized, on a large scale, the unpre-
dictability of the antarctic weather, still a largely
unknown factor in all pre-season planning.

The tragic death in a helicopter accident of
USARP scientist Thomas E. Berg and New Zealand
film-man Jeremy Sykes will long be remembered.
Tom Berg had been known to many of his colleagues
in the program for a decennium. At the time of his
death, he was finishing up a 10-year study of pat-
terned-ground phenomena to which he had devoted
three summers and one winter in Antarctica.

No scientific event of the past season could top
that of the recovery of a large number of tetrapod
fossils, including Lystrosaurus, from a site in the
Transantarctic Mountains. This significant find, made
by David Elliot of the Ohio State University and
Edwin Colbert of the Museum of Northern Arizona,
by most yardsticks proved beyond doubt the theory
of Gondwanaland, already solidly supported by evi
dence from geology, paleobotany, and paleomagne-
tism. Gondwanaland was the subject of a special
issue of the Antarctic Journal in 1970 (vol. V,
no. 3). Other significant fossil finds made by the
Transantarctic Mountains party included conchos-
tracans and holostean fish, as well as petrified peat
and plants. Even though this massive field party was
plagued by lack of transportation because of unex-
pected helicopter problems early in the season, it
turned out to be one of the most successful ones in
recent USARP history.

Although incidental to the overall objective, ex-
tensive collections of Jurassic fossils were made by
the Lassiter Coast party of geologists and topogra-
phers from the U.S. Geological Survey. These col-
lections, which include both animal and plant fos-
sils, are not discussed in the party's report in this
issue, because they are just now in the process of
being identified. However, Dr. Paul Williams (per-
sonal communication), leader of the party, indicates

that among the animal fossils—all marine inverte-
brates—are mollusks, including gastropods, am-
monites, belemnites, and pelecypods. Some of the
pelecypods are as large as 25 cm in diameter. An-
nelid worms are also present. The plant fossils are
fragmental but varied in type: many different
genera are probably represented in the collections of
wood, stems, leaves, and seeds.

An historic event was the arrival of the first women
scientists to work on the Continent as part of the U.S.
Antarctic Research Program. Although women of
many nations had preceded them, most others had
been there in such capacities as wives of explorers,
ship's crews, reporters, and tourists. For frosting on
the cake, an all-female group of researchers was flown
to South Pole Station to become the first women ever
to visit that location.

Two disappointments of the 1968-1969 season
repeated themselves this year. First, there was the
futile effort, once again, to retrieve the oceano-
graphic buoys emplaced at 650-rn depth in the Wed-
deli Sea in the 1967-1968 season. The life span of
the buoy batteries now having expired—thereby deac-
tivating the release mechanism that would have en-
abled the buoys to rise to the surface—the only way
they could be retrieved would be by dredging the
bottom. Other work carried out from USCGC
Glacier as part of the International Weddell Sea
Oceanographic Expedition-1970 proceeded as
scheduled, but the Argentine icebreaker ARA San
Martin was damaged when she hit a rock in Decem-
ber of 1969, and was unable to participate in the
expedition.

The other major disappointment was the inability
to recover the drill from the deep borehole in the
ice at Byrd Station. When the cable was cut at the
maximum depth of penetration-1,545 rn—it prob-
ably sealed the fate of the 2,164-rn deep borehole.
Although it may still be used for research purposes
to the depth of penetration, there are no plans to
reopen the hole to the bottom and obtain rock sam-
ples. Sections of the cores obtained from the surface
to the bottom during the successful penetration in
1966-1968 are presently under study at a multitude
of U.S. and foreign laboratories, and they should
provide a wealth of scientific data. The significant
climatic data obtained recently on ice cores from
Camp Century, Greenland (Science, vol. 166: 377-
381, 1969) may enhance the value of the antarctic
cores for comparative purposes.
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There were 66 individual projects in the field this
past season: 37 in the earth sciences, 24 in biology,
and 5 in the atmospheric sciences. Of these 66 sum-
mer projects, 58 are summarized on the following
pages. The U.S. projects, which are funded and co-
ordinated by the National Science Foundation
(NSF), were carried out by Ca. 200 scientists and
technicians representing 47 institutions and Govern-
ment bureaus. The funding level for the U.S. Ant-
arctic Research Program remained within the narrow
range of the past 9 years from which it has broken
only once, in 1966.

As has been the pattern in the past several years,
the investigators ranged over a wide area—from
Victoria Land to the Lassiter Coast and as far north
as Campbell Island. Again, international coopera-
tion constituted a significant aspect of the program.
Three U.S. exchange scientists joined foreign ex-
peditions, while 14 foreign scientists accompanied
the U.S. expedition. Other U.S. scientists were
hosted, aided, or accommodated at foreign stations.
Some of the foreign scientists have submitted their
own reports to this issue of the Antarctic Journal;
other reports will appear in subsequent issues to-
gether with those of the U.S. exchange scientists.

A new station—Siple—was established in Novem-
ber 1969 and maintained through the summer. Re-
search at the station, located at 75°55'S. 83°55'W.,
will be in upper atmosphere physics, with particular
emphasis on studies of the plasmapause. Siple may
become a year-round station beginning in 1972.
During the 1969-1970 summer, ionospheric-magne-
tospheric research was conducted by means of very-
low-frequency equipment (including a long-wire
antenna) and balloon-borne instruments.

Rockets were used again in Antarctica by U.S.
scientists for the first time since 1963, when they
were employed at McMurdo Station for meteoro-
logical observations. During the 1969-1970 sum-
mer, a group from the University of Denver
launched a series of eight ARCAS rockets from Byrd
Station to obtain information on particle bombard-
ment, geomagnetic effects, and ionospheric struc-
ture. Eight balloon launchings were also made, for
the same purpose. It was the first time ever that
rockets have been launched from Byrd Station, and
also the first time that rockets have been used for
ionospheric research in the U.S. Antarctic Research
Program.

Of particular interest in biology was the initiation
of research on hard pesticides (chlorinated hydro-
carbons and polychlorinated biphenyls) in the marine
environment of Antarctica. This year, eggs and tissues
of sea birds were collected in the Palmer Station area
for information on pollution patterns and causative
dispersal mechanisms.

Botanical research included experimental trans-
planting to Cape Hallett and Granite Harbor, Vic-
toria Land, of two flowering plants indigenous to the
Antarctic Peninsula. Observations in following years
will ascertain the plants' ability to survive, set fruit,
and germinate seeds in their new environments—basic
questions in studies of present and potential distribu-
tions of floristic elements.

Aerial surveys of seal colonies in the Antarctic
Peninsula archipelago and the northwestern part of
the Weddell Sea indicated increasing populations of
elephant and fur seals. The extension of biological re-
search into normally ice-covered areas such as the
Weddell Sea has also elicited the prediction that pre-
vious estimates of potential productivity in the Ant-
arctic, which were based on data from the open sea,
may have been too low.

By means of a specially configured C-130F air-
craft, a number of ice-depth profiles was flown over
areas of West and East Antarctica. These flights were
an extension of similar work done in December 1967.
The results of the flights will be reported in some de-
tail in the November-December issue of the Antarctic
Journal. A brief report on one aspect of the work is
given on p. 108.

The summaries presented in this issue are mostly
preliminary, and the results reported are subject to
refinement and revision as the data undergo further
scrutiny. In many cases, the examination of the
data has just begun; in some cases, the specimens
collected have not even arrived at the home labora-
tories. Under such circumstances, a few investigators
have chosen not to submit reports, while others can
only recount their activities in the field. (A list of
field projects for which summaries are not avail-
able at this time is given on p. 136.) As concise re-
sults become available, they will be published in
standard scientific journals. The early reports pub-
lished in the Antarctic Journal do serve a purpose,
however, in that they provide an overview of the
field season and make initial results available quickly
to other investigators and interested nonparticipants.

The 58 individual reports in this issue represent
only a part of the total U.S. Antarctic Research
Program. The September-October issue will contain
a large number of reports, dealing with the year-
round projects at the fixed stations on the Continent,
investigations carried out aboard the research ves-
sels Eltanin and Hero, and data analysis and reduc-
tion at the home laboratories. Also in that issue will
be reports on information projects and other activi-
ties carried out in support of the U.S. Antarctic Re-
search Program.

—K. G. SANDVED
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Beardmore Glacier Investigations, 1969-1970

Narrative and Geological Report

DAVID H. ELLIOT

Institute of Polar Studies
The Ohio State University

The Institute of Polar Studies at The Ohio State
University has had a continuing program of geological
investigations in the Transantarctic Mountains since
the 1960-1961 field season, when the Devonian and
Permian succession of the Ohio Range was irst
studied in detail. Since then, field projects have been
concentrated in the Horlick Mountains, southern
Queen Maud Range, and the vicinity of the Queen
Alexandra Range. Work in the latter area by parties
led by Peter J . Barrett showed that the succession
there is the thickest and most complete Permian to
Jurassic sequence in the Transantarctic Mountains.
With this background, the objectives for the 1969-
1970 season had been principally the collection of
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data for 1:250,000 reconnaissance geological maps
and the regional correlation of the Beacon rocks from
the Queen Alexandra Range to the Nilsen Plateau.
This plan required helicopter support and, therefore,
also offered an opportunity to examine a number of
other aspects of the geology such as the Cenozoic
glacial deposits, and to make paleontological collec-
tions. The search for fossil vertebrate material had
been given a stratigraphic marker in December 1967
by Peter Barrett's discovery of a labyrinthodont jaw
fragment at Graphite Peak (Barrett et al., 1968).

The scientific party ranged between 7 and 22 in
number as the season progressed. Eight geologists
from The Ohio State University carried out geolog-
ical and geophysical programs. A geophysicist from
Case Western Reserve University collected samples
for paleomagnetic studies during the first part of
the season. Four vertebrate paleontologists searched
for and collected tetrapod fossils. A paieobotanist
from the U. S. Geological Survey Coal Laboratory
at The Ohio State University collected fossil plants,
and two invertebrate paleontologists from Wichita
State University collected Jurassic conchostracans.
Three exchange scientists accompanied the expedi-
tion and also carried out geological studies: Izak
Rust from South Africa, Leon Lambrecht from
Belgium, and Josef Sekyra from Czechoslovakia.
Three microbiologists from the Jet Propulsion Lab-
oratory were also at the camp for a short time during
the first part of the season. The scientists were sup-
ported by 13 officers and men of the VXE-6 heli-
copter detachment, and 6 men from Antarctic Sup-
port Activities of the U. S. Navy.

The original plan called for two camps, each con-
sisting of four Jamesway huts, and each to be oc-
cupied successively for five weeks. The first camp
was to be near Coalsack Bluff and the second on
the McGregor Glacier. The first was to have been
occupied on November 5, but bad weather at Mc-
Murdo delayed the arrival from New Zealand of
essential equipment for the camp, and it was not
built and occupied until November 22. The three
UH-11) helicopters arrived in the late afternoon of
November 25 after being delayed briefly by bad
weather. The following day, one of the helicopters,
with three crewmen and two scientists on board,
broke a tail rotor shaft on liftoff; fortunately, there
were no injuries. However, the helicopter was no
longer airworthy, and it was decided for safety's sake
that the tail rotor shafts of the other two helicopters
should be sent to New Zealand for checking. As a re-
sult, operation of the remaining two helicopters was
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Formation

Kirkpatrick
Basalt

Prebble Fm.
Falla Fm.
Fremouw Fm.

Buckley Fm

Age

Jurassic	Ferrar
Group

Triassic

Beacon
Sequence

Description

Tholeiitic flows, rare sedimentary interbeds with conchostracans, holo-
stean fish. (Correlative Ferrar Dolerite sills with a cumulative thickness
of about 1000 m intrude the Beacon sequence.)

Disconformity
Laharic debris, pyroclastic breccia, tuff, and tuffaceous sandstone.
Volcanic sandstone, shale; tuff dominates upper part. Dicroidium.
Subarkose, volcanic sandstone, greenish-gray mudstone; Lystrosaurus
near base; logs, coal, Dicroidium near top.

Disconformity
Arkosic and volcanic sandstone, dark-gray shale, coal, Glossopteris.

delayed 10 days—until December 5. Even with this
late start, however, a significant amount of work was
accomplished. Fortunately, the demand for helicopter
time was eased by the existence of areas of geological
interest within motor-toboggan distance of the camp.
On December 18, a number of scientists, having com-
pleted their projects, left to return to McMurdo or
the United States.

Because of the heavy flying schedule during this
period, which greatly exceeded that originally sched-
uled, the helicopters became due for a maintenance
check on December 22. At that time, the tail rotors
had to be returned to New Zealand for balancing. On
December 23, it was decided that the camp planned
for the McGregor Glacier would not be occupied be-
cause, by that time, only half of the objectives for the
Coalsack Bluff camp had been achieved. The tail
rotors were back from New Zealand in late December,
and the helicopters were operational again on De-
cember 29; two parties which had been in the Miller
Range and at Plunket Point, respectively, to do de-
tailed work while the helicopters were down for main-
tenance, were then picked up. However, further mis-
fortune had overtaken the helicopters and one of
them had to be placed on a limited-operations basis.
Three geologists established a tent camp on the Dufek
Coast in mid-January and worked part of that area
by motor toboggan till late January. Work also pro-
gressed from the Coalsack camp as far as circum-
stances allowed, but more mechanical problems cut
operations even further. The remaining scientists re-
turned to McMurdo on January 29.

Despite the problems, which seriously curtailed
some of the scientific programs, there was the corn-

pensation of some significant discoveries which are
described in the following reports.

The invaluable support given by Task Force 43,
and in particular the U.S. Navy personnel at the
Coalsack camp, is gratefully acknowledged; the prob-
lems and frustrations must have been as trying for
them as they were for the scientists.

Geology of the Area Between the
Nimrod and Beardmore Glaciers

Since some of the area had been studied previously
(Barrett, 1969; Elliot, 1970; Lindsay, 1969), the
scientific program concentrated on specific geologic
problems. The general stratigraphy is set out
in the table. Information for completion of the
Mount Elizabeth and Buckley Island quadrangles,
at a scale of 1:250,000, was collected (the Mount
Rabot quadrangle has been published), and more
data were gathered for The Cloudmaker and Plun-
ket Point quadrangles. The pre-Devonian basement
rocks of the Miller Range consist of high-grade
gneisses and schists intruded by granitic stocks. These
rocks were mapped and sampled for geocnronological
studies by John D. Gunner. He also studied the
granites cropping out around the mouth of the
Beardmore Glacier and the late Precambriangray-
wacke .shale sequence in selected areas from there to
the Miller Range. The granitic rocks of both areas
were sampled for a regional geochemical study of the
Ordovician intrusions. Regional studies of the Per-
mian tillites by Donald A. Coates were hampered by

Post-Ordovician stratigraphy of the Beardmore Glacier area

Thick-
ness (m)

600-f

3-460+
160-530
Ca. 650

Ca. 750

130-220
60-140

125-395

0-330

Permian	 Fairchild Fm. Massive subarkose and arkose.
Mackellar Fm. Dark shale and fine-grained sandstone.
Pagoda Fm.	Tillite, sandstone, and shale.

Disconformity
Devonian

Ordovician-
-Precambrian

Alexandra Fm. Quartz arenite, sandstone.
Angular Unconformity

Basement metasedimentary complex intruded by granitic rocks.
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foul weather and logistic problems, but areas visited
provided significant information. For example, the
Pagoda tillite is locally absent at Buckley Island, al-
though grooves in the uppermost Devonian rocks
indicate the passage of ice over a probable topo-
graphic high. William J . Gealy extended Barrett's
(1969) observations on the Permian coal measures
and Triassic rocks to previously unexamined outcrops
around the head of the Beardmore Glacier and in the
Coalsack Bluff area. In both areas, significant
changes have had to be made to the earlier geologic
maps. Gealy also discovered a new tetrapod locality
northeast of Mount Marshall. Elliot collected fur-
ther data on the volcaniclastic Prebble Formation in
the southern Queen Alexandra Range, and on the
Jurassic tholeiitic basalts.

Important conchostracan and fish-bearing inter-
beds in the basalts were discovered at Storm Peak
and other localities. The conchostracan collections
are discussed by Paul Tasch in one of the following
articles. The holostean fish are being examined by
Bobb Schaeffer of the American Museum of Natural
History; these fish could prove to be very important
because of the scarcity of Jurassic fish in Southern
Hemisphere rocks. John Mercer examined the gla-
cial deposits of the Beardmore Glacier area and
found extensive areas of till, laid down by wet-based
glaciers on the Dominion Range, as well as evidence
for several higher ice levels of that glacier. Donald
N. Peterson sampled two complete sections of Juras-
sic basalts and also some Permian varved sediments
for paleomagnetic studies. A gravity survey was made
by Henry H. Brecher, and preliminary results sug-
gest some interesting regional trends near and par-
allel to the Ross Ice Shelf.

The already well known discoveries of tetrapod-
fossil deposits and their exploration by a group of
paleontologists led by E. H. Colbert of the Museum
of Northern Arizona are also described below.
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Paleolimnology of Some
Antarctic Nonmarine Deposits

PAUL TASCH

Department of Geology
Wichita State University

As part of the 1969-1970 helicopter-supported
field party in the central Transantarctic Mountains,
studies were conducted at Blizzard Heights, Storm
Peak, and Carapace Nunatak to obtain additional
data on the areal extent of Jurassic lacustrine beds
in the Queen Alexandra Range and southern Vic-
toria Land, as well as on biotas and paleolimnology.
In addition, microstratigraphic information was col-
lected to improve the Gondwana correlations of the
deposits.

Multiple stations were occupied at the same eleva-
tion to determine the lateral extent and continuity
of these lacustrine beds. At one locality, lacustrine
deposits extended for hundreds of meters, although
most deposits were less extensive. At a given station,
the lateral extent of the exposed rock would be no
more than a few meters, and this might characterize
other stations, too, along the same horizon. Never-
theless, extrapolation between and beyond stations
is possible. Such districts also seem to have charac-
terized portions of southern Victoria Land. Similarity
in fossil conchostracans (Jurassic lioestheriids) in
the Queen Alexandra Range and southern Victoria
Land would suggest a common gene pool and hence
the existence of many more lake districts between
and within these areas.*

The samples collected are now being processed,
and little more can be reported on the paleolimnology
at present, except for some preliminary observations
on a sample from Blizzard Heights (Tasch Station 1,
bed 6). Associated with the dominant lioestheriid
conchostracans was a Pale olimnadia-like type of
conchostracan that has previously been reported from
Mauger Nunatak (Tasch, 1969).

Numerous fish scales were found on the same bed-
ding plane as the conchostracans. Obviously, fish
inhabited the marginal areas of the lake or lake-pools
at this locality. Samples taken from the fishbed found
by David H. Elliot at Storm Peak—an interbed as-
sociated with the lower flow (Tasch Station 2, bed
4) —show that the fish represented there by whole or
partial body remains were contemporaneous with the
conchostracans. A fish predator-conchostracan prey

*The contemporaneity of such antarctic Jurassic lakes and
those found in equivalent deposits on other Gondwana con-
tinents is indicated (Tasch, in press; Tasch and Volkheimer,
in preparation).
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relationship is suggested. The fish fossils will be sent
to a specialist for study.

A further, completely unexpected kind of informa-
tion was obtained: a measure of the time elapsed be-
tween one basalt flow and the next younger flow. A
first approximation has been made from a series of
measurements of very thin lacustrine interbeds that
contain Jurassic conchostracan fossils. At Tasch Sta-
tion 0 (Blizzard Heights), the sedimentary interval
represents deposits accrued over some 300 years.
These data will be the subject of further study.

A demonstration of the value of obtaining micro-
stratigraphic data was also afforded by further study
of Leaia-zone material collected in 1966-1967 in the
Ohio Range that resulted in the precise location of a
new Paleozoic insect-bearing bed. Numerous insect
fragments have been and are being isolated from
samples of this new bed. These will be studied by
Dr. F. M. Carpenter and reported on at a later time.
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Paleontological Investigations
at Coalsack Bluff

EDWIN H. C0LBERT

Museum of Northern Arizona

As readers of the Antarctic Journal may recall, a
fragment of a fossil amphibian jaw from the Triassic
Fremouw Formation was found by Dr. Peter J . Bar-
rett at Graphite Peak in the Transantarctic Moun-
tains during the austral summer of 1967-1968. Be-
cause of this significant discovery, the first indication
of a land-living vertebrate from the Gondwana rocks
of Antarctica, an intensive search for vertebrates in
the Fremouw Formation was planned for the 1969-
1970 field season. Four members of the large field
party that was stationed at the Beardmore camp had

as their objective the exploration for Triassic verte-
brates. These four paleontologists were Edwin H.
Colbert of the American Museum of Natural His-
tory, New York, and the Museum of Northern Ari-
zona, Flagstaff; William J . Breed of the Museum of
Northern Arizona; James A. Jensen of Brigham
Young University, Provo, Utah; and Jon S. Powell
of the University of Arizona in Tucson.

The plan was to explore the Triassic Fremouw
Formation with close helicopter support in various
directions from the Beardmore camp, in the hope of
finding fossil-bearing sediments. On the first day in
the field, Dr. David H. Elliot, the scientific leader
of the Beardmore camp, happened to find bone frag-
ments in cross-bedded sandstones of the Fremouw
Formation at Coalsack Bluff, a nunatak located about
four miles away. Further examination of the Coal-
sack Bluff exposures on that same day indicated that
here was a rather rich fossil deposit. Consequently,
the program of the vertebrate paleontologists was
transformed from one of exploration to one of exploi-
tation, which was fortunate, since it so happened that
helicopter support for the Beardmore party was
greatly curtailed by mechanical difficulties. Because
of the proximity of the deposits to the camp, the
paleontological work at Coalsack Bluff could con-
tinue unabated.

It soon became apparent that the fossils being ex-
cavated at Coalsack Bluff comprised an assemblage
of African relationships. On December 4, a partial
skull of the reptilian genus Lystrosaurus was dis-
covered, and during the course of the work various
other lystrosaur bones were recovered. Lystrosaurus
is especially characteristic of the lowest Triassic
horizon of the Upper Beaufort beds in the Karroo
series of South Africa; it is also found in peninsular
India and in western China. This reptile was clearly
a land-living animal, as were associated reptiles and
amphibians whose fossils were excavated from the
Coalsack Bluff exposures. These animals necessarily
would have reached Antarctica in Triassic times
from Africa by migrating across dry land; they were
certainly incapable of crossing oceanic barriers. Thus,
the significance of the Coalsack Bluff fossils is readily
apparent: they constitute some of the strongest evi-
dence yet of the former close connection of Antarc-
tica with Africa, followed by a subsequent drift of
the two continents to their present widely separated
positions. It can truly be said that the impact of the
fossils from Coalsack Bluff on geologic thought and
theory is of prime importance.

It is planned to continue the exploration for addi-
tional Triassic tetrapods in Antarctica; and, of course,
the materials already collected, as well as any new
materials that may be forthcoming, will be studied in
detail during the next few years.
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Sam- Sample
ple depth
No. (cm)

725	Surf. 2	9
726	2—.-. 10	0

731	Surf.2	<10

742	Surf. 2	2.9x 10°
743	2- .. 7	2.7x10°

749 1 Surf.2	1.3X10'

Aerobic bacteria

0	0	0
0	0	0

0

400	375
1.5x103	250	10'

6.9x10° 7.7x10'	104

Media	Trypticase soy agar Actino-	Trypti-
mycete	case

isolation	soy
agar	broth*

Soil Microbial and Ecological
Investigations in the Antarctic

Interior'
Roy E. CAMERON, ROGER B. HANSON,

GEORGE H. LACY; and FRANK A. MORELLI

Bioscience Section
Jet Propulsion Laboratory

California Institute of Technology

In November–December 1969, 10 soil samples were
collected aseptically from the surface to the depth
of permafrost at 5 sites on a traverse west of Coalsack
Bluff (approximately 84°15'S. 162°E.). Another 14
samples were collected from 5 sites on a traverse
north of the Bluff. During the latter traverse, a camp
site was established for one week just below the west
end of "Coalsack Bluff West," and environmental
measurements were made continually or every 3
hours for soil and/or microclimatic characteristics.
Air sampling for microflora was also undertaken on
4 sides of the camp site. Soil properties were

'This paper presents the results of one phase of research
carried out by the Jet Propulsion Laboratory, California In-
stitute of Technology, under contract NAS 7-100, sponsored
by the National Aeronautics and Space Administration.
Logistic support and facilities for the investigations in Ant-
arctica and additional laboratory support at JPL were pro-
vided under contract CO-585-000-00 with the National
Science Foundation.

determined by methods used with desert soils and
other geological materials from harsh environments.
Abundances of various physiological groups of micro-
organisms were determined on standard media and
by techniques used previously on antarctic soils con-
taining few microorganisms (Benoit and Hall, 1970;
Cameron, 1969).

The soils were generally typical of the antarctic
cold desert and similiar in many respects to other
extremely and soils (Cameron, 1969). However, acid
pH values, 5.2 and 5.3, and the reddish color of pro-
file 725-726 indicated a tropical relict soil. Soils
obtained on a traverse of the Bluff area were gen-
erally better developed and older, features character-
istic of more mature dry-valley soils (Tedrow and
Ugolini, 1966). Although the cation-exchange capaci-
ties (2-3 meq/100 g) and buffer capacities (1.5-7.5
meq/100 g) were relatively low, there were notice-
able water-soluble amounts of predominately gypsic
and natric salts. Nearly all samples were high in
NO3 – , indicating the aridity of the area. Organic C,
except for nos. 742 and 749, was low (0.02-0.05 wt.
%) and similar to that of other cold desert soils.
However, the organic (Kjeldahl) N was quite high
for such barren sites-0.3-0.4 wt. %, and the ex-
tremely narrow C: N (2-0.1) indicated either highly
decomposed colloidal or microbial organic matter, or
relict carbon such as coal (Horowitz et al., 1969).
Our soil samples were obtained from a highly fossilif-
erous area containing coal and other carbonaceous
sediments. Carbon particles were impacted on all of
our air-sample filters.

At the sites on the Bluff (725-726 and 731), es-

Table 1. Abundance of microorganisms in antarctic soils (per gram of soil)

	

Micro-	Lactose Nitrate Nitrogen

	

aerophiles	fer-	reducers	fixers	Yeasts
menters

0	0	0
	3	5

0	0	0	0	0

0	0
	 0	9

10'	10'	6.5x10°	1.1x103	5.1x103
100	1 100	1 1.3x10° 1 105	1 500

100	10'	225
	58	1 35

Lactose	Nitrate	Burk's	DiMenna's dextrose-
bro th* reduction N-free	neopeptone agar,

broth* "ion" agar	pH 4.5

0
0

0

10°
10'

10°

Fluid
thio-

glycol-
late*

Incubation
temperature I +2° C.	 +20° C	 +2° C. +20° C.

*Positives at highest dilution. No growth was obtained for streptomycetes; anaerobic, thermophilic, coliformic, and sulfate-reducing
bacteria; molds; algae; or Protozoa.
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sentially no microorganisms were detected, except
for a few yeasts and possibly a few aerobic bacteria.
The results were comparable to those obtained previ-
ously for extremely and or toxic dry-valley sites. For
the morainic samples (nos. 742-743 and 749), there
were only aerobic and microaerophilic, heterothro-
phic bacteria and yeasts, which could grow well at
either 2°C. or 20°C. These results, except for the
yeasts, essentially substantiated our previous observa-
tions of the ecological sequence and abundance of
microorganisms in the dry valleys (Cameron, 1969).
There is a relatively large proportion of Arthro-
bacter-like (diphtheroid) species in our antarctic soil
samples, and few Bacillus spp. and streptomycetes,
which compares favorably to our cold-temperate des-
ert isolants and is contrary to what has been found
for those isolated from hot-temperate desert soils
(R. M. Johnson, personal communication).

These investigations, the first to be made at this
latitude, show the importance of exposure and soil
maturity to the existence of microorganisms. None or
very few microorganisms (<lO/g of soil) were found
on relatively mature or old soils with southern ex-
posures, but more microorganisms were found on
"recent" morainic materials below the Bluff. How-
ever, soil receiving snowmelt yielded disappointing
results, and only one sample out of 10 showed micro-
organisms despite soil temperatures of 0°C. to
+ 25°C. at time of collection.
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the Beardmore camp (approximately WITS.
162°22'E.; elevation 2,100 m) on the Walcott Névé,
Queen Alexandra Range, during the austral summer
1969-1970. The snow samples were collected at a
site within the camp every 60 cm from 3 m depth in
firn that could be about 12 years old. Microbial air-
flora samples were collected on the south and north
sides of the camp by impaction on filter paper with
two "Staplex High Volume Air Samplers" (Fig. 1).
The membrane pore size was O.Olz, and the samplers
operated continuously for 3 hrs at an average of
14.9-20.3 CFM, pulling 2,685-4,554 cu ft of air.

The camp area was subject to contamination from
personnel activities, landing and departing planes,
and wind-blown debris, but all possible precautions
were taken to exclude sample contamination by using
aseptic techniques. All snow and air samples were re-
tained at below-freezing temperatures until they were
examined at the McMurdo biological laboratory.
Snow samples were melted in a 4°C. incubator before
inoculation in culture media.

Within the limits of our tests for chemical ions, all
tests were negative (Table 1). This result is consistent
with the analyses of south polar snow by Wilson and
House (1965). The pH, Eh, and electrical conduc-
tivity (Table 2) also indicated the low ionic content
of the snow, and they would not be detrimental for
microorganisms as shown by comparison with nonsalty
antarctic soil environments (Cameron, in press).

Microbiological examination of the snow samples
was undertaken by culturing methods that have
been used before for successful detection and enumer-
ation of antarctic microorganisms. Following appro-
priate incubation periods, all media were examined
and found to be negative for growth.

Detection of microorganisms on air filters was at-
tempted by laying sections of membranes of trypti-
case soy agar plates at 5°C. and 20°C. and then
washing with trypticase soy broth into additional
plates. No growth of microorganisms was found for
the two membranes exposed on the south side of the
camp, but fairly rapid confluent growth of a gram-

Microbiological Analyses of Snow and
Air from the Antarctic Interior'

GEORGE H. LACY, Roy E. CAMERON,
ROGER B. HANSON, and FRANK A. MORELLI

Bioscience Section
Jet Propulsion Laboratory

California Institute of Technology

Snow and air were collected by aseptic techniques
and examined for the presence of microorganisms at Figure 1. Air sampling south of the Beardmore camp,

Walcott	Queen Alexandra Range in background.
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Table 1. Upper limits of chemical ions of firn determined by "Simplex Soil Testing System" (ppm)

Ions	Ca	Mg	K	NH4	Fe3	Al 3	SO4= Cl-NO3	NO2- P03

Test sensitivity	40	<0.9	<5	2
	

2	0.9	150	20	2	1	0.5

Table 2. Physicochemical properties of firn

Electrical
Sample	 Eh + my	conductivity
depth	pH	(uncom-	ECX 10-6

	

(cm)	 pensated)	mhos/cm2
at 23° C.

	

0	6.95	351	 13.0

	

60	6.53	368	 3.0

	

120	6.74	354	 7.5

	

180	6.72	336	 3.3

	

240	6.69	364	 5.0

	

300	6.75	370	 4.9

positive Bacillus sp. was obtained for both membranes
exposed on the north side of the camp. This micro-
organism was subcultured and subsequently showed
optimum growth at 37°C. The organism was not
retained, but it was probably a camp contaminant.

Additional air sampling was undertaken at a large
moraine near Coalsack Bluff, and at Cape Royds and
Romanes Beach. A few chromogenic bacteria were
recovered from the eight samples taken from four sites
at Coalsack Bluff, and many more were recovered
from the coastal area using decreased filtration times
at the beaches. Bacterial fall-out counts may be zero
or very low in Taylor Valley after a few hours' ex-
posure, but there is a gradual increase in counts with
the progression of summer, although the aerosol bac-
teria are essentially the same as in the surrounding
soil environment (R. Benoit, personal communica-
tion).

'This paper presents the results of one phase of research
carried out by the Jet Propulsion Laboratory, California In-
stitute of Technology, under contract NAS 7-100, sponsored
by the National Aeronautics and Space Administration.
Logistic support and facilities for the investigations in Ant-
arctica and additional laboratory support at JPL were pro-
vided under contract CO-585-000-00 with the National
Science Foundation.
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Antarctic Collections of
Plant Fossils, 1969_1970*

J. M. SCHOPF

U.S. Geological Survey
Columbus, Ohio

Extensive paleobotanical collections were obtained
in Antarctica during the 1969-1970 field season. The
Allan Hills localities and that on Carapace Nunatak
in Victoria Land were revisited, with supplemental
collections obtained in both instances. The base for
most of the collecting, however, was the Beardmore
camp near Coalsack Bluff in the central Transantarc-
tic Mountains. Extensive collections of Permian com-
pression fossils were obtained from Mounts Achernar
and Sirius, as well as from Coalsack Bluff itself. The
most outstanding collections, however, consisted of
permineralized peat of Permian age from the Buckley
Formation on Mount Augusta, and a somewhat simi-
lar deposit of Triassic age from the Fremouw Forma-
tion on Fremouw Peak.

The permineralized plant material is of particular
interest because (1) it provides information about the
anatomy of plants of both Permian and Triassic de-
posits. Virtually the only material of this type previ-
ously studied in Gondwanaland deposits has con-
sisted of isolated petrified logs. A much more diversi-
fied set of plant remains, including leaves, seeds, and
small stems, is now available from both deposits; (2)
The apparent floral assemblages of both ages are very
different. The more adequate spectrum of plant re-
mains now available may better indicate to what ex-
tent those differences are real, and whether greater
or lesser emphasis should be attributed to irregular
fossil sampling because of chance occurrences in
preservation. The comparable types of preservation
provide favorable material for such a comparison;
(3) The fact that these deposits represent natural
peat accumulations has significance regarding the
plant composition of coal in Gondwanaland, and the

*Publication approved by the Director, U.S. Geological
Survey.
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nature of the plant assemblages that were involved
within a specific kind of habitat. As in modern peat
deposits, all of this material has been essentially per-
mineralized in situ.

Other localities also were visited to observe and
study the differences between Permian and Triassic
deposits. The greatest apparent contrast seems mostly
to depend on a lack of carbonaceous remains in rocks
of Triassic age that occur directly above shaly car-
bonaceous deposits that are characterized by a Per-
mian Glossopteris flora. No plant remains were dis-
covered in close association with the Lower Triassic
sandstone that contained bones of reptiles and am-
phibians, although it is obvious that these animals
must have inhabited vegetated areas. All three ma-
jor bone localities were visited, and all showed simi-
larity in this respect. A relatively obscure, but signifi-
cant, change in sedimentary regime near the Permian-
Triassic boundary exists in Antarctica.

The plant-fossil collections were obtained as part of
the work of the Beardmore expedition of 1969-1970,
led by David Elliot, Institute of Polar Studies of The
Ohio State University, and supported by the National
Science Foundation. Helicopter support by Antarctic
Development Squadron 6 was essential to obtain sub-
stantial collections from many of the plant localities.

rocks, and the basement complex. The suitability of
the Jurassic rocks for paleomagnetic work has long
been known, and a number of investigations have
been made on such rocks from Antarctica. However,
in the region in question there are several sequences
of successive lava flows and, with the possibility of
potassium-argon age determinations to be carried out
by Dr. Fleck at Ohio State University, they should
give us a much better control than has heretofore
been available. A series of samples was also collected
through a very thick intrusive dolerite. This part of
the field program was the only segment which was
completed satisfactorily. Logistic problems, which af-
fected paleomagnetic work just as they did other
parts of the geological field programs, meant that
detailed work on the Triassic, Devonian, and Per-
mian rocks could not be carried out.

The field collection was made by Dr. D. N. Peter-
son in late October and December. Subsequent delays
occurred in the transportation of the rocks collected,
in particular after their arrival in the U.S.A., and no
results of work on them are available at this time.

Belgian Exchange Scientist in the
Beardmore Glacier Area

Paleomagnetic Investigations of Rocks
from the Queen Alexandra Range,

Antarctica

A. E. M. NAIRN

Department of Geology
Case Western Reserve University

An integral part of the geological and geophysical
investigations planned by Dr. David Elliot of the In-
stitute of Polar Studies, Ohio State University, was
the collection of suites of oriented samples for paleo-
magnetic analysis. In the region where field work was
being carried out during the 1969-1970 season, there
are outcrops of Permian tillites, varved clays and
other sediments, and Triassic and Jurassic rocks. In
places, they rest upon Devonian rocks, and in others
upon a basement complex comprising predominantly
a metasedimentary sequence. The total thickness of
exposed sedimentary and volcanic sequences amounts
to some 3,000 M.

A number of specific projects were planned, in-
cluding the collection of Jurassic rocks—both extrusive
and intrusive, Triassic rocks, Permian rocks, Devonian

L. L. J . LAMBRECHT

Expedition Antarctique Beige and
Centre National de Géoiogie Houiliêre, Brussels

Thanks to an invitation from the National Science
Foundation to the Belgian Antarctic Committee, Dr.
Josef Sekyra, Geological Survey, Prague, and I were
able to spend about two months (summer 1969-
1970) in the central Transantarctic Mountains as ex-
change scientists with the U.S. Antarctic Research
Program. Dr. Sekyra conducted geomorphological and
glaciological observations. My main objective was to
carry out a detailed stratigraphic and sedimentologi-
cal investigation in the well-preserved Permian coal-
bearing formations that extend from Victoria Land to
the Horlick Mountains.

The first field visit was to the outcrops of the
Mount Gran coal deposits, Victoria Land. The main
study concerned sections of the Beardmore Glacier
area—especially in the vicinity of Law Glacier—and
at Coalsack Bluff, Mount Sirius, and Mount Ropar.
Very detailed descriptions of good cyclic successions
were made, and more than 300 rock and coal sam -
ples were collected. These descriptions will be com-
pleted by further studies including petrologic analysis.
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With these first results, we hope to compare the
local cyclic conditions of sedimentation with West-
phalian, Namurian, and Tertiary conditions in some
areas of Europe and South America. The metamor-
phism by diabase sills will also be studied, principally
in coal and carbonaceous shale.

A second objective was to collect samples for Bel-
gian museums. A number of rocks and some Permian
plant fossils were taken, the latter in cooperation \\it  Ii
Dr. J . M. Schopf of the U.S. Geological Survey.

Facilities for geological and sedimentologicl in-
vestigations were provided by Dr. David H. Elliot,
Ohio State University, who welcomed me warmly in
his field camp at Walcott Névé in spite of unforeseen
organizational problems. Helicopters and toboggans
were available; very good relationships with U.S. and
foreign scientists and with U.S. Navy officers and men
greatly facilitated my work.

On many occasions, Dr. Sekyra joined me in the
field, helping me amicably in my first experiences with
antarctic conditions, and introducing me into his field
of glaciological and geomorphological studies.

I should like to thank William T. Austin, Kendall
N. Moulton, Philip M. Smith, David H. Elliot, and
many others for effective assistance during this suc-
cessful trip. A special word of thanks is due to Mort
Turner, who welcomed me twice in Washington as
an old friend.

Studies of Cryogeology and Eolation
Processes in the Beardmore Glacier

Area, Transantarctic Mountains

J. SEKYRA

Geological Survey, Prague and
Expedition Antarctique Beige

Under the aegis of the USARP Exchange-Scientist
Program, L. Lambrecht, Liege, and the author took
part in the geological investigations carried out at
Beardmore Glacier under the direction of D. H.
Elliot during the antarctic season of 1969-1970. The
author examined cryogeological phenomena in great
detail, with special attention to eolation—sedimenta-
tion films, cavernous weathering, ventifacts, etc. Most
of these studies were made in the Beacon Series in the
southern part of the Transantarctic Mountains, spe-
cifically between the Queen Alexandra and Queen
Elizabeth Ranges. The eight areas examined were:
Coalsack Bluff near Walcott Névé, the saddle at Coal-
sack Bluff, Mount Sirius, Mount Picciotto west and

Photo by J. Sckyra

Mount Ropar (2,630 m).

east, and Mount Ropar. Occasional studies were also
made in McMurdo Sound, particularly at Hut Point
Peninsula and in the Convoy Range.

The investigations were extensively documented
by rock samples, sections, diagrams, and topo-
graphical schemes. After laboratory analysis, the re-
sults will be examined statistically and compared
with those on the rock material from Enderby Land
and Queen Maud Land collected between 1966 and
1967. In addition, material was gathered for the
dynamic collection of the Geological Survey, Prague,
in order to extend its collections from East
Antarctica.

Various weathering forms with different facial
intermediate stages were studied on outcrops,
weathering mantles, and Quaternary sediments with
respect to their eolation and mechanical disintegra-
tion as different types of sediments in the Beacon
Series, including dolerites. These phenomena are
very important in genetic, lithologic, and strati-
graphic evaluation—not only of glaciogenic and de-
luvial accumulations, but also of denudation relief.
Three principal oscillation phases can be determined
in intermontane glacier tongues. Cryogenic, cola-
tion, and glaciogeologic phenomena are to some
extent in good agreement with those recognized dur-
ing my earlier studies in the Yamato and SØr-
Rondane Mountains and especially in the Wohlthat
Mountains (Queen Maud Land).

I thank Messrs. K. N. Moulton, P. M. Smith, and
D. H. Elliot, and all USARP and U.S. Navy mem-
bers who helped me carry out my work. Thanks are
expressed also to Messrs. M. D. Turner and W. R.
Seelig for information provided, and for the generous
reception they gave me at NSF in Washington, D.C.
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International Weddell Sea Oceanographic Expedition-1970
Physical and Chemical Investigations
of the Weddell Sea Coastal Current

JAMES M. SEABROOKE and GARY L. HUFFORD

U.S. Coast Guard Oceanographic Unit

From mid-February to mid-March 1970, an ocean-
ographic investigation of the eastern Weddell Sea
coastal current was conducted from USCGC Glacier
as part of the International Weddell Sea Oceano-

graphic Expedition-1970 (see map). The current
has been hypothesized as a major component in the
formation of Antarctic Bottom Water (Seabrooke,
Hufford, and Elder, in press), but only a few obser-
vations have been made in it. The IWSOE-70
program consisted of sampling the coastal current at
32 stations using Nansen bottles, a continuous
salinity-temperature-depth recording system with a
Niskin rosette sampler, and current meters. Water
samples were analyzed aboard ship for temperature,
salinity, dissolved oxygen, inorganic phosphate, ni-
trate, nitrite, and silicate. A summary of the oceano-
graphic station activities is given in the table.

IWSOE-70 oceanographic station summary

Position

0Z
0

C/)

	#1
	

74 0 21.5'	38°18'

	

2
	

76 0 35.6'	31045.0'

	

3	76 0 50.4'	32030.0'

	

4
	

76°55.1'	32°47.5'

	

5
	

77°26.5'	36001.7'

	

6
	

77°34.6'	35039.9'

	

7
	

77°330'	35°38.1'

	

8	76°24.6'	30036.2?

	

*9	75°25.5'	26028.5'

	

10
	

75 0 25.5'	26028.5'

	

11
	

75°25.5'	26028.5'

	

12
	

75 0 25.5'	26028.5'

	

13	75°25.5'	26°28.5'

	

14
	

75°25.5'	26028.5'

	

15
	

75°25.5'	26028.5'

	

16	75°25.5'	26028.5'

	

17
	

75°25.5'	26028.5'

	

18	74 0 54.0'	27°14.4'

	

19
	

74 0 52.3'	25°47.1'

	

20	740285?	25°40.6'

	

21	73°58T	23°39.0'

	

22
	730380?	23040.0'

	

23
	

72°08.2'	24°08.8'

	

24
	71 0 14.8 P	24032.0?

	

25
	

70 0 25.2'	24°33.1'

	

26
	69031.2?	24057.2'

	

27
	

71 0 03.3'	13°16.0'

	

28	71004.0P	12009.2'

	

29	71°10.0'	12°22.7'

	

30	7057.5	11°21.6

	

31	70021.0l	08055.0'

	

32
	

70 0 20.8'	07°29.8'
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0	eO

	X 	512	Feb. 19

	

X	390	Feb. 21

	

X	310	Feb. 21

	

X	322	Feb. 21

	

X	901	Mar. 01

	

X	585 Mar. 03
575 Mar. 03

	

X	320 Mar. 06
238 Mar. 07

	

X	235 Mar. 08
235 Mar. 08

	

X	235 Mar. 08
235 Mar. 08

	

X	235 Mar. 09
235 Mar. 09

	

X	235 Mar. 09
235 Mar. 09

	

X	410 Mar. 10

	

X	481 Mar. 10

	

X	506 Mar. 11

	

X	274 Mar. 11

	

X	1456	Mar. 11
X 4078 Mar. 12-13
X 4200 Mar. 13-14
X 4279 Mar. 14
X 4572 Mar. 14-45
X 1920 Mar. 15-16

	

1189	Mar. 17

	

X	465 Mar. 17

	

320	Mar. 17-18

	

X	503 Mar. 18
740 Mar. 18

5Cuentmeter stations taken at Stations 9 through 18 (Halley Bay).
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IWSOE-1 970 Piston-Coring Operations50°W	45°	40°W	350	30°	25" 20"	15° 10" 5°W

IWSOE-1 970 station location chart.

Preliminary results indicate that the coastal cur-
rent existed from the surface to abyssal depths in
the eastern Weddell Sea. Over the continental shelf,
the current decreases in temperature and increases
in salinity as it flows south into the Weddell Sea dur-
ing the austral summer (Cape Norvegia: 0.0°C.,
<34.00/1)0; near General Beigrano Station:
>-1.4 0 C., 34.59 0/). These changes may be due
to alteration of the shelf water as it flows south along
the extensive ice shelves of the east coast.

The Warm Deep Layer (Deacon, 1963) was de-
tected from the edge of the shelf to a depth of
1,600 m. This water mass is believed to be carried
into the Weddell Sea by the Circumpolar Current
and to contribute to the coastal current.

The origin of the bottom water in the eastern
coastal current is unknown. Temperatures are higher
(>-0.3°C.) than in the classical definition of the
Antarctic Bottom Water (-0.4 0 C.), and the direction
of flow is into the Weddell Sea. Further investigation
is necessary to determine the origin of the bottom
water.

Water over the continental shelf below 50 m was
quite homogeneous in nutrient content from station
to station. Phosphate, nitrate, and silicate concen-
trations were all higher than the winter maxima seen
in temperate regions. The nutrient concentrations
will be used with the temperature and salinity data
to trace the coastal current as it penetrates the
southern Weddell Sea. Wide variations in tempera-
ture and salinity as well as nutrients in the upper
50 m were due mainly to local ice conditions.
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Department of Geology
University of New Mexico

During the International Weddell Sea Oceano-
graphic Expedition-1970, a total of 20 piston cores
was obtained (see map). They averaged 3.28 m in
length, with a range of 0.16-6.5 m, and came from
depths between 233 and 4,612 m. Six Phieger cores
with an average length of 35.5 cm were also ob-
tained. The totals and averages from IWSOE-1969
and 1970 are listed in the table.

The cores were taken with an Alpine Model 205-
206 piston corer and labeled by date and station
number. The station number, depth, location, and
preliminary sediment description were recorded for
each core. Plastic core liners containing the sediment
were capped, waxed, sealed in tin liners, and placed
in the ship's refrigerator for storage. Refrigeration of
core material was continuous en route from the
Weddell Sea to the Albuquerque storage facility.

Preliminary sediment observations indicate a prev-
alence of poorly sorted material at depths less than
1,000 m. This material is similar to deposits of the
Ross Sea (LeFever et al., 1969). Sediments appear
to be better sorted at greater depths. Rock fragments
occurring within the samples include basalt, gabbro,
granite, gneiss, and schist.

Preliminary microfaunal investigations of bottom
samples reveal an abundance of both benthonic and
planktonic Foraminifera. The benthonic fauna

W	40W	30W	20W
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Piston Cores	 Phleger Cores

Expedition I
	I Total	Total

	

Inumber	length

	

IWSOE-69	............................21	58.6 m

	

IWSOE-70	............................19	62.1 m

Total	.............................I	40	I	120.7m

Average	Total	Total	Average
length	I number	length	I	length

2.78m	16	400 cm	25.0 cm
3.28m	1	6	1	213 cm	35.5 cm

3.02m	I	22	I	613 cm	I	27.9 cm

consists primarily of calcareous forms at depths
shallower than 450 m, whereas arenaceous faunas
appear to be restricted to depths greater than 400 m.

Planktonic Foraminifera are associated primarily
with the calcareous assemblage and comprise the
dominant faunal type along the eastern coastline at
depths shallower than 350 m.

The shallow-depth distribution of calcareous
faunas and the occurrence of solution effects on these
faunas at greater depths are indicative of a calcium-
carbonate solution boundary at depths of approxi-
mately 450-500 m. This shallow calcium-carbonate
solution boundary is very similar to that of the Ross
Sea (Kennett, 1968).
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Antarctic Marine Phytoplankton
Studies in 1969-1970

SAYED Z. EL-SAYED

Department of Oceanography
Texas A&M University

During 1969 and the early part of 1970, studies
of the ecology of marine phytoplankton were carried
out in two different regions of the antarctic seas—
between Australia and Antarctica during Eltanin
Cruise 38 (March-May, 1969), and in the Bransfield
Strait and Weddell Sea aboard USCGC Glacier
(January-April, 1970). Despite the circumpolarity of
the "Southern Ocean," with the attendant homo-
geneity of the properties of its water masses, the data
collected during these two cruises clearly demon-
strate the conspicuous geographical and temporal

differences in productivity between the two regions.
The low productivity values (in terms of phytoplank-
ton standing crop, biomass, and primary production)
encountered in the oceanic waters between Australia
and Antarctica are in vivid contrast to the rich areas
found in the inshore waters west of the Antarctic
Peninsula and northwestern Weddell Sea. The pre-
liminary results of these two cruises corroborate
earlier findings by the author that the proverbial rich-
ness of the antarctic waters is factual only with re-
spect to the inshore or coastal waters, and not in the
offshore or oceanic waters (El-Sayed, 1970).

Analysis of the data collected during Eltanin
Cruise 38 is still under way. When published, these
data will contribute to our knowledge of the day-to-
day variability in phytoplankton standing crop, pri-
mary production, dissolved and particulate organic
carbon, and nutrient salts during on-station periods
up to 7-9 days. Seldom, if ever, have such variables
been studied in the oceanic regions of the Antarctic
or Subantarctic.

During the Glacier cruise (which was part of the
International Weddell Sea Oceanographic Expedition
—1970), 10 stations were occupied in the Bransfield
Strait and 21 in the Weddell Sea. In addition to in
situ primary-productivity experiments, studies were
made of: phytoplankton pigments (spectrophotome-
trically as well as fluorometrically), nutrient salts
(phosphates, silicates, nitrates, and nitrites), protein
content of the microplankton, light penetration, and
species composition of phytoplankton. Particulate and
dissolved organic carbon were studied for the first
time in the Bransfield Strait and Weddell Sea during
this cruise.

It is interesting to note that the use of icebreakers
as research vessels in the Antarctic is now forcing us
to reevaluate the estimated potential productivity of
the antarctic waters. For instance, the fortuitous en-
counter in 1968 of an enormous diatom bloom off
the Filchner Ice Shelf in southwestern Weddell Sea
(El-Sayed, 1969) points to the fact that productivity
values obtained by research ships operating in rela-
tively ice-free and easily accessible waters could have
led to underestimates of the potential productivity.
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Figure 1 (above). Thalassiosira tumida: Scanning Electron Micro-
graph of the biological outside of a cleaned frustule. Note the
typical inflated appearance near the margin with the accompany-
ing center depression. These discoid diatoms are united in chains
by threads extruding from the very small tubuli near the center.
(Photo by Heinz P. Studer, E. & P. Research Division, Shell De-
velopment Company, using the K Square Ultrasian Microscope.

1 000X).

Figure 2 (below). Corethron criophilum: Scanning Electron Micro-
graph of one kind of frustule found in this species. Note the
empty sockets which hold the barbed spine bases and the small
spinules over the central portion of the valve. These solenoid dia-
toms are important in antarctic waters. (Photo by Walter R.
Brown, Southwest Center for Advanced Studies, using the Jeolco

JSM-1 microscope. 2000X).

Detailed accounts of the biological, chemical, and
hydrographic data collected in this bloom are dis-
cussed by El-Sayed (in press). Thalassiosira tumida
(Fig. 1), which contributed largely to this bloom,
was the subject of a detailed taxonomic study by
Hasle et al. (in press). A paper on Corethron criophi-
lum (Fig. 2), based mainly on the material collected
during IWSOE-1968 was completed by Fryxell and
Hasle (in press) during the period covered by this
report.
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The following three accounts, with a common
index map (Fig. 1), describe work carried out on
Deception Island during the 1969-1970 field sea-
son by a six-man party from the Institute of Polar
Studies, Ohio State University, with Olav Orheim
as party leader. The group was very comfortably
accommodated at the Argentine base on the island,
and was afforded transportation by the Argentine
Navy to and from the island. Thanks are extended
to the Argentine Navy, and in particular to Lieu-
tenant Luis R. Villa, the base commander, and his
seven men for their friendliness and valuable assis-
tance.

Glaciological Investigations on
Deception Island

()LAV ORHEIM

Itis!iti,te of Polar Studies
7'Iic Ohio State tinwercity

The major objectives of the 1969-1970 field sea-
son included continuation of the heat- and mass-
balance studies begun in the previous season on
1acier G 1 (Fig. 1), investigations of the fissures

that were opened through the glacier during the
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Figure 2 (above). Variation in mass balance with
elevation.

a = net ablation.	b = net balance.
B = total balance.
S = surface area.	c = net accumulation.

Figure 3 (below). Wall of ice fissure formed by 1969
eruption showing annual layers. Black layers near bot-
tom of wall are from eruptions early in this century.

Wall is about 30 m high.
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Figure 1. Index map of Deception Island. Solid black areas show
locations of rifts.

1969 eruption, drilling of a core from glacier G 1,
and measurement of geothermal heat flux on the
bay-facing side of the island.

The mass-balance investigations were started in
mid-December. At that time, the snow temperatures
were below 0°C. over most of the glacier, and only
a small amount of runoff had occurred from the
lower portion. The winter balance was determined
from more than 500 snow-depth measurements com-
bined with snow density values from 8 pits. The
summer balance was measured on 30 stakes, of
which 6 were replacements for stakes lost during the
winter. The variation of the mass-balance parameters
with elevation is shown in Fig. 2. These values in-
clude observed summer accumulation that averaged
0.1 m.

The 1969 subglacial eruptions opened a series of
fissures 30-60 m deep through the glacier on the
east side of the island (Fig. 1). The fissures were
formed by a combination of subglacial melting,
ejection of blocks of ice, lifting of the downslope
portion of the glacier, and lateral enlargement by
horizontal ablation. The relative importance of each
of these factors is not accurately known, but at one
locality, the uplift of the downslope ice was 10-20 rn
Extensive areas within the fissures were still hot
10 months after the eruption, and measured ground
temperatures exceeded 250°C. at many localities.
Blocks of ice calved frequently from the unstable
walls of the fissures. Where the fissure floor is hot,
this ice melts rapidly. Continuation of this process for
several years will cause the downslope portion of the
glaciers to become climatically dead and waste away.

The mass-balance history of the accumulation

BAILY
HEAD
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area of the glacier from 1910 to present was deter-
mined by stratigraphic studies of the annual dirt
layers exposed in the walls of the central section of
the fissures (Fig. 3). These ice-wall investigations
also led to the discovery of deposits from previously
unknown eruptions on the island; pyroclastic deposits
from six separate volcanic events were found near
the bottom of the ice walls (Fig. 3). The discovery
of these eruptions corroborates the hypothesis, pro-
posed after last year's studies (Klay and Orheim,
1969), that recent subglacial eruptions had occur-
red on the west side of the island. A 27-rn core was
obtained from the ablation area of glacier G 1. This
core, which at the time of writing is en route to the
laboratory and has not been examined in detail, con-
tained a series of pyroclastic deposits, presumably
from the same eruptions as those recorded in the
fissure walls, plus an additional group of deposits
which are expected to correspond to an older series
of explosive eruptions.

A high geothermal heat flux had been expected on
the bay-facing side of the island because of the
scarcity of glaciers. A geothermal-gradient measure-
ment made near the Argentine base in a 9-rn hole in
sandy silt below 1.5 m of frozen ground gave a value
of 0.6°C. rn-1 . This gradient corresponds to a heat
flow exceeding 10 x 10_6 cal cm-2 sec 1, an order of
magnitude higher than the global average.
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Petrology of the Deception Island
Volcano, Antarctica

CHARLES H. SHULTZ

Institute of Polar Studies
and Department of Geology
The Ohio State University

Deception Island is a large, composite volcano
that may have resembled Mount Shasta, California,
before it underwent caldera collapse. It probably
had a single, large central vent somewhere within
Port Foster (Fig. 1), and several parasitic cones.
After a catastrophic eruption and subsequent col-
lapse, numerous small vents developed over a long
period of time along an annular fault system. The
volcano is still active, and there is no reason to doubt

that this activity will continue; a new eruption might
possibly occur in the Whalers Bay area or even in
Fumarole Bay.

The island is composed predominantly of pyro-
clastics, with only minor amounts of highly viscous
lavas. Compositionally, most rocks seem to be basaltic
to andesitic, although almost all of them are glassy
or aphanitic. Porphyritic rocks are rare, and phan-
eritic rocks are virtually absent. Outcrops are scarce
and widely scattered; most of the island is covered
with glacial ice, cindery scree, or fluvioglacial ma-
terial. Hawkes (1961) subdivided the volcanics into
a Pre-Caldera and a Post-Caldera Series, each con-
sisting of several formations. His correlations were
done on the basis of stratigraphic sequence, and
geomorphic and petrographic similarity.

The purpose of the 1969-1970 investigations was
to collect samples of all rock units for detailed petro-
graphic and chemical analyses, with emphasis on the
relationship of the recent volcanics to older materials.
Approximately 30 K-Ar analyses will be made,
primarily to provide absolute dates on whk a to base
the volcanic history of the island. Additionally, 24
Sr87 /Sr86 analyses will be made to aid in the inter-
pretation of the petrogenesis of the volcanic rocks.
Laboratory work on rock materials is in the initial
stages.

The field work disclosed a number of important
features that had not been recognized by previous
workers or were erroneously interpreted. Among
these is the common occurrence of cut-and-fill struc-
tures on a wide range of scales, the most spectacular
of which is located southwest of the Argentine base.
Here, well-bedded, Post-Caldera lapilli agglomerate
is draped over and has buried a hill approximately
150 m high that is probably composed of Pre-Caldera
breccia and lapilli tuff. The agglomerate forms a
buttress unconformity and dips away from the hill
at an angle of repose of about 29°.

The writer disagrees with some of Hawkes' inter-
pretations regarding probable vent sites. Notable
among these is Cathedral Crags, which Hawkes
believes to be a major vent. The Crags is composed
of massive, yellow lapilli breccia showing indistinct,
nearly horizontal stratification. The material is pos-
sibly an ash-flow deposit, or it may have resulted
from massive eruptions of the Krakatoan type, but
it does not show features characteristic of vent com-
plexes. One outstanding example of a vent complex
lies north of the Argentine base just west of the
central part of Fumarole Bay. Here, all stages of
subsurface autobrecciation may be observed, from
almost massive igneous rock near the base to lapilli
tuff near the top; breccia intrusions of several types
are also present. Within the vent complex and else-
where, thin (0.3-1 m) basalt dikes show sudden
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great upward expansion in thickness, producing bul-
bous masses filled with coarse scoria or autobreccia.
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nowhere else on the island, were observed growing
in a fumarole area in the rift resulting from the 1969
eruption. The area where these plants grow was
buried under more than 15 m of glacier ice before
the eruption in February 1969. The spores must
therefore have been deposited there after this date.

Pollen analyses of airborne material collected from
glacial ice showed a large number and variety of
spores and pollen.

Glacial Geology on Deception Island
JEAN-ROLAND KLXY

Institute of Polar Studies
The Ohio State University

Much of Deception Island is covered with a layer
of coarse-grained, porous ash and debris. This layer
contains less than 10 percent silt and clay. When the
ash layer exceeds a certain thickness, it acts as an effi-
cient thermal insulator, despite the heat-absorbing
effect of its dark color. In addition, precipitation read-
ily infiltrates the ash.

The ash layer helps conserve the morphological
features of the island, much of which is underlain by
permafrost 0.3-2 m thick under a layer of 30 cm or
more of loose ash. Average monthly temperatures vary
between +3'C. (January) and —6°C. (July). Water
melted on warm days (+6°C. air temperature, 4 to
5° higher at the ash surface) is insufficient to saturate
the ash layer and cause solifiuction, even on slopes of
20°.

On some glaciers, the lower portion of the abla-
tion zone is covered with an ash and debris layer
that prevents normal ablation of the underlying ice.
This ash and debris cover is initiated at an ap-
parently constant position—marked by an ash-cov-
ered ice ridge—for each glacier. The ridge contains
either annual layers or, on some glaciers, more
likely shear planes, dipping at angles of 40 to 50°
up-glacier. The upward movement of ice illustrated
by these planes is probably controlled by bedrock. Ash
and debris, deposited by wind or volcanic eruptions
above the zone of ridge formation, is washed down-
glacier by meltwater and is partly deposited in de-
pressions behind the ridges, showing up later through
differential ablation as ash-covered ridges. The
ridges, impervious to rigorous ablation, persist and
move with the glacier.

Glacier retreats have formed a series of parallel,
crescentic, sometimes ice-cored, moraines, as in G 2
and G 4. Because of the high dirt content of the ice,
the moraines are of considerable size (G 2).

Mosses and some specimens of liverwort, found

Geology of the Lassiter Coast*
PAUL L. WILLIAMS

U.S. Geological Survey
Denver, Colorado

The Lassiter Coast is a mountainous borderland of
the Weddell Sea located at the south end of the
Antarctic Peninsula between 73° and 75°S. and
61° and 66°W. A combined British-American sledg-
ing party traversed the sea ice to Bowman Peninsula
in 1947-1948, but the mountains of the area were
unexplored until November 9, 1969, when two C-130
aircraft of VXE-6 landed a U.S. Geological Survey
party and established a Jamesway base camp at the
north end of the Latady Mountains at 74°27'S.
64°37'W. A third aircraft brought in the remainder
of supplies and personnel on November 18. The
eight-man party consisted of four geologists—Paul
L. Williams, party leader, Dwight L. Schmidt,
Charles C. Plummer, and Lawrence E. Brown; and
four topographic engineers—Eberhard G. Schir-
macher, topographer in charge, James R. Heiser,
Jack L. Harry, and Frederick J . Geier. Mapping
commenced in the southern third of the area—the
Latady and Scaife Mountains. Reconnaissance ge-
ologic mapping was also extended northward to the
Rare Range and southwestward to the Wilkins and
Hauberg Mountains on the Orville Coast.

The rocks exposed in the area are principally
intensely folded marine sedimentary rocks and
younger plutonic rocks. The sedimentary rocks com-
prise a sequence of black siltstones, sandstones, and
shales, and minor tan quartzitic to arkosic sand-
stones, the total thickness of which is unknown but
is probably several thousand meters. The sedimentary
rocks contain a rich marine fauna and a fragmental

*Publication authorized by the Director, U.S. Geological
Survey.
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Intrusive contact exposed at Mount Wood, Latady Mountains.
Folded Jurassic marine siltstone and shale (left) intruded by

granodiorite of probable Cretaceous age.

flora that are tentatively identified as Jurassic. In-
tensely folded felsic to intermediate flows and ash-
flow tuffs occur at Mount Poster.

The plutonic rocks are mostly medium- to coarse-
grained granodiorites and adamellites, but granites
and diorites also occur. The plutons are 10-15 km
in diameter, and contacts with the sedimentary rocks
are well exposed at many localities (see figure) ; the
plutons are surrounded by metamorphic aureoles
several hundred meters wide. The plutonic rocks are
probably a part of the Cretaceous and Lower Terti -
ary Andean intrusive suite found throughout the
Antarctic Peninsula (Adie, 1955). Felsic to basaltic
dikes and sills, in part associated with the plutons,
occur throughout the area.

The sedimentary rocks were tightly, and in places
isoclinally, folded about northeast-trending, gently
plunging axes. Many folds are asymmetrical with
axial planes steeply inclined to the northwest, which
implies yielding toward the southeast. Near the
plutons, fold axes are commonly deflected and local-
ly are steeply plunging. Penetrative deformation ac-
companied thermal metamorphism of the country
rock, suggesting that folding and plutonism over-
lapped in time.

Geologically, the area is similar to the mountains
of eastern Ellsworth Land (Laudon et al., 1969),
where fossiliferous Jurassic sedimentary rocks and
dacitic volcanics have been intruded by plutons of
Cretaceous age (Halpern, 1967). Fold axes on the
Orville Coast are east-west and thus form a con-
necting part of a great orogenic arc extending from
the Lassiter Coast to eastern Ellsworth Land, where
fold axes trend west-northwest.

A line of stakes to measure ice movement was
extended across the 5-mile-wide Wetmore Glacier.
A maximum movement of nearly 6 meters was
recorded during the month of January. Accumula-
tion studies indicate a snowfall of approximately 30

cm per year, or about 10 cm of water. The mean an-
nual temperature is estimated to be —22°C.

The party was returned to McMurdo Station by a
C-130 flight on February 9, 1970; total time in
the field was 91 days.
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Structural Studies in the Scotia Arc:
The Patagonian and Fuegian Andes

IAN W. D. DALZIEL

Lamont-Doherty Geological Observatory
Columbia University

In the course of Cruise 69-6 of R/V Hero, the
author was able to examine a complete structural
cross-section of the Patagonian Andes at 50°-52°S.,
and to make limited observations in the Fuegian
Andes at 54°-55°S. (see map). All the basic tectono-
stratigraphic units of the cordillera were studied.

It was not possible to undertake regional struc-
tural mapping in the time available. Instead, em-
phasis was placed on the establishment of basic field
relations, tectonic history, and local structural ge-
ometry in each of the units. These are sufficiently
continuous along the strike of the cordillera (see
map) to allow some extrapotation to be made with
a reasonable degree of confidence.

Irrefutable structural evidence was obtained of at
least two major orogenic events in the Andes—at
50°-52°S. and also at 54°S. The deformed Mesozoic
(late Jurassic-Lower Cretaceous) sediments and
volcanics rest unconformably on the metamorphic
complex, not only east of the High Cordillera as
reported by Cespedes (unpublished) and Katz (in
press), but also to the west of it (Cortés and Daiziel,
1970). The metamorphic complex underwent poly-
phase ductile deformation and broadly synchronous
low-grade regional metamorphism in pre-late Juras-
sic times. Late Mesozoic-early Tertiary deformation
of the cover rocks resulted in the formation of tight
eastward-facing folds with well developed, steeply
dipping axial surface foliation. However, no evi-
dence was observed of high-grade regional metamor-
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phism or basement reactivation (apart from clean-
cut thrusting) at this time.

At least two fold episodes affected the Pennsyl-
vanian-Permian marine succession of the Madre de
Dios basin on the west coast of the continent. How-
ever, there is no direct evidence of the age relation-
ship between the polyphase deformation recognizable
in the pre-late Jurassic metamorphic complex to the
east and that observed in these sediments. Pebbles of
granitic rocks were found in the sediments.

The large granitic (and earlier basic) intrusives
seen to cut the Pennsylvanian-Permian sediments,
the metamorphic basement, and the Mesozoic cover
rocks are mainly post-tectonic. There is no structural
evidence that any of these igneous rocks are older
than latest Mesozoic-Tertiary. Their foliation is
primary.

A large number of specimens were collected for
microscopic studies. It is hoped that these will shed
further light on the nature of the various deforma-
tional events for which field evidence was observed.
The specimens of the metamorphic rocks will make
it possible to establish the relationship in time be-
tween deformation and metamorphism.

Over 100 oriented specimens were collected for
paleomagnetic analysis.
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Structural Studies in the Scotia Arc:
Elephant Island, Gibbs Island, Hope

Bay, and Livingston Island

IAN W. D. DALZIEL, DAVID P. PRICE,
and GERRY L. STIREWALT

Lamont-Doherty Geological Observatory
Columbia University

During January and February 1970, the authors
carried out geologic studies at a number of localities
in the South Shetland Islands and the Antarctic
Peninsula (see map). Ten days were spent on the
west coast of Elephant Island, ten days at the north-
eastern end of the Antarctic Peninsula (Hope Bay),
and a brief landing was made on Gibbs Island. In
addition, one of us (D.P.P.) worked with geologists
from the Instituto Antártico Chileno (Francisco
Hervé and Eduardo Valenzuela) on western Livings-
ton Island for two weeks in early February.

The rocks seen on western Elephant Island con-
sisted of metasedimentary schists similar to those
reported from elsewhere on the island (Wordie, 1921;
Tilley, 1930; Tyrrell, 1945; Araya and Hervé, 1966).
However, the authors were able to establish a his-
tory of polyphase deformation, which had not previ-
ously been recognized in the metamorphic rocks of
the islands in the Scotia Arc.

The visit to Hope Bay was improvised when
logistic problems prevented the establishment of an-
other camp on Elephant Island. Hope Bay is the
"type" locality for studying the relationship between
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two of the most important lithostratigraphic units
of the Antarctic Peninsula area, namely the Trinity
Peninsula Series (? late Paleozoic) and the volcanic
and sedimentary Jurassic sequence (Adie, 1957).

While the details of their structural history could
not be established within the limited area studied,
the northwesterly dipping sediments of the Trinity
Peninsula Series have clearly been affected by a
number of episodes of folding and faulting. Their
structural style is similar to that observed by the

principal investigator in the Miers Bluff Formation
of eastern Livingston Island during the 1968-1969
season (Dalziel, 1969). The Jurassic volcanics and
sediments which crop out at a higher topographic
level (and have a basal conglomerate containing
clasts from the Trinity Peninsula Series), on the
other hand, show no signs of having been affected
by more than a mild regional tilting to the south-
west. Thus, although it is not possible to prove un-
equivocally that an unconformable relationship exists
between the two sequences, as the actual contact is
covered by a scree slope (Adie, 1957; Bibby, 1966;
Schopf, in press), there is little room for doubt that
such an unconformity exists, as Adie (1957) has long
maintained.

On western Livingston Island, Price examined the
sedimentary and volcanic sequence of the Byers
Peninsula previously assigned to the Miocene
(Hobbs, 1968), but now recognized as Mesozoic
(Araya and Hervé, 1966; 0. Gonzalez, personal
communication). The rocks are much less intensely
deformed than the sediments of the Miers Bluff
Formation (? Trinity Peninsula Series) of eastern
Livingston Island (Daiziel, 1969).

On Gibbs Island, time was available only for col-
lecting. A helicopter reconnaissance indicated, how-
ever, that ultramafic rocks are not confined to the
eastern end of the island (Narrow Isle) as previously
reported (Tyrrell, 1945).

Material was collected for petrologic, paleon-
tologic, paleomagnetic, and geochronologic study.

References

Adie, R. J . 1957. The petrology of Graham Land, ITT:
Metamorphic rocks of the Trinity Peninsula Series. Falk-
land Islands Dependencies Survey. Scientific Report No.
20. 26 p.

Araya, Roberto and Francisco Hervé. 1966. Estudio geo-
morfológico y geológico en ]as Islas Shetland del Sur,
Antártica. Instituto Antdrtico Chileno. Publicación No. 8,
p. 1-15.

Bibby, J . S. 1966. The stratigraphy of part of north-east
Graham Land and the James Ross Island Group. British
Antarctic Survey. Scientific Report No. 53. 37 p.

Daiziel, I. W. D. 1969. Structural studies in the Scotia Arc:
Livingston Island. Antarctic Journal of the U.S., IV (4)
137.

Hobbs, G. J . 1968. The geology of the South Shetland Is-
lands: IV, The geology of Livingston Island. British Ant-
arctic Survey. Scientific Report, No. 47. 34 p.

Schopf, J . M. In press. Plant material from the Miers Bluff
Formation of the South Shetland Islands.

Tilley, C. E. 1930. Petrographical notes on rocks from Ele-
pliant Island, South Shetlands. In: Report on the Geo-
logical Collections made during the Voya'e of the Quest.
British Museum of Natural History, p. 55-62.

Tyrrell, G. W. 1945. Report on rocks from West Antarctica
and the Scotia Arc. Discovery Reports, 23: 76-88.

Wordie, J . M. 1921. Shackleton Antarctic Expedition, 1914-
1917. Geological observations in the Weddell Sea area.
Royal Society of Edinburgh. Transactions, 53 (pt. I, no.
2): 17-27.

July—August 1970	 101



and geochemical studies. Material for radiometric
dating was collected from the intrusive bodies. No
fossil material was found, but the high carbon con-
tent of limestones suggest an organic source. Ex-
cept for graded bedding in sandstones, no sedi-
mentary structures have survived deformation and
metamorphism.

Geological Studies of Basement Rocks
in South Victoria Land

DONALD J . MURPHY, ROBERT F. FLORY,
ROBERT S. HOUSTON, and SCOTT B. SMITHSON

Department of Geology
University of Wyoming

During the 1969-1970 field season, mapping of
basement rocks was carried out by two field parties,
one in Wright Valley and the other on the Skelton
Glacier. The party in Wright Valley was able to
work almost every day, while the party on the
Skelton Glacier was hindered by bad weather and
high winds.

Mapping in central Wright Valley was carried out
at scales of 1:500 and 1:3,000. The basement rocks
cropping out between the Goodspeed and Meserve
Glaciers consist of complexly deformed metasedi-
mentary rocks and augen gneiss intruded by Theseus
Granodiorite, microdiorite, Vanda Porphyry, and
lamprophyre, in that order. Between the Goodspeed
and Hart Glaciers, the Theseus Granodiorite is folded
and foliated, but it shows little sign of deformation
west of the Hart Glacier. Much of the augen gneiss
seems to be quartzo-feldspathic layers in the meta-
sedimentary rocks, but a few augen gneiss layers
are clearly discordant and may be folded, metamor-
phosed dikes. These dikes need not imply the pres-
ence of introduced magma, but can be accounted for
by mobilization of part of the quartzo-feldspathic
material of the metasedimentary rocks. The struc-
tural geometry of metasedimentary rocks, augen
gneiss, and Theseus Granodiorite shows two periods
of intense deformation and strongly suggests a third.
A fourth, relatively minor deformation consists of
steep extension faults, postdating emplacement of
the Theseus Granodiorite and Vanda Porphyry, but
predating or possibly synchronous with emplacement
of the lamprophyre.

Geologic studies were begun along the Skelton
Glacier between the Baronick and Cocks Glaciers.
The purpose of the study was to investigate structure,
stratigraphy, and—if possible—paleontology of the
Anthill Limestone. The field work, hampered by
weather throughout the season, was halted on De-
cember 25 by a storm that left a snow cover of over
4 feet.

Two fold systems are present in the Anthill Lime-
stone. The earlier system consists of isoclinal folds
which range from passive folds with axial plane
cleavage to flexural slip folds. The second system
is represented by large, open folds around which the
isoclinal folds are folded.

Samples were collected for lithologic, mineralogic,

Wright Valley Soil Studies
ROBERT E. BEHLING

Institute of Polar Studies
The Ohio State University

and

PARKER E. CALKIN

The State University of New York at Buffalo

Pedological field investigations correlating rates
of chemical and physical weathering with glacial
episodes were completed in Wright Valley during
the 1969-1970 field season. The sites for pedological
collections were selected on the basis of the 1968-
1969 field work (Behling and Calkin, 1969; Calkin,
Behling, and Bull, 1970).

Samples were collected from 76 soil profiles in de-
posits associated with axial and alpine glaciations in
Wright Valley. Several buried paleosols, encountered
in pits dug on crests of Alpine II lateral moraines,
attest to the non-erosive character of these advances.
A paleosol was also encountered beneath Trilogy de-
posits 5 km west of Wright Lower Glacier. The
upper profile here is typical of adjacent soils de-
veloped since the Trilogy glaciation. The buried soil
is characterized by rotten boulders, locally strong
iron staining, salt-indurated horizons, and salt en-
crustations, and is consistent with soils developed on
older deposits such as those of the Loop glaciation.

The partial remains of a seal were discovered one-
third of the way up the western margin of the Bart-
ley Glacier tongue. The remains, consisting of frozen
skin and shattered bone fragments, were incorpo-
rated in the face of a small terrace of the Alpine I
glaciation. The uncorrected C 14 date, 1970 -L 95  years
B. P., provides a minimum date for the Alpine I
event.

Volcanic erratics were located along the south wall
of Wright Valley near the east end of Lake Vanda.
The erratics suggest that axial ice from the area now
occupied by the Ross Sea may have extended to this
Spot.

Comparatively rapid rates of ionic translocations
take place within soils on Trilogy deposits in the
valley bottom at the far eastern end of Wright Val-
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ley. This process is due to the presence of an ice-
cemented layer close to the surface (usually less than
40 cm) and to frequent (although light) summer
snow falls coupled with high humidity.

Particular attention is being paid to soil-profile
samples with respect to physical and chemical
weathering and to ionic translocations. A map is
being prepared to correlate and define the soils, the
surficial geology, and the glacial history of Wright
Valley.
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Volcanic Rocks of the Ross Island Area

SAMUEL B. TREVES

Department of Geology
University of Nebraska

and
Institute of Polar Studies
The Ohio State University

During the 1969-1970 austral summer, the geology
of the summit areas of Mounts Terra Nova, Erebus,
Discovery, Bird, Terror, and Morning were investi-
gated. Additional work was done in the McMurdo
area; on the flanks of Mounts Discovery, Terra Nova,
and Erebus; and on Minna Bluff. The preliminary
results of this work are as follows:

Mount Terra Nova: The summit is covered by
snow and ice. Outcrop areas immediately below the
summit consist of basalt, olivine basalt, and scoria.
Glacial rubble consisting of basalt, trachyte, and
scoria blankets most outcrops. The lower flanks of
Terra Nova exhibit a few partially dissected vents
and some flows that consist of olivine basalt, basalt,
scoria, and pyroclastics. Hornblende basalt con-
stitutes one of the flows of this area.

Mount Erebus: The highest outcrops investigated
are just below the summit, between the summit and
Fang Ridge. They consist of flows of anorthoclase
trachyte porphyry (Kenyte or Antarctic Kenyte) like
those that occur at Capes Royds and Evans (Treves,
1962). Outcrop surfaces show abundant evidence of
wind polishing, grooving, and planation. Sulphur
blebs and crusts occur on some rocks, and mirabilite
(?) is present on buried surfaces of most rocks.
Anorthoclase crystals, many of which are longer than

two inches, are abundant. Field observations indicate
that they are lag materials that weathering has freed
from the fine-grained matrix of the anorthoclase
trachyte porphyry flows. On the lower flanks of
Mount Erebus, in the saddle between Mounts Terra
Nova and Erebus, flows of black-glassy-scoriaceous-
porphyritic-anorthoclase trachyte (Kenyte) occur.
They resemble the glassy anorthoclase trachyte of
the Cape Royds area (Treves, 1962). Locally, the
black trachyte porphyry overlies a grey, massive
trachyte. Loose anorthoclase crystals that weathering
has released from the trachyte are also abundant.

Mount Discovery: The top of the mountain is
covered by snow and ice. There are, however, nu-
merous outcrops near the summit. Some of these
were found to consist of trachyte, basalt, and basalt
porphyry. In general, the trachyte is younger than
the basalt. Basalt younger than the trachyte occurs
on the lower slopes.

Mount Bird: A number of small outcrops occur
on the broad summit, consisting either of horn-
blende trachyte porphyry or of olivine basalt por-
phyry. The hornblende trachyte is like the rocks that
occur at Cape Bird (Treves, 1967).

Mount Terror: Only the broad outcrop areas to
the east of the steep summit peaks were investigated.
These areas were deeply covered with rubble that
consisted of trachyte, basalt, and red and black
scoria. Outcrops are rare and consist of basalt.
Visual examination indicated that the summit areas
consist of trachyte and basalt.

Mount Morning: The summit consists of small
vents and flows of olivine basalt and scoria that re-
semble the younger basalts of the lower flanks of
Mount Discovery.

The work done at McMurdo and Minna Bluff
tends to confirm the results of earlier work on these
and other areas (Treves, 1962, 1965, 1967, 1968,
1969). A suite of nodules from a flow in the Mc-
Murdo area was collected and will be studied.

The close support given by the helicopter pilots
and men of Burton Island is acknowledged. These
helicopters carried the writer to summit areas of all
of the mountains and stood by while specimens were
collected and the geology investigated.
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Weathering and Soil Formation in the
Dry Valleys of Victoria Land, Antarctica

GEORGE 0. LINKLETTER

Quaternary Research Center
University of Washington

The primary objective of the second field season
of this two-year study was to collect soil samples that
would complement and supplement the previous
year's collection. Seventy-one soil samples were taken
from 21 sites in the Taylor and Beacon Valleys and
on The Bulwark. At least two soil profiles have now
been described and sampled on each of the 11 gla-
cial units defined by Denton et al. (1970). This se-
lection should provide information on the course of
soil development over a long time span in the ice-
free areas around McMurdo Sound.

Samples collected from Denton's Ross IV, III,
and II deposits on The Bulwark during the 1968-
1969 field season failed to show significant variations
as a function of age in most of the 50 parameters
measured in the field and laboratory. Because subtle
variations were found, however, further collections
were made this year to determine if the observed
changes are real and reproducible.

Because one of the major aims of this project is to
study changes in soils with time, it is necessary to
know what variations can be expected in a single
till. A series of 10 soil profiles was sampled in a
300-rn traverse across a single till near the Borns
Glacier, Taylor Valley. Although soil color and the
depth to ice-cement showed little variability, pebble
lithology and texture varied over a significant range.
Laboratory tests will be made of the soluble chem-
istry, mineralogy, and <2 mm texture. The field data
indicate that care must be taken in characterizing
soils found on tills of various age, as substantial vari-
ations in parent material may be an overriding factor.

Photo by George 0. Linkletter

Sampling of soil developed on bedrock, Hjorth Hill, Taylor Valley

A recently published geologic map of the Mount
Falconer area (Ghent and Henderson, 1968) enabled
a study to be made of soil development on three well-
defined bedrock types, as well as till composed of all
three rock types.

The degree to which weathering and soil forma-
tion reflect the relative chronology of glacial events,
as determined by surficial mapping, was studied in
the Beacon Valley. Careful field study of the soils by
James Bockheim and F. C. Ugolini led to the same
overall chronology of events as was determined by the
mapping of the glacial geology. The simple and uni-
form lithology of the tills in the valley, providing an
essentially constant parent material, is an important
factor in the degree of correlation achieved. Tills de-
posited at various times during a single glacial event
were not individually distinctive in their soils.
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Patterned-Ground Studies in Antarctica
ROBERT F. BLACK

Department of Geology and Geophysics
University of Wisconsin, Madison

With the death on November 19, 1969 of Thomas
E. Berg in a helicopter accident (Antarctic Journal,
vol. 5, no. 1, p. 7), the patterned-ground project in
Antarctica was set back many years. Tom Berg
and his assistant, Donald V. Currie, had arrived at
McMurdo in early November to complete the field
studies begun ten years ago. In the few days before
Tom's death, the thermal recording stations at Mc-
Murdo and at Nussbaum Riegel in Taylor Valley
were serviced, and contraction measurements were
made at all sites where ice and sand wedges are
controlled. Because of past difficulties in determin-
ing precise annual growth rates of the ice and sand
wedges when measurements were made at times
other than maximum closure of the contraction
cracks, plans for the final year of the project called
for frequent measurements of the wedges. This would
have permitted close correlation with ground tem-
peratures and precise prediction of the maximum
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closure of the contraction cracks. With Tom's death,
it was not possible to carry out this work. The cor-
relation of ground temperatures and maximum clos-
ing is still subject to extrapolation, and correction
factors will have to be applied as in previous years.
Nonetheless, it is hoped that reasonably accurate
growth rates over the past decade can be deter-
mined.

In mid-January, Arthur A. Twomey, who had
worked on this project during the two previous sea-
sons, returned to close down the field stations. He
calibrated the thermal recorders under field condi-
tions over the temperature range —50°C. to+20°C.
They were then removed and shipped to the U.S.A.
for further calibration. In the latter part of January,
he also measured the growth of wedges at McMurdo
and at Nussbaum Riegel in Taylor Valley.

Future plans necessitate the review and compila-
tion of all of the thermal and contraction data col-
lated by Berg. These data will provide information
on the seasonal temperature changes in the active
layer and the upper part of the permafrost, and on
the seasonal moisture movements in the active layer.
They, in turn, will be correlated with local geology
and with the contraction data on growth rates of
the wedges during the lifetime of the project. The
sites will be left undisturbed for future checks of
growth rates at five- or ten-year intervals.

Micromorphologic Investigations
of Antarctic Soils

W. L. KUBIENA

Department of Soils
University of Hamburg

(Schloss Reinbek)

On the invitation of the National Science Foun-
dation, the author was able to spend December
1969 at McMurdo Station. A program was carried
out that was influenced by two results obtained pre-
viously in polar soils by micromorphologic investiga-
tions of thin sections. The first was that remnants of
soil formations of former geological periods could
be recognized and dated in soils of the Umiat region
of northern Alaska. The second was that thin sec-
tions of soils of the McMurdo region (sampled by
Dr. H. Janetschek, Innsbruck) showed abundant
slime deposits with complete absence of humus
formation.

Because of a temporary scarcity of helicopter sup-

port at McMurdo, it was not possible to visit all
desirable locations, but this adversity was compen-
sated for by the kindness of a number of colleagues
who made available a series of soil samples, collected
in these and similar places, for micromorphologic
analysis. This development permitted expansion of
the project to a general comparative study of micro-
morphology in antarctic soils. (Additional soil sam-
ples of different environments, genesis, or biology
would be gratefully accepted.) The soil samples
from McMurdo Sound arrived only recently in Ham-
burg, and have not been studied yet. However, a
general concept of the great variability of the micro-
morphology of antarctic soils was obtained using a
field microscope.

In regard to the genesis of the polygenetic soils,
there is a great disadvantage in Antarctica as com-
pared to the Arctic. The areas of Barrow, Umiat,
and Cape Thompson had not—or only scarcely—
been glaciated in the Pleistocene period. Thus, many
soil sediments which served as parent material for
the present soils are found today in their original
locations, some dating back even to the Cretaceous.
Their micromorphology corresponds to a great ex-
tent clearly to tropical or subtropical environmental
conditions at the time of their development as soils.
These highly dispersed sediments can also be recog-
nized in the form of coatings around the un-
weathered minerals of raw soils, or around the plant
residues in peat areas moistened by muddy meltwater
from nearby slopes. Their color—investigated with
incident light—varied from bright yellow (stained
by peptized amorphous iron hydroxide) to bright
red (caused by crystallized iron hydroxides pro-
duced by pseudogleyization). In south Victoria Land
and other regions of Antarctica, a similar influence
of silted-up fine elements of former soils, developed
under humid subtropical or maybe even tropical
conditions, can be recognized in the form of coatings
around almost unweathered mineral grains of polar
raw soils. The investigation here becomes more com-
plicated because of the great influence of high glacial
activity and repeated erosion and redisposition, ac-
companied by intense mixing of highly weathered
and completely unweathered constituents. The mud
coatings on the mineral grains are similar to those in
the Arctic but less regular, occurring partly in the
form of intermittent deposits. They are more yellow
than red in color, and more flocculated than pep-
tized. Their density decreases due to the decreasing
penetration of the melting waters in the profile. The
differences in micromorphology are caused by the
much drier conditions in these environments. The
intergranular spaces are wider, either completely
empty or filled with salt or calcium-carbonate pre-
cipitations. Their micromorphology is manifold,
including very original space-filling pseudomycelium-
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like needle accumulations through a number of hori-
zons of the soil profile.

Direct investigation of the slime-forming, primi-
tive, nonhumus-producing soil life in the semiterres-
trial soils under moss and algae vegetation (The
Strand Moraines, Bowers Piedmont Glacier) could
be performed by investigating drops of capillary
water, removed by micropipettes, under the micro-
scope. With increasing temperature, the life develop-
ment was surprisingly dense, showing extended
myxobacteria colonies with abundant green algae,
diatoms, amoebae, flagellates, and flourishing ciliates
(mainly Colpoda steinii). Striking was also the high
development of bdelloid wheel animalcules, water-
bears, and nematodes. The slime accumulations in
the soil spaces visible in the thin sections seem to
have been produced mainly by the myxobacteria,
but many forms also suggest the presence of mummi-
fied bodies of rotifers and tardigrades. On the whole.
the slime formations indicate the most primitive kind
of soil life, comparable to the primeval slimes of
the Precambrian.

Topographic Mapping:
Field Operations 1969-1970

ROBERT H. LYDDAN

U.S. Geological Survey

The U.S. Geological Survey assigned six engineers
to the Antarctic for the 1969-1970 austral summer
to establish geodetic control and to support various
scientific projects. The Survey also assigned a co-
ordinator and photographic specialist to assist in the
geodetic program and to advise Antarctic Develop-
ment Squadron Six (VXE-6) on visual navigational
and photographic procedures for obtaining mapping-
quality photography and other photographic cover-
age for various scientific projects. He also evaluated
the aerial negatives to insure that they met
specifications.

Four engineers were part of an 8-man Geological
Survey party that performed reconnaissance topo-
graphic and geologic surveys on the Lassiter Coast.
The topographic party established an astronomic
position at its Wetmore Glacier campsite, which will
be the hub of the Survey's planned 3-year program
of investigations along the western coast of the Wed-
dell Sea. A glaciological strain net was established
across the Glacier to determine its rate of movement.

The topographic party then traversed southward
and established control in the Latady and Scaife

Mountains. Travelling by motor toboggans, the
party completed 225 km of electronic traverse, oc-
cupied 12 stations, and set 9 permanent bench
marks. This control will be sufficient for the com-
pilation of approximately 16,800 km 2 of reconnais-
sance mapping at 1:250,000 scale. Early next sea-
son, this control will be extended into the Sweeney
and Hauberg Mountains before commencing a sec-
ond traverse northward from the Wetmore Glacier
astronomic station through the Hutton Mountains.

The general weather pattern of continuous white-
outs and blowing snow during the 3-month season
prevented the party from pursuing normal field op-
erations much of the time. If operations are delayed
next season by weather conditions, it may take four
years to establish the required control northward to
the 73°S. parallel.

Upon return to McMurdo Station, the party re-
measured the Naval Civil Engineering Laboratory's
strain net across the Ross Ice Shelf between Hut
Point and the Koettlitz Glacier.

A two-man party reobserved the astronomic posi-
tions at both Byrd and South Pole Stations, estab-
lished an elevation for the automatic-station tower at
Byrd Station, obtained astronomic azimuths at Byrd
and South Pole for the Coast and Geo&tic Survey's
geomagnetic observatories, took three solar azimuths
along the Byrd strain net for The Ohio State Uni-
versity, and set a post marking the current location
of the South Geographic Pole.

Because of other priorities, no aerial photography
for mapping was obtained this year, but about
18,000 km 2 of reconnaissance photography was
flown over portions of Coats Land and in the vicinity
of Cape Colbeck on the Edward VII Peninsula.

Several special-purpose, multidiscipline photo-
graphic projects were flown. These missions included
black-and-white panchromatic and infrared photog-
raphy for penguin and seal population censuses,
medium- to large-scale coverage for geologic and
glaciologic research projects, and large-scale cover-
age of the National Geodetic Satellite triangulation
station at McMurdo (part of the Worldwide Geo-
metric Satellite Program) and of Specially Protected
Areas No. 5 (Beaufort Island) and 6 (Cape
Crozier). Color photography was also obtained over
several glaciers in Wright Valley as part of a glacio-
logical project. Arrangements were made to have
over 1,800 prints made by the U.S. Navy photo-
graphic laboratory and delivered to field investi-
gators.

Over 8,300 negatives were obtained with the tn-
camera system in the photoconfigured LC-130 used
in the Scott Polar Research Institute (SPRI) radio-
echo sounding project. These negatives will be used
in a photogrammetric system to refine the aircraft's
navigational record.
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All negatives are on file at the Antarctic Map and
Aerial Photography Library; however, a complete
set of Sonne prints (8,361) was made at the Navy
photographic laboratory in Christchurch and shipped
directly to SPRI in Cambridge, England.

Shackleton Range Traverse, 1969-1970
SIR VIVIAN FUCHS

British Antarctic Survey

In 1969-1970, for the second year running, a
U.S. Hercules (C-130) aircraft lifted a British Ant-
arctic Survey topographical and geological survey
party into the Shackleton Range from Halley Bay.
During the previous season, tellurometer control for
the western half of the range had been achieved
(Antarctic Journal, vol. IV, no. 4, p. 139), and the
intention was to complete the work.

On November 19, a party of 6 men, three 9-dog
teams, and supplies for 10 weeks were put down
2'/2 miles southeast of Mount Lewis; from this cen-
tral depot, the three sledge parties operated sep-
arately. The two surveyors, Tony True and Allen
Clayton, each accompanied by an assistant, Graham
Wright and Malcolm Guyatt, were to make a wide
sweep from Mount Lewis along the northern flank
of the mountains to the eastern extremity, return-
ing along the southern margin to close with the con-
trol established the previous year. The two sledges,
leap-frogging from point to point, covered a total

distance of approximately 1,000 miles. In all, 24
stations were occupied and 22 tellurometer lines
measured in both directions. In addition, theodolite
angles were taken to appropriate points and vertical
angles were measured to establish elevations.

The geological party, comprising Peter Clarkson,
a geologist, and Harry Wiggans, with one dog team
made four separate journeys from the main depot
near Mount Lewis. The first journey covered new
ground towards the eastern end of the range, and
being made in advance of the surveyors, it was pos-
sible to erect cairns for them. The rocks were of
various metamorphic types as expected. The second,
and most important, journey to the north of Steph-
enson Bastion completed an earlier examination of
this critical area, where low-grade slates and quart-
zites abut against higher-grade metamorphics. From
here, the nunataks between Cornwall and Glen Gla-
ciers were examined; only higher-grade rocks were
found, whereas along the northern edge of the Read
Mountains, slates were again predominant.

After being delayed by bad weather, a trip was
made into the Herbert Mountains to work from
Mount Absalom northwards to Mount Sheffield.
Schists and gneisses were the most common rock
types, but attitudes varied considerably. Finally, the
Morris and Beney Nunataks to the north of Fuchs
Dome were visited to link the geology of the Herbert
Mountains with that already done at Mount La-
grange and areas farther west.

On January 25, when the group had been in the
field for 66 days, the C-130 returned to transport
them back to Halley Bay. At the time, another Her-
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cules, operating with the USARP-Scott Polar Re-
search Institute ice-depth-sounding project, was also
at the station, and the relief ship MV Perla Dan had
arrived. This convergence led to a record for the
base when 73 people were dining at the same time:
the station complement is normally 32.

Overall, the project was a success since ground
control for the U.S. photography of the Shackletons
was completed and it should . now be possible to
enter upon the mapping stage. The accompanying
control diagram shows the total scheme achieved in
the two visits. Considerable geological work remains
to be done, but the known area was greatly extended.

Electrical Depth Soundings
in Antarctic Dry Valleys

L. D. MCGINNIS and T. E. JENSEN

Department of Geology
Northern Illinois University

Electrical soundings to depths of approximately
150 meters were made at 26 sites in Wright and
Taylor Valleys, Antarctica, during December 1969—
January 1970. Resistivities measured ranged from
15 ohm-meters for water emanating from a saline
discharge on the Taylor Glacier tongue (Black et al.,
1965), to over 150,000 ohm-meters for metamor-
phosed basement rock east of Lake Vanda in Wright
Valley. Curves of apparent resistivity versus electrode
separation (Lee-Partitioning Method) obtained near
Lakes Vanda and Bonney reflect a surficial freeze-
thaw zone extending to depths of less than 2 m, a
permafrost layer having resistivities greater than
10,000 ohm-meters extending to depths of 30 m or
less, and unfrozen, saturated glacial drift having
resistivities in the order of 1,000 ohm-meters lying
below the permafrost layer. Soundings made above
present lake levels indicate that the permafrost zone
thickens with increasing elevation.

Several curves obtained near shallow or com-
pletely dry lake beds in Wright Upper Valley indi-
cate glacial drift and lake sediments containing little
or no permafrost. From these curves, it is inferred
that Lakes Vanda and Bonney are not underlain by
permafrost. Electrical depth soundings obtained with
electrodes placed in marginal ice streams adjacent to
Taylor Lower Glacier indicate that the permafrost
zone extends from near the surface to depths greater
than 150 m.

A thin zone of permafrost bordering Lakes Vanda
and Bonney and the absence of permafrost beneath
the lakes suggest several alternative conditions which

may have influenced the dry-valley geothermal his-
tory, viz:

1) Solar heating during deeper lake stages causing
an abnormally thin permafrost layer throughout
the former lake basins;
2) Deep valley dissection during glacial maxima
resulting in valley thalwegs intersecting abnor-
mally high isogeotherms;
3) Late Tertiary intrusive and extrusive activity
producing abnormally steep geothermal gradients
which, in turn, results in abnormally high tem-
peratures near the surface;
4) Groundwater flow directed toward lake basins
(temperate-zone lakes are areas of groundwater
discharge) producing abnormally high tempera-
tures near the dry-valley lakes.
These factors, to some degree, have all produced

the permafrost regime presently observed in the dry
valleys. Lack of a permafrost layer beneath the lakes
necessitates a hydrologic connection between
groundwater and lake water. Shallow lakes in Wright
Upper Valley, with limited surface-water recharge,
may be fed mainly by groundwater. A hydrologic
connection between sub-icecap water an J dry-valley
lakes (McGinnis, 1968) cannot be determined from
the present data; however, given a permeable rock
unit connecting the two water bodies, groundwater
would flow beneath the icecap toward the dry-valley
lakes.
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Ice-Thickness Survey of
Marie Byrd and Ellsworth Lands
F. ALTON WADE and JOHN R. WILBANKS

Department of Geology
Texas Technological University

The purpose of this investigation was to obtain
detailed information on the size, shape, and loca-
tion of each of the islands which comprise Marie
Byrd and Ellsworth Lands, and on the basins and
troughs that separate these insular masses. This in-
formation was to be obtained through the use of the
Scott Polar Research Institute's 35 MHz radio echo-
sounder mounted in a C-130 aircraft. The program
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was to be integrated with that of SPRI under Dr.
Gordon Robin, a similar but more extensive ice-
thickness survey of a large portion of Antarctica. A
series of flight lines was proposed which, it was be-
lieved, would cover the area and result in a maxi-
mum of data. Flight time allocated for this project
was 100 hours.

The Texas Technological University party, which
included geologists Wade and Wilbanks and geo-
physicist Lawrence D. Osborn, arrived at McMurdo
Station on November 1, 1969. The program was
plagued with delays caused by installation troubles,
poor flying weather, radio blackouts, and equipment
failures. The first check-out flight was made on De-
cember 9. Three successful or partly successful
flights (see map) were made to Marie Byrd Land on
December 18, 20, and 22. The total flying time was
26 hours, 10 minutes. The data obtained are being
processed at the Scott Polar Research Institute.

During the interval November 1—December 5, the
three-man party took advantage of the time avail-
able to become familiar with the basement complex
in the Marble Point and Taylor Valley areas.

Electromagnetic Sounding at
Byrd Station

JOHN W. CLOUGH and CHARLES R. BENTLEY

Department of Geology and Geophysics
University of Wisconsin

Electromagnetic echoes from interfaces within the
antarctic ice sheet are commonly observed. Propa-
gation-velocity measurements in East Antarctica uti-
lizing wide-angle reflections from these interfaces
(Clough and Bentley, 1970) have suggested the need
for reducing the distance between transmitter and

.2

Z

11

1.0

±6
0•8

0.6

f

TRAVEL TIME PLOT

BYR D STATION "LEAD MINE"

0.2	 DISTANCE, METERS

100	200	300

Preliminary travel-time plot for wide-angle reflections
to receiving antenna at 42-m depth.

receiver. To evaluate this approach, detailed wide-
angle reflection profiles were obtained during the
1969-4970 summer field season near Byrd Station,
where vertical echoes occur from several depths to
about 1,000 m, and where correlation may be pos-
sible with features in the ice cores taken from the
deep-drill hole.

The reflection measurements comprised a com-
mon-reflection-point profile 1,300 in and single-
ended profiles 700 to 800 m long, the latter taken in
opposite directions from the center of the longer
profile. Photographic records were made at 2-rn
intervals along each profile. With this close spac-
ing, it should be possible to examine the horizontal
continuity and dip of the reflecting interfaces, and
to improve the correlation of echoes from the same
interface, thus improving the accuracy of the ve-
locity determinations.

In addition, travel-time profiles were made for
waves traveling one-way paths from a transmitter
on the surface to receivers placed approximately 42
and 21 m below the surface in the "lead mine."
These profiles should yield velocities through the
upper snow layers, and should record the occur-
rence of electromagnetic wave propagation along
the surface at the free-space velocity. The travel-
time plot for one of these profiles (see figure) shows
the direct wave (equivalent to half a wide-angle
reflection) at transmitter-receiver spacings of less
than 90 m, and a probable "refracted arrival"
through the air at greater distances.
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Sonic Logging in the Deep Drill Hole
at Byrd Station

CHARLES R. BENTLEY and JOHN W. CLOUGH

Department of Geology and Geophysics
University of Wisconsin

During the 1969-1970 field season at Byrd Sta-
tion, ultrasonic velocity measurements were carried
out for the first time in a deep borehole in ice. Man-
ufacture of the logging equipment by the Simplec
Corporation was completed in Dallas, Texas, on
December 13, 1969. In a remarkable example of
speedy logistics, both logger and operator were de-
livered to Byrd Station just five days later. The log-
ger, modified from standard equipment used as a
stratigraphic tool in exploratory drill holes on land,
comprises an electronic package, a crystal transducer,
and four crystal receivers hung in a vertical string.
The receivers are spaced at intervals of 67, 129.5, and
67 cm, and travel times can be measured between
any preselected pair.

After an initial period of minor repair and modi-
fication to the equipment, velocity measurements
were made in late December and early January. The
principal measurements comprised P-wave velocity
determinations, made with the first and fourth re-
ceivers to provide maximum velocity resolution.
Travel-time differences were thus read between re-
ceivers 263.5 cm apart, so that, with a time error of
approximately 1 sec, the nominal precision of rela-
tive velocity determinations was about ± 6 m/sec.
These measurements were supplemented by one set
of measurements with a smaller spacing as a check
against systematic error. Attempts to determine
S-wave velocities were probably unsuccessful (defi-
nite results must await more detailed examination
of the data).

A preliminary plot of the velocity of vertically
propagating compressional waves as a function of
depth is shown in the figure. The maximum depth
was limited to 1,500 m by the presence of the drill-
ing cable in the hole at greater depths. The major
features are a gradual and continuous downward
velocity increase between about 200 and 1,150 m
depth, a rapid increase between 1,150 and 1,300 m,
and a leveling-off to a nearly constant velocity be-
low 1,400 m. The bottom segment is too short to as-
certain whether any velocity increase remains.
Smaller-scale velocity variations between 400 and
1,200 m depth appear to be real features of the
velocity log, although their reality as features in the
ice remains to be examined by further analysis of the
data.

The effect of increasing density on the wave ye-
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Preliminary plot of the velocity of vertically traveling compres-
sional waves as a function of depth in the deep drill hole at

Byrd Station.

locity is largely limited to depths less than about
250 m. At greater depths, the continuing velocity in-
crease is probably due primarily to the effect of
crystal anisotropy. The velocity along the c-axis of
an ice crystal is about 200 m/sec faster than the poly-
crystalline average. The velocity structure in the
deep hole is thus consistent with a gradually increas-
ing concentration of vertically oriented crystals down
to a depth of 1,200 m, with an abrupt modification
to a highly preferred orientation below. This picture
agrees generally with that suggested by Gow et al.
(1968) from preliminary thin-section analysis, except
for a sharper and somewhat deeper upper boundary
to the zone of strong anisotropy.
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Geophysical and Glaciological Studies
Along the Byrd Station Strain Net,

1969-1970

GILBERT DEWART and IAN WHILLANS

Institute of Polar Studies
The Ohio State University

Geophysical and glaciological investigations of the
West Antarctic ice sheet were continued in the re-
gion of the Byrd Station Strain Net (BSSN). Two
parties were in the field from December, 1969, to
February, 1970. The geophysical party used a Snocat
and the glaciological group operated out of a tent
camp with two motor toboggans.

In order to test theories of ice-sheet deformation,
the construction of a detailed strain network was
begun and measured for the first time. The study
area is 50 km northeast of Byrd Station along the
BSSN, which extends from Byrd Station to the re-
gional ice-flow divide. The study area, unlike that
in the vicinity of Byrd Station, has a simple strain-
rate field and a regular surface topography. The sta-
tion separation is 500 m, as compared to 3 km for

the BSSN. When completed, the detailed network
will cover an area of 4 x 12 km. Horizontal strain is
being obtained by trilateration by Geodimeter be-
tween aluminum poles (Fig. 1). Levelling between
bamboo poles (Fig. 2), set next to each aluminum
pole, will give relative vertical motion and indicate
any thrusting, slumping, or upwelling in the ice.
These experiments are designed to test the theories
of Budd (1968, 1970) and Hughes (1970).

Firn studies included 2-m pit density profiles,
snow-depth measurements, and direct measurements
of vertical strain from wires attached to anchors at
different depths in the firn. These will be studied
for a possible correlation with surface slope.

Accumulation measurements were also made at
existing stake arrays and at all survey and marker
poles of the BSSN, and the latter were replaced by
new bamboo poles.

Gravimeter and magnetometer observations were
made at key points along the BSSN and at many of
the stations of the detailed network. Gravity ties
were obtained between Christchurch, McMurdo, and
Byrd, including several sub-bases in the Byrd and
McMurdo areas.

Seismic shooting was carried out near Byrd Station
and in the vicinity of the detailed network to obtain
bottom reflections and seismic velocities in the ice.
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Good reflections from the ice-rock interface were
obtained in the detailed study area at an ice depth.
of approximately 2,600 m. The bottom was found to
be smooth and dipping gently to the northeast, i.e.,
toward the ice-flow divide. A wide-angle reflection
profile was shot along one side of the detailed
network.

Acknowledgments. We would especially like to
thank the AGA Corporation for the loan of a Model
6A Geodimeter; the U. S. Army Topographic Com-
mand for the loan of a LaCoste-Romberg gravim-
eter; Dr. Wayne Tobiasson of the U. S. Army Cold
Regions Research and Engineering Laboratory for
the loan of a hot-point drill; and the U. S. Navy for
the services of a field assistant when one of our men
was incapacitated.
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Carbon Dating of Ice and Other Isotope
Studies at Byrd Station, Antarctica

H. OESCHGER and B. STAUFFER

University of Bern, Switzerland
and

C. C. LANGWAY, JR.

U.S. Army Cold Regions Research
and Engineering Laboratory

The second field season of the joint University of
Bern-CRREL program on carbon dating of ice was
completed at Byrd Station during the austral summer
of 1969-1970. The main effort involved in situ bore-
hole extraction of gases from entrapped air bubbles
in several tons of glacier ice for measurement of C14
activity. Melting of ice cores for such measurements
is impractical since it requires 200 m of core to ob-
tain enough CO 2 (about 30 cm3 ) to obtain a reli-
able date: in addition to using up a considerable
amount of core, the length of the section would de-
stroy the stratigraphic value of the age obtained.

Of two new prototype CO 2 sampling probes tested
this season, one was designed for use only in shallow
(400 m deep), dry holes. The dry-hole probe con-
sists of a 10-kw electric heater with a vacuum-tight
inflatable rubber packer seal above it. The probe is
lowered to a selected depth in the borehole, the
packer set, and the melting process begun. The
gases from the air bubbles are pumped to the sur-
face, where the CO2 is separated and the remaining
gases stored in stainless steel containers.

The second CO2 sampling probe was designed for
deep, fluid-filled boreholes. In this situation, it is not
possible to pump the extracted gases to the surface
because the gases go into solution when bubbly ice
is melted at high pressure. Instead, the CO 2 is col-
lected from the meltwater, using a strong, basic ion
exchange resin (Amberlite 400) and a pump to cir-
culate the water through the ion exchanger. The
resin is first carefully activated in the field laboratory
by placing it in a vacuum system and washing it
with a CO 2 -free NaOH solution. This probe also
uses a 10-kw heater and 2 packer seals approximately
3 m apart. Above the top packer seal is a tank of dis-
tilled water used to flush the hole fluid from the
space between the probe and the hole wall. The en-
tire surface of the probe is covered with an emer-
gency heating device to prevent freeze-in.

Six down-borehole total gas samples were col-
lected (using the dry-hole probe), spaced syste-
matically from different layers over a 335-rn hole that
was finished this season in the drilling trench at
Byrd Station. Laboratory measurements will be made
at the University of Bern for C 14 , Ar39, and gaseous
composition. In addition, approximately 2 tons of
meltwater from two samples was pumped to the
surface and treated, and will be examined for Si32
activity at the University of Copenhagen. Field tests
were conducted with the deep-hole probe, but no
sample collections were attempted.

Gases, liquids, and solids were collected for isotope
and geochemical investigations in the "lead mine"
and in a pit near the "mine" and returned to Han-
over with the ice-core shipment. Studies will be
made on these samples for fission products, 0-iso-
topes, tritium, fissionable isotopes (U 235 and Pu239),
and ionic chemistry to obtain information on the
snow accumulation rate and geochemical parameters
at Byrd Station during the last few tens of hundreds
of years.
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Clearing the Deep Drill Hole
at Byrd Station

B. LYLE HANSEN and DONALD E. GARFIELD

U.S. Army Cold Regions Research
and Engineering Laboratory

On February 1, 1969, the Electrodrill became
stuck at a depth of 2,100 m (6,930 ft) during an
attempt to reopen the drill hole and obtain samples
of the sub-ice material. Another attempt was made
during the 1969-1970 season to either recover the
drill or cut the armored cable attached to it so that
the hole could be cleared for other drill-hole meas-
urement and sampling projects.

A winch with logging cable suitable for future
drill-hole measurements and the attempted re-
covery of the Electrodrill was installed at the drill
hole during the period November 14—December 7,
1969. The recovery tool, equipped with a J . C. Kin-
ley Co. explosive wire-line cutter, was lowered into
the hole on December 8. The attempt to recover
the drill was not successful, and the 1-inch dia.
armored cable attached to the drill was cut 1,545 m
(5,067 ft) beneath the top of the casing on Decem-
ber 11. The hole was surveyed to a depth of 1,554 m
(5,100 ft) beneath the surface; no significant
changes from the February 1968 survey were noted.

Features significant to future users of the winch
and logging cable are described below.

The reel contains 2,450 m (8,000 ft) of 7-con-
ductor armored cable, Vector 7-46NT, drawing No.
A-4000. Connections to the cable at the winch are
made through a 5-conductor flat slip ring assembly.
There are binding post connections on the nonrotat-
ing brush assembly for three of the rings. An Am-
phenol male connector (#97-3102A-22-5P) is re-
quired for the remaining two rings.

The down-hole end of the armored cable is ter-
minated in a 2-inch dia. steel shell (Fig. 1) attached
to the cable armor by potting with Cerrobend 158

Figure 1.

alloy. Down-hole devices can be attached to the
shell by means of a Y8 -inch dia. pin or bolt. The reel
is powered through a double-reduction chain drive
by a hydraulic unit, which in turn is driven
by a 5-hp, 220/440V AC, 3-phase electric motor.
The winch has a maximum torque capacity at the
reel of 5490 N-m (48,600 in/lb), which is ample for
a payload of 454 kg (1,000 lb) in addition to the
cable weight. Hoisting rate is variable from 0 to ap-
proximately 6.1 rn/mm (20 ft/mm). Two additional
hydraulic ports with a control are available for an
auxiliary hydraulic unit if desired. The delivery of
DTE-23 hydraulic oil is 15.1 1/mm (4 gpm) at a
maximum pressure of 84.5 kg/cm 2 (1,200 psi).

Glaciological Studies in Antarctica
ANTHONY J . Gow

U.S. Army Cold Regions Research
and Engineering Laboratory

A final survey was made in the 1969-1970 season
of the ice-movement markers on the Koettlitz Glacier
tongue in the vicinity of the Dailey Islands. Al-
though only two of the original nine markers were
recovered, the measurements confirmed the results
of earlier surveys that the ice is moving very slowly,
of the order 5-10 m/yr.

An examination was made of the contact area be-
tween the glacial ice of the Koettlitz Glacier tongue
and the sea ice that forms on the bottom of the
tongue and ultimately replaces it. This transforma-
tion occurs about 26 km from the ice front. Because
of discrete differences in the physical properties and
structures of the two types of ice, the contact be-
tween the two could be traced over a considerable
area of the ice surface. In effect, the contact should
faithfully record the topography of the bottom of
the glacier prior to sea-ice accretion. This bottom
topography was found everywhere to be of a gently
undulating nature. Corings of the contact were made
at three separate locations. The salinity variations,
isotopic composition, and petrographic structure of
these cores will be analyzed in order to document the
contact relations.

Approximately 300 crystals of freshly precipitated
"diamond dust" were collected on electron micro-
scope grids at the South Pole. These grids are now
being examined by Dr. Motoi Kumai of CRREL,
using electron microscope and electron diffraction
techniques to determine the size, distribution, and
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composition of the freezing and condensation nuclei
in crystals formed at very low temperatures.

Measurements along two 10-km long lines of
snow stakes at Byrd Station show that in 8 years, the
average annual accumulation along the "east-west"
line was 12.3 cm and along the. "north-south" line
11.5 cm of water equivalent.

Twenty samples of firn were collected between the
surface and 40 m depth at Byrd Station and re-
turned to CRREL, where aniline-impregnated sec-
tions will be prepared in order to investigate the pore
structure of the firn and patterns of c-axis orienta-
tion of the crystals.

Former Activity of
"Warm" Glaciers in Antarctica

WAKEFIELD DORT, JR.

Department of Geology
The University of Kansas

The glaciers of Antarctica differ in a number of
significant respects from their counterparts in more
temperate regions of the world. The contrast is es-
pecially outstanding for the localized alpine glaciers
present in generally ice-free areas, particularly those
of southern Victoria Land. There also is clear evi-
dence that these glaciers, as they exist now, are not
representative in detail of conditions prevalent at
certain other times during the glacial history of this
region.

The widespread occurrence of large cirques, glaci-
ally excavated bedrock depressions, and ice-scoured
valleys attests to vigorous glacial erosion, yet the al-
most total absence of debris in present glaciers indi-
cates that little erosion is now taking place. Terminal
and recessional moraines, albeit small ones, mark
stillstand positions during ice-front fluctuations at
many localities, but most debris accumulations now
present along glacier margins are thin lag concentra-
tions on an ice apron at the base of the frontal ice
scarp. The few true moraines encountered appear to
be older forms over-ridden by more recent ice ad-
vances. Beneath glacier margins, wherever direct ob-
servation is possible, the ice is resting on an irregular
bedrock surface, in some places bearing cavernous
weathering features, or on coarse, angular debris in
sharp contrast to the smoothed, striated surfaces and
rounded fragments present at depth in the few ex-
posed sections of unconsolidated materials. These
and other lines of evidence suggest that antarctic
glaciers which are now of the cold or polar type
have at times in the past been at the pressure melting

Figure 1. Three-dimensional diagram of terminus of Peleus Gla-
cier* showing lobate outcrop pattern truncated by frontal ice
cliff, the right-hand portion of which reveals highly deformed ice

strata.

Figure 2. Generalized representation of ice stratig-
raphy exposed along the side of the lower part of

West Twin Glacier.*

point, i.e., of the warm or temperate type. The
warming could have occurred during interstadial or
interglacial climatic intervals, perhaps of worldwide
synchroneity.

A major effort in the 1969-1970 season was to
study the stratigraphy and structure of selected al-
pine glaciers in relation to present and past regi-
mens. Previous rotational sliding is clearly demon-
strated in several stagnant cirque glaciers by steep
up-glacier dips of ice strata at the surface in the
terminal area. Sandy Glacier and Nextdoor Glacier,*
located near the junction of Bull Pass with Wright
Valley, have apparently downwasted without con-
comitant retreat of the ice front by dry calving. Out-
crop bands of individual ice layers parallel the ice
front throughout the lower half of each glacier
tongue. In contrast, lobate outcrop bands on the
surface of nearby Peleus Glacier* are truncated by
the terminal ice cliff (Fig. 1), a relationship indica-
tive of major retreat by dry calving.

East and West Twin Glaciers,* located near the
head of Pearse Valley, cascade down the steep valley
wall from névés near the crest of the Asgard Range.
As exposed along the lateral ice cliffs, the strata of
the lower, nearby horizontal parts of these glaciers
are parallel in the basal portions, but flare upward
at higher levels (Fig. 2). Exposures along the side
of East Twin Glacier* on the valley-wall scarp show
deformation of the strata into intricate drag folds,
some with nearly horizontal axes. Other glaciers, in-
cluding Taylor, Garwood, and Peleus,* show similar

* Unofficial names.
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structures developed locally. It is believed that this
deformation occurred when the glaciers were warm.

Magnetospheric and Ionospheric Studies
at Siple Station During the Austral

Summer of 1969-1970

Determination of Silver and Iodine
in Antarctic Precipitation

J. A. WARBURTON and L. G. YOUNG

Desert Research Institute
University of Nevada System

During the 1969-1970 antarctic season, approxi-
mately 250 ice cores, 1 m long and 7.5 cm in di-
ameter, were taken from three pits near Byrd Sta-
tion. The cores were packed in plastic liners in
standard core holders and kept frozen during the
return to Reno, Nevada. The cores are being used to
determine concentrations of silver and iodine in pre-
cipitation before and during the large-scale weather
modification programs that began in the early
1950s. The concentrations, in turn, will provide a
measure of the transport of sub-micron size particles
of seeding materials into nominally unseeded areas.
The silver and iodine will be extracted by ion-
exchange methods, and the quantities of these ele-
ments in the samples determined by neutron-
activation analysis.

Our party of two arrived at McMurdo in mid-
December, 1969, and spent five weeks in Antarctica.
At Byrd Station, the first 60 samples were collected
from a 10-m deep vertical pit dug in 1963 by Dr.
Richard Cameron and his group from Ohio State
University. Anthony Gow of CRREL helped us lo-
cate this pit. Another 60 samples were taken from a
3-rn pit dug by us about 30 m from the Cameron
pit. This snow was too loosely packed to be cored
with a SIPRE auger, and the samples were collected
by scraping the sample into the core holders with a
plastic scoop. The remaining 130 cores were taken
from the "lead mine", about one mile south of the
main Byrd Station.

To measure concentrations of silver in precipita-
tion in the continental U.S.A.—between 1010 and
10 12 g/cm3 of water—about 1 1 of snow melt is re-
quired. Since the concentrations in Antarctica were
expected to be lower, approximately 20 cores were
collected at each depth of interest. The oldest ice
samples obtained were approximately 300 years old,
with most dating from 1900-1970.

In addition to the ice sampling, the opportunity
was taken to measure the Aitken nucleus concentra-
tions on several different occasions and locations at
Byrd and McMurdo. These measurements are to be
compared with similar ones being made in the
Arctic.

J . KATSUFRAKIS

Radioscience Laboratory
Stanford University

Siple Station was established during the past sea-
son for the purpose of conducting magnetospheric
and ionospheric studies of the plasmasphere. At
75 0 55'5. 83°55'W. and L=4.12, its VLF transmitting
facility will be strategically located to produce efficient
excitation of propagation paths near the plasmapause.
Since most of the whistler ducts to be excited by
VLF transmissions from Siple Station are overhead,
the location of the transmitter at this L value is
optimal because the maximum radiation from the
antenna will be at vertical incidence. Also, the sta-
tion has the advantages of being conjugate to a site
near Roberval, Quebec, Canada that is free of man-
made interference and that can easily be supported
logistically, and it is in view of the geostationary
satellites over the Atlantic Ocean.

The following experiments were carried out at
Siple Station during the summer of 1969-1970:

1. Two balloon-borne electric-field detectors were
launched during moderate activity. Approximately
52 hours of data on magnetospheric electric fields
near the plasmapause boundary were recorded. Con-
tinuous whistler recordings were made from the
ground during the balloon flights. Magnetospheric
electric-field intensity derived from the whistler
time-delay and dispersion analysis will be compared
with the electric-field intensity measured by the bal-
loon detectors.

2. A VLF direction-finding system incorporating
two crossed loop antennas and a vertical antenna was
installed to obtain information on the convective
motion of whistler ducts and, hence, on the location
and dynamic behavior of the plasmapause.

3. A polarimeter system was installed to record the
polarization angle of linearly polarized VHF (137.35
MHz) transmissions from the geostationary satellite
ATS-3. Measurements of the diurnal change in Far-
aday rotation angle of the telemetry transmissions
give the electron content variation along the ray
path from the satellite to the ground receiver. One
of the objectives of this experiment is to detect the
plasma trough. During magnetic storms, the plasma
trough is expected to pass through the sub-iono-
spheric point of Siple Station.

4. A horizontally polarized, 8,000-foot long VLF.
dipole antenna was placed above the snow to pro-
vide electrical and mechanical engineering data for
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the elevated 13-mile long dipole to be installed at
Siple during the 1970-1971 summer. The elevated
antenna proved to have the mechanical properties
required to survive the worst weather conditions ex-
pected for that area. In addition, and probably most
important, the radiation efficiency of the elevated
antenna can be at least 50 times greater than that
of a buried antenna over the range 3 kHz-20 kHz.

The plasmasphere is a region of relatively
dense ionization around the earth having a field-
aligned outer boundary called the plasmapause.
The lower part of the plasmasphere includes the
ionosphere. Normally, the plasmapause is closest
to the earth near dawn, and most distant and least
well defined near dusk. The plasmapause is most
often positioned at about the L = 4 magnetic
shell. Within the plasmasphere, ionization seems to
be in diffusive equilibrium along field lines, with
plasma flowing upward from the ionosphere during
the day and downward at night. Field-aligned
columns of ionization (ducts) appear to extend
between the hemispheres. Outside the plasmnasphere
is a relatively empty region (electron density 1 to
10 cm-3 ) called the plasma trough.

Two types of radial motion have been de-
tected within the plasmasphere by observing sys-
tematic changes in the effective latitudes of
whistler ducts. The first type includes the slow
radial movements required to maintain the asym-
metry of the plasmapause position in the earth-
sun coordinate system. The other is of short dura-
tion (1 hr) and involves inward and outward
movements of the plasma—including the plasma-
pause—at radial speeds of the order of 0.4 earth
radii per hour.

The most pronounced inward movements occur
on the night side during polar substorms. These
movements may be explained by a westward com-
ponent of electric field of I to 2 hours' duration
and a longitudinal span of several hours in local
time, with a magnitude in the range 0.1 to
I mV/rn at 3 to 4 earth radii. Outward drifts,
corresponding to an eastward component of the
electric field, appear both as the magnetic sub-
storm decays and following the substorm, but in
the pre-dawn sector. During enhanced magnetic
activity, there may be enhanced inward drifts
extending into the post-dawn sector. Strong
micropulsation activity is usually observed during
substorm inward drifts.

During a geomagnetic storm, the plasmapause
radius decreases, apparently as the result of the
erosion of plasma from the plasmasphere. Local
variations in plasmapause radius appear, some-
times exhibiting longitudinal ripples that move in
the direction of the earth's rotation. The plasma
density in the ionosphere, especially at high and
middle latitudes, is often drastically altered.

The evening bulge of the plasrnasphere shows
evidence of being the region of interaction be-
tween the plasma flow from the tail and the co-
rotational flow associated with the earth. During
periods of quieting, the bulge seems to become
cc untrapped" from the tail flow and to be pulled
around as the earth rotates.
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Figure 1. The northern leg of the elevated dipole
antenna as viewed from the dipole center feed

point.
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Figure 2. A view of the station with the VHF p0-
larimeter yogi antenna on the left.
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Figure 3. The flag mast at Siple Station with the
Stanford University School of Engineering herald

at the bottom.
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Antarctic Electric-Field Balloon Program
F. S. MOZER

Space Sciences Laboratory
University of California, Berkeley

During the austral summer of 1969-1970, the bal-
loon group at the University of California, in co-
operation with and assisted by the Stanford VLF
group under Professor Robert Helliwell and Dr.
Donald Carpenter, launched a pair of instrumented
balloons from Siple Station in Antarctica. The pur-
poses of these flights were to determine ionospheric
and magnetospheric electric fields by measuring their
extensions into the upper atmosphere, and to com-
pare the results with electric fields in the equatorial
plane deduced from VLF whistler measurements and
with electric fields at Siple's conjugate point as meas-
ured by balloons launched from Rouyn, Quebec,
Canada.

The first balloon was launched on December 7,
19691 and more than 24 hours of useful electric-field
data were obtained. During this time interval, a bal-
loon was launched from Rouyn to obtain 8 hours of
data at a distance of about 200 miles from the con-
jugate point to Siple Station. Good VLF data were
also obtained during these flights.

The second pair of flights was launched on De-
cember 15, during a relatively quiet magnetic period.
Unfortunately, the data from Siple were degraded by
a timer malfunction that prevented the transmitter
antenna from deploying. The data from both pairs
of flights and the VLF data are presently being
analyzed.

Campbell Island Expedition 1969-1970
HENRY A. TMSHAUG

Department of Botany
Michigan State University

Campbell Island is one of a relatively few, scat-
tered islands in the vast expanse of ocean between
Antarctica and the extremities of the austral conti-
nents. In common with the other isolated specks of
land, Campbell Island is subjected to strong and
persistent westerly winds and is characterized by a
cool, damp climate varying but little with the sea-
sons. Bright sunshine is limited to an average of 653
hours per year, with an average of 130 sunless days
each year. The island, situated on a submarine pla-

teau 640 km south of South Island, New Zealand,
covers 109 km2 of land that rises to heights of 569 m.
It may be described as a much dissected volcanic cone
which was mildly glaciated during the Pleistocene
(see Fig. 1). Wind and wave erosion have cut moun-
tains almost in half (see Fig. 2) and the coastline is
often precipitous.

The 1969-1970 expedition was designed as part
of a long-range biosystematic study of subantarctic
floras, an approach necessitated by the widespread
nature of cryptogam distributions. Previous work had
been carried out in Juan Fernández, Falkland Is-
lands, and the Chilean archipelago (Hero Cruise
69-4). The 1969-1970 expedition included lichenol-
ogists—Dr. Henry A. Imshaug assisted by Mr. Rich-
ard C. Harris (Michigan State University); an hepa-
ticologist, Dr. Rudolph Schuster (University of Mas-
sachusetts) ; a muscologist, Mr. Dale Vitt (University
of Michigan); and an entomologist, Mr. Gary Hevel
(Smithsonian Institution). The sixth member, Mr.
Gordon Maxwell (University of Auckland), joined
the party in New Zealand and devoted most of his
time to the collection of marine algae for Prof. Chap-
man, but he also made numerous collections of other
plant and animal material for the University of
Auckland.

The party left Christchurch on December 19 and
was transported to Campbell Island on board
USCGC Burton Island. Helicopters on board the ice-
breaker facilitated landing on December 21. After
five weeks of field work, the party departed Camp-
bell Island on January 26 on board HMNZS En-
deavour.

The collecting localities of the individual members
of the party differed somewhat due to the special
habitat preferences of the groups investigated. For
this reason, a map of sites is not provided at this time.
The New Zealand meteorological station at the foot
of Beeman Hill (Fig. 3) served as headquarters. The
expedition is indebted to Mr. Peter Julius (Station
Leader) and all the personnel of the station for their
hospitality and many courtesies which permitted us
to devote almost all our time to effective field work.
We will all cherish memories of Christmas 1969 on
Campbell Island with our New Zealand friends.
Most of the field work was accomplished on one-day
trips from this base, and virtually all mountains were
visited. The station boat provided access to localities
along Perseverance Harbour. A small A-frame hut
named the Sorensen Hut in honor of J. H. Sorensen,
Campbell Island's pioneer biologist, facilitated
longer excursions to the northeast corner of the is-
land, near Bull Rock.

An exceptionally wide range of plant formations
has been recognized on Campbell Island. These in-
clude littoral vegetation, tussock grassland (Fig. 4),
Dracophyllum scrub, Coprosma-Suttonia scrub, low-
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Figure 1. Northeast Harbour. Dark Dra-
cophyllum-scrub at low elevations and

tussock grassland above.

Figure 2. Precipitous cliffs along south-
west coast. Eboule Peak has been cut al-
most in half by wind and wave erosion.

Figure 3. Perseverance Harbour with
meteorological station at the base of

Beeman Hill.

Figure 4. Royal albatross in tussock
grassland.

Figure 5. Lowland peat bog with cush-
ions of Gaimardia, low shrubs of Draco-
phyllum, and scattered Bulbinella. Near

Garden Cove.

Figure 6. Upland peat bog with rosettes
of large leaved Pleurophyllum, scattered
low shrubs of Dracophyllum, and Bul-

binella. Moubray Hill.

land peat bog (Fig. 5), upland peat bog (Fig. 6),
Rostkovia formation, and subalpine rock areas. In
reality, continuums seem to be the rule and mosaics
are frequent. Numerous tarns, watercourses and wa-
terfalls, as well as cliffs and outcrops, increase the
habitats available. In spite of intensive search, it ap-
peared that many species were restricted to only one
or two sites.

The terrestrial cryptogam collections totalled 7,150
different collections, consisting of 3,000 lichens, 3,000
hepatics, and 1,150 mosses. A representative set will
be deposited in the Smithsonian Institution, and
duplicates will be distributed to various herbaria.
These collections probably represent the largest and
most complete collection ever to have been amassed
from one of the subantarctic isles. Especially signifi-
cant is the fact that all the groups were collected by
specialists who combed virtually all available habitats.
This multidisciplinary approach to biogeographic
problems, with specialists of all groups in the field,
should produce valuable data on the history of the
antarctic and subantarctic zones, as well as answer
basic questions concerning dispersal, survival, and
evolution. Drs. Imshaug and Schuster and Mr. Vitt
will collaborate on a volume devoted to the terrestrial
cryptogams of Campbell Island.

Entomological Investigations on
Campbell Island, 1969-1970

GARY F. REVEL

Department of Entomology
Smithsonian Institution

Entomological collections were obtained for the
Smithsonian Institution on Campbell Island during
the period December 21, 1969—January 25, 1970.
Collections were made on most parts of the island,
although some areas were inaccessible because of the
dense growths of Dracophyllum scrub. Courrejolles
Peninsula was the most rewarding collecting area.
Attempts were made to investigate as many different
ecological niches as possible, sweeping various species
of plants with insect nets and searching beneath
rocks and other ground cover. A small malaise trap
was used in Tucker Cove and near Beeman Camp. A
black light attracted both flying and flightless moths
on the few nights of favorable weather. Collapsible
berlese funnels were used to a lesser extent, but
proved to be important in extracting specimens from
birds nests.

Prior to this investigation, collections had been
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obtained on Campbell Island by Kelvin Rennell,
K. A. J . Wise, and J . Linsley Gressitt. In 1964, Gres-
sitt reported on the arthropod fauna, listing about
300 species and emphasizing the high percentage of
endemic species. Time has not yet permitted a de-
tailed analysis of the specimens collected on the cur-
rent expedition, but initial observations indicate the
presence of a few species not previously known from
the island. Over 6,700 specimens were collected, in-
cluding many invertebrates other than insects. Dip-
tera were the most commonly represented insects,
followed by Lepidoptera and Coleoptera. All speci-
mens are currently being processed, and will be de-
posited in the museum collections of the Smithsonian
Institution.

Reference
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Vascular-Plant Investigations
in Magellanic Chile,

September—November 1969
STEVEN B. YOUNG

Institute of Polar Studies
The Ohio State University

The coastal regions of Magellanic Chile, particu-
larly between Wellington Island (ca. 49°S.) and
Navarino Island (ca. 55°S.), are imperfectly known
floristically. On the last major expedition to this part
of the Chilean coast, collections were made by Skotts-
berg (Skottsberg, 1916). Since then, Godley (Godley,
1963) has made a few collections in this area in
addition to extensive ones on the two islands men-
tioned above.

During the austral spring of 1969, Hero made
a series of cruises (69-4, 69-5, 69-6) through the
channels of the Magellanic coast. At this time, the
ship was engaged extensively in supporting shore-
based projects, and there was ample opportunity to
make an intensive floristic survey of the region. The
lack of suitable charted anchorages made it impossi-
ble to cover the area as well as one could wish. How-
ever, the flora proved to be so uniformly distributed
over the entire area that the collections made can be
considered to be an adequate sample on which to
base a definitive floristic treatment of the whole study
area.

A vascular-plant collection of about 1,000 numbers
was made, mostly between latitudes 49° and 54°S.
Particular attention was paid to the Hymenophyl-

laceae and Polypodiaceae. These groups showed a
high degree of taxonomic and ecological complexity,
while most other vascular-plant families were repre-
sented by only a few wide-ranging species.

Several species not previously known to occur in
Magellanic Chile were collected, including a prob-
able new species of Isoetes and several interesting
species of Polypodiaceae.

There is little variation in the vegetation and flora
of the study area, either from north to south (a dis-
tance of about 500 km) or from east to west (usually
greater than 100 km). Extensive Nothofagus forests
occur throughout the area, and the Magellanic moor-
land formation is not as dominant as had been indi-
cated previously (Holdgate, 1961).

An ancillary project carried out during Cruise
69-5 was the collection of wood samples of the var-
ious forest tree species for age and growth-rate
studies. Preliminary results indicate that Magellanic
trees grow at an extremely slow rate and reach great
age. Specimens of Pilgerodendron uvifera (D. Don.)
Florin, 3-4 in and with trunks about 20 cm in
diameter, were over 200 years old (see figure). No-
thofagus betuloides (Mirb.) BI. grows only slightly
faster. Both of these species reach great size and
probably attain an age of well over 1,000 years.

Other aspects of the field investigations included
collection of material for chromosome study from
some of the vascular plants, and attempts to collect
peat cores for pollen analysis. Peat-coring attempts
were unsuccessful; adequate sampling would require
the use of power-driven equipment and longer pe-
riods of shore time at sampling stations. Several suit-
able peat bogs were located, including one which
rested on strata containing the remains of large num-
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bers of marine invertebrates. Some of these locations
would justify a more detailed study.
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Vascular-Plant Investigations in
Antarctica, Austral Summer 1970

STEVEN B. YOUNG

Institute of Polar Studies
The Ohio State University

The native vascular flora of Antarctica includes
only two species: the grass Deschampsia antarctica
Desv. and the pink Colobanthus crassifolius Hook.
In Antarctica, these plants occur only on the west
coast of the Antarctic Peninsula and associated is-
lands southward to the vicinity of Adelaide Island,
at about 68°S.

An important problem with respect to the distri-
bution of the antarctic vascular plants is whether
these plants are restricted to their narrow range by
ecological factors or by an inability to disperse to
other parts of the continent where ice-free areas
occur. Only through a study of this problem can a
true picture of the potential range and distribution
history of floristic elements be elucidated. One
method of approaching this problem is through trans-
plant studies, in which plants are introduced into
areas where they do not occur naturally.

During January 1970, live specimens of the two
native species were collected in the Anvers Island
area. Most collections were made at Biscoe Point,
where both species occur in such numbers that the
collection of specimens could not noticeably affect
the ecosystem. The specimens were planted in boxes
containing native soil and transported to McMurdo
Station aboard USNS Wyandot.

Granite Harbor and Cape Hallett, both on the
coast of Victoria Land, were selected as transplant
sites. The temperature regime at Cape Hallett is
similar to that at McMurdo Station, but the sum-
mers are somewhat warmer (Rudolph, 1967; NSF,
undated); the temperature regime at Granite Harbor
is probably similar to that at McMurdo. Both areas

support a considerable growth of non-vascular plants.
At Granite Harbor, a transplant bed was established
in deeply thawed soil on the shores of a small melt-
water pond (see figure). At Cape Hallett, the previ-
ously prepared boxes containing soil and specimens
were planted, since the lateness of the season pre-
cluded establishing normal transplant beds. It is ex-
pected that the transplant beds will be examined
after a lapse of at least one growing season, in order
to determine whether the plants have been able to
survive and whether they have set fruit and germi-
nated seeds.

Herbarium specimens of vascular plants and
bryophytes were collected in the Antarctic Peninsula
region. Material for chromosome studies was also col-
lected from the two vascular species.

A search was made for adventive vascular species
on Anvers Island and on Deception Island. None
were found. Although the Antarctic Peninsula re-
gion has a long history of human occupation (mainly
by whalers and sealers), records of adventive plants
are almost nonexistent (Greene and Greene, 1963).
On South Georgia, which has a similar history, about
half of the 50-odd species are adventive (Greene,
1964), indicating that the poverty of the antarctic
vascular flora is largely due to environmental factors.
Transplanting of non-indigenous species into the
antarctic environment would be helpful in elucidat-
ing this problem.

A collection of bryophytes was made in the 1969
crater on Deception Island by the author and Dr.
J . R. Klay. This collection indicates that colonization
of suitable habitats in the Antarctic is rapid, and
that the colonizers may originate outside the Ant-
arctic.

Cores for palynological study were collected on
Anvers Island. Organic soils proved to be only a few
centimeters deep, and the development of any signif-
icant pollen profiles is probably precluded. It is pos-
sible that longer cores could be collected at Green
Island, where the humus deposits are reported to be
one or more meters deep.
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Terrestrial Cryophilic Algae
of the Antarctic Peninsula

HERBERT CURL, JR. and PETER BECKER

Department of Oceanography
Oregon State University

During January and February 1970, we surveyed
the distribution of snow algae in the area around
Palmer Station and elsewhere on the Antarctic Pen-
insula. Samples were collected for taxonomic analy-
sis, and snow from the same collecting sites and from
the Marr Ice Piedmont behind Palmer Station was
collected and concentrated for subsequent chemical
analysis for nutrient elements. The rates of H14CO3
uptake by photosynthesis of the algae were measured
at one location on Bonaparte Point.

The photosynthesis-experiment samples and the
concentrated snow samples have been returned. We
have begun a detailed examination of the microscopic
samples, and have noted some striking differences
from those obtained in the Pacific Northwest of
the United States. For example, the samples that
have been examined thus far have a far greater
representation of blue-green algae genera, such as
Oscillatoria, Anabaena, Nostoc, and Gloeothece.
Some of the samples are nearly pure Scotiella nivalis.
This organism is rarely seen in the Pacific Northwest
collections and is never the primary species. There is
a filamentous green algae, tentatively identified as
Microspora spp., that is very abundant in some
samples but is not collected in the Pacific Northwest.
Chodatella granulosa occurs frequently, as does
Mycarthococcus nivalis, both of which are rare in
this area. One of the most striking differences is the
absence of Chlamydomonas nivalis in many samples,
and the fact that it is not the primary organism in
any of the samples examined to date.

The pH of the snow meltwater averaged pH7,
whereas in boreal regions the average is pH5. One
possible reason for the difference is stronger buffering
by sea salts due to the proximity of the ocean. Buffer
curves have been determined for several of the ant-
arctic samples, and the results strengthen this hypoth-
esis. The samples for chemical analysis were con-
centrated by evaporation at 100°C. Not surprisingly,
the samples did not become yellow or viscous due to
dissolved organic matter like the samples from
Oregon and Washington do.

Algae were most abundant in areas close to the
water, particularly near penguin rookeries and on
ice-cliff faces. Penguins supply large quantities of
phosphorous and nitrogen to the soil and snow sur-
rounding their rookeries. Algae on the ice-cliff faces
appeared to be layered and may represent algal
growth on relatively old névé, subsequently covered
and then exposed in vertical sections as the glaciers
calve.

Studies on Low-Temperature
Photosynthesis of Algae

E. WOLFGANG BECKER

Institute of Chemical Plant Physiology
University of Tübingen

Previous experiments on CO 2-fixation in autotroph-
ic plants have demonstrated the variability of the
carbon assimilation pattern in different organisms
under different environments. The relative quantities
of intermediates could be changed, especially by light
conditions. On the other hand, little is known about
the effects of temperature on photosynthesis and
carbon fixation in assimilating cells. The project aim
during the austral summer of 1969-1970 was to in-
vestigate the importance of the temperature param-
eter. During a two-week stay at Hallett Station in
November, and subsequently on several one-day trips
from McMurdo to Cape Royds, The Strand
Moraines, Marble Point, and several sites in the
dry valleys, algae samples were taken. In the well-
equipped laboratory at McMurdo Station, the algae
were tested and cultivated on agar slants and in
culture solutions to isolate and accumulate sufficient
pure strains for further experiments. The cultivation
and identification of these algae is being continued
with special equipment in our German Institute.

As a preliminary result, it can be stated that no
obligatory cryophilic algae were found. All forms
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collected grew at low as well as high (+ 20°C. and
probably above) temperatures, demonstrating that
these organisms are indeed adapted to low tempera-
tures, but that they also grow well at temperatures
above 0°C., which occur frequently in the natural
microenvironment during the austral summer. In
other experiments, the photosynthetic and respiratory
rates as a function of temperature (-5° to + 20°C.)
were determined under controlled conditions utilizing
a Warburg apparatus. Oxygen evolution was ob-
served to vary according to the algae strain employed.

To determine the variations in the metabolic pro-
cesses (particularly the carbon assimilation patterns)
dependent upon temperature, carbon-dioxide as-
similation experiments were conducted utilizing
C 1402. Algae samples in special vessels were incu-
bated in a C 1402-enriched atmosphere under con-
trolled light and temperature conditions for one hour.
At the end of the incubation period, the algae
cells were harvested and extracted with methanol.
The labeled compounds in the methanol extract
were separated by thin-layer chromatography and
thin-layer electrophoresis before identification by
autoradiography. It was possible by this technique
to determine carbon fixation at levels too low to
detect by manometric means. It was also possible to
determine the effect of a decrease in temperature up-
on carbon fixation by following the changes in quan-
tities of radioactive photosynthates as a function of
temperature. In this manner, it was found that, at
temperatures just above those at which carbon as-
similation ceased, phosphoglycerate, glyceraldehyde-
phosphate, and glutamate were the only photosyn-
thates present in relative abundance.

Studies of C 14-distribution in the isolated metab-
olites, the role of these metabolites in the biochemical
processes of photosynthesis, and the mechanisms of
the principal processes are currently under way in
our laboratory.

Biological Weathering in Antarctica
F. C. UG0LINI and JAMES BOCKHEIM

College of Forest Resources
University of Washington

The objectives of the 1969-1970 field project were
as follows: (1) continue the study of ionic movement
by the use of radioisotopes; (2) collect additional
samples for assessing biological weathering of moss-
and guano-covered soils; and (3) identify, delineate,
and map major soils of Beacon Valley and relate
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Figure 1 (above). Soil at the center of well-defined (young) poly-
gons, east end of Beacon Valley, Antarctica. The first 12 cm
beneath desert pavement features massive structure, breaking
down to single grain, and slightly coherent consistence. The sub-
soil is structureless and has a loose, non-coherent consistency.
Ice-cemented permafrost exists at a depth of 28 cm. Somewhat
angular diorite boulders lacking desert varnish exist on the

surface.

Figure 2 (below). Soil at the center of diffuse (old) polygons, cen-
tral Beacon Valley, Antarctica. The soil in the first 9 cm beneath
the desert pavement is high in salts and slightly coherent.
Weathered diorite and sandstone fragments are distributed
throughout the profile. The subsoil is finer textured than that of
Fig. 1, and the ice-cemented permafrost is below 90 cm. At the
surface, sub-angular diorite boulders are flaked, deeply pitted,
and covered by desert varnish. Cavernously weathered diorite

fragments are also present.

them to land forms and age of the glacial deposits.
In pursuit of the first objective, three sites were

chosen in the lower Wright Valley that differed in
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soil texture, depth to the ice-cemented permafrost, and
salt content. At each of the sites, three soil profiles
were excavated and described. Bulk density was meas-
ured by the irregular-hole method, and samples were
obtained for chemical analyses and moisture deter-
minations. Although the average moisture content is
below 2%, its dynamic status is indicated by the
change in distribution with the thermogradient in the
soil.

In each of the three profiles, 20 pc of Na 22 in the
form of sodium chloride were placed at the surface
of the ice-cemented permafrost. The profiles will be
sampled in two years to determine the movement of
the Na22 in the soil.

At Kar Plateau and Cape Royds, additional sam-
ples of moss- and guano-covered soils were collected.
Limited micrometeorological data were also taken
at Kar Plateau.

In cooperation with Mr. G. Linkletter and his
party from the Department of Geological Sciences,
University of Washington, a glacial-geology and soil-
mapping project was completed in Beacon Valley.
Nineteen different soils were identified as occurring
on the following land forms: ground moraine, lateral
moraine, talus cone, alluvial fan, debris bench, rock
glacier, old lake basin, and rock outcrop. Three
(unidentified) ages are implied by the varying de-
grees of soil development. The youngest soils (Fig.
1) are oxidized only at the surface, show little struc-
tural development, have a coarse texture and loose
consistency, are shallow above the ice-cemented
permafrost, and contain a few salt encrustations. The
older soils of the valley floor (Fig. 2) are deeply oxi-
dized; they have high salt content, fine texture, and
firmer consistency; show better structure develop-
ment; and in general are more highly weathered than
the younger soils. The oldest soils occur on high-
altitude lateral moraines. These soils are very highly
oxidized and very deep, have a fine texture, and con-
tain morphological evidences of advanced weathering.
A representative profile of each of the soils identified
will be analyzed chemically at a later date for fur-
ther characterization.

Low-Temperature Physiology
of Antarctic Arthropods

FRANK E. STRONG, R. L. DUNKLE, and R. L. DUNN

University of California, Davis

Collembola in Antarctica provide a unique op-
portunity to study the physiology of cold-adapted
insects. These tiny animals are active at 0°C., a

temperature at which most insects are in cold stupor.
During the austral summer of 1969-1970, two pro-
jects were initiated on low-temperature respiration
of Collembola at Hallett Station.

First, an attempt was made to determine the spe-
cific activity of pyruvic kinase and to assess the rela-
tive amounts of Types L and M to elucidate their
postulated roles in low-temperature respiration.
These attempts were unsuccessful, primarily due
to the relative paucity and small size of the insects.
On a warm afternoon in mid-December, two col-
lectors could gather Ca. 2,000 Collembola (Isotoma
klovstadi) which, when homogenized, yielded an
insufficient quantity of enzyme preparation for the
assay being used. This project was abandoned in
late December.

The objective of the second project was to deter-
mine the respiration rate of collembolans at various
temperatures. In vivo measurements of oxygen con-
sumption, which is indicative of metabolic activity,
are technically difficult on very small organisms. This
difficulty was overcome with the development of an
electronic respirometer capable of measuring ac-
curately 0.01 pl 02. The device, patterned after an
original design by A. A. Ileusner (Department of
Physiology, University of California, Davis), pro-
duces 02 by electrolysis of a CuSO 4 solution as the
insect consumes it. The current flow during electrol-
ysis is recorded on a digital readout; each unit of
the readout is equivalent to 0.0025 ul 02.

Eight respirometers were operated simultaneously
at temperatures between —4°C. and +22'C.
Measurement below —4°C. is not possible with
the present setup, for the CuSO4 solution freezes
at —5°C.

Adults and last instars of I. klovstadi were taken
by permit from the talus slopes in the Protected Area
at Cape Hallett. The insects, normally found in as-
sociation with the mosses, were collected at weekly
intervals and were held in the biological laboratory
at 2°C. until needed. (Living specimens collected
February 4, 1970, were transported in an ice-filled
thermos from Hallett Station to the University of
California. Those maintained at 2°C. were still liv-
ing three months later.)

The results of the manometric measurements indi-
cated that these insects have a relatively high res-
piration rate. A maximum 0 2 consumption of about
4500 mm3/g of living tissue per hour occurred at
18°C. At 22 0 C., 02 consumption dropped to 1100
mm/g/hr and the insects survived a maximum of
only 6 hrs. At —4°C., 02 consumption averaged 400
mm3/g/hr. These relatively high rates of metabolism
at low temperatures, which are undoubtedly related
to the adaptive ability of the antarctic species, are
being compared with the respiration rates of col-
lembolans from the temperate zones.
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The Antarctic as a Study Area
for Problems in Marine Pollution

ROBERT W. RISEBROUGH

Institute of Marine Resources
University of California, Berkeley

It is still difficult for marine biologists to accept
the findings that some marine organisms are now
more contaminated with persistent industrial and
agricultural chemicals than are their terrestrial coun-
terparts that live in the immediate vicinity of the
sources of these pollutants. The chlorinated hydro-
carbons, such as p,p'—DDE, one of the DDT com-
pounds, and the polychlorinated biphenyls, used in
industry as plasticizers and as additives to some
paints, lubricants, and insulators, are among the
persistent pollutants now found in the sea. Their con-
centrations are especially high in the petrels and
shearwaters, species that feed largely upon the plank-
tonic organisms at the surface of the open ocean far
from land, and in fish-eating species of coastal waters
such as the brown pelican and double-crested cor-
morant.

A considerable amount of evidence now suggests
that the DDT compounds are dispersed primarily
through the air rather than by ocean currents. Rela-
tively little is known about the dispersal mechanisms
of the polychlorinated biphenyls, although they have
been detected in rainwater. PCBs might also enter
the sea by leaching from waste materials. In each
of the several areas of the oceans so far studied, the
amounts and proportions of the pollutants tend to
be characteristic of the region. It is becoming pos-
sible to tell from what area of an ocean an individual
organism has come or inhabits.

The antarctic and subantarctic regions are the
breeding areas of many of the species of petrels and
shearwaters. Some of these range widely during
the non-breeding season. Among the species nesting
on the Antarctic Peninsula, for example, the Wilson's
petrels spend the northern summers in the North
Atlantic, where they are familiar birds to ocean
travellers. The cape pigeons and the giant fulmars
also migrate northwards, but usually do not cross the
Equator. Each of these species would therefore car-
ry back to the Antarctic and deposit in their eggs
the characteristic ratios of pollutants found in those
areas where they had been feeding. The resident
species that do not travel past the Antarctic Con-
vergence can be expected to carry only the pollutants
that reach the Antarctic by aerial fallout or ocean
currents, or that originate in the waste discharged
at the scientific stations. By analyzing eggs or tissues
of sea birds inhabiting each of the major regions of

the sea, we hope to obtain a better idea of the fall-
out pattern of pollutants around the world and of
the dispersal mechanisms that contribute to the
fallout.

The problem of waste discharge at several of the
scientific stations is becoming serious. Food refuse
at Palmer Station is now being wrapped in plastic
bags before being deposited on ice floes. Do these
plastic bags, which are used because of their strength
and durability, contain polychlorinated biphenyls or
other persistent molecules that will contaminate the
local ecosystem?

To collect eggs and tissues of birds that might
yield such information, we spent a month at Palmer
Station this past season. The samples have only re-
cently arrived in the United States and have not
yet been analyzed. We expect that the data will pro-
vide some information about the current pollution
patterns in the Atlantic and in the area of the Ant-
arctic Peninsula. They will be valuable in the for-
mulation of a program for monitoring the buildup of
all pollutants in the sea. They will also provide some
information about the extent of contamination of
the ecosystem in the vicinity of Palmer Station re-
suiting from the current waste-disposal practices.

The Wilson's petrel will be one of the species
chosen to monitor for marine pollutants. It is per-
haps the world's most abundant species of bird and
is found over most of the oceans. It can, therefore,
be used to compare one area with another. The few
Wilson's petrels that have been collected for analy-
sis in the northern Atlantic have been heavily con-
taminated with chlorinated hydrocarbons. On the
basis of a comparison with the other species so far
studied, we might expect some effect upon reproduc-
tion. Eggshell thinning is a symptom of impairment
of reproduction caused by the chlorinated hydro-
carbons. Measurements of the eggs collected at
Palmer Station will, therefore, tell us whether
chlorinated hydrocarbons are now also threatening
the survival of the Wilson's petrel.

Anti-Predator Behavior in
Adélie Penguins

DIETLAND and CHRISTINE Mi)LLER-SCHWARZE

Ecology Center and
Department of Wildlife Resources

Utah State University

Where there is predation, the prey animals have
to be constantly on the qui vive. This predator-
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Figure 1 (above). A young leopard seal pursues
Adélie penguins on the ice. This behavior is un-
usual: The seal typically hunts in the water. No
penguin was captured. Cape Crozier, December 2,

1969.

Figure 2 (above, center). Adult penguin charges and
chases away a south polar skua. The encounter oc-
curred on "neutral ground," between colonies.

November 16, 1969.

Figure 3 (right). A skua model is moved over a
penguin colony. Birds in the path of the model
charge with open bill or point with bill closed. Birds
on either side watch the model. November 8, 1969.

Figure 4 (extreme right). The experimental situation. A dummy is suspended on nylon lines and moved over a colony by a crank handle.

avoidance behavior permeates all other behavior.
The chief predators on Adélie penguins (Pygoscelis
adeliae) during the breeding season are the leopard
seal (Hydrurga leptonyx) and the south polar skua
(Gatharacta maccormicki).

The objective of our 1969-1970 field work at Cape
Crozier was to start a study of the strategies employed
by the penguins for avoiding predation, including the
reactions of individuals and groups to the predators,
predator recognition, "prophylactic" measures in the
absence of predators, and changes of responsiveness in
time. Leopard-seal interactions with Adélies were ob-
served during a total of 108 hours. Up to six seals
worked the rookery beaches at a time, and the rate of
predation varied from 0.37 to 1.0 kill/hr. These fig-
ures confirm the findings of Penney and Lowry
(1967) in the same area. Low tide increased the pre-
dation (1.0 kill/hr), because the penguins could not
jump the 2-3 m high ice foot. At medium and high
tides, 0.47 kills/hr were recorded.

The activity cycles of prey and predator are not
fully synchronized. The seals were most active be-
tween midnight and 0600 hrs*; whereas most pen-
guins were swimming back to the rookery between
0600 and 1200 hrs. The diurnal rhythms of activity
are significant (leopard seal: p<O.Ol; Adélie pen-
guin: p=0.001). The rank correlation between the
two cycles is +0.582 (p<0.05). The "nocturnal"
activity of seals was described earlier for the Wed-
dell seal, Leptonychotes weddelli (Müller-Schwarze,
1965), and later confirmed by Stirling (1967).

* Local times.

The adaptive value of being social to minimize pre-
dation is much discussed. Adélie penguins dispersed
from a group on the fast ice during an attack by a
leopard seal showed overt signs of additional vigi-
lance required in this situation. The dispersed pen-
guins turned their heads 11 times/mm, while birds
remaining in a group turned their heads only 6
times/mm (difference: p<0.Ol).

Eighty-two hours were spent observing skua-pen-
guin interactions. Actual defense occurs when the
skua flies 1 m or lower over the incubating penguins.
With closed bills, the penguins point toward skuas
1-2 m above them, look only when skuas fly 2-12 m
high, and seem to ignore them when the skuas are
higher than about 12 m. The penguins have to cope
with individually acquired attack patterns of some
skuas: one skua was observed pulling the tails of
incubating penguins until the eggs were exposed and
could be taken.

The dense groups of flightless birds on their breed-
ing territories offer a unique opportunity to study
predator recognition and response intensities. This
experiment was accomplished by using two-dimen-
sional models of skuas which were moved overhead
(e.g., Miiller-Schwarze, 1961). In 82 series of 8 ex-
posures each, we pulled skua dummies and circles
and ellipses over colonies at a speed of about 1 m/sec.
For each experiment, we used a new, naive group.
The penguins responded to the low-flying models
as if they were real skuas, attacking or pointing closed
bills toward them. Afterwards, many birds shook
their heads as they usually do after a disturbance.
These motor patterns indicated the response intensity.

July—August 1970	 125



The penguins reacted to geometrical figures as
strongly as they did to bird models. Their response
seemed directly proportional to the size of the models.
In the course of the breeding season, the response
intensity increased, particularly from the late incuba-
tion period (late November) to the "guard stage,"
after the hatching of the chicks (late December).

The study was supported by NSF grant GA-14220.
Richard T. Paul and D. Andrew Saunders assisted in
the field and continued the work after the departure
of the principal investigator.
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time-lapse cameras. Eventually, it is hoped that the
rate of embryonic development can be estimated by
correlating recorded temperatures, incubation activi-
ty, and the development and temperature curves de-
termined in laboratory experiments.

Some of the factors under consideration which
may cause penguins to expose their eggs are: (1)
various levels of brooding experience, possibly related
to age; (2) the effect of social structure and inter-
actions of individuals; and (3) the effect of human
disturbance. Three time-lapse 8-mm movie cameras
were set up in different colonies within one area of
the rookery. From October 4 till December 28,
1969, these cameras were operated continuously at
1 to 2'/2 frames per minute to yield 2,100 feet of
film for analysis. The strip-chart recorders did not
arrive at Hallett until late in the season, so nest-
temperature data are available only for the period
December 4-21, 1969, from one experienced brooder.

Hopefully, correlation of these data will provide
insight into adaptation of incubation processes in
cold climates, and enable evaluation of incubation
behavior essential for successful incubation.

Studies of Incubation Behavior
and Embryonic Development

in the Adélie Penguin
JOHN R. BAKER

Department of Zoology and Entomology
Iowa State University

Two related studies of the embryonic development
of the Adélie penguin were done at Hallett Station
during the 1969-1970 season. One was a continua-
tion of studies initiated in November, 1968, to deter-
mine the rate and the upper and lower limits of de-
velopment at different temperatures under artificial
incubation. This season, we found that the upper and
lower limits are close to those established for do-
mestic chicken embryo development. For this incuba-
tion study, 150 first eggs were taken. (Observation
of each nest from which an egg was taken showed
that a replacement egg usually was laid.)

The second study was designed to: (1) correlate
the incubation intensity of Adélie penguins with de-
velopment of the embryos; and (2) determine innate
behavior and external disturbances which expose
the egg and thereby reduce incubation efficiency. The
technique for this study was to monitor egg and
nest temperatures with continuously recording ther-
moprobes, and simultaneously sample and record
major movements of the incubating penguins with

Antarctic Avian Population Studies
1969-1970

R. C. WOOD, D. G. AINLEY,
and W. J . L. SLADEN

Department of Pathobiology
The Johns Hopkins University

The USARP birdbanding program continued, for
the ninth consecutive season, a long-term study of
the ecology and behavior of Adélie penguins
(Pygoscelis adeliae) and south polar skuas (Ca-
tharacta maccormicki) at Cape Crozier, Ross Island
(Sladen et al., 1966, 1968a; Wood et al., 1967; Le-
Resche et al., 1970). Wilson House was occupied by
the Johns Hopkins party from October 19 to Febru-
ary 11. Blizzards were more frequent than in any
other season, with 9 days of winds exceeding 100
mph and 27 days of winds over 50 mph. The bliz-
zards caused mortality of both Adélie and skua chicks
and prevented adult skuas from foraging, but they
were also beneficial in that they periodically moved
the pack ice away from the rookery, giving Adélies
ready access to the sea and food supplies.

This season, 1,342 Adélies banded as chicks during
the first 8 years of the study were observed through-
out the rookery. In two study areas that were closely
followed, 8% of 157 3-year olds bred, 35% of 127 4-
year olds, 57% of 88 5-year olds, 76% of 51 6-year
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olds, 86% of 28 7-year olds, and 100% of 5 8-year
olds. Thus, for the first time in these study areas,
all Adélies in the oldest age group were breeding.

Some behavioral indicator of the effect of human
disturbance on Adélies has been sought for several
seasons. At least 22 comfort movements were de-
scribed and analyzed. During human disturbances,
the frequency of some movements doubled, others
tripled, while some remained the same as before the
disturbance. Their frequency also changed according
to the weather and during interactions with other
Adélies. Regular and predictable organization ex-
isted among comfort behaviors, and between com-
fort and other behaviors.

Three visits were made to the nearby emperor pen-
guin (Aptenodytes forsteri) rookery. A 3-year old
emperor, observed on the sea ice several hundred
meters from the rookery, was the first recovery from
329 chicks banded since the 1964-1965 season and
represents the first clue as to the age when emperors
begin to return to breeding areas. The age at which
emperors first breed is still unknown. Our annual
banding of chicks continued with 111 banded in
early December. The Teflon flipper bands (Penney
and Sladen, 1966), first used in 1964-1965, were
still in excellent condition.

Studies of skua population dynamics were con-
centrated on birds of known age. Seven cohorts, aged

2 to 8 years, were present. Eight percent of 2-year
Olds (chicks banded and fledged in 1967-1968) were
recorded, compared with 24-28% of 4- to 8-year
olds. The percent of returning birds levels off at the
fourth year.

Eighty skuas aged 5 to 8 years bred in 1969-
1970. Although 24 bred for the first time, the total
was lower than the 84 breeding in 1968-1969 (Le-
Resche et al., 1970). Several days of high winds and
drifting snow in mid-December interrupted observa-
tions, and probably some of the apparent non-
breeders laid eggs and lost them during this period.
Even at 8 years of age, only slightly more than half
of those present had bred.

The productivity of knqwn-age skuas remained
low, chiefly because they lay their eggs later than
most older skuas and thus are more vulnerable to
late-summer blizzards. None of the 80 known-age
breeders fledged a chick successfully in 1969-1970
and, over four seasons, only 6 chicks have been
raised to near-fledging in 165 known-age pairings.

A study was made of the Adélie chick corpses
whose abundance in exposed places is a prominent
feature of the Crozier rookery. Evidence was col-
lected that the corpses may have resulted from one
massive kill, perhaps during a storm, before the com-
mencement of Johns Hopkins' program at Crozier.
A film on adult and juvenile behavior of the Adélie

Birds banded with USARP birdbanding program designed bands,' July 1969 to June 1970.

Species

Adélie penguin

Adélie penguin
Adélie penguin
Adélie penguin
Emperor penguin
South polar skua
South polar skua
South polar skua
Black-browed albatross

Organization	Area

USARP	C. Crozier

USARP	C. Hallett
NZARP	C. Bird
NZARP	C. Royds
USARP	C. Crozier
USARP	C. Crozier
USARP	McMurdo Sta.
USARP	C. Hallett
USARP	Falkland Is.

Bander

DA, RP, DS,
RS, WS, RW
DD, JW, MW
ES, EY
ES, EY
DA, RW
RW
RS
DD, JW
RN

Totals:

	

Chick'	Adult 3	Total

	

5199	289	5488

	

283
	

55	338

	

12
	

135	147

	

511
	

511

	

111
	

111

	

54
	

131	185
51	51

	

49
	

49
(4508)'

	

6219
	

661	I	6880

'Standard Fish and Wildlife Service bands were used on skua chicks at Crozier and Hallett.
2 Banded as a chick and therefore a bird of known age.
'Banded as an adult or sub-adult.
4 Number of bands sent; no report available yet on the number used. These are not included in the totals.
Note. The following was received after publication of the 1968-1969 summary: 34 black-browed albatrosses, chicks (Napier, USARP,

Falkland Islands).
Bands designed (Sladen et at., 1968b) by the USARP birdbanding program bear the address: ADVISE F. & W. SERV., WRITE WASH.

D.C. USA.
Bands are provided by USARP in the interest of international cooperation. The organizations using them are responsible for pub-

lishing their own recovery data.
Banders: DA, D. Ainley (JHU); DD, D. Derksen (ISU); RN, R. Napier (JHU); RP, R. Paul (USU); DS, D. Saunders (USU); ES,

E. Spurr (NZARP); RS, R. Schiatter (JHU); WS, W. Sladen (JHU); JW, J. Weinrich (ISU); MW, M. Weller (ISU); RW, R. Wood
(JHU); EY, E. Young (NZARP).

Organizations: ISU, Iowa State University; JHU, Johns Hopkins University; NZARP, New Zealand Antarctic Research Programme;
USARP, United States Antarctic Research Program; USU, Utah State University.
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penguins started in 1964 was completed in February.
We gratefully acknowledge assistance in the field

by Mike Ellis and Peter Oliver (members of New
Zealand's Queen Scouts and Boys' Brigade, respec-
tively), Richard Paul and D. Andrew Saunders
(Utah State University), and Roberto Schlatter
(Johns Hopkins University).
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Comparative Biochemistry of Proteins
ROBERT E. FEENEY

Department of Food Science and Technology
College of Agricultural and Environmental Sciences

University of California, Davis

The program of our laboratory concerns the re-
lationship of the fundamental structure of proteins—
including enzymes—to function. Two main programs
related to adaptation and evolutionary changes are
under way: 1. Study of the proteins and enzymes
from cold-adapted antarctic fish, to determine the
causes of their unusual properties; 2. A program on
the egg-white proteins and blood proteins of pen-
guins, directed primarily at the taxonomic inter-
relationships of these animals.

During the 1969-1970 antarctic summer, a six-
member party from the University of California,
Davis, did biochemical research and collected spec-
imens on Ross Island. They were graduate students
Stephen Chan and Jack Vandenheede, student as-
sistant James Phillips, postdoctoral and former stu-
dent Dr. Frank C. Greene, faculty colleague Dr.
Richard C. Criddle, and project director Robert E.
Feeney.

The main program concerned the blood and mus-
cle proteins of the cold-adapted antarctic fish
Trematomus borchgrevinki. Approximately 3,000 T.
borchgrevinki were processed for blood and muscle
preparations. Hearts and livers were taken from ap-
proximately 300 individual fish, while lateral mus-
cles were taken from about 600. Plasma or serum
was prepared from blood taken from approximately
2,800 fish; the red cells were used to prepare he-
molyzed solutions of hemoglobin.

The blood serum and blood plasma obtained this
year have been used entirely for continuation of
our studies on the freezing-point-depressing gly-
coprotein (FPDG) reported by Arthur DeVries and
Donald Wohlschlag. Dr. DeVries has continued as
a senior investigator, working on the FPDG in our
laboratory together with three graduate students.
The main work has been on the primary structure—
the sequence of the amino acids—in the FPDG. Re-
sults show that at least part of the structure is a
repeating tripeptide unit of the amino acids alanine-
alanine-threonine, with a disaccharide of N-acetyl-
galactosaminylgalactosyl residue linked to the oxygen
of each threonine side chain. An inactive glycoprotein
fraction whose structure has many features in com-
mon with the active FPDG is also under investiga-
tion.

In the studies on muscle enzymes, the main work
has been with the muscle phosphorylase and lactic
dehydrogenase (LDH). The phosphorylase studies
are not sufficiently far along to be discussed. The
LDH studies show that, contrary to many species, the
enzymes from the heart and lateral muscles of the
cold-adapted fish have very similar properties. They
are also relatively insensitive to higher concentrations
of pyruvate, which is in keeping with a higher
pyruvate concentrations in tissues. Two new enzyme
systems were investigated this year. One is phospho-
fructokinase and the other is cytochrome c from
heart and liver mitochondria. This year's study
showed that the cold-adapted fish mitochondria
cytochrome c was not heat sensitive. Turnover num-
bers at low temperature will be completed this com-
ing antarctic season. A superficial investigation of
the phosphofructokinase indicated that it has no
properties particularly relative to cold adaptation.
Continued studies on the muscle enzyme glyceralde-
hyde-3-phosphate dehydrogenase have demonstrated
a clearcut difference in the effect of temperature:
the fish enzyme is not inactivated by ATP at low
temperatures, whereas the comparable enzyme from
warm-blooded species is inactivated.

Studies are also continuing on the penguin egg-
white proteins. In October, early in the antarctic
spring, three visits were paid to the emperor penguin
rookery at Cape Crozier for the purpose of obtain-
ing frozen emperor penguin eggs. A total of seven
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eggs were obtained this year, including two that were
collected on a prior visit to the area by a New
Zealand party. Of the seven, three appeared to be
in good shape for biochemical studies, and two of
these were in perfect condition. The eggs were ob-
tained by a diligent search of peripheral areas of
the rookery, where they are usually found frozen
beneath the surface of the ice. Only those eggs that
have been completely covered with ice are suitable
for studies. In all cases, to be used they must have
been frozen very quickly after they were laid, so
as to prevent embryo growth, microbial spoilage,
physical breakage, or dehydration.

Figure 1. Fish house containing the electronics gear. Note telemetry
receiving antenna.

Studies at McMurdo Station of the
Population Dynamics of Antarctic Seals

DONALD B. SINIFF

Department of Ecology and Behavioral Biology
University of Minnesota

During the 1969-1970 field season at McMurdo,
studies were carried out in four areas: (1) telemetry
observations of the activity patterns of Weddell seals,
including search for a durable transmitter attach-
ment suitable for monitoring migration; (2) record-
ing of the underwater behavior of Weddell seals by
means of a submerged television camera; (3) sam-
pling of seal blood for electrophoretic analyses and
karyotype studies; and (4) aerial census of seals
(with the aid of photographic personnel of the U.S.
Geological Survey).

For the telemetry and underwater television
studies, a fish house (Fig. 1) was placed at Hutton
Cliffs, approximately 10 miles from McMurdo Sta-
tion. Several methods of attaching small radio trans-
mitters were tested: (1) attachment with suture
material to the surface of the seal, (2) implantation
into the fat layer in the upper back area, (3) lash-
ing about the ankle portion of the rear flipper, and
(4) attachment with plastic pins inserted through
the tail. Of these methods, the ankle and tail attach-
ments were the most promising; however, none of
the attachments lasted more than one month. Data
on the activity patterns of the instrumented seals
were recorded on a strip chart, as described by Siniff
et al. (1969). Pups were also instrumented with a
small transmitter pinned through the rear flipper,
and the activity patterns of the mother and her pup
were recorded simultaneously. These data are cur-

rently being analyzed and combined with the data
collected during the 1968-1969 field season.

Historically, considerable effort has been expended
in trying to observe the underwater behavior of the
Weddell seal. To further these attempts, a closed-
circuit underwater television arrangement was ini-
tiated this year on a trial basis to see whether the
operation of such equipment was feasible in the Ant-
arctic. These trials were very successful and far ex-
ceeded our expectations. Visibility under the ice was
excellent, and in early October seals could be distin-
guished to distances of 30 m from the camera. This
visibility decreased as the season progressed due to
the plankton bloom; however, it was possible to
monitor behavior up through December 7. Data were
recorded on a video tape recorder (Fig. 2) and
brought to the U.S.A. for further analysis. Perhaps
the greatest success with this equipment was the

Figure 2. Electronic equipment used to monitor seal behavior.
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recording of underwater copulation in the Weddell
seal, as reported by Cline et al. (in review).

Eighty-seven blood samples were taken from Wed-
deli seals around Ross Island; 50 of them for elec-
trophoretic analysis, and the others for karyotype
studies. These data are being analyzed in conjunction
with samples from the Weddell Sea and the Ant-
arctic Peninsula.

For the aerial photography census, the same pat-
tern was followed this year as during the 1968-1969
field season, except that flight lines were flown at
an altitude of 308 m instead of 616 m. Five transects
of 100 miles were flown 15 miles apart over an area
of the Ross Sea north of Ross Island. Vertical and
oblique photographs were taken every mile. The re-
suits were much better than those of the previous
year's flights at 616 m. The pictures are now being
examined for density estimates of seals.
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Seal Survey in the South Shetland
and South Orkney Islands
A. W. ERICKSON, R. J . HOFMAN,

W. L. THOMAS, and R. J . OEHLENSCHLAGER

Bell Museum of Natural History
University of Minnesota

During the Bransfield Strait research cruise of
USCGC Glacier, .January 3—February 2, 1970, an at-
tempt was made to obtain aerial censuses of seals
inhabiting the South Shetland and South Orkney
Islands. Unfortunately, the effort was beset by a
series of untoward developments beyond the control
of Glacier's command that drastically limited the
extent and completeness of the survey. However,
some meaningful data were obtained (see table) on
the status of the seal populations.

The data in the table amply demonstrate the sig-
nificant populations of elephant seals inhabiting the
South Shetland and South Orkney Islands, follow-
ing near-extinction in former times. The data do not
include the substantial populations of this species on
Elephant Island, and doubtless other major popula-
tions in areas not covered in this survey effort. It

is to be remembered, too, that the survey results in-
clude only the animals found on the beaches, and
that some animals were certainly missed in the areas
surveyed.

We observed fewer fur seals than expected, al-
though one population in excess of 200 animals was
located on King George Island. Quite substantial
populations of this species are known to exist in
the South Orkney Islands, but inclement weather
prevented us from censusing many of the important
fur-seal rookeries there. The survey results and other
distributional records suggest that this species is
also staging a comeback, although recolonization of
former ranges appears to be slow.

In addition to the island surveys, six shipboard
censuses of seals were undertaken in pack-ice areas.
Two surveys of Gerlache Strait, taken on January 8
and 24, gave 105 crabeater, 5 leopard, and 2 Wed-
dell seals in four hours of census, or 28 seals per
census hour. This number is nearly double the den-
sities observed in the Weddell Sea during the 1967-
1968 and 1968-1969 seasons. Conversely, three sur-
veys totalling six hours of census conducted at the
north end of Antarctic Sound and along the north-
west edge of the Weddell Sea ice pack, yielded only
3 crabeater, 1 leopard, and 1 Weddell seals.

As in past years, a second major aspect of the
work was the collection of blood samples for studies
of the affinities of antarctic seal populations by blood
electrophoretic and karyological examinations. Sam-
ples were obtained from 16 crabeater, 13 elephant,
12 Weddell, 6 fur, and 2 leopard seals. The principal
areas of collection were Elephant, Half Moon, and
King George Islands, and Palmer Station. Leucocyte
cultures to provide somatic metaphase cells for
karyotypic analysis were initiated on most of the
blood samples (Fig. 1). These materials are now
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Figure 1. Karyotype of a female crabeater

seal (Lobodon carcinophagusl, 2N34.

1.30	 ANTARCTIC JOURNAL



Seal survey results: South Shetland and South Orkney Islands, January, 1970

Percent of	 Seals observed
Area	 Date isian(Jan.)	surveyed	Elephant	Fur	Weddell I Leopard	Crabeater

SOUTH SHETLAND ISLANDS

King George Island, Nelson I.
and adjacent small islands

(NW side)	.................................16	50
(SE	side) ....................................17	50

	

Greenwich Island (south side)	18	35
Livingston Island (east edge:

	

Williams Pt. to Ranier Pt.)	18	10

Totals..................................................................

SOUTH ORKNEY ISLANDS

Coronation Island (north side:

	

Larsen I. to Johns Peak) ..............28	60

	

Powell I. (south side) ........................28	55

	

Fredricksen Island ..............................28	100
Laurie I. (NW side: Wash.

	

Strait to Marshall Bay) ... ........... .28	35

Totals.....................................................................

	

1742	204	209	28	0

	

2102	 0	148	16	1

	

171	 0	49	0	0

	

92	 2	84	1	0

	

4107	206	490	45	1

	

41	130	39	15	4

	

20	31	 3	6	0

	

803	110	 8	0	0

	

425	164	102	20	6

	

1289	435	152	41	10

	

J	-
- 

•4	 --._. .,.	i*.

Photo by R. J. II 'fintin

Figure 2. Elephant seal on Anvers Island.

being analyzed to determine basic chromosome num-
bers and morphology for the identification of intra-
specific and interspecific variations.

Several live seals were held aboard Glacier for
drug and heat-flow experiments. A variety of tem-
perature measurements were made on crabeater and
leopard seals to identify the basic temperature pro-
files as they relate to ambient air conditions. The
rectal, surface, and subcutaneous temperatures and
temperature gradients through the blubber layer may
allow some quantitative estimate to be made of the
seals' thermal adaptation to the polar environment.
Skin and skull specimens were collected from 2
leopard, 2 crabeater, and 4 fur seals.

A log was maintained of bird life observed during
the course of the cruise.

July—August 1970

Thermal Regulation in the Newborn
Weddell Seal (Leptonychotes Weddelli)

D. HAMMOND, D. FOSTER, and R. ELSNER

Scripps Institution of Oceanography
University of California, San Diego

Since the Weddell seal pups are born during the
months of October and November, they must have
functional cold-adaptation capabilities in order to
survive in the harsh environment. Lacking append-
ages, they are unable to curl up in a ball of fur,
which would reduce the surface area exposed to the
environment. The mother's maternal warmth is lack-
ing: her superficial skin temperature is well below
body-core temperature due to the insulative layer of
fat surrounding her cylindrical body. The newborn
is also in constant body contact with the sea ice dur-
ing the first few weeks of life. Later, these periods of
ice-body contact are interrupted only when the seal
enters the salt water, where the temperature is
—1.6°C.

Temperature regulation to minimize body heat loss
is essential to sustain life in such a severe climate.
The seal pup's thick lanugo (newborn fur) provides
the initial protection against body heat loss. Corn-
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mencing to nurse within a few hours of life, the pup
quickly accumulates an insulative layer of fat. This
increasing layer of fat now furnishes the insulation
against the cold environment. Molting of the lanugo
begins at three to four weeks of age. The fur is re-
placed by a coarse hair coat which lacks the high
insulative properties of lanugo. The newborn is grad-
ually transformed from a terrestrially oriented animal
to an aquatic one. The lanugo would lose its insula-
tive properties if saturated with water; therefore, the
seal does not generally enter the water until molting
has started to occur. The new coarse hair coat does
not retain water, and the insulative adipose tissue
permits swimming in the sea water with minimal
body heat loss to the water.

Our field party arrived at McMurdo Sound on
October 14, 1969, to commence the first season's
investigation of temperature regulation in the Wed-
dell seal. A laboratory and base camp were estab-
lished at Turtle Rock, approximately seven miles
from McMurdo Station. A metabolic chamber was
assembled at the base camp. The chamber is de-
signed to provide a controlled environment ranging
from —40°C. to +45 0 C., allowing metabolic and
thermal responses to be monitored over a wide range
of temperatures.

Some of the areas of investigation include vascular
changes in the superficial tissues and flippers, shiver-
ing, increased metabolism, and the insulative capa-
bilities of adipose tissue.

The daily weights of Weddell seal pups were re-
corded, beginning at birth and continuing through
several weeks of age. Nursing pups showed weight
gain ranging from 1.5 to 3.0 kg/day. These figures
are lower than Bertram's (1940); however, ambient
temperatures as high as 8°C. were experienced this
past season on the sea ice. Melting ice may have
created enough moisture to dampen the lanugo fur,
increasing the body heat loss to the environment and
necessitating an increase in energy requirement to
maintain body temperature and thereby reducing the
rate of weight gains.

Weight gains alone do not provide all the infor-
mation on the rate of insulative fat deposition. Tis-
sue biopsies are needed to assess fat thickness. In
order to predetermine the major areas of potential
fat deposition, three carcasses of Weddell seal pups
were collected. (One had died at birth, the other
two were nursing pups that died from drowning.)
Dissection of these carcasses helped determine where
the biopsies should be taken from growing pups the
following austral summer.

Reference

Bertram, G. C. L. 1940. The biology of the Weddell and
crabeater seals. British Graham Land Expedition. Scien-
tific Report, 1: 32-34.

Diving Behavior and Respiration
in Weddell Seals and Emperor Penguins

G. L. KOOYMAN, D. H. KEREM,
W. B. CAMPBELL, and J . J . WRIGHT

Scripps Institution of Oceanography
University of California, San Diego

Figure L Study area of the Cape Crozier experiments. The tri-
angularly shaped sea-ice section is the area where the emperor
penguins were caught and released. The penguin rookery was

located near the cliffs in the first major rift.

Efforts in the 1969-1970 season were directed to
three specific areas: 1) night-diving studies of the
Weddell seal, 2) respirometry of unrestrained Wed-
deli seals, and 3) diving behavior of emperor pen-
guins. Shortly after arrival on September 1, the
night-diving experiments on seals, initiated last sea-
son (Kooyman and Campbell, 1969), were resumed.
Some of the techniques were similar to those used in
the past, such as the measurement of dive profile
with depth-time recorders (Kooyman, 1968). A new
instrument package made up of a hydrophone and
recording unit was placed on the seals in the same
fashion as the depth-time recorders. The night-diving
experiments were highly successful and, although
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Figure 2. Weddell seal breath-	Figure 3. The 61-cm auger used

	

ing through the lucite ice-hole	for cutting a hole through 3.3-

	

cover to which the valves and	m thick sea ice for the seal
respirometer were attached,	 diving studies.

much of the data still need to be processed, one clear
fact about the animals' response to our experimental
conditions is that, compared to day diving, there are
much fewer prolonged and deep dives.

Three days were spent at the ice front near Cape
Crozier (Fig. 1) completing the final experiments of
a 3-year study on diving behavior of emperor pen-
guins. This experiment was an attempt to measure
diving depths under the most natural conditions pos-
sible. Depth recorders were placed on 24 birds, six of
which were later recovered.

By means of a lucite funnel and two one-way
valves placed over the breathing hole, pulmonary
function values and oxygen consumption were meas-
ured in the unrestrained seal (Fig. 2). This work
was also an extension of the studies initiated last sea-
son (Kooyman and Campbell, 1969). Oxygen con-
sumption rates were obtained from seals while they
were sleeping in ice water and after diving, in one
instance after a 70-minute dive. Other data obtained
concomitantly were tidal and minute volumes, lung
volumes, and end-tidal gas composition.

In order to obtain the respiratory data, we had to
establish our station on 2-year ice 3.5 m thick. The
very difficult task of cutting a hole in such thick ice
was greatly helped by the efforts of EOC Richard
Farbo of the U.S. Navy Public Works Department.
A 61-cm auger was used to drill 5 holes 3.3 m deep
in a rectangular pattern (Fig. 3). When the adjoin-
ing walls of the corings were broken out, a suitable
diving hole was formed.

References
Kooyman, G. L. 1968. An analysis of some behavioral and

physiological characteristics related to diving in the Wed-
deli seal. Antarctic Research Series, 11: 227-261.

Kooyman, G. L. and W. B. Campbell, Jr. 1969. Biology of
deep diving in antarctic birds and mammals. Antarctic
Journal of the U.S., IV(4): 115.

High-Latitude Emergence of
Deep-Sea Isopods

ROBERT R. HESSLER

Scripps Institution of Oceanography
University of California, San Diego

One of the major generalities in benthic marine
biogeography is that there is a tendency for deep-sea
taxa to emerge into shallow water at high latitudes.
This is particularly clear among the isopods. Mem-
bers of the subtribe Paraselliodea are significant com-
ponents of the deep-sea fauna, where they represent
a diversity of families. Most of these families are
nearly absent from shallow water except at high lati-
tudes, where once again they are characteristic mem-
bers of the benthic community.

This high-latitude emergence is reasonably well
documented in the North, but the exact nature of
the emergence is by no means clear in the Antarctic.
Faunal lists show that it occurs, but they give little
idea of the relative importance of parasellotes in
shallow-water communities. Also, because of the dif-
ferent ways in which the samples were collected, it is
difficult to compare these faunas to those of the deep
sea.

An opportunity to initiate an investigation of this
subject appeared in January and February of this
year, when I joined Dr. Eric L. Mills (Institute of
Oceanography, Dalhousie University) in a cruise be-
tween Punta Arenas, Chile, and the South Shetland
Islands on board the research vessel Hudson of Can-
ada's Bedford Institute. For me, the purpose of the
cruise was to learn the problems of oceanographic
research in the Antarctic and to gather an initial
set of shallow-water, soft-bottom faunal samples.

The cruise track allowed sampling on the conti-
nental shelf of southern Chile and in several bays of
the South Shetland Islands. A few deep-water sam-
ples were also attempted. The WHOI epibenthic sled
and the Smith-McIntyre grab were the basic sam-
pling tools. The epibenthic sled has been our basic
deep-sea tool for several years.

Surprisingly, weather was no hinderance to our
work. Finding a suitable bottom was a more serious
difficulty. For a proper comparison to the deep sea,
shallow-water silts or clays are most desirable. We
never located anything finer than a sand off southern
Chile. Silt-clays were present in bays of the South
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Shetland Islands, but in general the topography was
so rough that great care had to be exercised to avoid
losing the sampler.

This cruise yielded 19 samples. Half of these are
from shallow South Shetland waters and contain a
rich soft-bottom fauna. Preliminary inspection of the
samples indicates that they are well suited for studies
of high-latitude emergence.

Marine Ecological Studies
at Palmer Station and Vicinity*

WILLIAM E. STOUT and STEVEN V. SHABICA

Marine Science Center
Oregon State University

During the 1970 summer season, a study transect
was laid out near Palmer Station comprising 28 sta-
tions from high tide level to 16 m below. At 13 sta-
tions, experimental plots of 1 m 2 were cleared of plant
and animal life, and the replacement and growth of
organisms are being studied on these plots throughout
the year. Three distinct subtidal regions can be rec-
ognized: (1) a gently sloping rock substrate with
increasing amounts of sediment with depth, charac-
terized by the limpet Patinigera polaris, Hildenbran-
dia, and other algae, and the sea urchin Sterechinus
neulnayeri; (2) a relatively flat mud bottom charac-
terized by the bivalve Laternula elliptica, algae, and
occasional clumps of the nemertean Lineus corruga-
tus; and (3) a near-vertical rock face characterized
by brachiopods and a sponge-tubicolous polychaete
complex in the lower reaches and limpets in the
upper reaches.

Patinigera polaris occurs in concentrations of up
to 123/m2 from 1-3 m below the low tide level, and
less abundantly to 16 m, the limit of diving observa-
tions. Approximately 500 specimens from various
depths and habitats were collected, marked by at-
taching fish tags with polyester resin to the shells,
and returned to obtain monthly information regard-
ing seasonal migration and the development of the
algal belt, temperature tolerance, growth and me-
tabolism, nature of food, fecundity, and the effects
of ice on their position in the intertidal region.

The large infaunal bivalve Laternula elliptica oc-
curs in concentrations of up to 75/m2 from 9 to 14 m
below the low-tide level in semi-consolidated mud.

*This work was supported by grant GA-18348 from the
National Science Foundation.

The greatest densities were found in those areas hav-
ing the least amount of surface cover. The sediment
at the site contained foraminiferans, cumaceans, poly-
chaetes, small bivalves, gastropods, ostracods, isopods,
and amphipods. No commensals were found associ-
ated with the clam.

The food preferences of intertidal and subtidal
pycnogonids were studied in laboratory aquaria. The
animals were collected by bottom trawls from R/V
Hero and by scuba diving. Austrodecus sp. and Penta-
nymphon antarcticum were found associated with
sponge, Bryozoa, and hydroids. Both species preferred
hydroids to Bryozoa and sponge. Colossendeis ro-
busta, C. australis, and Ammothea carolinensis, the
three largest subtidal pycnogonids collected, were
found associated with brachiopods, tubicolous poly-
chaetes, and encrusting red algae. Colossendeis ro-
busta was observed to feed in soft sediments and
C. australis preferred tubicolous polychaetes. Hedg-
peth (personal communication) had suggested that
some large Colossendeids might be feeders upon
meiobenthos in soft sediments. The food preference
of Ammothea carolinensis was not determined. The
one specimen collected, an ovigerous male, was very
sluggish and remained stationary with the proboscis
resting in the mud. Colossendeis megalonyx mega-
lonyx, Decolopoda australis, Pallenopsis cf. patagon-
ica, and Nymphon sp. were collected by trawling in
the Port Lockroy area. Decolopoda and Pallenopsis
were observed to feed in the soft sediments. C. mega-
lonyx preferred tubicolous polychaetes and Nymphon
sp. preferred hydroids. Several specimens of Achelia
sp. were collected in the intertidal zone at Port Lock-
roy. All specimens were associated with hydroids and
appeared to feed upon them.

Approximately 4,000 specimens of the small vivi-
parous clam Lasaea consan guinea were collected in
February and March from the intertidal region at
Port Lockroy and transferred to the laboratory at
Palmer Station, where they are being maintained in
aquaria for monthly observations on various aspects
of their reproductive biology. A study of the inter-
tidal association was made. In the intertidal zone,
L. consanguinea is confined to the mid-tide level
within a very narrow vertical range. The clams were
collected on rocks covered by hydroids and algae.
Close examination revealed that the byssal threads
of the clams were not attached directly to the rocks
but rather to the hydroids and algae. The entangled
mass of byssal threads, hydroids, and algae provides a
habitat for numerous organisms, e.g., turbellarians,
gastropods, polychaetes, amphipods, copepods, ostra-
cods, nematodes, and pycnogonids. Turbellarians and
amphipods were the most conspicuous members of
this association. Many of the clams had epizoic folli-
culinids on them. From a total population of 895
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clams collected in February, a sample of 76 was ex-
amined. Of these 76, 39 bore young. The largest
young measured while still in the parent ranged from
0.15 to 0.40 mm. Generally, it was found that the
larger individuals tended to produce more young
than the smaller ones. The size of the smallest indi-
viduals brooding young is not known, but no young
were found in clams 2.5 mm in length or smaller. In
addition, in the larger specimens, there were clams
having no young; however, these clams may have
been dead, since the valves were reflexed. The mean
number of young brooded per specimen ranged from
zero to 75.2. The greatest number of young brooded
by a single adult was 132. The stomach contents of
many specimens were examined and consisted of
detritus.

Studies of Antarctic Nematodes

RICHARD W. TIMM and DAVID R. VIGLIERCHIO

Department of Nematology
University of California, Davis

This study, carried out during the 1969-1970 sea-
son, consisted of two parts—one concerned with
taxonomy and the other with physiology. Nematodes
of the Antarctic have not been well studied. The col-
lections obtained by the early expeditions, around the
turn of the century, and the resulting specimen de-
scriptions were less than satisfactory for taxonomic
purposes. To confirm these earlier findings, to im-
prove the old descriptions, and to add new informa-
tion, nematodes were collected over a wide area of
Ross Island and the coast of Victoria Land. Six spe-
cies of soil and freshwater nematodes were obtained,
including one new genus and two new species.
Dredging for marine nematodes was carried out
through ice holes near McMurdo Station and Scott
Base at six different depths and from the icebreaker
USCGC Burton Island off Cape Royds at two dif-
ferent depths. So far, 190 species of marine nema-
todes, including two new genera, have been mounted
on slides.

The other part of the project concerned the
osmoregulatory mechanisms of free-living nematodes,
i.e., their ability to take up or release cations or
anions. Several large marine nematodes reported
from McMurdo Sound are especially suitable for
such physiological studies because they can be easily
handled and measured. Experiments were carried out
on freshly collected live animals to assess their re-
sponses to hypertonic and hypotonic solutions. These

determinations were made directly on two large ma-
rine nematodes with the aid of an ocular micrometer
in a dissecting microscope. With this experience as
background, the experimentation was expanded to
include a small free-living marine nematode and a
free-living soil-inhabiting form. The responses were
recorded photographically. Nematodes regulating in
certain hypo- and hypertonic solutions were selected,
freeze-dried, and returned to the Department of
Nematology, University of California, Davis for ion
analysis.

Limnological Investigations
of Algal Communities

BRUCE C. PARKER and GENE SAMSEL

Department of Biology
Virginia Polytechnic Institute

During the austral summer of 1969-1970, we stud-
ied a series of meltwater ponds in the vicinity of
Anvers Island, off the western coast of the Antarctic
Peninsula, making field trips by boat from Palmer
Station to nearby islands and peninsulas. Our studies
were aimed at understanding biological conditions in
antarctic fresh waters. We conducted a preliminary
limnological survey of six lakes and meltwater pools,
two of the larger and more contrasting of which were
located on Humble Island ("Humble Island Lake")
and behind the old British station at Norsel Point
("Skua Lake"), respectively. Environmental param-
eters such as light, temperature, pH, nutrients, chlo-
rophyll, photosynthetic rates of phytoplankton popu-
lations (by the in situ C 4 method), etc. were meas-
ured, and algae were collected for identification.

"Skua Lake" and "Humble Island Lake" possess
strikingly different trophic levels, there being no over-
lap in their diurnal rates of C 14 uptake. Both ponds
derive input meltwater from glacial ice and snow
drifts, with their output channeled toward Arthur
Harbor. Located only one-quarter mile apart, they
were both partially ice-covered during the entire sea-
son. Both lakes were underlain by a quartz-rich dio-
rite containing small amounts of biotite and much
Na plagioclase.

With the exception of Cl, NH 3–N, and total
PO4 , nutrient concentrations in oligiotrophic
"Skua Lake" were similar to those found in eutrophic
"Humble Island Lake." Concentrations of Cl-,
NH3–N, and PO 4 E in "Humble Island Lake" were
many times those in "Skua Lake." Total chlorophyll
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content varied from 37-112 mg/m 3 in "Humble
Island Lake," and from 27-41 Mg/M3 in "Skua
Lake." Carbon fixation in "Humble Island Lake"
ranged from 5-40 mg C/m e/hr, while that in "Skua
Lake" varied from 0.78-3.5 mg C/m 3/hr. Chloro-
phyll and amount of carbon fixation did not corre-
late in either lake. Also, no correlation was found be-
tween the diurnal values of chlorophyll or carbon
fixation and light intensity or temperature.

Algal species numbers and biomass were low in
"Skua Lake" compared with those in "Humble Is-
land Lake." Identification from preserved material
and cultures are under way, and it appears that
several species and genera are new—although not
necessarily unique—to the Continent.

These data have considerable significance for un-
derstanding the ecology of phytoplankton produc-
tivity in the antarctic environment. Furthermore,
lakes such as "Humble" and "Skua" are sufficiently
abundant in the Antarctic to provide the variety of
freshwater ecosystems required to study the physio-
logical ecology of the remarkably well-adapted biota.

Other Research Projects
Active During the 1969-1970 Summer

Comparative Physiology of the Echinoderm Body
Wall. Stanford University; Arthur C. Giese, Princi-
pal Investigator.

Geochemistry of Weathering and the Saline Cycle
in South Victoria Land, Antarctica. Ohio State Uni-
versity and University of Georgia; Lois M. Jones,
Principal Investigator.

Investigation of Energetic Particles and Radiation
in the Polar Cap with Balloon-Borne Instrumenta-
tion. Bartol Research Foundation; Martin A. Pome-
rantz, Principal Investigator.

Investigations on the Structural Glaciology of
Meserve Glacier, Wright Valley, Antarctica. Ohio
State University; Gerald Holdsworth, Principal In-
vestigator.

Melt as a Factor in Ice Loss at Anvers Island.
University of Montana; Rudolf Honkala, Principal
Investigator.

Study of Antarctic—Subantarctic Hepaticae. Uni-
versity of Massachusetts; Rudolf M. Schuster, Prin-
cipal Investigator.

Study of the Formation of Antarctic Bottom
Water. Massachusetts Institute of Technology and
the University of Bergen, Norway; Thor Kvinge,
Principal Investigator.

Upper Air Ionospheric Investigations at Conjugate
Points. University of Denver; James R. Barcus, Prin-
cipal Investigator.

USARP Personnel, 1969-1970
Summer 1969-1970

Amundsen-Scott South Pole Station

Emery, Harold J., Meteorology, Weather Bureau, ESSA
Heliferich, Merritt R., Ionospheric Physics, University of

Alaska
Kempton, Marvin V., Meteorology, Weather Bureau,

ESSA
Musgrove, Donnie J . , Meteorology, Weather Bureau,

ESSA
Nielsen, Norris A., Meteorology, Weather Bureau, ESSA

Byrd Station

Amos, Larry L., Topographic Engineering, U. S. Geo-
logical Survey

Barcus, James R., Ionospheric Physics, University of
Denver

Baughman, Thomas D., Ionospheric Physics, Stanford
University

Bentley, Charles R., Geophysics, University of Wisconsin
Berg, Merlin F., Jr., Field Assistant, Holmes & Narver, Inc.
Bly, Robert T., Ionospheric Physics, Stanford University
Bucher, Peter, Glaciology, University of Bern, Switzerland
Clausen, Henrik B., Glaciology, University of Bern, Swit-

zerland
Clough, John W., Geophysics, University of Wisconsin
Dewart, Gilbert, Glaciology, Ohio State University
Dow, Charles R., Glaciology, CRREL
Ecklund, Warner, Ionospheric Physics, RL, ESSA
Gow, Anthony J., Glaciology, CRREL
Graham, William F., Glaciology, CRREL
Grass, Robert, Meteorology, Weather Bureau, ESSA
Hansen, B. Lyle, Glaciology, CRREL
Jones, John E., Ionospheric Physics, RL, ESSA
Kuberry, Richard W., Geomagnetism-Seismology, Coast

& Geodetic Survey, ESSA
Langway, Chester C., Jr., Glaciology, CRREL
Marty, Jerry W., Field Assistant, Holmes & Narver, Inc.
Meyer, Henry F., Meteorology, Weather Bureau, ESSA
Möll, Markus, Glaciology, University of Bern, Switzerland
Muller, Thomas H., Glaciology, University of Bern,

Switzerland
Newland, Robert F., Meteorology, Weather Bureau, ESSA
Nichols, Clayton W., Geophysics, University of Wisconsin
Oeschger, Hans A., Glaciology, University of Bern, Swit-

zerland
Preston, Reginald W., Meteorology, Weather Bureau,

ESSA
Rogers, James, Ionospheric Physics, University of Wash-

ington
Schmidt, Harvey R., Glaciology, CRREL
Smith, Robert L., Ionospheric Physics, Stanford Univer-

sity
Smoot, Henry T., Meteorology, Weather Bureau, ESSA
Spitz, A. Lawrence, Ionospheric Physics, Arctic Inst. of

North America
Spring, Thomas E., Topographic Engineering, U. S. Geo-

logical Survey
Stauffer, Bernhard R., Glaciology, University of Bern,

Switzerland
Trenholm, William L., Glaciology, University of Bern,

Switzerland
Turner, Charles P., Ionospheric Physics, University of

Denver
Warburton, Joseph A., Meteorology, University of Nevada
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Whillans, Ian M., Glaciology, Ohio State University
White, Franklin E., Ionospheric Physics, University of

Denver
Williamson, Paul R., Ionospheric Physics, University of

Denver
Young, Lawrence G., Meteorology, University of Nevada

Hallett Station

Derksen, Dirk V., Biology, Iowa State University
Dunkle, Richard L., Biology, University of California,

Davis
Dunn, Randall L., Biology, University of California, Davis
Weinrich, Jerome A., Biology, Iowa State University
Weller, Milton W., Biology, Iowa State University

McMurdo Station

Adler, Harold H., Construction, Holmes & Narver, Inc.
Archibald, Donald C., Visitor, Department of Transport,

Canada
Au, Dale E., Field Assistant, Holmes & Narver, Inc.
Baird, George A., Ionospheric Physics, Bartol Research

Foundation
Bates, Howard F., Ionospheric Physics, Stanford Research

Institute
Bay, Richard F., Geology, Northern Illinois University
Becker, E. Wolfgang, Biology, University of Tubingen,

Federal Republic of Germany
Behling, Richard W., Glaciology, Ohio State University
Behling, Robert E., Glaciology, Ohio State University
Berg, Thomas E., Geology, University of Wisconsin
Bird, Ian G., Glaciology, ANARE
Bitgood, Charles D., Geology, Texas Technological Uni-

versity
Bloch, Jean-Paul, Geology, French Austral and Antarctic

Territories
Bockheim, James G., Biology, University of Washington
Bowman, Harry V., Construction, Holmes & Narver, Inc.
Brekke, Lloyd G., Construction, Holmes & Narver, Inc.
Brownworth, Frederick S., Jr., Topographic Engineering,

U. S. Geological Survey
Buettner, Robert J., Laboratory Management, Holmes &

Narver, Inc.
Cady, Donald F., Field Assistant, Holmes & Narver, Inc.
Cameron, Roy E., Biology, California Institute of Tech-

nology
Campbell, Walton B., Jr., Biology, University of Cali-

fornia, San Diego
Chan, Stephen M., Biology, University of California,

Davis
Christopher, Roy J . , Field Assistant, Holmes & Narver, Inc.
Cline, David R., Biology, University of Minnesota
Cockrell, Alan H., Science Trainee, Civil Air Patrol
Coefield, John A., Science Trainee, Civil Air Patrol
Criddle, Richard S., Biology, University of California,

Davis
Currie, Donald V., Geology, University of Wisconsin
Dehrer, Carl F., Construction, Holmes & Narver, Inc.
Dort, Wakefield, Jr., Geology, University of Kansas
Drewry, David J . , Glaciology, Scott Polar Research

Institute
Eisner, Robert W., Biology, University of California, San

Diego
Erickson, Leif T., Project Management, Holmes & Narver,

Inc.
Evans, Stanley, Glaciology, Scott Polar Research Institute
Feeney, Robert E., Biology, University of California,

Davis
Felts, William J . L., Visitor, University of Oklahoma

Finkel, Donald, Writer, Washington University (St. Louis)
Flory, Robert F., Geology, University of Wyoming
Foster, Dean J., Biology, University of California, San

Diego
Foster, Donald B., Construction, Holmes & Narvor, Inc.
Gard, Dwight R., Satellite Geodesy, University of Texas
Gould, Laurence M., Visitor, University of Arizona
Greene, Frank C., Biology, University of California, Davis
Hammond, Douglas D., Jr., Biology, University of Cali-

fornia, San Diego
Hanson, Roger B., Biology, California Institute of Tech-

nology
Harrison, Christopher H., Glaciology, Scott Polar Re-

search Institute
Hauck, William C., Geology, University of Wyoming
Heaphy, William J . , Field Assistant, Holmes & Narver,

Inc.
Hekrdle, Kevin D., Field Assistant, Holmes & Narver, Inc.
Hofman, Robert J . , Biology, University of Minnesota
Holdsworth, Gerald, Glaciology, Ohio State University
Honderich, Jeff P., Geology, University of Kansas
Houseknecht, Clyde R., Biology, University of Minnesota
Houston, Robert S., Geology, University of Wyoming
Huffman, Jerry W., USARP Representative, National

Science Foundation
Hull, Curtis E., Construction, Holmes & Narver, Inc.
Hunt, L.A.C.O., Visitor, Department of Indian Affairs

and Northern Development, Canada
Jensen, Thomas E., Geology, Northern Illinois University
Johnson, Rodney W., Visitor, NASA
Jones, Lois M., Geology, Ohio State University
Jones, Thomas 0., Research Administration, National

Science Foundation
Kelley, Charles W., Project Management, Holmes &

Narver, Inc.
Kerem, Dan H., Biology, University of California, San

Diego
Kooyman, Gerald L., Biology, University of California,

San Diego
Kubiena, Walter L., Geology, University of Hamburg,

Federal Republic of Germany
Kuechie, Larry B., Biology, University of Minnesota
Lacy, George H., Biology, California Institute of Tech-

nology
Larsen, Thomas L., Field Assistant, Holmes & Narver,

Inc.
Lindsay, Kay L., Geology, Ohio State University
Linkletter, George 0., Geology, University of Washing-

ton
Long, Joseph T., Geology, U. S. Geological Survey
Lucas, William R., Visitor, NASA
McGinnis, Lyle D., Geology, Northern Illinois University
McSaveney, Eileen R., Geology, Ohio State University
Mackay, R. Stuart, Visitor, Boston University
Morelli, Frank A., Biology, California Institute of Tech-

nology
Moulton, Kendall N., USARP Representative, National

Science Foundation
Murphy, Donald J . , Geology, University of Wyoming
Murray, Grover E., Visitor, Texas Technological Uni-

versity
Newberry, Woodrow W., Field Assistant, Holmes &

Narver, Inc.
Nygren, Harley D., Visitor, ESSA
Ordway, Frederick I., III, Visitor, University of Alabama
Osborn, Lawrence D., Geology, Texas Technological Uni-

versity
Petrie, David L., Glaciology, Scott Polar Research Insti-

tute
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Phillips, James D., Biology, University of California, Davis
Pomerantz, Martin A., Ionospheric Physics, Bartol Re-

search Foundation
Priddy, Allan R., Field Assistant, Holmes & Narver, Inc.
Quesenberry, James H., Construction, Holmes & Narver,

Inc.
Rees, Eberhard F. M., Visitor, NASA
Reimal, Merton W., Construction, Holmes & Narver, Inc.
Renirie, Jack, Public Information, National Science

Foundation
Robin, Gordon de Q . , Glaciology, Scott Polar Research

Institute
Salazar, Frank A., Construction, Holmes & Narver, Inc.
Schroeder, James E., Project Management, Holmes &

Narver, Inc.
Schuster, Ralph J., Biology, University of Minnesota
Scott, David R., Visitor, NASA
Shankle, Arthur P., Jr., Visitor, Department of State
Shapley, Alan H., Ionospheric Physics, RL, ESSA
Shelburne, Kevin L., Field Assistant, Holmes & Narver,

Inc.
Siniff, Donald B., Biology, University of Minnesota
Slayton, Donald K., Visitor, NASA
Smith, David L., Satellite Geodesy, University of Texas
Smith, Philip M., USARP Representative, National Sci-

ence Foundation
Smithson, Scott B., Geology, University of Wyoming
Stepan, Joseph G., Construction, Holmes & Narver, Inc.
Sutherland, Wayne M., Geology, University of Wyoming
Takos, James M., Satellite Geodesy, University of Texas
Thomas, Clifford B., Field Assistant, Holmes & Narver,

Inc.
Thompson, Robert F., Visitor, NASA
Tickhill, Terry Lee, Geology, Ohio State University
Timm, Richard W., Biology, University of California,

Davis
Tobin, William J . , Research Administration, National

Science Foundation
Towle, Albert, Biology, Stanford University
Trabucco, William J . , Ionospheric Physics, Bartol Re-

search Foundation
Treves, Samuel B., Geology, University of Nebraska
Twomey, Arthur A., Geology, University of Wisconsin
Ugolini, Fiorenzo C., Biology, University of Washington
Vandenheede, Jack R., Biology, University of California,

Davis
Viglierchio, David R., Biology, University of California,

Davis
Wade, F. Alton, Geology, Texas Technological University
Weidner, Hermann K., Visitor, NASA
Welkner, Peter, Visitor, Chilean Antarctic Institute
Wilbanks, John R., Geology, Texas Technological Uni-

versity
Willard, William L., Construction, Holmes & Narver, Inc.
Wood, William R., Visitor, University of Alaska
Woolsey, Leonard L., Geology, University of Kansas
Wright, James J., Biology, University of California, San

Diego

McMurdo Station-Cape Crozier

Ainley, David G., Biology, Johns Hopkins University
Müller-Schwarze, Christine B., Biology, Utah State Uni-

versity
Müller-Schwarze, Dietland, Biology, Utah State University
Paul, Richard T., Biology, Utah State University
Saunders, Donald A., Biology, Utah State University
Schiatter, Roberto P., Biology, Johns Hopkins University
Sladen, William J. L., Biology, Johns Hopkins University
Wood, Robert C., Biology, Johns Hopkins University

Palmer Station/Hero
Alton, Miles, Biology, Bureau of Commercial Fisheries
Becker, Peter, Biology, Oregon State University
Coulter, Malcolm C., Biology, University of California,

Berkeley
Crapo, Stanford, Project Management, Marine Acoustical

Services, Inc.
Curl, Herbert C., Jr., Biology, Oregon State University
Dale, Robert L., USARP Representative, National Science

Foundation
Fehlmann, H. Adair, Biology, Smithsonian Institution
Fernandez, Aurelius, Visitor, U.S. Embassy, Chile
Honkala, Rudolf, Glaciology, University of Montana
Larssen, Adgar K., Biology, Bureau of Commercial

Fisheries
Marshall, Wayne K., Biology, Virginia Polytechnic Insti-

tute
Mork, Ola, Biology, Bureau of Commercial Fisheries
Parker, Bruce C., Biology, Virginia Polytechnic Institute
Pinney, Jay W., Glaciology, University of Montana
Risebrough, Robert W., Biology, University of California,

Berkeley
Samsel, Gene L., Jr., Biology, Virginia Polytechnic Insti-

tute
Stout, William E., Biology, Oregon State University
Symmonds, Harold A., Biology, Smithsonian Institution
Waldron, Kenneth D., Biology, Bureau of Commercial

Fisheries
Young, Steven B., Biology, Ohio State University

Siple Station
Andrews, Stephen T., Ionospheric Physics, Stanford Uni-

versity
Cousins, Michael D., Ionospheric Physics, Stanford Uni-

versity
Katsufrakis, John P., Ionospheric Physics, Stanford

University
Serlin, Ronald C., Ionospheric Physics, University of Cali-

fornia, Berkeley
Siren, Jan C., Ionospheric Physics, Stanford University

USCGC Glacier—Bransfield Strait/IWSOE-1970
Anderson, John B., Oceanography, University of New

Mexico
Dobrocky, John J . , Oceanography, Texas A&M
El-Sayed, Sayed Z., Oceanography, Texas A&M
Erickson, Albert W., Biology, University of Minnesota
Kvinge, Thor, Oceanography, University of Bergen, Nor-

way
Llano, George A., Research Administration, National Sci-

ence Foundation
Oehlenschlager, Richard J., Biology, University of Minne-

sota
Soto, Luis R., Oceanography, Texas A&M
Thomas, William L., Biology, University of Minnesota
Weissberg, George H., Oceanography, Texas A&M

Beardmore Glacier (Coalsack Bluff)
Brecher, Henry H., Geophysics, Ohio State University
Breed, William J., Paleontology, Museum of Northern

Arizona
Coates, Donald A., Geology, Ohio State University
Colbert, Edwin H., Paleontology, American Museum of

Natural History
Collinson, James W., Geology, Ohio State University
Elliot, David H., Geology, Ohio State University
Freeman, John P., Geology, Ohio State University
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Gealy, William J., Geology, Ohio State University
Gunner, John D., Geology, Ohio State University
Jensen, James A., Paleontology, Brigham Young University
Lamhrecht, Leon, Geology, University of Lige, Belgium
Mercer, John H., Geology, Ohio State University
Peterson, Donald N., Geology, Case Western Reserve Uni-

versity
Powell, Jon S., Paleontology, University of Arizona
Rust, Izak C., Geology, University of Stellenbosch, South

Africa
Schopf, James M., Paleobotany, U.S. Geological Survey
Schumacher, Dietmar, Geology, Wichita State University
Sekyra, Josef, Geology, Geological Survey, Czechoslovakia
Splettstoesser, John F., Geology, Ohio State University
Tasch, Paul, Geology, Wichita State University
Thorsell, David L., Geology, Ohio State University

Campbell Island
Harris, Richard C., Biology, Michigan State University
Revel, Gary F., Biology, Smithsonian Institution

*Imsliaug, Henry A., Biology, Michigan State University
*Maxwell , Gordon, Biology, University of Auckland, New

Zealand
*Schuster, Rudolf M., Biology, University of Massachusetts

Vitt, Dale H., Biology, University of Michigan

*Also visited McMurdo

Deception Island
Densing, Kent W., Glaciology, Ohio State University
Ellis, Robert D., Glaciology, Ohio State University
Erb, Edward E., Jr., Geology, Ohio State University
Kläy, Jean-Roland, Glaciology, Ohio State University
Orheim, Olav, Glaciology, Ohio State University
Shultz, Charles H., Geology, Ohio State University

Elephant Island
Dalziel, Ian W. D., Geology, Columbia University
Price, David P., Geology, Columbia University
Stirewalt, Gerry L., Geology, Columbia University

Lassiter Coast
Brown, Lawrence E., Geology, U.S. Geological Survey
Geier, Frederick J . , Topographic Engineering, U.S. Geo-

logical Survey
Harry, Jack L., Topographic Engineering, U.S. Geological

Survey
Heiser, James R., Topographic Engineering, U.S. Geo-

logical Survey
Plummer, Charles C., Geology, U.S. Geological Survey
Schirmacher, Eberhard G., Topographic Engineering, U.S.

Geological Survey
Schmidt, Dwight L., Geology, U.S. Geological Survey
Williams, Paul L., Geology, U.S. Geological Survey

Christchurch, New Zealand
Austin, William T., New Zealand USARP Representative,

National Science Foundation
Lanyon, Margaret C., Secretary, Holmes & Narver, Inc.
MacLean, Wing P., Field Assistant, Holmes & Narver, Inc.
Simmons, Harry S., Asst. New Zealand USARP Repre-

sentative, Holmes & Narver, Inc.

British Antarctic Survey Expedition
Scharon, H. LeRoy, Geology, Washington University (St.

Louis)

Crozet Island (France)
Hajash, Andrew, Jr., Geology, Florida State University

Showa Station (Japan)
Friis, Herman R., Geography, National Archives and

Records Service

Abbreviations:
ANARE--Australian National Antarctic Research Expe-

dition
CRREL—Cold Regions Research and Engineering Lab-

oratory
Rh—Research Laboratories
ESSA—Environmental Science Services Administration

Winter 1970
Amundsen-Scott South Pole Station

Heaps, Kenneth L., Meteorology, Weather Bureau, ESSA
Hutt, Charles R., Geomagnetism-Seismology, Coast &

Geodetic Survey, ESSA
*Merrem , Frank H., Jr., Ionospheric Physics, RL, ESSA

Starbuck, James E., Ionospheric Physics, Bartol Research
Foundation

Syrstad, Erik, Ionospheric Physics, University of Califor-
nia, Los Angeles

Walts, Dennis S., Meteorology, Weather Bureau, ESSA

Byrd Station
Grayson, Donald E., Engineering, Holmes & Narver, Inc.
Kohler, Robert E., Geomagnetism-Seismology, Coast &

Geodetic Survey, ESSA
*Paschal , Evans W., Ionospheric Physics, Stanford Univer-

sity
Post, Madison J . , Ionospheric Physics, RL, ESSA
Stanford, Thomas H., Ionospheric Physics, University of

Washington

McMurdo Station
Au, Kim T., Satellite Geodesy, University of Texas
Barnes, James R., Satellite Geodesy, University of Texas
Knudson, John K., Ionospheric Physics, Bartol Research

Foundation
Lokey, William M., Laboratory Management, Holmes &

Narver, Inc.
Morgan, John H., Satellite Geodesy, University of Texas
Miagkov, Sergei M., Geology, Moscow State University,

U.S.S.R.
Pynch, Thomas H., Engineering, Holmes & Narver, Inc.
Thiel, Robert L., Ionospheric Physics, McDonnell-Douglas

Astronautics Co.
Thoreson, Ronald D., Laboratory Management, Holmes &

Narver, Inc.
*Webb, James R., Ionospheric Physics, RL, ESSA

Palmer Station
Bergen, Michael, Engineering, Marine Acoustical Services,

Inc.
*Shabica, Stephen V., Biology, Oregon State University

Bellingauzen (U.S.S.R.)
Croom, John, Biology, Queens College

*S tation Scientific Leader

Abbreviations:
RL—Research Laboratories
ESSA—Environmental Science Services Administration
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Deep Freeze
Wintering Personnel, 1970

At the conclusion of the 1969-1970 austral summer opera-
tions, 227 Deep Freeze support personnel remained to winter
over at U.S. antarctic stations. Listed below are the names
of these military support personnel, who are assigned to the
Antarctic Support Activities (ASA) or Naval Nuclear Power
Unit (NNPU).

Amundsen-Scott South Pole Station
Berryhill, Buddie E., ET1, ASA
Boyd, Roger E., HMI, ASA
Brooks, Henry C., BU2, ASA
Ekola, Allen R., EM!, ASA
Fadden, Dean E., LT (CEC), ASA, Officer-in-Charge
Kennon, Donald E. K., UT2, ASA
Little, Robert J . , RM2, ASA
Poiskoy, Walter J . , CE3, ASA
Pullar, Patrick B., EOC, ASA
Rosa, Robert C., BU1, ASA
Ryan, Joseph M., LT (MC), ASA
Sauseda, David V., CS2, ASA
Sheadel, Jackson L., CM!, ASA
Wayne, Gary G., SK3, ASA
White, Noah D., RMC, ASA

Byrd Station
Bookman, Peter J . , LT (CEC), ASA, Officer-in-Charge
Brunnelle, Bernard J., CE!, ASA
Clouser, George A., CM2, ASA
Dee, Thomas H., LT (MC), ASA
Draper, Lawrence II., HMC, ASA
Haifley, Vaughn W., BU!, ASA
Harti, Donald F., E01, ASA
Loar, Kenneth E., CS2, ASA
Newland, Richard D., UTC, ASA
Pillsbury, Richard A., UT2, ASA
Rease, Gerald W., SK3, ASA
Sebol, Freddie E., RM2, ASA
Smith, Francis P., RMI, ASA
Vandegrift, Nevin L., CM3, ASA
Verlinden, Gregory F., EM2, ASA
Walker, Frankie L., ETN2, ASA

McMurdo Station
Abel, James L., CR3, ASA
Acevedo-Toledo, Pedro R., PCSN, ASA
Adams, Billie M., SKI, ASA
Albert, Robert W., CM3, ASA
Arceneaux, Francis A., AKAN, ASA
Barnes, Horace F., EO1, ASA
Barton, Charles W., BU3, ASA
Batchler, Allan R., CE3, ASA
Beaudin, John R., RMSN, ASA
Bement, Thomas C., RMSN, ASA
Bettner, Donald E., CS!, ASA
Bingham, Ralph E., NM!, NNPU
Black, Albert W., Jr., BU1, ASA
Bonney, Irving E., UTC, ASA
Brandon, John L., HMI, NNPU
Brogan, Arnold J . , RM3, ASA
Brooks, Wallace M., CEC, NNPU
Brown, Barry L., FN, ASA
Brown, Joseph W., SW!, ASA

Brown, Ralph R., MR1, ASA
Bruns, Dennie D., BT3, ASA
Bruns, John P., RMC, ASA
Burt, Benjamin R, III, SK2, ASA
Caison, Linsey H., SFC, USA, NNPU
Calhoun, James L., AG3, ASA
Cammarano, Adolph J., SH2, ASA
Casselle, Sinkler A., Jr., EN!, ASA
Chester, Tony M., CE3, ASA
Childers, Perry V., HMI, ASA
Childress, Morton 0., Jr., DT2, ASA
Cockrill, Millard D., EA3, ASA
Coelho, Walter R., Jr., CM2, ASA
Collins, Craig S., RM3, ASA
Conklin, Ronnie L., RM2, ASA
Cooper, James G., ABF2, ASA
Cooper, Ronald R., BUC, ASA
Costales, Leonardo V., TN, ASA
Cox, R., CECS, NNPU
Crenshaw, Joe B., AG3, ASA
Crowe, William F., PH2, ASA
Dando, George W., LCDR (CHC), ASA
Danzer, David B., LT (MC), ASA
Decess

'
Alex C., ETR3, ASA

Dolan, Stephen K., CM2, ASA
Drummond, Melvin 0., RMC, ASA
Dugan, Michael A., AC2, ASA
Dunn, Dallas, Jr., SHCS, ASA
Earp, Ralph Q., HMC, ASA
Elkins, Richard G., CE2, ASA
Engle, Allen V., ETC, ASA
Eppard, Robert L., ACC, ASA
Estes, Harold S., PN2, ASA
Estillo, Romeo 0., SK!, ASA
Featherstone, Theodore C., HMI, ASA
Findlay, James R., YN2, ASA
Foley, Edward, Jr., CE3, ASA
Fort, Robert E., CW02, NNPU
Frawley, Michael H., LTJG (CEC), ASA
Frost, William L., CDR, ASA, Officer-in-Charge and

Commander, ASA Detachment Alpha
Galey, Thomas A., CEC, ASA
Garcia, Jose P. L., SFC, USA, ASA
Gardner, Keith A., UTC, NNPU
George, William C., CM2, ASA
Goetz, George J., LTJG, ASA
Gonzales, Antonio, DCC, ASA
Goss, Stephen D., SFM2, ASA
Greene, Robert N., SK2, ASA
Guess, T., SKI, NNPU
Hall, Robert W., RM2, ASA
Halley, Lowman M., BU2, ASA
Hanson, Allen F., 1C2, ASA
Hatfield, Robert L., CM2, ASA
Helmke, Richard W., CE3, ASA
Herbert, James J . , AN, ASA
Hermann, Eugene L., Jr., CS3, ASA
Hewitt, John M., SKSN, ASA
Himango, Douglas R., UT1, ASA
Hobbs, Harold R., E01, ASA
Hobbs, Ricky L., RM1, ASA
Hobbs, Ronald L., SK3, ASA
Hoff, Terry L., HM3, ASA
Holter, Francis R., SKSN, ASA
Hoover, Henry W., RM2, ASA
Howland, George C., Jr., EN!, ASA
Hyatt, Gerson, BUC, ASA
Ishii, Paul S., BU I, ASA
Jacek, Arthur N., CM2, ASA
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Jacobchek, Michael P., CS3, ASA
Janson, Vincent E., HM2, ASA
Johnson, James 0., BT2, ASA
Johnson, Michael H., PN3, ASA
Kandare, Charles, EOC, ASA
Keeney, Donald W., CE3, ASA
Kellam, Walter D., ETI, ASA
Kirby, Richard D., E02, ASA
Kobylanski, Anthony, BU3, ASA
Krusemark, Phillip R., SKi, ASA
Lacrosse, Richard N., CS3, ASA
Lance, Guy A., CMC, ASA
Larson, Kenneth E., ETN2, ASA
Larson, Paul V., RM1, ASA
Lasalle, Richard F., EA3, ASA
Laughlin, Leroy P., ETR2, ASA
Lays, Kenneth B., EA2, ASA
Leach, Dana W., AN, ASA
Lehman, James W., CS2, ASA
Long, Robert L., BT1, ASA
Lubeck, James J . , DC2, ASA
Lynch, Dana H., RM3, ASA
Mackinnon, Hugh D., BU1, ASA
Malcom, Donald E., SFC, USA, NNPU
Martin, Mark D., UT3, ASA
McCullough, James R., EOC, ASA
McGrath, William F., AC2, ASA
Meaux, Warren J . , SN, ASA
Meinen, James W., ETR3, ASA
Melee, Thomas R., CECS, NNPU
Merciez, Walter R., EOC, NNPU
Mike!, Harry C., UTCN, ASA
Mitchell, Donald R., EOCN, ASA
Moon, Custis J . , EN3, ASA
Mueller, Arland W., E01, ASA
Murch, Paul L., CSC, ASA
Myers, Bernard D., RM2, ASA
Nance, Vernon L., RMC, ASA
Nelson, Ansel M., LT, ASA
Neumann, Charles L., CMC, ASA
Newquist, Gary C., HMI, ASA
Nicholson, Jay A., ETN2, ASA
Noe, Michael R., AN, ASA
Nuki, Henry H., SW2, ASA
Olsson, George S., CS!, ASA
Para, Marion A., ETC, ASA
Pecard, Dale D., SFM2, ASA
Pelosi, Louis A., ABF3, ASA
Pennington, John A., RM2, ASA
Peverill, William D., RM2, ASA
Pezzella, Philip D., SK2, ASA
Phifer, John C., AG3, ASA
Phillips, Richard C., AG2, ASA
Piper, Jerald E., EOl, ASA
Pomeroy, Gerald A., AG1, ASA
Potter, James W., CM!, ASA
Pottle, Leigh A., CS2, ASA
Price, Gary L., CE2, NNPU
Punt, Gordon H., YNSN, ASA
Putt, Kenneth L., CN, ASA
Reed, Charles E., CECS, NNPU
Reese, Roger W., DCI, ASA
Remmel, Darrell C., RM3, ASA
Reynolds, Ralph R., LCDR (CEC), NNPU, Officer-in-

Charge
Reynolds, William R., SK2, ASA
Rhoads, Paul F., Jr., UT2, ASA
Rice, Michael L., RM2, ASA
Robertson, James E., CECS, NNPU
Robson, Robert J . , CEC, NNPU

Rodecap, Donald F., ETN2, ASA
Roettger, Gregory G., HMI, NNPU
Rogers, Barnett W., HMC, NNPU
Ruder, Donald E., UT3, ASA
Schaeffer, Allan R., SK3, ASA
Scheiwer, John J . , LT, ASA
Scholtens, Herman F., CE3, ASA
Singleterry, David G., CE2, NNPU
Skinner, Charles E., RM2, ASA
Slaughter, Robert W., Jr., RNSN, ASA
Smith, David L., UTC, NNPU
Smith, Jerry D., UT3, ASA
Smith, Norvin C., SK2, ASA
Smith, Robert B., 1C2, ASA
Stricklin, Hubert L., SFC, USA, NNPU
Trettin, Kenneth H., RM3, ASA
Triola, Ronald A., CS3, ASA
Turner, Lawrence D., EM2, ASA
Turner, Richard E., ET1, ASA
Turner, Timothy J., AG2, ASA
Velasco, David, SH1, ASA
Walsh, Richard J . , LTJG, ASA
Whiteman, Richard J . , UTCS, NNPU
Williams, James L., CM!, NNPU
Williams, Russell J . , EM!, ASA
Williams, Woodrow E., ETR3, ASA
Winkley, David A., UT!, NNPU
Winther, Charles R., Jr., UT3, ASA
Wissler, Jimmy D., CE3, ASA
Ypsilanti, William D., ETR2, ASA
Zendt, Robert R., LCDR (DC), ASA
Zimmerman, James L., CM!, NNPU

Palmer Station
High, Harvey W., CSI, ASA
Klinck, Jay C., CM2, ASA
McLaughlin, Donald J . , LTJG (CEC), ASA, Officer-in-

Charge
Patton, Dennis M., HMI, ASA
Smith, Verne A., LT (MC), ASA
Stanciu, John R., RM1, ASA
Steward, Paul D., SK3, ASA
Wade, George W., Jr., CEC, ASA

Russian Monographs
Submitted for Translation

NSF's Polar Information Service has submitted the
following monographs for translation into English
under the PL-480 foreign-currency program:

Doronin, I. P. Heat Exchange Between the Atmos-
phere and the Hydrosphere in the Arctic. Leningrad,
Gidrometeoizdat, 1969. 299 p.

U.S.S.R. Academy of Sciences. Interdepartmental
Commission on Antarctic Research. Antarctica: Com-
mission Reports, 1967. Moscow, izd-vo "Nauka,"
1969. 200 p.
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Construction Report
Deep Freeze 70

PHILIP L. HALL

Captain, U.S. Army
U.S. Naval Support Force, Antarctica

The Deep Freeze 70 construction effort was
largely concentrated on completion of a number of
projects which had been under way for one or more
previous seasons. Major projects falling in this cate-
gory included the 257-man berthing portion of the
personnel building, the scientists' quarters, electrical
modifications, the Antarctic Development Squadron
Six (VXE-6) shops and office building at McMurdo
Station, and the generator waste-heat recovery sys-
tem at Byrd Station. While most of the effort was
again expended at McMurdo, major inland projects
were also undertaken at Byrd, South Pole, and
Palmer Stations.

A construction quality-control inspection team
was utilized for the first time on antarctic projects
during Deep Freeze 70. This team, composed of four
senior Seabee enlisted men, was provided by the
Commander, Construction Battalions, Atlantic and
worked directly for the Support Force Assistant
Chief of Staff for Civil Engineering. The inspection
team was a valuable addition to the Deep Freeze
construction program.

The Navy's Construction Battalion Unit 201
(CBU-201), primary construction agency for Ant-
arctica, deployed its main contingent from Davis-
ville, Rhode Island to McMurdo Station during the
period October 8, 1969 to November 10, 1969. CBU-
201's Construction Platoon Alpha deployed from
Davisville on December 26, 1969 and arrived at
Palmer Station aboard USCGC Glacier on January
8, 1970.

McMurdo Construction

The most sophisticated and time-consuming pro-
ject at McMurdo was completion of the berthing
portion of the personnel building. This facility now
provides modern, spacious living accommodations
for up to 257 personnel; a modern, fully equipped
barber shop; and a new exchange in addition to
services already provided by the subsistence portion
of the building completed in Deep Freeze 69.1 The
entire Navy winter-over crew and enough of the

Completion of the subsistence portion of the personnel
building (laundry, galley, dining rooms, and mechanical
room) was reported in "Construction Report, Deep Freeze
69," P. Hall, Antarctic Journal, vol. IV, no. 4, p. 144-147.

U.S. Navy Photo

Chief Petty Officers' lounge in the new personnel building at
McMurdo.

U.S. Navy Photo

Exterior view of the new USARP living quarters at McMurdo. The
building will accommodate 65 personnel.

U.S. Navy Photo

The new USARP administration building (or "Chalet") which was
completed this season at McMurdo.

summer-season personnel can now be berthed in the
building so that few, if any, McMurdo residents will
be living in the Jamesway huts that have for so long
been identified with antarctic living.

U.S. Antarctic Research Program (USARP) per-
sonnel also obtained new, modern living spaces in the
USARP quarters building, completed late in the
Deep Freeze 70 season. This building provides berth-
ing for a maximum of 62 USARP personnel.
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Nary Photo

The 2,000,000-gallon fuel storage tank at McMurdo shortly before
the collapse of the interior structure.

1 .5.

U.N. Navy Photo

Completed in less than two months, this unheated warehouse will
be used to store automotive parts.

1	2-
U.S. Navy Photo

Protection from heavy loads of snow was provided for buildings
at South Pole Station by boxes such as this constructed by a joint

ASA/CBU-201 team.

A major effort was expended on the McMurdo fuel
distribution and storage system to accommodate re-
ceipt and storage of fuel from the T-5 tanker USNS
Maumee. Maumee delivered a year's supply of fuel
in one trip, the first time this had been accomplished.
Two new fuel tanks were constructed: one 2,000,000-
gallon tank for JP-4 (Jet Fuel) and one 500,000-
gallon tank for DFA (Diesel Fuel Arctic). Construc-
tion of the 2,000,000-gallon tank was set back ap-
proximately one week in mid-December when the
tank's partially completed interior steel supporting

structure collapsed under the force of strong winds.
This structure, however, was reconstructed and the
tank was completed prior to the arrival of Maumee.
The two new tanks increased McMurdo's bulk stor-
age capacity to 8.6 million gallons. The fuel distri-
bution system was improved by installing four new
680 G.P.M. pumps in the Hut Point pumphouse; re-
working the piping inside the pumphouse; installing
new pipelines to the two new tanks; and extending
the aviation-gasoline line to tie in with the new
2,000,000-gallon tank to provide an additional
means of pumping JP-4, which is the largest volume
product. The new distribution and storage improve-
ments enabled Maumee to offload 7,000,000 gallons
of fuel in 58'/4 hours.

Three new buildings were completed for occupancy
at McMurdo in addition to the berthing facilities
discussed above. The VXE-6 shops and office build-
ing was occupied by squadron personnel on Novem-
ber 24, 1969. This building, which was under con-
struction in Deep Freeze 68 and 69, replaced a con-
lomerate of prefabricated buildings and Jamesway

sections which was demolished. A new two-story,
10 x 100 feet unheated warehouse for the storage of
automotive parts was started on January 4 and
completed for occupancy on February 24, 1970. This
building will house automotive repair parts pre-
viously stored outside. The new USARP administra-
tion building (also known at the USARP "Chalet")
was constructed from start to finish during Deep
Freeze 70 by civilian construction workers of Holmes
and Narver, Inc. of Los Angeles, under contract
with the National Science Foundation.

Much work was accomplished on McMurdo utili-
ties systems during the past season. Modifications to
the electrical distribution system included the relo-
cation of electrical switching station number 1 to the
maintenance and supply building (Building 89) at
the PM-3A nuclear power plant. Additional work
was done on water-distribution and sewage-collection
systems in the continuing effort to provide modern
utilities to McMurdo's residents. Water and sewer
lines were connected to the USARP quarters and
administration buildings, and the VXE-6 shops and
office building. It is worth noting that the freshwater-
distribution system put into operation last season has
functioned continuously and virtually without main-
tenance problems.

Earth-work projects completed during the season
included a foundation pad for the new location of
the balloon-inflation building; a foundation pad for
the Antarctic Support Activities (ASA) unheated
provision warehouse; and backfilling the section of
the Elliott Quay wharf-protective facing installed in
Deep Freeze 69. After completion of the backfilling
project, the completed section of facing was success-
fully tested by an icebreaker that moored against it.
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Additional projects completed at McMurdo in-
cluded demolition of building 80, which was located
on the prospective building site for the new ASA un-
heated provision warehouse (due for construction in
Deep Freeze 71); relocation of the CBU-201 office
spaces; and the installation of two reefer units at the
USARP field-party and equipment center for stor-
age of field-party rations. Some interior work was
completed on the Navy administration -operations
building; however, due to other, higher priority pro-
jects, most of the work was deferred until Deep
Freeze 71.2

Inland Station Construction

Inland station construction was highlighted by
major rehabilitation efforts at South Pole and Byrd
Stations. A combined ASA/CBU-201 team per-
formed most of the work under the direction of ASA
Public Works personnel.

The largest portion of the team effort was ex-
pended at South Pole Station, where several build-
ings were on the verge of collapse under heavy snow
loads. The rehabilitation team removed the snow
from above the endangered buildings and then con-
structed large wooden "snow displacing boxes" above
the roofs of the buildings. The "boxes" consist of a
falsework the length and width of the building and
extending approximately 8 feet above it, covered
with plywood and sealed with plastic or canvas. The
"boxes" serve three functions: they displace their
volume of snow, which greatly reduces the load on
the buildings' roof; they remove snow from direct
contact with the roof, which helps prevent snow-
melt and leakage problems; and they provide a much
larger area for the dissipation of heat which escapes
from the building roof and tends to cause densifica-
tion and melting of the snow. Two additional pro-
jects completed at South Pole Station by ASA per-
sonnel were the construction of a new generator
building and a new building for the OIC office, ship's
store, and post office. Excessive settling of the old
generator building forced construction of the new
one. South Pole Station, which was built during the
1956-1957 season for the International Geophysical
Year, was originally designed to last three years. Now
entering into its 14th year, it is almost certain that
the station will require a large rehabilitative effort
each year until the replacement station, scheduled to
be started in Deep Freeze 72, is completed.

Byrd Station was the site of several construction
projects during the season. The combined ASA/
CBU-201 rehabilitation crew worked on such pro-

' Approximately 29 17b of the building's interior was com-
pleted.

jects as tunnel-arch removal and ice cutting, and
enlargement of the new plenum chamber. The ASA
Public Works field team also accomplished a num-
ber of projects of this type at the station. Two con-
struction projects completed by CBU-201 were the
generator waste-heat recovery system and raising of
the balloon-inflation building. The waste-heat re-
covery system now provides heating for most of the
station. The balloon-inflation building, which is
mounted on extendable legs, was raised 9 feet in
order to keep it above the ever-increasing snow
level.

Palmer Station

A major construction effort was again conducted
at Palmer Station by CBU-201's 28-man Construc-
tion Platoon Alpha. The Palmer warehouse/garage/
recreation facility was completed and now provides
modern berthing spaces for 18 persons, a recreation
room complete with pool and ping-pong tables, an
amateur radio room, a power plant with two 150-kw
generators, a fully equipped garage, and much badly
needed storage space.

Additional projects completed at Palmer included
the rework and maintenance of the existing station
buildings and an extensive cleanup of the area
which included dismantling of the Seabee construc-
tion camp.

Future Construction

Major construction projects planned for Deep
Freeze 71 at McMurdo include the realignment of
Scott Base Road; installation of another increment
of the Elliott Quay wharf-protective facing; com-
pletion of the administration-operations building;
construction of three new buildings; and installation
of a communications cable network and a third
water-distillation unit. Design of a sewage-treatment
plant and an incinerator for McMurdo has been
completed. These pollution-abatement facilities are
scheduled for procurement in Deep Freeze 71 and
construction in Deep Freeze 72. At least a portion
of the Williams Field 180-man berthing complex,
which missed shipment to McMurdo in Deep Freeze
70 due to late delivery, is expected to be shipped and
erected in Deep Freeze 71.

Further in the future is the establishment of a
winter-over facility at Siple Station in Deep Freeze
72. Current plans include rehabilitation, expansion,
and relocation of the Byrd long-wire substation to
Siple. The substation will be moved from its present
location to McMurdo in Deep Freeze 71, undergo
rehabilitation and expansion during the Deep Freeze
71 winter-over period, and then moved to Siple early
in the Deep Freeze 72 season.
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The design for the new South Pole Station is now
virtually complete; and the majority of the exterior
"shell' components of the station have already been
procured and shipped to McMurdo. Actual construc-
tion of the station is scheduled to begin in Deep
Freeze 72.

Key Construction Personnel

Task Force 43 Assistant Chief of Staff for Civil En-
gineering—Comdr. Archer E. Church, CEC, USN
to January 14, 1970; thereafter Lt. Comdr.
Thomas L. Boennighausen, CEC, USN.

Officer-in-Charge, NCBU-201—Lt. John E. Perry,
Jr., CEC, USN.

Antarctica-A Study in
Technological Impact 

HENRY M. DATER

Historian
U.S. Naval Support Force, Antarctica

The history of the Antarctic goes back a little over
200 years, although the quest for a great southern
continent is much older. The Greeks, with a pro-
found belief in symmetry, assumed that the existence
of such a continent was necessary to balance the land
masses of the north. They even had a name for it—
Antarctica, the opposite of Arctic or Bear, their name
for the constellation that included the North Star.

Although islands within the Antarctic Con-
vergence had been discovered before his epoch-
making voyage, Captain James Cook, Royal Navy, is
the real founder of antarctic history. Between the
years 1772 and 1775, he circumnavigated the Ant-
arctic Continent in high southern latitudes without
even sighting it. He neither proved nor disproved the
existence of the mythical southern land, but he dem-
onstrated that it did not exist in an area inhabitable
by man and thus disposed of the dream of a con-
tinent densely inhabited and endowed with resources.
In fact, Cook, after trying in vain to penetrate the ice
pack, came to the conclusion that, if indeed there
was land behind the barrier, it was not worth dis-
covering, and he seriously doubted that men would
sail further south than he had done.

Despite his gloomy and erroneous inferences, Cook
remains one of the great navigators of all time. From
the viewpoint that I intend to approach the history
of Antarctica, he is important not so much for what
he did or did not do, as for the way in which he did
it. The heir of five centuries of great voyagers, he
knew well the lessons of the past. To them, he added

' Modified from a Presidential Address given before the
Antarctican Society, May 13, 1970.

the technical know-how of his own enlightened cen-
tury. The compass to determine direction and the
log to measure speed, both Jong known, he supple-
mented with the sextant and the chronometer, which
made possible relatively accurate course laying and
location keeping. Somewhat empirically, but never-
theless efficaciously, he dealt with scurvy, that age-
old scourge of mariners, by using preserved vege-
tables (mostly pickles and sauerkraut) and malt and
herb extracts. He applied the latest techniques of
naval hygiene which, among other things, meant
that he made his sailors air their bedding periodi-
cally, and also that he knew how to delouse a ship.
Finally, he chose his vessels carefully, selecting as his
models the colliers that carried coal down the east
coast of England from Newcastle to London. Their
sturdy construction served to fend the blows of ice or
unexpected groundings, and their shallow draft was
ideal for navigating uncharted waters.

It is paradoxical that none of Cook's successors,
as long as ships depended upon sail for motive power,
were better equipped than he. Actually, the little
ships of the British and American sealers, who may
have been the first to sight Antarctica, had vessels
better adapted to polar navigation than the warships
used by Dumont d'Urville and Wilkes. The large,
square gun ports of their vessels admitted both cold
air and frigid water, making their interiors a living
horror. The only expedition equipped in a fashion
comparable to that of Cook was also outfitted by the
Royal Navy. Relying upon British experience in the
Arctic, the commander, Sir James Clark Ross, chose
his vessels carefully and had them especially strength-
ened for work in the ice. As a result, he alone of the
great early nineteenth century explorers dared plunge
into the ice. When he did, he broke through the pack
into the sea that now bears his name, and sailed
farther south than any man before him. He went, in
fact, about as far south as it is possible to go, up to
the great ice shelf.

Reading Ross' narrative, however, quickly reveals
the difficulty of maneuvering sailing ships through
the ice. The constant alternations of course, with the
need to change sails, quickly exhausted the crew. It
is no wonder that a few years later, when Ross' ships
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were sent to the Arctic on the ill-fated Franklin Ex-
pedition, the Admiralty equipped them with auxili-
ary steam engines. This combination of sails for
cruising and steam for maneuvering remained a
characteristic of polar ships until the 1930s. The
first steam-driven vessel to visit Antarctica was the
German ship Grönland which, in 1874, explored the
South Shetland Islands and the west coast of the
Antarctic Peninsula. Very shortly thereafter, HMS
Challenger, a steam vessel engaged in a worldwide
oceanographic cruise, crossed the Antarctic Circle.

The circumnavigation by Challenger will forever
remain one of the great scientific voyages. Wilkes be-
lieved, in 1840, that he had sighted enough landfalls
to establish the existence of a southern continent. The
scientists aboard Challenger gave to this hypothesis
a solid scientific underpinning: without penetrating
the ice pack or seeing the land, they dredged from
the antarctic seas rocks and boulders deposited by
melting icebergs, which could only be of continental
origin. The revelation of these results, in 1893, ex-
cited the scientific community to the point that the
International Geographical Congress, held two years
later in London, declared that investigation of the
Antarctic was "the greatest piece of geographical ex-
ploration still to be under taken," and recommended
that scientific societies throughout the world urge
this work to commence before the end of the century.

The appeal was favorably received all over west-
ern Europe. The first to sail were the Belgians under
Adrien de Gerlache, aboard the converted sealer
Belgica. Frozen into the Bellingshausen Sea by ac-
cident, they earned the distinction of being the first
scientific party to winter over. Tfie physician, Dr.
Frederick A. Cook, an American who was later to
become embroiled in a famous controversy over the
attainment of the North Pole, pulled the party
through the winter and avoided the danger of
scurvy by prescribing seal meat, no matter how the
expedition members regarded this doubtful delicacy.
The lesson was not lost on the vessel's first mate.
Roald Amundsen. While Belgica was drifting with
the ice, a British expedition led by Carstens Borch-
grevink, an Australian science teacher of Norwegian
origin, who had previously visited Antarctica aboard
a whaler, landed his party at Cape Adare. There, a
hut was erected in which to pass the winter, while
his ship returned to New Zealand until the follow-
ing spring. For inland journeys, Borchgrevink had
brought along dogs and sledges, the first introduction
of this form of transportation to Antarctica. Al-
though the dogs were little used because access to
the plateau from Cape Adare was difficult, a pattern
of operations had been established that still endures
with small expeditions.

The alternative to a base on shore was to freeze a

ship into the ice in some sheltered bay, and this was
successfully done by Commander (later Captain)
Robert Falcon Scott in 1902 during the British Na-
tional Antarctic Expedition. A hut was erected on
shore for storage and recreation, and a futile attempt
was made to furnish it with a wind-driven electric
generator for lighting. When high winds blew down
the vanes, an acetylene gas system was installed. On a
long sledge journey across the Ross Ice Shelf, a prob-
lem occurred that Scott never solved, and this fail-
ure ultimately cost him his life. After a time on the
trail, the three members of the traverse party were
afflicted with scurvy, and one of them, Lieutenant
(later Sir) Ernest Shackleton, very nearly died. He
was so afflicted that, much to his chagrin, he was in-
valided home. In one respect, Scott's expedition
marked a regression. During the last quarter of the
nineteenth century, Scandinavian explorers in the
Arctic raised the art of polar travel to a high level.
They adopted the Eskimo use of dogs and very
greatly improved the natives' methods. These tech-
niques were well known and could easily have been
adapted to antarctic conditions. Poor selection of
animals and ineptness in their handling caused Scott
and his followers to underestimate dogs and to prefer
almost any other means of hauling sleds, including
doing it themselves.

Not only were the Scandinavians' techniques of
northern travel available, but the reawakening of
interest in the Antarctic coincided with a period of
rapid technological advance in the western world.
It was an age which developed useable internal com-
bustion engines, electric power and lighting, and
radio communications, among others. Scott had a
captive balloon on his first expedition, and on Febru-
ary 4, 1902, he became Antarctica's first aeronaut,
followed some six weeks later by the German ex-
Plorer Erich von Drygalski.

When Shackleton organized his own expedition in
1907, he equipped it with a motor car that ran suc-
cessfully on the fast ice of McMurdo Sound, but not
in snow or on the ice shelf. Nevertheless, he proved
that internal combustion engines could function in an
antarctic environment. As a source of illumination,
he, like Scott, used an acetylene-gas generator. For
trail work, he adopted the sledges, skis, clothing, and
reindeer sleeping bags of the Scandinavians but, re-
membering his experience with Scott, he rejected the
use of dogs. Instead, he selected Siberian ponies,
which were not, as it turned out, a happy choice.

An outstanding innovator of the pre-World War I
years was Dr. Jean Charcot of France. A physician
by training, Charcot headed the French Navy's Lab-
oratory of Maritime Research. On his second ant-
arctic voyage, begun in 1908, his ship—quaintly
named Pour quoi Pas?—had been especially built for
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the expedition and contained up-to-date laboratories.
A gasoline-driven electric generator provided light
and, when the party wintered over at Petermann Is-
land, wires were run from the ship to huts on shore.
Pourquoi Pas? had a search light and telephones; the
latter were especially useful in reporting observations
from the crow's nest, and in communicating from
ship to shore during the winter. Charcot also had a
motor boat which operated successfully, and he took
along three motor sledges with flexible tracks. On the
occasion that he tried them out, they ran quite well,
but Charcot concluded that numerous tests and
changes would be needed to make the machines
really useful.

When Charcot's sledges were undergoing pre-
expedition trials, an interested spectator had been
Scott, who was already planning a second expedition.
He was sufficiently impressed to include three similar
vehicles in his plan, although, like Charcot, he re-
garded them as experimental. Actually, they per-
formed well during the unloading and, on the
journey to the Pole, succeeded in crossing 50 miles
of the Ross Ice Shelf before breaking down. Their
performance disappointed Scott, but he nevertheless
regarded them as the vehicles of the future. Some 23
years elapsed before this prediction approached
reality.

Scott also had telephones. During the winter, they
connected the main building with two scientific sta-
tions. In September 1911, when stores were being
moved forward, the telephone system was extended
from Cape Evans to Hut Point, a distance of about
12 miles, by laying aluminum wire on the ice. Dur-
ing the planning stage, Scott had considered the use
of wireless but rejected it as impractical. In equip-
ping trail parties, Scott followed Shackleton's lead,
even to using Siberian ponies. He did have a few
dogs, and their performance, with better dog han-
dlers than on his previous expedition, frequently
amazed him.

His rival for the prize of the South Pole, Roald
Amundsen, would not have been surprised at all. He
was the epitome of the Scandinavian school of polar
travellers. Unlike Scott, who was naval officer
turned explorer, somewhat by accident, Amundsen
had devoted his life to exploration and had mastered
all the best techniques. The most brilliant of his
achievements was the successful solution of the
scurvy problem on his South Pole journey. His ex-
perience on the Gerlache expedition and his later
travels in the Arctic had convinced him of the effi-
cacy of fresh meat as a scurvy preventative. He
started his South Pole trip with 52 dogs. As loads
grew lighter, the weaker dogs were killed and fed
both to the surviving dogs and to the men. Of the
original 52 dogs, only 11 completed the journey, but

they were all in fine condition, as were the mem-
bers of his party. To those who believe that the dog
is man's best friend, Amundsen's solution seemed
brutal, but it worked.

Scott, if he could have conceived of such an idea,
would undoubtedly have rejected it. There is no need
here to examine Scott's complex character or to re-
count his errors, except to note that his failure to
adopt the best available techniques cost him his life.
Even if he and his companions had reached the depot
which lay a scant ten miles beyond their strength, it
is extremely doubtful that they would have survived.
Scott lost a race, not with time or distance or
weather, but with disease—scurvy. Perhaps the best
that can be said is to echo Sir Raymond Priestley's
remark that Scott made up for his mistakes by the
gallant manner of his death. Unfortunately, he took
four brave men with him.

Those who followed Amundsen and Scott had
learned the lesson. Both Mawson and Shackleton
relied upon dog teams as a means of transport. The
former also purchased an airplane, but it was dam-
aged in Australia before the expedition sailed. It
was stripped of its wings and converted to a tractor
sledge, but this contraption was a dismal failure.
Mawson was the first to use radio communications.
Although the primitive equipment of that era proved
virtually inoperable in the months of continuous day-
light, it worked reasonably well in the period of
darkness.

When Shackleton sailed in 1914, trail radios had
been used in Greenland, but he was not impressed.
In fact, only withrelüctance did he agree to install a
receiver (but not a transmitter) aboard his ship. Al-
though he cast doubt on the ability of wireless to
work over antarctic distances, Shackleton's attitude
toward it was largely personal. He didn't want to be
bothered from outside. On one occasion, he blurted
out, "I do not want to communicate with England
at all." On the subject of diet, however, he consulted
with the leading authorities. Even then, the research
was under way that led to the discovery of vitamins.
In fact, in a paper written in 1917 by one of his
medical officers, the word appears, spelled with a
terminal "e." Actually, he fell back on the well-tried
antiscorbutic of the Royal Navy—lime juice, which
he had made up in capsules. Whether it would have
worked remains unknown, because his ship was
crushed and hi.i party took to the ice where seal and
penguin were plentiful.

In technological development, war serves as a sort
of catalyst. Any invention that promises an advantage
over the enemy is taken up and urged along. As
noted above, aircraft, tracked vehicles, and wireless
were known before World War I. They emerged
from the conflict greatly improved. A technological
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Technological evolution in antarctic operations is aptly
demonstrated by comparing the Curtis Wright Condor
(left) used on Byrd's expedition, with the C-141 Star-
lifter aircraft (above) used today to ferry supplies to

Antarctica.

escalation had been started of which the end is not
yet in sight. It was inevitable that sooner or later the
new technology would be brought to the Antarctic.
The key figure in so doing was Rear Admiral Rich-
ard E. Byrd. It is safe to say that there is practically
no technique in use today that he did not in some
measure anticipate on his first two expeditions. Al-
though not the first to fly an airplane in Antarctica
—Sir Hubert Wilkins had done so on November 16.
1928—he was the first to launch them from the Con-
tinent and penetrate any distance inland. With the
aid of aerial cameras, he made aircraft the greatest
tool ever devised for the exploration. of our planet.
Byrd also used his planes to put parties in the field
and replenish them with su.ppliês.. His buildings were
of the modular type, being composed of 8- by 3-foot
panels that two men could handle with ease. His man
rations were carefully devised, by Dr. Francis D.
Coman of Johns Hopkins University, to insure a bal-
anced diet including vitamins, while Dr. John Mal-
corn of Otago University, New Zealand, devised a
dog pemmican that was equally successful.

More than anything else, Byrd was an organizer
and manager of very considerable talent. He pro-
posed to control operations of his ships and field
parties and even to maintain contact with his home
base in the United States by radio, and, in his nar-
rative of the expedition, he states that no aspect of
the preparations gave him greater concern that the
selection of communications equipment. On his
1928-1931 expedition, he found a Ford Snowmobile
useful around the station, but it broke down on the
trail. When he returned to Antarctica in 1935, he
had two Snowmobiles, a heavy tracked vehicle capa-
ble of carrying 20,000 pounds, and three Citröen
cars of a type successfully used in the Sahara and
Gobi Deserts and in the snow fields of the French

Alps. These cars were in the nature of a half-track,
with skis mounted under the front wheels when em-
ployed on ice or snow. The Citröens were interesting
as an illustration of increased reliability of motor ve-
hicles. They were stock models and had only such
modifications as his mechanics were able to effect
after deployment. In fact, Byrd owed his life to them;
when he was alone suffering from carbon-monoxide
poisoning in a hut 123 miles from Little America,
the cars came to his rescue, operating at temperatures
below those which dogs could tolerate. On this same
expedition, he even had that ancestor of the heli-
copter, a Kellett.jitogyr-cIt: is hard to think of
much that he didn't have,' except icebreakers.

With Byrd, the full force of western technology
was felt in Antarctica. Since his day, both equipment
and techniques have improved, but a very large part
of what has occurred is based on his innovations. The
aircraft are bigger, the vehicles more powerful, the
radios more reliable, the buildings more comfortable,
and the helicopters more efficient. To these changes,
World War II gave great impetus. On Operation
High jump (1946-1947), icebreakers made their ap-
pearance, as did helicopters and the tracked vehicles
that had been developed for amphibious operations.
Radar, a new development, contributed greatly to
both oceanic and aerial navigation.

During the 1956-1957 season, the United States
used both surface and air transport to establish sta-
tions on the polar plateau. For Byrd Station at 80°S.
120°W., materials and supplies were delivered by
tractor train. At the Geographic South Pole, how-
ever, all equipment and supplies were airdropped,
while men and delicate scientific instruments were
delivered by light ski-equipped aircraft. After 1959,
the same system was used to support Byrd Station.

In 1960, the Hercules, a heavy cargo plane with
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Aircraft such as the LC-130 fulfill most of the intracontinental
travel and supply needs. Yet, dog sledges are still used: these
were employed by the British Antarctic Survey in Deep Freeze 70.

ski-wheel landing gear, first appeared in the area. By
1963 5 it had taken over all cargo, fuel, and personnel
deliveries to the interior. The Hercules' proven abil-
ity to land on almost any fiat space in Antarctica
made it possible to install scientific field parties in
any area, to resupply them as needed, and to move
them from one location to another. Combined with
air transport from the United States, aviation has
made it possible for a scientist to leave his institution
in the autumn, do a full season of investigation, and
return in time for the spring semester. He can do
more in 4 months than his predecessor could in 18.

As we move into the future, it is obvious that tech-
nology will cause other changes. Already weather
and geophysical satellites are having their effect on
both operations and scientific investigation. Auto-
mated observatories, broadcasting their data via
communications satellites, are just around the
corner. Oceanographers have been studying the cur-
rents of McMurdo Sound against the day when sub-
mersibles will be added to the tools of scientific re-
search. The use of air-cushion vehicles and aircraft
capable of vertical takeoff and landing are being
investigated.

When man and his technology come to stay, they
also bring their own problems with them, however.
Before permanent occupation of sites, expeditions
remained for a year or two and then departed. For
the most part, they were small, and the risk of pol-
lution was minimal. This is no longer true. A station
like McMurdo is in reality a small town, and it
creates problems of public hygiene and contamina-
tion familiar to communities everywhere. The dif-
ficulty of solution is compounded by the nature of
the frozen ground on which stations are built. If
one installs a nuclear reactor, he immediately creates
the problem of what to do with the atomic waste.
Today, man finds himself struggling not only with
how to live in harsh environments, but also against
the products of his own presence. If not expertly
handled, they may do irreparable damage to one of
the last areas where nature may be studied in its
pristine state.

Eltanin Cruise 40

BRUCE A. WARREN 1

Woods Hole Oceanographic Institution
Woods Hole, Massachusetts
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Cruise 40 of Eltanin was a special-purpose cruise
emphasizing physical-oceanographic investigations of
deep antarctic water east of New Zealand and the
Kermadec Ridge. The entire deep Pacific is filled by
water deriving from the Antarctic, and abyssal-cir-
culation theory predicts that this water should move
northward through the South Pacific as a relatively
narrow current lying against the western boundary
of the great central basin. The existence of such a
current was demonstrated in 1967 on Eltanin Cruises
28 and 29, during the occupation of transpacific
hydrographic sections at 28°S. and 43052 Additional
hydrographic sections were required to map the cur-
rent, however, and direct velocity measurements were
needed in it for a sound estimate of its volume trans-
port. Cruise 40 was designed to accomplish these
purposes.

After a small delay in the completion of the annual
overhaul, which had started on August 5, Eltanin
departed Auckland on September 15, 1969. After
occupying a short hydrographic section at 39°S. across
the somewhat nebulous East Cape Current, she
steamed to the Chatham Islands and ran a hydro-
graphic section across the deep boundary current,
northeastward from the Chatham Islands to 35°S.
160°W. This activity was followed by a section along
35°S. to North Cape, New Zealand. The ship then
made a three-day port call at Auckland, departing
again on October 10.

'U.S. Antarctic Research Program Representative, El-
tanin Cruise 40.

'Antarctic Journal, vol. II, no. 6, p. 258-261.
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The last hydrographic section across the deep cur-
rent was occupied along 22°S.; the data obtained
were used at once to plan direct velocity measure-
ments in the current at the same latitude. These
measurements were accomplished by tracking neu-
trally buoyant floats, pre-ballasted to float with the
current at a depth of 4,000 in equipped with
acoustic transmitters whose signals could be received
on deck through towed hydrophtmes. By listening to
the signal on two pairs of hydrophones, the ship could
be steered toward the float and positioned directly
above it at the time of a navigational satellite pass,
thus providing a fix on the float. Nine floats were
tracked in all, each for periods of 4-6 days; most of
them followed nearly rectilinear trajectories at average
speeds of 1-10 cm/sec. Although this procedure was
new to Eltanin, the program was entirely successful,
and the officers were most cooperative in undertaking
the complicated maneuvering that was sometimes re-
quired.

After completion of the float tracking, the ship
moved westward into the South Fiji Basin and oc-
cupied a final hydrographic section southward along
174°E. to North Cape, New Zealand. The objective
was to make a section across the eastward-flowing
water in the upper 1 km, and to obtain more meas-
urements of the deep water in the South Fiji Basin,
which appears to derive from a branch of the deep
western boundary current just north of New Zealand.
The cruise was terminated at Port Lyttelton on Nov-
ember 21.

The hydrographic work was carried out by a group
from the Woods Hole Oceanographic Institution,
aided by two visitors from the C.S.I.R.O. Division of
Fisheries and Oceanography, Australia, and a rep-
resentative from the New Zealand Oceanographic
Institute, who also made a series of abyssal bathy-
thermograph lowerings in the Kermadec Trench. A
total of 95 hydrographic stations was occupied, nearly
all of them to the bottom; properties measured on
almost all stations included temperature, salinity,
and concentrations of dissolved oxygen, silicate, ni-
trate, and nitrite. Attempts to measure phosphate
concentrations on the shipboard Auto-Analyzer had
to be abandoned, but some analyses were made with
the C.S.I.R.O. equipment. Problems with the titrat-
ing apparatus ruined perhaps one-third of the oxygen
analyses. Few difficulties were experienced with the
actual station operations, although two protected
thermometers imploded on a station made to 9,061
m in the Kermadec Trench. Extreme malfunctioning
of the listening gear almost ended the float tracking
before it began, but after repair and retuning, its
performance was excellent.

A group from the Lamont-Doherty Geological Ob-
servatory carried out continuous seismic, magnetic,

and gravity profiling. The usual difficulties with
equipment failure were experienced, but persistent
maintenance and repair achieved records of good
quality through most of the cruise.

Observers from the Commonwealth Bureau of
Meteorology (Australia) made six-hourly surface-
weather observations and flew daily radiosondes and
rawinsondes, and collected air samples for later car-
bon-dioxide analysis.

During the yard period preceding the cruise, an
IBM computer was installed in the former VLF room
as a new piece of permanent equipment on the El-
tanin. 3 Its operation was highly successful, although
the programs on this particular cruise did not make
heavy demands on it; its main use was for preparing
precise navigational records, and processing the ob-
servations of the PDR watch.

Inasmuch as Eltanin had not previously called at
Port Lyttelton, the ship held an open house during
its visit there. The MSTS personnel were most ener-
getic in making the ship presentable, and the scientific
personnel, especially the Alpine support party, as-
sembled a varied set of exhibits representative of the
full range of activities undertaken by Eltanin. Nearly
two thousand visitors came aboard.

3Antarctic Journal, vol. IV, no 6, p. 275-278.

Notes

NSF 20 Years
In connection with the National Science Founda-

tion's 20th Anniversary on May 12, 1970, the Direc-
tor of NSF received the following message from the
scientific leaders at the U.S. antarctic stations:

"The wintering-over scientists in Antarctica ex-
tend greetings and best wishes to the National Sci-
ence Foundation on its twentieth anniversary. For
the past ten of those twenty years, under the aegis of
the Foundation, the United States Antarctic Re-
search Program has made steady progress, and men
and women of many scientific disciplines from uni-
versities and government agencies are now involved
in this effort. Those of us continuing this progress
through the long antarctic winter look forward to a
successful season, encouraged by the National Sci-
ence Foundation. With our friends from the Naval
Support Force, we take great pride in celebrating
this occasion in honor of the National Science
Foundation."

150	 ANTARCTIC JOURNAL



During the course of his visit, Admiral Welch pre-
sented messages from President Nixon to the Prime
Ministers of Australia and New Zealand.

Thomas B. Owen
NSF Assistant Director

National and International Programs

/

XI Photo

On June 23, 1970, Thomas B. Owen was sworn in
as National Science Foundation Assistant Director,
National and International Programs, of which the
Office of Polar Programs is part. Dr. Owen received
his B.S. from the University of Washington in 1940
and his Ph.D. in chemistry from Cornell University in
1950. At the time of his appointment to NSF, he was
Chief of the Office of Naval Research.

Dr. Owen is one of four newly appointed Assistant
Directors. The others are Dr. Edward C. Creutz, Re-
search; Dr. Lloyd G. Humphreys, Education; and
Dr. Louis Levin, Institutional Programs.

Dr. Thomas 0. Jones, who served as Acting Dep-
uty Assistant Director for National and International
Programs until Dr. Oven's arrival, has been ap-
pointed Deputy Assistant Director.

Admiral Welch Attends
Coral Sea Celebration

Rear Admiral D. F. Welch, in his capacity as
Commander, U.S. Naval Support Force, Antarctica,
was guest of honor for the annual Australian and
New Zealand Coral Sea Celebration. Admiral and
Mrs. Welch flew to the celebration in a VXE-6 ski-
equipped Hercules. The festivities were conducted
in several Australian and New Zealand cities. In
each of the cities, Admiral Welch gave several talks
and slide presentations about the U.S. Antarctic
Program.

U.S. Scientists Receive Soviet Medal

The U.S.S.R. Academy of Sciences has awarded a
Soviet medal commemorating the 150th anniversary
of Bellingshausen's voyage to the Antarctic to Dr.
Victor P. Hessler and Mr. F. Michael Maish of the
Environmental Science Services Administration. Dr.
Hessler has carried out a cooperative research pro-
gram in atmospheric physics at the Soviet station
Vostok for several years; Mr. Maish was the U.S.
Exchange Scientist at Vostok in 1968-1969. The
medal is presented to Soviet scientists who have made
outstanding contributions to antarctic research and
to foreign scientists who have carried out significant
cooperative work with the Interdepartmental Com-
mission on Antarctic Research of the Soviet Academy.

The obverse of the medal shows the admirals F. F.
Bellingshausen and his flagship Vostok and M. P.
Lazarev and his ship Mirnyy. On the reverse of the
medal is a map of the Antarctic with the cruise
tracks of the 1820 and 1821 expeditions.

Ecology of the Subarctic Regions

This 364-page volume, the proceedings of a sym-
posium held in Otaniemi, Finland, in 1966, was pub-
lished in 1970 by UNESCO. It is for sale at $16 a
copy from Unesco Publications Center, P. 0. Box
433, New York, New York 10016.
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Vice Admiral Cruzen Dies

U.S. Navy Photo

Vice Admiral Richard H. Cruzen, USN (Ret.),
died recently at Camp Pendelton, California, at the
age of 72. During his 34-year Navy career, Admiral
Cruzen participated in both arctic and antarctic ex-
peditions. As a captain, he served as second in com-
mand on Rear Adm. Richard E. Byrd's 1939 ant-
arctic expedition. During that expedition, he com-
manded the USS Bear, which made a 118-day,
25,000-mile voyage without once dropping anchor.

During World War II, Admiral Cruzen served
first at the Naval War College and later in the Pa-
cific. After the war, he commanded an exploratory
expedition in the Arctic. In 1947, Admiral Cruzen
again served with Admiral Byrd during Operation
High jump, which remains the largest expedition
ever sent to the Antarctic.

Admiral Cruzen's last duty was as Commander of
U.S. Naval Forces in the Philippines, from which he
retired in 1954. He is survived by his wife, Margaret,
and a daughter.

Philatelic Mail for Deep Freeze 71

Philatelic covers will be accepted during the 1970-
1971 season by two U.S. stations in Antarctica and
by three Deep Freeze ships. Byrd Station and South
Pole postmarks may be obtained by placing two ad-
dressed covers, each bearing U.S. postage at letter
mail rate,* in an envelope addressed to:

Deep Freeze Philatelic Mail
U.S. Naval Construction Battalion Center

Davisville, Rhode Island 02854
One cover will be forwarded to each station for

postmarking. If only one station's cancellation is de-

*Foreign collectors may use International Reply Coupons
to defray postal charges.

sired, the single submitted cover should have either
"Byrd" or "Pole" written in the lower left corner.
These covers must arrive at Davisville by September-
1 5 1970, to be processed for shipment to Antarctica.
Cancellations will be applied during the austral
winter, and collectors may expect to receive the
covers between October 1971 and March 1972.

Ship cancellations may be obtained by sending
covers to Deep Freeze Philatelic Mail, followed by
the name and address of the ship whose postmark is
desired. These covers must be received by November
13, 1970. The ships' addresses are:

USCGC Burton Island (WAGB-283), P.O. Box
20820, Long Beach, California 90801.

USCGC Westwind (WAGB-281), FPO New
York 09501.

USCGC Staten Island (WAGB-278), FPO Seat-
tle, Washington 08799.

Covers postmarked aboard these ships will be re-
turned to collectors as expeditiously as postal work-
loads and operations permit. The ships may apply
either their individual cachets or the Operation
Deep Freeze cachet to philatelic covers.

Collectors are limited to one cover from each of
the stations and ships cited above. Philatelic covers
will be returned unprocessed when more than the
authorized number is submitted, if insufficient or
foreign postage is provided, or if it appears that a
commercial motive is involved.

New Translations of
Soviet Polar Literature

Three more monographs on polar research have
been translated from Russian for the National Sci-
ence Foundation under the Israel Program for Sci-
entific Translations. Priced at $3.00 per copy, they
are available from the Clearinghouse for Federal
Scientific and Technical Information, U.S. Depart-
ment of Commerce, Springfield, Virginia 22151.

Academy of Sciences of the U.S.S.R. Antarctica.
Commission Reports, 1962. V. A. Bugaev, Chief Edi-
tor. 1963. 187 p. (TT 68-50491).

Arctic and Antarctic Scientific-Research Institute.
Collected Papers of Soviet Antarctic Expeditions.
Edited by V. G. Aver'ianov. (Its Transactions of the
Soviet Antarctic Expedition, vol. 38.) 1968. 266 p.
(TT 69-55085).

Solopov, A. V. Oases in Antarctica. Academy of
Sciences of the U.S.S.R., 1967. 146 p. (TT 68-
50490).

Erratum in vol. IV, no. 6, p. 293: In the chron-
ology, the heading July should read August. There
were no entries for July.
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