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U.S. Antarctic Research Program, 1970-1971
Review of the summer season

With the continued generous cooperation of princi-
pal investigators and their field assistants, as well as
exchange scientists and representatives of other
nations' expeditions, it is possible once again to
present a comprehensive review of the field research
conducted in Antarctica during the past season.

Whereas these annual reviews of the summer field
season customarily cover only research conducted
urder the auspices of the U.S. Antarctic Research
Program (USARP), this year's review has some new
elements. First, there was the international expedition
to Deception Island, wherein USARP scientists
formed only one part; nevertheless, all the principal
participants have submitted reports. Second, two
U.S. research ships—the Alpha Helix and the Thomas
Washington—worked in the Antarctic without the
traditional funding by the National Science Founda-
tion's Office of Polar Programs or the logistic support
of the U.S. Navy's Operation Deep Freeze. Reports
are included of the activities of both ships. Third, a
report is included on the British Antarctic Survey
expedition to the Shackleton Range to which the
U.S. program furnished logistic support.

Since the USNS Eltanin conducts year-round
research in the antarctic seas, most reports on her
activities will appear in the September-October issue
of the Antarctic Journal together with the reports
on year-round programs at the stations and data-
reduction and support activities in the U.S.A. Only
Cruise 47 of the Eltanin is summarized in this issue.

Although it is always difficult, even treacherous,
to attempt to assess the accomplishments of a season
immediately upon its termination, it may be stated
that the international expedition to the volcanic
Deception Island was one of the highlights, if only
for its unusually high international flavor. Organized
on extremely short notice, it included participants
from five nations—Great Britain, the U.S.S.R., Chile,
Argentina, and the U.S.A.—supported by logistics
elements of three national expeditions: Argentina,
Chile, and the U.S.A. The common purpose of the
expedition members was to study the changes wrought
by the eruption of this old volcano on August 12, 1970.

Another multi-institutional and international party
worked in the Transantarctic Mountains, carrying out
geological investigations and unearthing more fossils
of prehistoric animals. Whereas last season's discovery
of Lystrosaurus fossils stirred the interest of paleon-

tologists and geologists, this season's greatest find was
fossils of the mammal-like reptile Thrinaxodon, in-
cluding a nearly complete skeletal impression.

Joining the ubiquitous research vessel Hero in
the northern Antarctic Peninsula was the Alpha
Helix, operated by the Scripps Institution of Ocean-
ography and carrying scientists from several institu-
tions who conducted a variety of studies on the
physiology of animals. The presence of this vessel,
with its sophisticated laboratories, for extended
periods at Palmer Station and the availability of the
station's facilities to the Alpha Helix scientists worked
to the benefit of all biologists doing research in this
area during the past season. The group's studies of
Chaenichthyids or "icefish" are of particular interest,
the Chaenichthyids being the only adult vertebrates
known to lack hemoglobin in their blood.

North of the Ross Sea, another Scripps Institution
of Oceanography research vessel, the Thomas Wash-
ington, conducted the second part of the Aries ex-
pedition during January and February. A report on
her cruise also is included in this issue of the Journal.

Inland, and close to. the Pole, new southernmost
locations were established for bacteria and yeast
(87°21'S.), lichens (86°09'S.), and algae (86°45'S.).
Other research in biology—which dominated the
field program this season—included botanical investi-
gations as far north as the Kerguelen Islands, and
studies of seals and penguins at McMurdo Station,
Hallett Station, and Cape Crozier.

In the field of upper atmosphere physics, the
highlight was the very successful experiments con-
ducted at Siple Station. This geomagnetically strategic
(L=4) station will become a year-round facility
beginning in 1972, replacing Byrd Station as the
major site of U.S. antarctic research in ionospheric
and magnetospheric physics.

The number of investigators working in the field
during the 1970-1971 summer season approached
150. Only three of the projects carried out by these
representatives of government, academe, and indus-
try are not described in this issue. It should be
pointed out that many, if not most, of the reports
are preliminary, restrained by deadlines and space
as well as by the very nature of the Antarctic Journal
as an informational rather than a scientific periodical.

—K. G. SANDVED
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International volcanological expedition to Deception Island

OLAV ORHEIM

Institute of Polar Studies
The Ohio State University

When the news arrived that the Deception Island
volcano had erupted again, on August 12, 1970, it was
clear that for maximum safety the ship support of the
various expeditions to the island should be coordi-
nated. Organization of the first International Decep-
tion Island Volcanological Expedition (IDIVE-7 1)
was started during September, and despite the brief
preparation time it proved successful.

The first group of eight scientists was brought to
Deception Island by the Argentine ship Zapiola on
December 8, 1970. They were Dr. Nestor Fourcade,
Dr. Litterio Villari, and Mr. Julio Moreno of the
Argentine Antarctic Institute, Buenos Aires; Dr. Peter
Baker and Mr. Ian McReath of the University of
Leeds, England; Dr. Leonid Govorukha* of the Arctic
and Antarctic Research Institute, Leningrad; and

*Dr. Govorukha's report was delayed in the mail and
will appear in the September-October issue.

X	..GI.iMOUNTK IRK WOODN	 460m

Figure 1. Index map of Deception Island. Solid black areas show
locations of 1969 eruption.

Mr. Olav Orheim and Dr. Terence Hughes of the
Institute of Polar Studies at The Ohio State Univer-
sity. Dr. Charles Shultz from Slippery Rock State
College, Pennsylvania, joined the expedition from
USCGC Burton Island a few days later. Two Chilean
geologists, Messrs. Francisco Munizaga and Hugo
Moreno, also worked on the island during December.
Thus, scientists from five nations were represented.
That Villari was Italian and Orheim Norwegian
further underlined the international flavor of the
expedition.

Except for the Chileans, who were supported by
the Piloto Pardo, the members of the expedition
stayed at the Argentine base (the only remaining
undamaged base on the island), where the emer-
gency house and a smaller building provided adequate
shelter. Argentina also provided the food and most
of the field supplies, and Zapiola supported the
expedition from December 8 to December 22. Further
field supplies arrived with Burton Island and Hero,
including a rubber inflatable Zodiac boat with out-
board engine. The Zodiac was very welcome as it
made movement around the island more efficient.

The 1970 eruption was more violent than the
1967 or 1969 eruptions. It covered and partially
reactivated the area between the land center and
the submarine center of the 1967 eruption (figs. 1-3).
About 10 major and numerous minor craters were
formed, completely changing the topography of the
northern and northeastern part of the island. The
new island formed by the 1967 eruption became
joined to the main island. Ash was ejected to a
height of several kilometers; 4 mm of ash was
recorded at Arturo Prat Station, 70 km northeast
of Deception Island.

The geologists Fourcade, Villari, Moreno, Baker,
McReath, Munizaga, and Shultz spent most of their
time studying the 1970 eruption, and they collected
samples for geochemical and petrologic laboratory
studies. Fourcade and Villari, assisted by Moreno,
also made special studies of the fumaroles. Baker
and McReath measured the thickness of new pyro-
clastic material deposited on the island. Shultz in-
vestigated the new faults that had occurred inside
the caldera rim. These studies are described further
in the following accounts. The geologic studies were
greatly enhanced by the familiarity with the local
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conditions developed by Fourcade, Baker, and Shultz
from their previous studies.

All the geologists left the island in late December,
while the three glaciologists stayed for another month.
Orheim

'
assisted by Hughes, continued the heat,

mass balance, and strain studies started during the
previous two seasons and initiated a comparative
mass balance program at Livingston Island. Studies
of the mass balance and volcanic history of the
area and of the local ice deformation were made
fri a glacier crater formed by the 1970 eruption.
Govorukha worked part of the season with the Ohio
State University glaciologists, but he also conducted
several independent studies. He started mass balance
studies at two small ice fields near the Argentine
base, and he studied firn development at various
localities. He also started work on a geomorphological
map of the island.

Two other groups of studies, while not an integral
part of IDIVE-71, deserve mention. Persons aboard
Zapiola sounded Port Foster to determine any changes
in the submarine topography, and parties were sent
ashore to measure tides. Two U.S. biologists from
Hero studied the changes in marine life that resulted
from the 1970 eruption.

As the site of the only erupting volcano in
Antarctica, Deception Island will command scientific
interest for some time to come. The international
cooperation this season will hopefully set a precedent
for future expeditions to the area. That the members
of this hastily organized expedition were able to
work well together and accomplish their scientific
objectives bodes well for such ventures in the future.

Petrologic and volcanologic
investigation of Deception Island

CHARLES H. SHULTZ

Department of Geology
Slippery Rock State College (Pennsylvania)

and

Institute of Polar Studies
The Ohio State University

'The effect of the winter 1970 eruption at Deception
Island was less than early reports had suggested. No
major volcanic edifice was created, and the caldera
wall did not change significantly. However, judging
by field evidence, the eruption was the most violently

J41y—August 1971

Figure 2. Telefon Bay and the area of the 1967 and 1970 erup-
tions. Based mostly on sketch may by C. Shultz.

explosive of the recent series of eruptions. This was
probably due not only to the high viscosity of the
magma but also to massive involvement of cold sea
water, which in some craters is still boiling.

Five new marine craters and seven or eight ter-
restrial vents, all approximately alined along an
arcuate trace 4 to 5 km long, are recognized. The
marine eruptions occurred in Telefon Bay and led to
the creation of 1.0 to 1.5 sq km of new land (fig. 2).
The eruption partially destroyed "New Island"
(1967), but pyroclastic deposits have now tied the
remnants to the main caldera ring. The marine
craters are of the maar type; they are broad and fiat
with no significant build-up of tephra at their rims.
In plan view the maar are scalloped, implying the
existence of more than one vent for each maar (fig. 2,
crater E).

The land craters generally resemble diatremes. They
are narrow, deep, and cylindrical, although later
downslope movement has produced a funnel shape.
Several (H, J, and K) contained hot, yellowish-green
water when examined. Of the group, crater M is of
greatest interest, partly because it is the largest but
primarily because it broke through a glacial-ice
tongue that was heavily mantled with debris. The
north side of this crater is distinguished by a remark-
able series of concentric slump scarps that presumably
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resulted from the subsequent flow of ice into the
crater (fig. 3). Crater L may be just a fumarole
chimney and not an explosive vent. Fumarole chim-
neys are common in the vicinity of the marine craters.

A tephra blanket covers approximately half of the
island, lying north of a line between the former
Chilean base and Wensleydale Beacon. The fineness
of the tephra has produced a smooth surface texture
obliterating most surficial irregularities where the
cover is sufficiently thick. This has lent a strange.
surrealistic quality to the landscape, especially just
west of Telefon Bay. The tephra surface is firm owing
to the sea salts that saturate the dust and ash. White
salt efflorescence and wetness are common. Meltwater
has caused exhumation of some larger stream valleys,
but most are still buried. Mudflows originating near
the base of snow banks or glacial-ice outcrops are
ubiquitous.

Within a few hundred meters of craters, blocks and
bombs up to 2.5 m in diameter and numerous impact
craters are prevalent. The bombs are generally grayish
black with brownish rims and are highly vesicular
(black pumice). High viscosity is indicated by jagged
tears and other tensional features. The rock is 30 to
70 percent crystalline; glass is partially opacitized by
oxidation and turbid due to a dense mat of crystallites.
Plagioclase (An453 ) and diopsidic augite are the
most common minerals, but forsteritic olivine and
orthopyroxene (En85 _90 ) are present in trace amounts.
A variety of cognate xenoliths is invariably present,
especially in the core of bombs.

The petrographic character of glass shards in ash
samples is similar to that of volcanic bombs. Particles
are typically equant and jagged. Shard margins cut
across vesicles, showing that the ash originated by
disintegration of brittle material; the particles are
not congealed liquid droplets. Chemical analyses and
petrographic characteristics indicate that the new

Figure 3. View from the east of the area affected by the 1970
eruption. The glacier crater (M) is in the lower center, the former

island in the upper center.

Figure 4. Stratigraphy of the glacier crater. The sca!e is indicated
by the encircled person and by the 20-rn-long crevasse ladder
between the arrows. The lower arrow also points to a 0.6-rn-thick
pyroclastic layer that is possibly from the 1842 eruption reported

by Smiley of the Wilkes expedition.

pyroclastics are basaltic andesite in composition and
are closely similar to the 1967 and 1969 pyroclastics.

The widespread occurrence of new sea cliffs within
the caldera and the active calving of "Black" Glacier
imply that the shoreline of Port Foster has subsided;
this movement is probably related to the new eruption.
Near the Argentine base, the amount of subsidence
is estimated to be between 0.5 and 1.0 m.

The most ominous new feature is the presence
of numerous open rifts extending from just west of
Telefon Bay to the Argentine base toward the
southwest. The rifts are best developed west of
Cross Hill (fig. 2), where open, en echelon cracks
0 to 20 cm wide are more than 100 m long. The

rifts cut bedrock as well as sediment deposited during
the 1970 melt season, implying that they originated
possibly 3 or 4 months after the eruption. They
cross the caldera wall at a small acute angle and
show a slight vertical displacement, with the interior
of the caldera on the up side. It is tempting to
speculate that these rifts are the precursors of the
next series of eruptions. If so, the next eruptions
should occur between the west end of Telefon Bay
and the Argentine base.
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Glaciological studies at
Deception Island and Livingston Island

OLAV ORHEIM

Institute of Polar Studies
The Ohio State University

About one-half of Deception Island is covered by
gaciers, and in the summer much volcanic dust is
blown from the snow- and ice-free areas onto the
glacier surfaces. Snow surfaces in the accumulation
aiteas of the glaciers become very dirty by the end of
the summer (albedos of 0.3). After these surfaces
are buried by the clean winter snow they form
reliable annual markers. The annual mass balance
history of "Black" Glacier (fig. 1) from 1910 to
tle present was obtained during the 1969-1970
season by studying the summer surfaces exposed in
a 40-rn-high wall of a fissure formed by the 1969
eruption. The mass balance history of the area was
extended back to about 1750 using the same strati-
griaphic criteria on 100-rn-high walls of a crater
(fig. 4) formed by the 1970 eruption in a glacier
5 km north of "Black" Glacier.

The Fourier transform of this mass balance record
shows a weak 22-year cycle in the climatic conditions
affecting the mass balance. Major changes in mass
blances of Northern Hemisphere glaciers can also
be recognized in the Deception Island record.

Pyroclastic deposits from eight volcanic eruptions,
plus seven questionable volcanic deposits, were found
in the walls of the glacier crater. Considered with the
evidence of six other eruptions found in the glacier
fissure (Orheim, in press) these deposits show a cyclic
pattern in volcanic activity for the past 200 years:
several eruptions in one decade followed by several
decades having no eruptions. Conclusions about cycles,
however, are tentative, since the observed layers indi-
cate a minimum number of volcanic events. The pyro-
clastic deposits record only eruptions that occurred
nearby or upwind.

The 1970-1971 glaciological program included
several other studies besides the aforementioned crater
investigations. The mass balance studies that were
started on glacier G 1 (fig. 1) during the 1968-1969
season were continued with small modifications. G 1 is
8 to 10 km from the recent eruptions and is repre-
sentative of the climatic conditions on the island.
The net mass balance averaged over the glacier area
was —0.5 m for the 1970-1971 balance year, in
contrast to the previous 2 years when the glacier
was in approximate balance (Klay and Orheim,
1969; Orheim, 1970). The main reason for the

negative value in 1970-1971 was a large negative
summer balance caused by high summer temperatures
and an unusually early start of the melt season.

On Livingston Island, 30 km north of Deception,
a mass balance program was begun on the small
ice cap terminating on Byers Peninsula, on the western
side of the island. Numerous density profiles and
snow soundings were taken, and 25 mass balance
stakes were set. These mass balance studies will show
whether the mass balance conditions at Deception
Island are representative for the South Shetland
Islands. The studies this season indicate that, for the
same elevations, the glaciers at Deception Island and
Livingston Island experience similar winter balances.
Summer balances are more negative on Deception
Island, however, because of lower surface albedos
at that island's glaciers. The importance of these
differences will be better known after the mass
balance programs have been continued through the
1971-1972 season.

Other investigations carried out during the 1970-
1971 season included meteorological studies at the
base camp; meteorological, strain, and borehole tem-
perature measurements on glacier G 1; mass balance
and strain studies above the fissure; drilling to the
bed of "Black" Glacier from inside the fissure; and
mass balance studies east of Pendulum Cove.
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Geological investigations
on Deception Island

P. E. BAKER and I. MCREATH

Department of Earth Sciences
University of Leeds

The recent series of eruptions on Deception Island
(1967, 1969, and 1970) has provided a unique
opportunity for studying the style and progress of
volcanicity associated with an active caldera fault.
Of particular interest have been the migration of
the eruptive centers, the compositional variations of
the magma in successive phases, and the effects of
subglacial and submarine activity. A study of the
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older formations of the island, using the work of
Hawkes (1961) as a starting point, has been an
essential corollary to these investigations.

The sequence of recent events has been closely
followed by scientists from several nations, including
Argentina, Chile, the United States, and the United
Kingdom. A team of British scientists supported by
the Royal Society and the British Antarctic Survey
studied the 1967 and 1969 eruptions (Baker et al.,
1969); and the Royal Society provided funds for an
extension of these investigations to include the 1970
eruption. On this latter occasion, however, full
logistic support was kindly provided by the Argentine
Antarctic Institute and the Argentine Navy. We were
at Deception Island December 8 to 23, 1970, form-
ing part of the international group based at the
Argentine station on Fumarole Bay.

The latest volcanic eruption (Baker and McReath,
1971) occurred on August 12 and 13, 1970, as
inferred from seismic data and the time at which
ash fell on Greenwich Island (Capitán Arturo Prat
Station) and King George Island (Bellingauzen Sta-
tion). The activity created a new strip of land across
Telefon Bay from Cross Hill in the west to the 1967
land center in the east. The arcuate distribution of
the vents seems to have been determined by the cal-
dera fault zone. The new land area is for the most part
only a few meters above sea level, and lagoons or lakes
occupy several of the craters. The small island that
had formed during the December 1967 eruption was
partially destroyed in this latest episode, and its rem-
nant was incorporated into the new strip of land. The
crater lake of the 1967 land center was obliterated by
a mudflow generated at a new crater in the glacier
above. Two older lakes were also drained as a conse-
quence of the physiographic changes.

The products of the 1970 activity, like those of
the two previous events, were entirely pyroclastic;
an isopach map for these deposits was compiled
largely on the basis of depths to the snow surface
over Kendall Terrace. The ash was evidently dis-
tributed under the influence of a southwesterly wind,
the finer material being carried northeastward along
the length of the South Shetland Islands. The varia-
tion in chemical composition of the pyroclastics and
its apparent relationship to the geographical situation
of the source vent suggests control on a very local
scale.

Laboratory work has included the examination of
some 60 samples—in thin section and by major and
trace element analysis—from a wide range of the
rocks exposed on the island. On this basis, about
20 samples have been selected for further study,
analyzing for a further set of trace elements by optical
spectrography and for initial strontium isotope ratios.
We also hope to develop a technique for analyzing

the rare-earth elements and, if this is successful, to
analyze a few samples for these elements. A program
of mineral analysis using both separated minerals and
electron microprobe analysis is under way.

We gratefully acknowledge the generous support
received from the Argentine Antarctic Institute, the
Royal Society, and the British Antarctic Survey.

References

Baker, P. E., T. G. Davies, and M. J . Roobol. 1969. Volcanic
activity at Deception Island in 1967 and 1969. Natur,
224 (5219): 553-560.

and I. McReath. 1971. 1970 volcanic erupticn
at Deception Island. Nature (Physical Science), 231
(18): 5-9.

Hawkes, D. D., 1961. The geology of the South Shet1ard
Islands II, The geology and petrology of Deception Islanl.
Falkland Islands Dependencies Survey. Scientific Report,
27. 43 p.

Volcanic evolution at Deception Island:
studies during 1970-1971

NESTOR H. FOURCADE

Argentine Antarctic Institute

During the 1970-1971 summer, the Argentine
Antarctic Institute, in association with the Inter-
national Institute of Volcanology at Catania, Italy,
carried out scientific work at Deception Island.
Activities involved a structural volcanological study
of the island and a magmatic study of the lava flows
in the area. Both studies are helping us to determine
the evolution of the volcano from its beginnings to
its present state. Samples of materials ejected from
the 1970 eruption were collected, temperatures were
measured, and the 1970 morphological changes were
plotted on maps.

The character of the eruption, like the two previous
ones, was merely explosive, with abundant ejection
of volcanic bombs, lapilli, ashes, and water vapor.

Kendall Terrace was completely covered by an
ash mantle, lapilli, bombs, and rock fragments that
emerged from the volcanic neck. The islet that
emerged during the eruption in December 1967 is
now reduced to a small promontory located onshore,
and its interior craters have disappeared.

Lava samples from the 1970 and previous erup-
tions are being analyzed at the laboratories of the
Argentine Antarctic Institute and the International
Institute of Volcanology at Catania.
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1970 eruption at Deception Island:
distribution and chemical features

of e lected materials
SCAR GONZALEZ-FERRAN, FRANCISCO MUNIZAGA,

and HUGO MORENO

Department of Geology
University of Chile

A desire to obtain knowledge of the changes pro-
d iced by the August 12, 1970, eruption at Deception
Wand motivated investigators from the University
o Chile and the Chilean Antarctic Institute to
udertake a new study. Messrs. Francisco Munizaga
and Hugo Moreno were sent to Deception Island,
where they remained from the 9th to the 20th of
December 1970. They were assisted logistically by
Chilean helicopters and the Chilean ships Piloto
Pardo and Yelcho.

The party studied and mapped the morphological
changes produced during the August 12, 1970, erup-
tion, constructed an isopach showing the distribution
of ejected materials, and analyzed samples of ejected
materials to determine their chemical and petrological
features. Only the latter two facets of this work are
reported here.

SLA DECEPCION

LTATA

Reports of several stations in the Antarctic Penin-
sula were used to construct the isopach shown in
fig. 1.

Petrographic and chemical analyses
of ejected materials

The materials ejected during the August 1970
eruption were exclusively of the pyroclastic type,
lapilli and ash predominating over bombs and blocks.
Their characteristics are similar to those of the 1967
eruption. The pyroclastics are generally dark gray to
black, the bombs highly vesicular and often pumice-
like inside with inclusions of preexistent basaltic
and andesitic rocks. The composition in general is
andesitic, normally aphyric, and only occassionally
containing some phenocrysts of plagioclase.

The bombs analyzed are petrographically very
similar. The description of some (samples Y-10,
Y-11, Y-13), possibly the ones most representative
of the 1970 eruption, and their chemical analysis
(table 1), indicate clearly their andesitic character.

Table 1. Chemical analyses I and norms of volcanic rocks
from the August 12, 1970, eruption of Deception Island.

Element or
rock type	 Y-102	Y-13'

SiO,	 57.53	 56.90
TiO,	1.64	1.80
Al203	17.00	15.10
Fe203	1.99	1.88
FeO	5.03	6.59
CaO	7.00	7.50
MnO	0.17	0.04
MgO	2.20	2.60
Na2O	6.27	6.40
K20	1.20	1.00
P205	0.21	0.18
ppc	0.31	0.58

Total	100.55	100.57
Bi,e Pr

L
ISLA DECEPCION	 -

1970

-	
1969	

Ba

. s

? 0.^Higgins

1912	Ar
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Figure 1. Index map of Deception Island. Shown also are distribu-
tion and thickness (in cm) of ash andIapilli during the August 12,

1970, eruption. Insert shows locations of historical eruptions.

C.I.P.W. norms

Qz	 0.36	 -
Or	 7.23	6.12
Ab	 52.92	 52.40
An	 14.73	 9.45
Di	 15.83	 22.30
Hy	2.72	-
01	 -	 2.40
Mt	3.02	2.75
II	 3.04	 3.50
Ap	0.33	0.33
Ne	 0.85

'Performed by Miss Gloria Moreno.
2 
Andesitic bomb from the edge of crater 9; August 12,

1970, eruption.

'Andesitic bomb from the INACH crater; August 12, 1970,
eruption.
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of the volcanic rock seri s
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They are characterized by their scoriaceous aspect-
very vesicular and sparsely porphyritic-with pheno-
crysts of plagioclase (An 50 _611 ), clinopyroxenes
(augite), and magnetite with a basic hyalopilitic
ground mass, dark brown in color, with a refraction
index of 1.555 and microlites of plagioclase and
clinopyroxene. The absence of olivine in these rocks
is noteworthy. Their vesiculation ranges between
about 20 and 40 percent. A modal recount of three
bombs is given in table 2.

The chemical analyses and norms of two of these
samples are given in table 1. While they show close
similarity with those of the eruptions in 1967 and
1969, there is a small variation in their chemical
composition. The silica content is a median value,
being slightly more basic than that of Yelcho Island
(61.18 percent Si0 2 ) and more siliceous than that
of 1969 (54.80 percent Si0 2 ). However, its high
soda content is maintained-as pointed out by various
authors-in the pre- as well as postcaldera series of
Deception Island.

Variation in chemistry with time of extrusive rocks
To determine historical trends in the chemical

character of the Deception Island extrusive rocks,
20 chemical analyses of lava as well as pyroclastics
were selected from those pertaining to volcanic units
whose chronology is well controlled. These analyses,

Table 2. Modal analysis of three bombs from Deception
Island.

Sample	Sample	Sample
Content	 Y-10	Y-11	Y-13

Plagioclase --------------10.0	14.0	14.0
Pyroxenes ---------------2.0	2.5	4.2
Magnetite ---------------1.9	1.7	1.6
Ground mass -------------86.0	81.8	80.1

published by Hawkes (1961), Baker et al. (1969), Go"--
zález and Katsui (1970), Valenzuela et al. (1970),
and Orheim (in press), have been projected in a
diagram of alkali (Na20 + K20) versus Si02
(fig. 2). The projected points permit the tracing of
a curve of uniform dip whose limits range between
49.8 and 67.0 percent of Si02 . Also, the more basic
character of the precaldera series is evident, coni-
posed of lavas and basaltic and andesitic-basaltc
pyroclastics whose content of Si0 2 ranges between
49.8 and 52.3 percent. The postcaldera series is less
basic and shows a noticeable enrichment in silica
that varies approximately from 52.5 to 67.0 percent.
An oscillation between 54.9 and 61 percent of its
content is observed in Deception Island.

The alkali-calcium index of Peacock (1931) for
the volcanic rocks of Deception Island gives a value
of 56, which corresponds exactly to the limit between
the alkali-calcic and calc-alkalic series. However,
this value is slightly lower than the common integral
value given for Upper to Recent Cenozoic volcanism
in the South Shetland Islands, which is 56.5, as
shown by Vergara and Gonzalez (in press) and
Gonzalez and Vergara (in press), and which accord-
ing to the classification of Peacock presents a calc-
alkalic chemical character for this volcanism in the
South Shetland Islands.
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Nonhomogeneous strain studies
on antarctic glaciers

T. HUGHES

Institute of Polar Studies
The Ohio State University

Evidence for nonhomogeneous strain exists as shear
bands in a Deception Island glacier exposed internally
during the August 12, 1970, eruption and as a surface
wave train on Meserve Glacier in Wright Valley,
south Victoria Land (fig. 1). Deception Island and
Meserve Glacier have been sites of extensive studies
by glaciologists from The Ohio State University's
Institute of Polar Studies.

The major Deception Island glaciological program
is described by Mr. Olav Orheim in this issue. My
independent study concerned shear bands on the ice
walls of a 1970 eruption crater located at the snout of
a glacier originating in the vicinity of Binon Hill. The
crater is about 300 m in diameter and increases from
about 50 to 100 in depth as one proceeds up the
glacier. Lying at the very tip of the glacier and slightly
to one side of the central fiowlines, the crater has
exposed annual dirt layers and ash layers from previ-
ous eruptions. It is being closed by ice flowing inward
from all sides as predicted by the theory for contrac-
tion of a cylindrical hole (Nye, 1953), modified by
the crater shape, ice thickness variations, and the
glacier velocity field.

Fig. 2 illustrates the mechanism whereby the crater
is being closed. Near the snout the glacier is appar-

ently frozen to its bed, and ice flowing inward has
generated a bending moment that is shearing the
ice along steeply rising surfaces that intersect the
crater wall at acute angles. Shear appears largely con-
fined to either individual planes or to narrow bands,
and the amount of shear can be measured from the
displacement of dirt and ash layers that intersect the
shear surfaces. This measurement was done for one
wall of the crater, giving most of the shear de-
formation that has been closing the crater since the
eruption. Air bubbles are often elongated in the
direction of flow and generally aline parallel to the
annual dirt layers. However, when these layers inter-
sect shear surfaces, the air bubbles become elongated
in the shear direction for wide ( 5 cm) shear bands
but not for narrow (< 1 cm) shear bands. This indi-
cates that wide bands formed slowly and that narrow
bands formed rapidly.

The major Meserve Glacier glaciological program
consisted of relogging boreholes drilled in 1968-1969
as part of Dr. Gerald Holdsworth's glaciological in -
vestigation. Holdsworth relogged the holes in 1969-
1970. My independent studies concerned the surface
wave train. Apparently, two mechanisms contribute
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Figure 1. Antarctic glaciers exhibiting nonhomogeneous
deformation (shown in black) on Deception Island (top
inset) and in the dry valleys (bottom inset). Transit was by
the Argentine ship Zapiola from Ushuaia to Deception
Island, by R/V Hero onward to Palmer Station, and by
USNS Wyandot onward to McMurdo Station and Christ-

church.
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Figure 2. Shear surfaces created around the ice wall of the
Deception Island crater (fig. 1). lop circle shows general structure
of crater in the glacier. Center circle shows how shear surfaces
displace ash and annual layers. Bottom circle shows how elon-
gated air bubbles become reoriented by the wider shear surfaces.
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to the formation of surface wave trains on dry-valley
glaciers: an instability mechanism activated during
the antarctic winter for glaciers having ice falls
(Holdsworth, 1969) and a differential ablation—
longitudinal compression mechanism that operates on
glaciers that have ogives and flow northward (Hughes,
1971).

Fig. 3 illustrates the differential ablation—longitudi-
nal compression mechanism whereby a glacier waive
train might be formed. Low albedo layers (di*ty
layers from the accumulation basin or low air bublle
layers from collapsed crevasses) intersect the ablatin
surface, and more rapid ablation of the low albedo
layers creates notch bands along the lines of inter-
section. If the glacier receives high-angle solar radia-
tion (northward flowing glaciers in Antarctica), the
rear surface of the notch ablates upstream since it
receives the most intense solar radiation. In this way,
a somewhat sinusoidal surface perturbation is created,
with the amplitude determined by the ultimate depth
of ablation into the low albedo layer and the wave-
length determined by the surface spacing between
these layers. Longitudinal compressive stresses trans-
form the sinusoidal surface perturbation into concen-
tric folds, increasing the amplitude and decreasing the
periodicity. Differential ablation acts simultaneously
to modify the concentric folds, resulting in the ob-
served wave train profile.

Studying independently during phase 3 of the
Meserve Glacier investigation (see p. 127), Mr.
Maurice McSaveney of The Ohio State University In-
stitute of Polar Studies constructed a closely spaced
surface strain network between borehole sites G 4 and
G 5. This network shows that maximum compressive
strains are on the wave terraces at sites where con-
centric folding, unmodified by differential ablation,
may have occurred.

I thank Commander James Brandau and his heli-
copter crewmen, David O'Connell and Fred Hardin,
for their outstanding support during the Meserve
Glacier studies, and Mr. Olav Orheim for assisting
with the measurements.

OBSERVED ZONES OF
MAXIMUM COMPRESSION
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R/V Alpha Helix antarctic expedition 1971

EDVARD A. HEMMINGSEN

Scripps institution of Oceanography
University of California, San Diego

Research activities of the United States in the
Antarctic Peninsula were augmented during the
1970-1971 austral summer by an extensive physiologi-
cal research program on R/V Alpha Helix. Fifteen
scientists from six universities were involved in the
program, which was sponsored by the National Sci-
ence Foundation. Alpha Helix left Punta Arenas for
Palmer Station on December 28, 1970. Laboratory
work was started on arrival in Arthur Harbor on
January 2 and was completed on departure from
Deception Island on February 23, 1971. The vessel
returned to Punta Arenas 4 days later.

Alp 1 a Helix, a vessel 41 in with a displacement
of 464 metric tons, is operated by Scripps Institution
of Oceanography. It has accommodations for 10
scientists and carries a crew of 12. The vessel was
specifically designed and equipped for the use of
experimental biologists. There is one large laboratory
(about 7 by 8 m) on the main deck. Part of this is
a wet laboratory that can be independently tempera-
ture regulated. The lower deck has a smaller labora-
tQry, a darkroom, a freezer-laboratory combination
and a well equipped machine shop. The upper deck
has a library large enough for meetings and seminars.

The Antarctic Peninsula offered several important
advantages as the site of the expedition. The area has
aiti abundant and varied fauna, including one of the
f  accessible and large populations of the hemo-
glbin-free icefishes of the family Chaenichthyidae.
14 any weather-protected anchorages provide the sta-
bility needed for laboratory work. The nearby South
Shetland Islands would have been a suitable alterna-
tive site had heavy ice prevented operations farther
south.

Because of the unusually warm and calm weather
arid the absence of heavy sea ice during the stay in
Aitarctica, most of the collecting could be done with
the vessel's 5-m and 6-m utility boats. A total of 482
small boat trips were made during the expedition.
Since the vessel could be kept in anchorage in Arthur

Harbor for long periods, interruptions of laboratory
work were kept to a minimum. The stay in Arthur
Harbor offered many scientific and logistic advan-
tages. Valuable collaboration took place between the
Alpha Helix program and the USARP program at
Palmer Station. Some exchange and rotation of
equipment and personnel resulted in the most efficient
use of all facilities and greatly enhanced the overall
progress of the programs. The collaboration was
stimulating for all concerned and opened new avenues
for future physiological studies on the animals in the
area.

A wide variety of physiological problems em-
phasizing thermoregulatory and cardiovascular func-
tions were studied during the expedition. The studies,
which were often carried Out through team efforts,
involved the use of very elaborate physiological and
biomedical instrumentation. Some of the main re-
search activities are briefly mentioned here.

K. Johansen, R. W. Millard, and W. K. Milsom
of the University of Washington examined the cardio-
vascular physiology of penguins and the giant petrel.
Specific attention was paid to the importance of leg
blood flow in temperature regulation and to the
vasomotor control mechanisms that govern this flow.
Methods included calorimetry, ultrasonic and electro-
magnetic flow meters, and microthermistors. Radio-
telemetry was used to study the cardiovascular re-
sponses in penguins to exercise and diving in re-
strained laboratory situations and in unrestrained
activities on land and in the water. These investi-
gators also examined the postembryonic development
of the respiratory properties of blood in the Adélie
penguin.

Different though somewhat related thermoregula-
tory studies on the Adélie penguin were carried out
by F. N. White and K. R. Morgareidge of the Uni-
versity of California at Los Angeles. The roles of feet
and flippers in heat dissipation were quantitatively
assessed and related to blood flow studies and anatom-
ical studies with vascular casts. The role of shivering
in thermoregulation was examined. Methods included
xenon-133 tissue clearance rates and direct blood
flow measurements. Field studies were made on eggs
and free-roaming birds using temperature telemetry
from implanted transmitters.
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The counter-current heat exchange in the respira-
tory nasal passageways of birds lessens their respiratory
heat loss. D. E. Murrish of Case Western Reserve Uni-
versity investigated this process in penguins and other
birds by measuring exhaled-air temperatures and nasal
temperature gradients. The nasal passages were stud-
ied anatomically, and findings were related to the
active and passive control of respiratory heat loss.

H. T. Hammel and L. Crawshaw of the Scripps
Institution of Oceanography studied the thermoregu-
latory responses to selective heating and cooling of
hypothalamic brain tissue in Adélie penguins through
the use of permanently implanted thermodes. The
primary goal was to determine the characteristics of
the central nervous system involved in the regulation
of internal temperature in these animals. In another
study, these investigators examined the ability of two
antarctic fish species to detect and react to changes
in environmental temperature (see p. 93).

Individual and collaborative studies by A. R.
Hargens, P. F. Scholander, and W. Urns, Scripps
Institution of Oceanography, were concerned with
several aspects of the colloidal osmotic pressures of
the blood and the interstitial fluid pressures in various
antarctic animals available near Arthur Harbor.
Hargens extended these studies to the problem of
freezing protection in fishes and intertidal limpets by
measuring blood freezing points and ice propagation
rates.

Two projects involved the coordinated use of

Palmer Station and Alpha Helix facilities. In one
(see p. 95), G. L. Kooyman and J . P. Schroeder,
Scripps Institution of Oceanography, and D. G.
Greene, State University of New York at Buffalo,
studied the physiological aspects of deep diving in
penguins and shags. Deep dives were simulated
through the use of a pressure chamber while blood
gas tensions and other parameters were measured.
The asphyxial tolerance of the animals was also in-
vestigated. In the other project (see p. 93), which
was started at Palmer Station before Alpha Helix
arrived, E. A. Hemmingsen and J . A. Smith, Scripps
Institution of Oceanography, and E. L. Douglas, Uni-
versity of Missouri at Columbia, studied the respira-
tory physiology of chaenichthyids, in particular with
respect to the adaptation of these animals to higher
temperatures. Values for such parameters as rate of
oxygen consumption, blood pressure, blood gas ten-
sions, and blood flow were obtained.

In addition to these more extensive studies, smaller
investigations included the respiration of chaenich-
thyid larvae (see p. 94), the properties and the func-
tion of myoglobin in penguin muscles, and the water-
vapor permeability of the shells of bird eggs.

Overall, the time in the field was efficiently used,
and no technical, weather or other problems were
encountered. The pre-expedition plans were followed
with only minor deviations. Excellent support was
rendered by Captain Robert B. Haines and his able
crew.

R/V Alpha Helix at Port Lockroy.
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Behavioral thermoregulation
in two species of antarctic fish

L. I. CRAWSHAW and H. T. HAMMEL

Scripps institution of Oceanography
University of California, San Diego

The capacity for sensing and reacting to changes
in the environmental temperature was investigated in
two species of antarctic fish: Notothenia coriiceps
and the hemoglobin-free icefish Chaenocephalus
ceratus. The importance of peripheral and dience-

phalic temperature in the control of this regulatory
mechanism was evaluated in several specimens of
N. coriiceps.

The apparatus used to test temperature selection
consisted of two chambers 60 by 56 cm filled to a
depth of 25 cm with sea water. The chambers were
connected by an opening 6.5 cm wide. A clear plexi-
glas door prevented water of the two sides from mix-
ing. When a fish approached the opening, the door
was rotated out of the way and the fish allowed to
swim into the other chamber. One chamber (the pre-
ferred side) was kept at the temperature to which the
fish was adapted (1.5 0 to 3.0°C.). The other chamber
(the adverse side) was maintained at a higher tem-
perature (3.0° to 10.5°C.). The water in both cham-
bers was continuously circulated and aerated. In each
trial, the fish was guided into the adverse side, and
the time necessary for it to return to the preferred
side (escape latency) was recorded.

The escape latency of N. coriiceps was inversely
related to the temperature difference between the
preferred side and the adverse side. The response ap-
peared to be as rapid as possible when the tempera-
ture difference was about 6°C. The escape latency of
C. aceratus was also inversely related to the tempera-
tiire difference between the two sides, but maximally
rapid responses were effected with a temperature dif-
ference of about 4.5°C.

To assess the importance of diencephalic tempera-
ture in thermal selection behavior, thermodes were
implanted astraddle the rostral brainstem in a num-
ber of N. coriiceps. By circulating water of the appro-
priate temperature through the thermodes, the imme-
diately surrounding area could be kept at 1°C. or
11°C. Cooling the rostral brainstem to 1'C. increased
the escape latency, while warming the brainstem to
11°C. reduced the escape latency. Even when the
bainstem was clamped at 1°C. or 11°C., the escape
la1tencies were inversely related to the temperature
dfference between the two chambers. This indicated
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that the peripheral temperature still affected the
escape response although the diencephalon was held
at a constant temperature.

The greater sensitivity of behavioral thermoregula-
tion in C. aceratus may reflect, among other factors,
a greater dependence on the high oxygen content of
the cold water near Antarctica. The critical oxygen
tensions for C. aceratus (40 to 50 mm Hg) were
found to be considerably above those for N. coriiceps
(less than 20 mm Hg) (Hemmingsen, Douglas, and
Grigg, 1969; Hemmingsen and Douglas, 1970).

The importance of peripheral and brain tempera-
tures in the activation of behavioral thermoregulatory
responses has been demonstrated in both reptiles and
mammals (Hammel, 1968). This study shows that
peripheral and brain temperatures are also capable
of eliciting behavioral thermoregulatory responses
in the teleost fish N. coriiceps.

The study was supported by NSF grants GV-25401
(to E. A. Hemmingsen) and GB-24816 (to R/V
Alpha Helix).
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Respiratory response of icefish
to temperature and gas tension changes

EDVARD A. HEMMINGSEN, EVERETT L. DOUGLAS,*
and JAMES A. SMITH

Scripps institution of Oceanography
University of California, San Diego

*Department of Biological Sciences
University of Missouri

The antarctic hemoglobin-free icefishes of the fam-
ily Chaenichthyidae offer many striking problems with
regard to the transport of oxygen and carbon dioxide,
since these gases are carried in the blood only in
physical solution. Although this feature of icefishes
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has been known for many years, only recently have
some in vivo studies been performed. The purpose of
our study during the past austral summer was to
assess the respiratory responses of the fish to changes
in its environmental temperature and gas tensions
and to elucidate the respiratory compensations made
in response to the lack of an oxygen-carrying pigment.
The study was carried out utilizing Palmer Station
and R/V Alpha Helix laboratory facilities. R/V Hero
provided support in collecting the material.

The rate of resting oxygen consumption was de-
termined on Chaenocephalus aceratus acclimated to
temperatures ranging from 10 to 10°C. The rate,
which averaged 0.020 ml oxygen/g/hr at 1°C., in-
creased linearly (about 10 percent per °C.) in this
temperature range. The environmental critical oxy-
gen tension exhibited no consistent change with in-
creasing temperatures, but remained at about 40 torr.
In some cases, it even decreased with increasing
temperatures. This indicates that the oxygen content
of the water per se was not the controlling or limiting
factor for the oxygen uptake.

Arterial and venous oxygen (pO2) and carbon
dioxide (pCO 2 ) tension from the dorsal aorta and
the caudal vein were simultaneously monitored in
catheterized fishes at rest and in those exposed to
various experimental situations. Blood pressures were
also recorded and blood samples taken, prepared, and
frozen for analysis of their lactic acid content. The
preliminary results show that resting arterial P02

ranged from about 80 to 100 torr and that venous
0 2 ranged from about 30 to 60 torr. Resting arterial

pCO2 was about 2 torr, with venous pCO 2 just per-
ceptibly higher. Under conditions of decreasing P02

in the sea water, venous P02 dropped to near zero,
with only a slight increase in pCO 2 . The arterial
P02, however, decreased at a slower rate than the
environmental P02, thus showing that the fish pos-
sesses a compensatory mechanism that enables it to
maintain a favorably high oxygen gradient from
blood to tissue. Even when the oxygen gradient from
water to arterial blood decreased to only 5 to 10
torr, the arterial P02 remained as high as 50 torr.
Although the blood pressure data have yet to be
examined in detail, they clearly show that the mean
arterial pressures in C. aceratus are substantially
lower than those in other fishes. Typically, the values
obtained for the dorsal aorta were 12 to 15 torr. This
indicates a low flow resistance in the vascular bed,
which may come about either by an increase in the
number of capillaries per unit cross-sectional area or
by an increase in the size of the capillaries. Tissue
samples were preserved for later studies of the cu-
taneous and deep muscle vascularization. Microfil
perfusions were also performed to aid these studies.

Two main points emerge from our study: the ice-
fishes can tolerate a substantial increase in environ-
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mental temperature, and they have a circulatory sys-
tem that, even lacking hemoglobin, is surprisingly
efficient in the transport and exchange of both oxy-
gen and carbon dioxide. This efficiency results from
increased flow through the gills and the tissues. Since
we found the blood to have low viscosity, about 3
centistokes at 0°C., the fish could maintain a high
flow with only moderate energy expenditure.

In collaboration with K. Johansen and R. W.
Millard, participants in the Alpha Helix antarctic
expedition, the ventral aortic blood flow was deter-
mined by use of permanently implanted magnetic
flow probes for a variety of experimental conditions in
unrestrained icefishes. The cardiac output was ob-
tained by applying Fick's principle to the simultane-
ously measured ventral and dorsal aortic p0 2 . Evalua-
tions of these data are not yet available.

Respiration rates of larval icef'ush
and spawning time of adults

EVERETT L. DOUGLAS

Division of Biological Sciences
University of Missouri, Columbia

EDVARD A. HEMMINGSEN

Scripps Institution of Oceanography
University of California, San Diego

In Arthur Harbor at Palmer Station, we had an
opportunity to observe previously unknown aspects of
the spawning behavior of the icefish Chaenocephalus
aceratus and to measure the rate of oxygen consump-
tion in its larva.

On February 19, 1971, large masses of icefish larvae
were observed near the shore in Arthur Harbor. The
rate of oxygen consumption was determined for 16
specimens (20 to 40 mg wet weight) over time inter-
vals ranging from 3 to 6 hours. This rate was 15 to
20 times greater per unit weight than that df the adult
icefish, and it was in good agreement with the weight-
rate regression coefficient of 0.78 that we have found
for the adults.

Spawning of C. aceratus appeared to begin in early
February and to take place over 1 or 2 weeks. This
was indicated by several observations. During the
present and previous years, attempts to catch speci-
mens in the period December 23 to January 26, with
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long lines or trawls, at depths of less than 75 m were
relatively unsuccessful. However, fishes were caught
at about 100 to 200 m. All these specimens were ripe,
unspawned females. This year it was possible to ex-
tend the fishing to later in the summer. From January
26 to February 8, eight unspawned females were
caught on lines in shallow water (10 to 25 m) in or
near Arthur Harbor. In the same area from February
15 to 19 four spawned-out female specimens were
caught. No unspawned specimens were taken during
this latter period. These observations tend to indicate
that C. aceratus migrates to shallower in-shore waters
f  spawning during the late summer. The fact that
thales were never caught on baited lines indicates that
tiey may show nesting and/or territorial behavior.

Effects of deep dives
on penguins and blue-eyed shags

G. L. KOOYMAN and J . P. SCHROEDER

Scripps Institution of Oceanography
University of California, San Diego

D. G. GREENE

School of Medicine
State University of New York at Buffalo

and

V. A. SMITH

U.S. Navy Task Force 43

Observations and measurements on diving depth of
birds are uncommon. It has been determined that the
emperor penguin and some species of duck and loon
dive deeply (Kooyman et al., in press; Schorger,
1947). Because the respiratory system of birds is quite
different from that of mammals, consisting of a pro-
portionately larger gas volume due to the presence of
air sacs, the effect of hydrostatic pressure on gas cavity
equilibration and blood gas tension is of particular
interest.

Adélie and gentoo penguins, Pygoscelis adeliae and
P. papua, and blue-eyed shags, Phalacrocorax atriceps
(see cover), were observed in the field and studied in
the laboratory to determine certain behavioral and
physiological characteristics of their, dives. Since

Adélie penguins appear to feed far offshore, diving
observations were limited. Gentoo penguins commonly
feed near shore in the vicinity of the Port Lockroy
rookery, and observations on diving times and type
of food were possible. Similarly, shags feed near
Palmer Station and Cormorant Island, and observa-
tions were made in both places on food, dive times,
and depths. The gentoo appeared to be feeding on
a type of amphipod occurring in shallow water. The
shag was taking mostly fish, many of which are bottom
dwelling species.

In the laboratory a diving chamber was used to
simulate both surface dives and deep dives. Hydro-
static pressures equivalent to nearly 70 m depth were
reached in some dives. During the dives heart rate
was recorded continuously, arterial blood samples
were collected intermittently at various pressures, and,
from one bird, air sac samples were obtained. Oxygen,
carbon dioxide, and nitrogen gas tensions of the blood
were measured as well as pH and lactic acid. Pre-
liminary interpretation of the data suggests that there
is continuous gas exchange between the blood and
lungs during all dives and at all depths. In fact, pre-
dive ventilation on pure oxygen greatly extended the
breath-hold ability of the birds due to continuous
diffusion of oxygen from the air sacs and lungs to the
blood.
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Limnological investigations
at Palmer Station

GENE L. SAMSEL and EDMUND B. WODEHOUSE

Department of Biology
Virginia Polytechnic Institute and State University

During the austral summer of 1970-1971, several
meltwater lakes and ponds in the vicinity of Palmer
Station, Anvers Island, were revisited to resume
limnological research begun the previous summer sea-
son by Bruce C. Parker and Gene L. Samsel and con-
tinued in the laboratory at home. Emphasis was given
to the effects of limiting nutrient factors upon algal
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productivity in two of the larger lakes near Palmer
Station.

After a preliminary limnological survey during the
1969-1970 season, we chose for more intensive study
two lakes having strikingly different trophic states.
The larger and deeper of the two was behind the old
British and U.S. bases at Norsel Point. The smaller
and shallower lake was on nearby Humble Island.
About 0.6 km apart, the lakes were similar except
for certain nutrient concentrations: chloride (Cl-),
ammonium (NH 4+), and phosphate (PO 4-3 ) were
many times higher in the Humble Island lake than in
the Norsel Point lake. An Adélie penguin rookery
100 m from the Humble Island lake was the cause of
the nutrient enrichment of that lake. Total acetone-
extractable chlorophyll and rate of carbon fixation
indicated that productivity rates were many times
higher in the eutrophic Humble Island lake than in
the oligotrophic Norsel Point lake.

At Virginia Polytechnic Institute and State Univer-
sity, closed laboratory micro-ecosystems were con-
structed to closely simulate natural community struc-
ture and nutrient concentrations measured in the two
lakes. Nutrients were added singly and in combination
to the Norsel Point lake's micro-ecosystem to approach
those concentrations recorded in the Humble Island
lake. Of the several chemical nutrients used, only
phosphate (PO4-3 ) and ammonium (NH 4 +) stimu-
lated algal productivity in the Norsel Point lake's
laboratory micro-ecosystem. Ammonium (NH4+)
proved to be the nutrient in critical supply, increasing
productivity threefold when the laboratory ecosystem
was increased from Norsel Point lake to Humble
Island lake concentrations. Under the same circum-
stances, phosphate (PO 4-3 ) produced less than a
1.5-fold increase in productivity.

Critical-factor experiments were conducted at the
two lakes during the 1970-1971 season to further test
the hypothesis that ammonium (NH 4 +) was limiting
there. Large (20-cm diameter) plastic cylinders were
pounded into the sediments to isolate sections of water
in each lake. To the cylinders were added nutrients
from both reagent salts and natural supplies. Sub-
stances chosen as natural sources of ammonium
(NH4 +) and phosphate (PO 4-3 ) included penguin
guano and elephant-seal manure. By raising the con-
centration of nutrients within the cylinders at the
Norsel Point lake to levels near to those routinely
recorded in the Humble Island lake, we hoped to
determine the critical factors.

As yet, not all data from our field work have been
compiled. However, from extractable chlorophyll and
carbon fixation rates measured within the cylinders,
it appears that lack of ammonium (NH 4 +) is indeed
the limiting factor involving the growth of algae in
the Norsel Point Lake. Phosphate appears to play a
secondary limiting role.

Special attention was given to the movement of
ammonia (NH3 ) to the Humble Island lake basin
from the nearby penguin rookery. Experiments were
conducted to estimate the amount of ammonium
(NH 4 +) dissolving in the lake's slightly acidic (pH
6.2-6.4) waters from ammonia (NI-I 3 ) passing over
its surface. From 1 to 15 mg per sq m per day of an-
monium nitrogen (N), depending on wind direction
and distance from the rookery, was collected in glacial
meltwater traps situated along the Humble Island
lake. Additional experiments at Virginia Polytechni
Institute and State University will determine the ef -
fectiveness of our trapping. Present data suggest tht
substantial amounts of ammonia (NH3 ) transported
through the air are contributing to the eutrophication
of the Humble Island lake.

It is hoped that results from these studies will
provide a better understanding of the process of
eutrophication of antarctic lakes as a result of natural
nutrient enrichment. What we learn about natural
eutrophication in Antarctica can contribute to a better
understanding of accelerated eutrophication caused
by pollution of lakes in other parts of the world.

Thermal regulation in Weddell seal pups

D. HAMMOND, D. DENISON, C. FARWELL,
R. WYBURN,* W. HANAFEE, and R. ELSNER

University of California, San Diego

*School of Veterinary Medicine
Massey University, New Zealand

Weddell seals give birth to their pups on the sea
ice during the austral spring, when winds and subzero
temperatures are common. The newborn has only a
coat of lanugo fur for protection against the cold
(fig. 1). In 4 to 6 weeks the mother seal will have
left her pup. By this time the young seal will have
molted its lanugo fur, gained more than 60 kg, and
learned to cope with the environment on its own.

We studied the means by which seal pups keep
warm during the first few weeks of life. Field work
for the second year's study began October 21, 1970,
when three huts (living quarters, generator, and
laboratory) were set up on the sea ice close to a seal
colony at Turtle Rock, an island in McMurdo Sound.
The station enabled the four-man team to experiment
and analyze on location and minimized the dis-
turbances to the seal colony. Scientific and U.S. Naval
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personnel were most cooperative by scheduling in
advance their visits to the research area.

Four main tasks were completed. First, the popula-
tion of the colony was counted daily for 4 weeks, giv-
ing an accurate picture of the age distribution and
activities of the mothers and pups. Second, deep body
temperatures of several pups were obtained in the
fi'eld at various ages for periods up to 18 hr at a time
th determine and record normal unrestrained body
core temperature under natural conditions. Third,
pups were measured for oxygen consumption, weight
gain, thickness of fat, rate of carbon dioxide pro-
duction, and deep body temperatures under fixed
efivironmental conditions in a metabolic chamber.
These studies were repeated at weekly intervals
through the first 4 weeks of life. Fourth, we observed
tlie effect of immersion in sea water (-1.8°C.) upon
the deep body temperature of two pups in the first
day of life and again 1 week later.

Secondary studies were also completed. Tissue
biopsies and histological examinations were made for
determination of brown fat in newborn seals. Brown
fat differs from other fat tissue by being highly vascu-
larized, and it is a rapid source of heat. Although
brown fat is found in many newborn animal species,
our examination failed to reveal its presence. Seven
lungs of seals of various ages were examined to de-
termine the mechanical properties of their expansion
and collapse with respect to the seals' ability to resist
decompression sickness.

Circulatory changes during thermal stress in Wed-
deli seals were examined with radiological equipment
at Massey University's School of Veterinary Medicine
in New Zealand. In an 8 2 -hr flight on December 9,
1970, four Weddell seals were transported from Mc-
Murdo to the University. The temperature of the
cargo space was kept at 0°C. while the plane was
airborne, and the animals appeared to take to the
trip well. Successful animal transport was the result
of careful preparation at McMurdo and by the offi-
cers and crew of Antarctic Development Squadron
Six. Circulatory changes were recorded on video tape
and cine film by angiographic X-ray techniques
(fig. 2). A contrast fluid was injected into the arterial

Figure 2. Radiograph showing circulation pattern and
skeletal structure of hind flipper of a Weddell seal.

supply to the flipper during periods of X-ray ex-
posure. In this manner we were able to determine
circulatory patterns during thermal stress. We have
found evidence that during combined warming and
diving experiments some blood flow was maintained to
the flipper, overriding the usually vigorous diving
vasoconstriction. On completion of the experiments,
the seals were transferred to Hawkes' Bay Aquarium,
Napier, New Zealand.

Population dynamics and behavior
of Weddell seals at McMurdo Station

D. SINIFF, R. REICHLE, G. KAUFMANN,
and D. KUEHN

Department of Ecology and Behavioral Biology
University of Minnesota

During the 1970-1971 field season, underwater-
Figure 1. Newborn Weddell seal pup and mother.	 television and radio-telemetry studies were continued
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on Weddell seals. In the telemetry studies, the move-
ments of adult males in McMurdo Sound were
investigated. The underwater television camera re-
corded behavior during the pupping season. As in
previous years, the study was based at Hutton Cliffs,
16 km north of McMurdo Station.

For the telemetry studies, small radio transmitters
were attached by being strapped around the ankle
of the seal's rear flipper (fig. 1). During the 1969-
1970 field season we had placed several transmitters
on adult females using this method, and this year
we found one of these transmitters still in place.
Although the seal's ankle was slightly irritated, the
animal was in good physical condition and had
reared a pup. This observation supports this attach-
ment method for long term use, and the procedure
was continued for the current studies. Thirty-two
seals were radio-tagged, and their movements be-
tween Cape Royds and Scott Base were monitored
until early February. A total of 246 positions were
recorded from a trackmaster equipped with a yagi
antenna (fig. 2), from helicopter flights, and with
a hand-held antenna. This study indicated that there
was a small amount of interchange of adult males
among the breeding colonies of the area. As the
season progressed, many monitored seals moved south
to the vicinity of Scott Base. Some of these later
moved several kilometers out into McMurdo Sound,

Figure 1. A radio transmitter is strapped to the flipper of a
Weddell seal. Identification letter was applied using hair bleach.

Ilk

Figure 2. Trackmaster with yagi antenna.

while others moved northward as far as the Dell-
bridge Islands, 14 km to the northwest.

Behavioral studies this year emphasized recognition
of individual seals both above and below the ice.
Hair bleach was used to mark large letters on the
male seals (fig. 1). These letters were readily visible
when the seals were on the surface of the ice, and
with good lighting conditions they could be seen
on the underwater television. Plastic streamers
attached to the ankle of the rear flipper helped us
identify females, particularly when the animals werte
submerged and being viewed via the underwater
television. The collected data are being analyzed and
should provide a much better understanding of the
social structure of a Weddell seal colony.

Seal population studies
in the Ross Sea

A. W. ERICKSON

Wilderness Research Center
University of Idaho

R. J . HOFMAN, R. J . OEHLENSCHLAGER, J . OTIS,
and D. KUEHN

James Ford Bell Museum of Natural History
University of Minnesota

From January 21 to February 9, 1971, population
studies of seals in the Ross Sea were conducted from
USCGC Burton island. The intent of these studies
was to monitor possible out-migrations of Weddell
seals radio-marked in the vicinity of McMurdo Sta-
tion by a University of Minnesota group under the
direction of Dr. Donald Siniff, to conduct censuses of
seals in the pack ice of the Ross Sea, to obtain blood
specimens of seals for analysis of the population
affinities of antarctic seal stocks, and to obtain tissue
specimens from seals, birds, and fishes to be examined
for the presence of mercury and other heavy metals,
chlorinated hydrocarbons, and radioactive elements.

Initially, it had been intended to conduct investiga.
tions throughout the Ross Sea. However, the inordi-
nately early and complete breakup of the Ross Sea
pack ice largely precluded this effort. Only four cen-
suses covering 74 sq km could be made in the pack
ice utilizing the Burton Island. This effort yielded 152
seals as follows: 32 crabeater (Lobodon carcino-
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phagus), 87 Weddell (Leptonychotes weddilli), 16
leopard (Hydrurga leptonyx), one Ross (Omma-
tophoca rossi), and 16 unclassified. An additional
three censuses covering 325 sq km were made with
helicopters of minor pack ice areas lying adjacent to
fast ice. This effort yielded 16 crabeater, 505 Weddell,
five leopard, and nine unclassified seals.

Two replicate helicopter surveys of the Weddell
seals of McMurdo Sound were also made on Janu-

:eals
,ry22 and February 8, and yielded 1,668 and 2,095
 respectively. The results of these two surveys

nd our failure to observe or radio-detect any seals
lbeyond the immediate area of McMurdo Sound
çorroborate the findings of Siniff (see p. 97) that
the McMurdo Sound population of Weddell seals is

resident and nonmigratory one.
A total of 120 seals were live-captured and blood

pecimens taken as follows: 85 Weddell, 27 crabeater,
six leopard, one Ross, and one elephant seals. Note-
vorthy in these collections is the small number of

crabeater seals, and even these were obtained only
with great effort. Whether the species had left the
Ross Sea with the disappearance of the pack ice or it
simply is not abundant in the Ross Sea is unknown.
However, analysis of a photographic census of the
seals in the Ross Sea pack ice made before the ice
broke up this year also revealed few crabeater seals.
This finding supports the latter postulation.

An elephant seal was observed and captured on
February 2, 1971, in the pack ice at 72°50'S. 170°34'E.
To our knowledge this is only the fourth reported rec-
ord of this species in the Ross Sea.

Specimens taken for contaminate analysis included
six crabeater, six Weddell, three leopard, one Ross,
and one elephant seals, four south polar skuas, one
Wilson's petrel, two Adélie penguins, four emperor
penguins, and fish of the species Trematomus bernac-
chii and T. borchgrevinki.

Antipredator and social behavior
in Adélie penguins (Pygoscelis adeliae)

DIETLAND and CHRISTINE MiTLLER-SCHWARZE

Ecology Center
Utah State University

This study, which had been started the previous
season (Müller-Schwarze and Müller-Schwarze,
1970), was continued at Cape Crozier, Ross Island.
The research of the 1970-1971 season centered around

five projects discussed below. In connection with the
first two projects, we had collected data in the 1969-
1970 season for the egg-laying, incubation, and chick-
hatching periods. In 1970-1971 we studied the guard
stage, crèche stage, and departure periods of the
breeding cycle (see fig.).

This season, we used USARP birdbands with these
numbers: 579-21501 through 579-21510 and 579-
21541 through 579-21550 (adult Adélie penguins);
507-21519 and 507-21523 (yearlings); 507-21520
and 507-21521 (chicks). The bands were used for
identifying birds in the experimental studies.

Skua-penguin interactions. Observations were com-
pleted for a peripheral and a central Adélie penguin
colony. The number of encounters between south
polar skuas (Catharacta maccormicki) and penguins
and the defense reactions of the penguins were re-
corded and are being analyzed quantitatively. Also,
we shall assess the rate of predation by skuas on
the basis of our data.

Leopard seal-penguin interactions. The activity of
leopard seals (Hydrurga leptonyx) off the Cape
Crozier beaches and its relationship to penguin traffic
was observed. Predator-avoidance behavior in the
water was noted under a variety of conditions.
Of particular interest was the behavior of the penguin
chicks vis-à-vis the leopard seals during the penguin
exodus from the rookery in February. The young
birds displayed none of the predator avoidance of
the adults. This confirms observations by Penney
and Lowry (1967). From January 7 to 19, leopard
seal activity at the Crozier beach reached an all-
season minimum. The circadian activity rhythms
of penguins, leopard seals, and Weddell seals
(Leptonychotes weddelli) at Cape Crozier were essen-
tially the same as those reported earlier for Cape
Hallett (Müller-Schwarze, 1965 and 1968).

FM

Observation site at the Cape Crazier center beach. Adélie penguins
gather at the beach for departure. Leopard seals cruise up and

down the beach.
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Food searching behavior of skuas. To assess the
predation pressure on different portions of the rookery,
penguin chicks and eggs were laid out at various
locations near the beach and at the center and the
periphery of the Cape Crozier rookery. The chicks
collected for this purpose had died on or near their
nests. The eggs, taken after the hatching period,
had obviously been abandoned by the adult penguins.
Latency, numbers of skuas competing for the food,
and other parameters varied between different areas
at the rookery. To test the food-searching behavior
of the skuas further, penguin eggs were painted
black and laid out on different backgrounds (Muller-
Schwarze, in preparation).

Feeding experiments with skuas. Earlier studies
(Young, 1963) have provided some information on
the numbers of penguin eggs and chicks that are
taken by a pair of skuas per day. This season, we
fed penguin eggs and preweighed dead chicks to
several skua pairs in their own breeding territory.
We thus determined the amount of food consumed
per day ad libitum, that is, when the protective
measures taken by the penguins were eliminated.
Food consumption increased drastically under such
experimental conditions. We conclude that the nutri-
tion of south polar skuas near penguin rookeries is
below the optimal level most of the time. This
conclusion is further substantiated by the low survival
rate of skua chicks. In early February we found only
one skua chick surviving out of the eight we had
observed closely from hatching in early January.
Also, skuas can be seen to eat again regurgitated
pellets containing only feathers and bones.

Analysis of the "mutual display" of Adélie penguins.
One hundred nest relief ceremonies were recorded
in detail. These behavioral sequences are being
analyzed and should help us better understand the
social significance of the various displays that occur
between the partners of a breeding pair.

References

Müller-Schwarze, D. 1965. Zur Tagesperiodik der alige-
meinen Aktivität der Weddell-Robbe (Leptonychotes
weddelli) in Hallett, Antarktika. Zeitschrift für Morpho-
logie und Okologie der Tiere, 55: 796-803.

Müller-Schwarze, D. 1968. Circadian rhythms of activity
in the Adélie penguin (Pygoscelis adeliae) during the
austral summer. Antarctic Research Series, 12: 133-149.

Müller-Schwarze, D., and C. Müller-Schwarze. 1970. Anti-
predator behavior in Adélie penguins. Antarctic Journal
of the U.S., V(4): 124-126.

Müller-Schwarze, D., and C. Müller-Schwarze. In prepara-
tion. Experiments on foodsearching behavior in south
polar skuas.

Penney, R. L., and G. Lowry. 1967. Leopard seal predation
on Adélie penguins. Ecology, 48: 878-882.

Young, E. C. 1963. Feeding habits of the south polar skua,
Catharacta maccormicki. Ibis, 105: 301-318.

Space-related differences in
population dynamics of Adélie penguins

HANS OELKE

Museum of Natural History
Hanover, Germany

To examine dispersal (Berndt and Sternberg, 1968)
in an Adélie penguin rookery, I continuously re
corded behavior and productivity (egg number
hatching success, number and growth rate of fiedg
lings) of eight breeding groups, each comprising 20
to 40 breeding pairs, from November 1970 to Janu
ary 1971. The study groups were at the coastal aná
mountainous periphery and in the center of th
rookery at Cape Crozier. Some of the groups in
cluded birds that had received human interferenc
during previous seasons; other groups comprised
birds that had not been disturbed. The offspring o
the study groups, more than 200 chicks, were banded
with bands of the U.S. Fish and Wildlife Service at
the end of the breeding season. USARP bands num-
bered 579-21722 through 579-21950 were used this
season.

Additionally, I described in detail the habitat and
counted breeding pairs and their hatching success
in a 200- by 800-rn area. Already, analysis of this
work shows a marked decrease of the Crozier Adélie
population, indicated especially by empty nesting
sites that had been marked with stakes in previous
seasons. A census of the Cape Crozier colony as a
whole revealed approximately 105,000 breeding pairs
compared to 175,000 pairs in 1963-1964 (Emison,
1968).

To determine possible factors—for example, bac-
teriological or virological influence—contributive to
this decrease, fecal samples of Adélies and, for com-
parison, emperor penguins (Aptenodytes forsteri),
south polar skuas (Gatharacta maccormicki), and
Weddell seals (Leptonychotes weddelli) were taken

Carcasses of Aclélie penguins at Cape Crozier.
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at different localities and dates around Cape Crozier.
Radiocarbon analysis of penguin carcasses, which
cover the surface layer of the colony in high numbers
(25 to 85 mummies per 25 sq m), will give another
way of determining recent and historic population
fluctuations. The carbon-14 method, in the same

anner, might be of value to find out the colonization
date of penguins at Cape Crozier.

The study was supplemented by visits to Cape
(oyds and Cape Bird, the other Adélie colonies on
Ross Island, in February, and to Cape Hallett in

ovember.
The study was supported by the National Science

foundation and the Deutsche Forschungsgemein-
chaft. I thank Dr. George A. Llano, National Science

foundation, and Dr. Dietland Müller-Schwarze, Utah
State University, for making possible my research
work in Antarctica, and I gratefully acknowledge
leld assistance of Christine and Dietland Muller-
Schwarze, Roberto P. Schiatter, and Robert C. Wood.
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Adélie penguin studies
at Hallett Station

JOHN R. BAKER

Department of Zoology and Entomology
Iowa State University

Four studies of the Adélie penguin were conducted
at Hallett Station during the 1970-1971 season.
Three concerned factors affecting embryo and chick
development:

J . A. Weinrich continued his study of the influence
of temperature on embryonic development. He col-
lected 112 first-eggs within 2 hours after laying and
incubated them artificially. The general results were:
ihe optimum incubation temperature is 34°C.; the
mbryos develop more rapidly but abnormally at

38°C. and 40'C. than at 34°C.; and the blastoderm
grows at 30°C., but the embryo does not differen-
tiate. Of the penguins whose first egg was taken,

percent laid a third egg.
D. V. Derksen continued his time-lapse motion

picture studies of the incubation behavior of nesting

July—August 1971

pairs. A frame-by-frame analysis of films from two
seasons of work is providing a detailed record of
behavioral activities influencing incubation of eggs.

C. L. Steffen studied two factors that control
clutch size. The number of eggs that can be success-
fully incubated by a pair of penguins was determined
by comparing the incubation period and hatching
success in artificial one-, two-, and three-egg clutches
with natural one- and two-egg clutches. The number
of young that can be successfully reared by a pair of
penguins was determined by comparing chick growth
and survival in artificial three-chick nests with natural
one- and two-chick nests.

The fourth study was related to pioneering of
nesting Adélies on land exposed by the cleanup of
debris at Hallett Station. Penguins are expected to
reclaim areas from which debris is removed, and
this increase in nesting area could cause the Adélie
penguin population to increase or shift. To measure
this change, an accurate yearly census is required.
L. H. Fredrickson obtained aerial photographs of
the rookery and compared counts made from these
photographs with counts he made on the ground.
Annual aerial photographs of the rookery are planned
to provide an accurate census.

Flipper banding of large numbers of chicks was
begun this year. More than 5,000 Adélie penguin
chicks were banded with USARP-type bands num-
bered O1T-00001 through O1T-05000 and fabricated
under the Iowa State University antarctic program.
These bands bear the address AVISE SMITHSONIAN,
WASHINGTON, D.C. U.S.A. Also used were USARP bands
bearing the usual F. & W. SERV. address and numbered
509-73536 through 509-73750. Among other things,
this program will help us to accurately estimate chick
survival and to determine what age class of penguins
will nest in the reclaimed areas.

Also banded this season were Adélie penguins of
unknown age (USARP bands 509-73497 through
509-73535) and skua chicks (USARP bands 727-
62750 through 727-62800).

Antarctic avian population studies,
1970-1971

R. C. WOOD and W. J . L. SLADEN

Department of Pathobiology
The Johns Hopkins University

The 10th successive season of Wood's skua studies
at Cape Crozier on Ross Island extended from
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W. J. L. Sladen

South polar skuas taking an Adélie penguin chick. Note metal
and color bands around their trasi.

November 23 to December 21 (Wood et al., 1970).
The first 3 weeks of December was specifically chosen
because that period includes the courtship and egg-
laying of skuas banded as chicks (and thus of known
age) during the first 5 years of this program (see
photo).

All together, 160 skuas aged 5 to 9 years, exactly
twice as many as in the preceding season, were found
breeding. At least 55 of these were breeding for the
first time. In 17 pairs, both birds were of known
age. Most of these pairs were of similar ages or only
1 year apart, but one pair was composed of a 9- and
a 5-year old. As in the past 2 years, few birds changed
mates or territory, although such changes occurred
more often than in a study group of longer-established
breeders of unknown age.

During the courtship period the sex of 42 additional
skuas was determined, making a total of 108 sku.s
whose age and sex are known.

To determine the amount of dispersal between
natal and breeding areas, Cape Bird was visited fdr
48 hours on December 22 to 24 to search for breed-
ing skuas that had been reared at Crozier or else-
where. Only one such bird was found among 942
breeding or territorial skuas, but its band was too

Birds banded with USARP Bird Banding Program designed bands,' July 1970 to June 1971.

Species	 Organization	Area	 Bander	 Chick 2 Adult ' Total

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

USARP
NZARP
NZARP
USARP
USARP
USARP
USARP
UCT

C. Crozier
C. Bird
C. Royds
C. Hallett
C. Crozier
C. Hallett
Falkland Is.
Marion Is.

DM, HO, RS
ES
BS, ES
MC, DO, LF, CS
RS
MC, CS
RN
L

Totals

252	21
28

583
212	39
54
51

	

53	11

	

1,205	99

273
28

583
251
54
51

(4,508)'
64

1,304

1 Standard Fish and Wildlife Service bands were used on skua chicks at Hallett.
'Banded as chick and therefore a bird of known age.
'Banded as adult or subadult.
'Number of bands sent; no report available yet on the number used. Not included in totals.
The following additions to the 1968-1969 and 1969-1970 summaries have been received. Wandering albatross: two

adults and 28 chicks banded in 1968-1969; 16 adults banded in 1969-1970. Giant petrel: four adults and 17 chicks banded
in 1969-1970. All banded at Marion Island by University of Cape Town.

Approximately 50 sooty and yellow-nosed albatrosses have been banded by the University of Cape Town on Gough
Island and Tristan da Cunha; precise details have not yet been received.

Information received from Expeditions Polaires Françaises on penguin banding from 1966 to 1969 adds 545 Adélies,
1 chinstrap, and 1 royal to totals previously reported in LeResche et al. (1970) and Sladen et al. (1968a).

Bands designed (Sladen et al., 1968b) by the USARP Bird Banding Program bear the address: AVISE F. & W. SERv.,
WRITE WASHINGTON, D. C. USA.

Bands are provided by USARP in the interest of international cooperation. The organizations using them are responsible
for publishing their own recovery data.

Banders: MC, M. Coulter (ISU); DD, D. Derksen (ISU); LF, L. Fredrickson (ISU); L, Mr. Loots (UCT);
DM, D. Müller-Schwarze (USU); RN, R. Napier (JHU); HOT, H. Oelke (UG); BS, B. Spurr (NZARP); CS, C. Steffan
(ISU): ES, E. Spurr (NZARP); RS, R. Schiatter (JHU).

Organizations: ISU, Iowa State University; JHU, Johns Hopkins University; NZARP, New Zealand Antarctic Research
Programme; IJCT, University of Cape Town (Percy Fitzpatrick Institute of African Ornithology); UG, University of
Göttingen, Germany; USARP, United States Antarctic Research Program; USU, Utah State University.
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worn to determine whether it was from Crozier,
Royds, or Evans.

As in past years, bands designed for specific ant-
arctic birds were supplied to other countries (see
table). Recipients of these bands use them in their
own studies and are responsible for publishing their
own recovery data.

Each year the data we gather at Crozier are
supplemented by observations of banded skuas and
Adélie penguins sent to us by others, particularly the
University of Canterbury (New Zealand) team at
Cape Bird. This year we received from them records
of 29 skuas banded by us at Crozier, McMurdo,
Bird, and Beaufort Island, and of 13 Adélies banded
at Crozier. Of the 13 Adélies, one 6-year-old and
two 8-year-olds were breeding at Cape Bird, pro-
viding evidence of occasional dispersal of Adélies
from their natal rookeries.

Recoveries of albatrosses banded by W. L. N.
Tickell on Bird Island, South Georgia, from 1959
to 1964 are still received from the U.S. Fish and
Wildlife Service Bird Banding Laboratory. During
the time covered by this summary two black-browed
(Dioinedea melanophris) and 10 wandering (D.
exulans) albatrosses were reported. Most of the
wanderer recoveries were from D. Gibson in New
South Wales, Australia.

We are grateful to Roberto Schlatter for valuable
assistance with the south polar skua study at Cape
Crozier.
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Nonbreeding south polar skuas:
studies at Cape Crozier, 1969-1971

R. P. SCHLATTER and W. J. L. SLADEN

Department of Pathobiology
The Johns Hopkins University

Schlatter studied the south polar skua (Catharacta
maccormicki) at McMurdo Station (November 10 to
December 1, 1969) and at Cape Crozier, Ross Island
(December 2, 1969, to January 27, 1970, and Novem-
ber 24, 1970, to February 8, 1971).

Birds were recognized as individuals and by age
by reading band digits through a spotting scope and
observing the colored tape attached to them. Based
on this unique known-age population, the frequency
of the various age classes for both seasons was cal-
culated in three "clubs" (groups of predominantly
nonbreeding birds) at Cape Crozier (table 1). The
movements of skuas among the clubs, the effect of
weather on their composition, the interaction of
breeders with nonbreeders, and the behavior of the
birds with reference to hierarchy and age were
studied. Different kinds and sizes of territories were
recognized in the clubs. Interestingly, in one of the
clubs two pairs of skuas established territories and
laid eggs. This investigation will enable better under-
standing of the seasonal activities in the clubs, the
role young breeders of known age play in the estab-
lishment of breeding territories in a stable popu-
lation (Wood, in press), and population dynamics.

During observation of the clubs, 17 skuas (14 in
1969-1970 and three in 1970-1971) banded by the
New Zealand National Banding Scheme were sighted.
These were all nonbreeders originally banded at Cape
Bird (81 km away) or at Cape Royds (129 km)
and either of unknown age or of ages 3, 4, 5, and
6 years (C. J . Robertson, personal communication).
One south polar skua banded as adult on January
11 3 1969, at Petrel Island (66°40'S. 140°01'E.) in

Table 1. Number of skua chicks banded at Cape Crozier, 1961-1962 to 1968-1969, and number and percentage of those birds
seen in clubs at Cape Crozier, 1969-1970 and 1970-1971.

Year of banding	1961-62	1962-63	1963-64	1964-65	1965-66	1966-67	1967-68 1968-69

Number of chicks fledged	213	487	211	146	57	48	48	139
and banded

color of tape'	 black	red	yellow	green	blue	white	brown black
Number (and percentage)	32(15)	77(15.8)	27(12.8)	34(23.3)	13(22.8)	5(10.4)	2(4.2)	-

seen in clubs 1969-1970
Iumber (and percentage)	35(16.4)	73(14.9)	21(9.9)	30(20.5)	12(21.1)	7(14.5)	12(25.0)	-

seen in clubs 1970-1971

1 For the first 7 years, tapes were put on the upper part of the band; in 1968-1969, black was attached on the inferior
one to avoid confusion.
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the Géologie Archipelago on the Adélie Coast
(J . Prevost, personal communication) was recognized
through spotting scope at Cape Crozier on December
17 5 1969. This recovery, 2,000 km from the original
banding site, marks the first at Cape Crozier from
the Géologie Archipelago.

Nondigestible material (pellets) and food regurgi-
tated by skuas were measured. This work constitutes
a different approach to the feeding habits of breed-
ing skuas as studied by Young (1963) and has pro-
vided data on how much organic matter these birds
distribute around penguin rookeries and farther
afield.

Study of the antibodies in skua sera is expected
to show what avian disease, if any, this scavenger-
predator is susceptible to and the possible role the
skua may play in the transmission of diseases from
areas influenced by man and his wastes to the more
isolated penguin communities. Skuas were caught by
noose, bled from the brachial vein, banded, and
released. Serum was frozen from 113 skuas caught
at McMurdo Station and from 99 Cape Crozier
birds. So far, antibodies for Newcastle Disease (NDV)
have been tested. All skua samples as well as 40
from Adélie penguins (Pygoscelis adeliae) proved
to be negative by the hemoagglutination-inhibition
(HI) test using the CG strain (velogenic) as antigen.
One captive skua and two adult chickens were
inoculated intranasally with a mesogenic strain of
NDV (B1 ). The chickens showed positive HI but
the skua did not. This seems to indicate that south
polar skuas, in accordance with their scavenging
habits, are resistant to this avian disease. Further tests
will be made.

Two water samples collected at McMurdo Station
from the sewage outlet and one from the seawater
directly below on November 25, 1969, have been
analyzed for detergents (ABS) and potential con-
taminating agents (Coliformes). The samples do not
show dangerous levels for detergents or for sewage
contamination (table 2), but further studies and more
samples are needed to measure the accumulation of
these and other materials in the offshore food chains.
The biological consequences of detergents in the
antarctic coastal communities are unknown.

Brown skuas (Catharacta skua lonnbergi) were
sighted among the south polar skuas at Cape Crozier
on December 19, 1969, and November 29, 1970. This
large subantarctic skua had been observed at Cape
Crozier in two previous seasons.

Single immature elephant seals (Mirounga leonina)
were observed at Cape Crozier on January 15 and
27, 1969, and on December 27, 1970. Only one other
elephant seal, a frozen specimen found in January
1962, has been observed at this location (Kooyman,
1964). The species has never been seen farther south
than Cape Royds (Wilson, 1904).

Table 2. Detergents (ABS) and potential contaminating
agents (Coliformes) in two samples from the McMurdo Sta-
tion sewage outflow and in seawater immediately below the
pipe. Collected at 1410 MT, November 25, 1969. Rate of the

outflow at time of collection was 33,600 liters per hour.

Sewage tube	 Samp. 1 Samp. 2 Seawater

ABS (Alkyl benzene sulfonate) 0.5	0.4	5.0
surfactant (mg per liter)

Coliformes MPN'	 0.2	4.9
lactose fermentation
(per 100 ml)

'MPN = most probable number

We are indebted to R. C. Wood for comments
and help in capturing skuas at Cape Crozier;
D. Ainley, Paul Tasch, and George Lacy for giving
their personal observations; K. Kawata for helping
to examine the sewage samples; and H. Oelke and
D. Müller-Schwarze for useful comments. I. L. Graves
assisted in the serology, and Dr. F. B. Bang made fa-
cilities available for that purpose. The Baltimore Zoo,
in cooperation with the Baltimore Zoological Society,
provided facilities for captive skuas.
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Biochemical studies on proteins
of antarctic fishes and birds

ROBERT E. FEENEY

Department of Food Science
University of California, Davis

Biochemical studies on the proteins of antarctic
species were made in the McMurdo Station area
from early October until the middle of February.
The field party consisted of the author, Jack R.
Vandenheede, and Stephen M. Chan, all of whom
had been to McMurdo Station previously, and
Ahmed I. Ahmed, Charles Y. Ho, and Gary E.
Means. The work concerned the blood proteins of
antarctic fishes, in particular Trematomus borchgre-
vinki, the brain enzyme acetylcholine esterase from
that species, and the ovomucin and ovomucoid from
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the Adélie penguin. The principal blood protein
studied has been the freezing-point-depressing glyco-
protein and closely related glycoproteins that do not
depress the freezing point. Chemical structural studies
show that the inactive proteins are about one-third
as large a polymer as the active ones and that they
contain one additional amino acid, proline, in the
fourth position of the amino acid sequence. Thus,
the active glycoprotein has the sequence alanine-
alanine-threonine, existing in repeating polymeric
units with a carbohydrate disaccharide 0-glyco-
sydically linked to each of the threonines. The inactive
fractions have a proline inserted in the fourth posi-

tion of the amino sequence. Chemical modification
studies of the active fractions are under way in an
attempt to understand the importance of the different
structural units.

The fish brain acetylcholine esterase was not found
to have any unusual molecular properties that could
explain its function at low antarctic ice and water
temperatures. This is further proof of other studies
from our laboratory showing that the purified mole-
cules may or may not show adaptations indicative of
structural changes related to cold function and sug-
gesting that other kinds of adaptations related to the
enzyme's activity in tissue must be considered.

Farthest south soil microbial
and ecological investigations

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

Bioscience Section, Jet Propulsion Laboratory
California Institute of Technology

and

JAMES B. MARSH

Department of Entomology
University of California, Davis

In austral summer 1970-1971, 11 soil samples
were collected aseptically from the surface to the
depth of hard permafrost or bedrock at eight sites
on a traverse of a 64-sq-km moraine below Mount
Howe (elev. 2,800 m, 87°21'S. 149°18'W.) and also
on the bluff south of Mount Howe. During the
latter traverse, a camp site was established on the
south end of the moraine, facing Scott Glacier, and
environmental measurements were made every 3 hr
for soil and microclimatic characteristics. Although a
rlatively warm season was experienced, neither air
or soil temperatures were above freezing (fig. 1).

Air samples were taken near the camp site with
liquid, semisolid, and high volume dry membrane-
type air samplers (fig. 2).
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Figure 1. Soil and air temperatures at site 779, located at the
southern end of a sloping lateral moraine near Mount Howe,
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This paper presents the results of one phase of research
carried out by the Jet Propulsion Laboratory, California
Institute of Technology, under Contract NAS 7-100, spon-
sored by the National Aeronautics and Space Administration.
L gistic support and facilities for the investigations in
Antarctica and additional laboratory support at the Jet
Propulsion Laboratory were provided under Contract NSF
C-585 with the National Science Foundation.
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Figure 2. Air sampling on thin moraine south of Mount Howe.
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Figure 3. "Typical" developed soils containing 25 bacteria and
yeast per gram of soil. Mount Howe.

Soil properties were determined by methods used
for desert soil and other geologic material. Abundances
of various physiological groups of microorganisms
were determined on standard media and by tech-
niques used previously for antarctic soils containing
a few microorganisms (Benoit and Hall, 1970;
Cameron, 1969).

Soils were generally dry, sandy, or gravelly, very
shallow, and relatively unweathered, except for site
780-781 (fig. 3), which contained an older frigic
soil showing profile development-brown color and
less coarse texture. Properties for four of the soils
from three sites (see table) are characteristic of
antarctic soils (Tedrow and Ugolini, 1966), except
for low pH values, high organic carbon, and wide
carbon-to-nitrogen ratios, indicative of coal and shale
deposits in the area. Cation exchange capacities
ranged from 5 to 27 milliequivalents per 100 g, and
buffer capacities ranged from 4.5 to 8.5 me/100 g
for the 11 soils, the same or slightly higher than for
soils of temperate and regions. Predominant cations
were Ca++ > Na+ > Mg++ > K+ >> NH4+.
Predominant anions were NO 3 - >> SO 4 -> C1>
HCO 3- >> NO 2-. Nitrate ranged between 90 and
5,000 ppm per g soil. No CO 3 -, PO4 3 , or B03-3
ions were detected.

Five to 25 microorganisms per g of soil were found
at site 780-781, in the farthest south soil. There were
bacteria belonging to two Arthrobacter sp. and one
Corynebacterium sp., and also a population of yeast,
Cryptococcus albidus. Soils 782 and 789 contained
about 1 microorganism per g of soil; Corynebacterium
sp. was in soil 782, and C. albidus in soil 789.. Yeast
grew out of sprinkled and low dilutions of soil only
at +5°C., except for one. Bacteria could also grow
at +20'C. This establishes the farthest south record

Soil properties, Mount Howe.

SAM PLE NO.	780	 781	 785	 789

DEPTH, cm	SURF. 2	2-15	SURF. 2	SURF. 2
GRAYISH

PALE BROWN PALE BROWN	DARK GRAY BROWN 2.5COLOR AIR-DRY	10YR 613	10YR 613	10 Y 411	YR 512

TEXTURE	LOAMY SAND SANDY LOAM	SAND	GRAVELLY
SAND

MOISTURE in

	

2.01	2.62	3.31	3.32
situ,	%

pH	 5.9	5.9	5.2	 4.8	1
Eh, +mv	 268	255	3/B348

ELEC COND X 1 

	

2290	2410	2880	3780
mhos/cm,

ORG C, wt%	 0.35	0.34	0.79	0.45

ORG N, wt %	

Z87.5

	0.006	0.080	0.003

C/N 	57.3	15&4	151.3

for bacteria and yeast (Wise and Gressitt, 1965).
The few bacteria obtained with air samplers showed
that the aerial microorganisms were forms adapted
to higher temperatures and therefore nonindigenous.

Sites farther north also were investigated for biota.,
A lichen resembling Rhinodina frigida was found in
a favorable niche on a boulder in Moraine Canyon
(86 0 09'S. 157 0 30'W.), and a (so far) nonculturable
blue-green alga resembling Porphyrosiphon notarisii
was found in a frozen pond in the moraine below
La Gorce Mountains (86°45'S. 146°00'W.)., These
locations establish the farthest south and inland
records for the lichens and algae (Wise and Gressitt,
1965).

Additional microbiological tests have shown that
some of the Mount Howe soils are toxic, some
partially inhibitory, and others stimulatory for micro-
organisms when combined with a viable La Gorce
Mountains soil sample. These and other antarctic
results are of importance from the viewpoint of
planetary quarantine and the possibility of life in an
extraterrestrial environment such as Mars (Horowit
and Cameron, 1971).
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Aquatic fungi: their occurrence
on Ross Island and in the dry valleys

R. A. PATERSON and JOHN S. KNOX

Department of Biology
Virginia Polytechnic Institute and State University

All our attempts at axenic culture of algal "para-
sites" have been unsuccessful. However, we have
succeeded in growing clonal isolates of five antarctic
freshwater algae. We are trying to establish unifungal
cultures of the algal parasites by infecting our algal
clones with single fungal propagules. In this way,
we hope to determine the life cycles of the algal
parasites, thus permitting their accurate identification.

Towards the end of the austral summer of 1970-
1971, we made a month's visit to McMurdo Station
to investigate the occurrence of aquatic phycomycetes
on Ross Island and in the dry valleys of Victoria
Land.

Between January 22 and February 2, 171 samples
of soil and fresh water were collected and returned
to the McMurdo biolab for preliminary study. Each
sample was divided into four subsamples, which were
maintained at 8°C. and constant light, 5°C. and no
light, 20°C. and no light, and room temperature
with constant light. According to standard myco-
logical practice, sterile "baits" were added to each
culture to encourage the growth of saprophytic
aquatic phycomycetes. Preliminary microscopic ob-
servations of the samples were made to determine
the presence and morphological features of phyco-
mycetes that grew on attendant protistans and the
added "baits."

After 20 days of preliminary observations at the
biolab, several general remarks could be made.
Aquatic phycomycetes ate indeed abundant in the
area studied, appearing in 131 of the 171 collections.
Algal parasites occurred Iti 57 collections, chytrid
saprophytes in 118 collections, and oomycetes in 57
collections. Moreover, the oOmycetes were observed
only in subsamples that were maintained at 5°C.
or 8°C.

Collections that yielded aquatic phycomycetes were
shipped to our labs at Virginia Polytechnic Institute
and State University for further study.

Proper identification of aquatic phycomycetes re-
quires knowledge of the entire life cycles. So that
interspecific variation is not confused with intra-
specific variation and ontogeny, pure or unifungal
cultures must be obtained before life-cycle studies
can be made.

So far, 12 unifungal clonal isolates of saprophytic
Chytridiales have been made. Taxonomic studies of
these isolates and subsequent comparison with the
preliminary McMurdo observations have shown that
the species diversity of saprophytic chytrids in the
study area is remarkably low. Only four species have
been distinguished (specific determination is pend-
ing), and these occurred in 118 of the 171 collections.

Pure cultures of three Phythium species have been
obtained and are being studied taxonomically.

Waterfowl ecosystem studies
on the Falkland Islands

MILTON W. WELLER

Department of Zoology and Entomology
Iowa State University

Only a few orders of birds have adapted to the
severe cold and harsh winds of high latitudes. Best
known in the southern hemisphere are the penguins
(Sphenisciformes), the albatross-petrel group (Procel-
lariiformes), and the gulls (Charadriiformes).

Waterfowl (Anseriformes) are widely scattered on
isolated austral islands but are restricted in number
of species and range. They are unique because of
their isolation, their nonmigratory behavior, their ori-
gins from different stocks, their patterns of sexual
dimorphism in color, and their adaptations to the
marine habitat including flightiessness. They have not
been intensively studied because of their isolation, low
density, and inconspicuous behavior.

This study, being made to investigate the ecological
relationships and behavior of waterfowl on several
islands, began in the austral spring of 1970 on the
cool-temperate Falkland Islands. These islands have
a relatively large waterfowl fauna of 11 common
species, whereas most southern islands have only one
or two species. (At least 34 species occur in Argen -
tina.)

Field work extended from October 1970 through
mid-January 1971. Two study areas were established
on East Falkland Island—one at Port Fitzroy and one
near Port Stanley. Observations were made also at
four other sites to ascertain possible geographic dif-
ferences in habitat selection and food utilization.
Study areas included seashore with various habitats
and freshwater ponds of various depths, shoreline
physiography, soil type, and acidity. Five study species
were selected because they are widespread and
abundant, can be collected, and are representative of
birds well-adapted to island conditions. One is flight-
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less. Also, these five appeared to frequent different
habitats. Studies included food utilization, food avail-
ability, habitat preferences, brood behavior, territorial
defense, brood mobility, and behavior of adults in
relation to sexual dimorphism. Birds were collected
during feeding, and analyses were made of the birds'
digestive contents and of benthos samples collected at
the feeding site. Each site was classified as to water
type, plant occurrence, topography, and related habi-
tat features.

Upland geese (Chloephaga picta) fed exclusively
in the uplands on fine grasses such as Poa spp., often
in direct competition with sheep. Although C. picta is
a highly terrestrial species, freshwater ponds and pro-
tected bays of the ocean were used for escape areas
for pairs with broods or for adults flightless during the
postbreeding simultaneous wing molt.

Kelp geese (Chloephaga hybrida) (fig. 1) fed al-
most entirely on several species of marine algae and
generally utilized rocky outcrops along rugged ocean
shores for both feeding and nesting. Fine grasses were
consumed in small quantities in areas near freshwater
ponds where they occasionally nested. No animal foods
were recorded even in young birds.
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Figure 1. Kelp goose, Chloephaga hybrda.

Kerguelen Islands
botanical expedition, 1971

HENRY A. IMSHAUG

Department of Botany and Plant Pathology
Michigan State University

The Kerguelen Islands archipelago consists of
about 400 islands and islets covering a land area of
about 5,000 sq km with elevations ranging to 1,960 m

Crested ducks (Lophonetta speculariodes) utilized
both marine and freshwater ponds but showed the
greatest affinity for marine gravel beds where inverte-
brates were abundant.

Falkland flightless steamer ducks (Tachyeres
brachypterus) (fig. 2) were restricted to marine areas
but occasionally walked across sand barriers to drink
and loaf in freshwater pools and ponds. Their food
was exclusively marine invertebrates, often of sizable.
proportions. Apparently, this species does not breed
until 2 or 3 years of age, as several groups of non-'
breeding immatures were observed.

Yellow-billed or speckled teal (Anas flavirostris)
used freshwater streams and ponds during the brood
rearing but also utilized brackish areas following
breeding. Their food included seeds as well as inverte-
brates, but a dominance of animal food was noted.

These anatids differ from northern species in sev-
eral ways. Breeding seasons are longer, and some nest-
ing occurs all year because of the mild winters. Growth
rate of young birds is relatively slow, and protection
by both male and female is regular in all but the
yellow-billed teal. Marine foods are usual for four
of the five species at some season of the year.

h
Figure 2. Falkland flightless steamer ducks, Tachyeres brachypterus.

above sea level. One of the largest of the wind-swept
land areas in the southern oceans, it is also one of the
most isolated areas, lying about midway between
Africa and Australia. Nevertheless, about three dozen
species of ferns and flowering plants and at least 200
species of lichens and bryophytes have somehow man-
aged to establish themselves in this remote environ-
ment.

Five botanists comprised a 1971 expedition to search
out as many of these species as possible. Vascular
plants were the specialty of Dr. Steven Young (Ohio
State University), bryophytes the specialty of Mr.
John Engel (Michigan State University), and lichens
the specialty of Dr. Henry Imshaug, Dr. Geoffrey
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Figure 1. Eastern end of Kerguelen island
showing principal collection localities. A
!ort aux Francais, B Val Studer, C Anse de
t. Maio, D lie Haute, E lie du Chateau, F

Iart Bizet on lie Longue, G Port Jeanne
d'Arc, H Port Douziême.
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Figure 2. Pointe Molloy. Continuous cover	Figure 3. Kerguelen cabbage (Pringlea anti-	Figure 4. Boulder-like cushions of Azorellaof Acaena is probably a result of heavy	scorbutica) on lie Longue. This crucifer per-	scattered in wind desert around Lac des
grazing by rabbits.	 sists primarily where rabbits are absent.	 Trois Enseignes.

Bratt (University of Tasmania) and Mr. Richard
Harris (Michigan State University).

An effort was made to survey as many habitats—
including a wide variety of elevations and exposures-
aspossible. Through the generous cooperation of M.
Pierre Rolland, chief administrator of the Territoire
des Terres Australes et Antarctiques Françaises, trans-
port throughout the Gulf of Morbihan was made pos-
sible. The botanists frequently split into two groups
to cover more territory, with the result that field
studies were made in the localities shown in fig. 1. A
total of 2,551 lichen collections and 1,357 bryophyte
collections were made. Lichens were collected at all
localities. Bryophytes were collected only in the re-

gions around Port aux Français, Port Jeanne d'Arc,
Anse de St. Malo, and Ile Longue. Vascular plants,
including plant fossils and peat cores, were collected
only in the regions around Port aux Francais, Port
Jeanne d'Arc, Ile Haute, and Port Douzième.

The introduction of mammals has greatly altered
the vegetation, and consequently special effort was
made to visit localities that approached most closely a
natural vegetation unaltered by grazing. In the Ker-
guelen Islands, the principal damage has been by rab-
bits, first introduced by one of the Transit of Venus
Expeditions in 1874. (Later introduction of sheep and
reindeer has produced somewhat less disastrous re-
sults.) A uniform cover of Acaena (fig. 2) has re-
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suited from grazing by the rabbits. This is in marked
contrast to the Pringlea-dominated vegetation on lie
Longue, which has no rabbits (fig. 3). Pringlea anti-
scorbutica, the Kerguelen cabbage, belongs to the
mustard family and was used by Captain Cook to
prevent scurvy. On Ile Longue large areas are densely
clothed with this native cabbage, and the succulent
rosettes grow on elongated rootstocks up to 60 cm
above the soil. On the main island, however, Pringlea
is found today only as isolated plants in areas inac-
cessible to rabbits, for example, precipitous cliffs and
moist upland sites above the general vegetation.

Poor soil and frequent high winds keep large areas
of Kerguelen barren and desolate, fully justifying
Captain Cook's designation, Island of Desolation.
Scattered cushions of Azorella (fig. 4) characterize
these areas, and even the nonflowering plants grow
occasionally in forms mimicking these cushion plants.
Large quantities of moss balls drift in the wind and
occasionally accumulate in the margins of small
depressions.

Many peculiar and taxonomically isolated species
were collected. These are in the process of being
studied by the participants of the expedition and will
be compared with plants of other austral islands. The
mosses will be studied by Dr. Dale Vitt (University
of Alberta). These studies will result in a flora of
Kerguelen, and a representative set of specimens of
all plant groups will be deposited in the herbarium
of the Smithsonian Institution.

Vascular flora
of the Kerguelen Islands

STEVEN B. YOUNG

Institute of Polar Studies
The Ohio State University

The vascular flora of the subantarctic Kerguelen
Islands has long been of interest. Kerguelen Island
(the main island of the Kerguelen Islands archi-
pelago) is one of the largest and most isolated of all
the islands in the southern oceans, and it is one of
the few islands in this region that may have escaped
total glaciation during Pleistocene times. The presence
of the distinctive endemic genus Pringlea of the family
Cruciferae (fig. 1) on Kerguelen Island and other
islands in the Indian Ocean sector supports this
conclusion.

The total vascular flora of the island is small, com-
prising only about 30 native species. A detailed
floristic survey of the island was expected to produce
records of several new species, but, although all
species known to earlier workers were collected, no
new additions to the native flora were found. I
seems unlikely that any significant additions to the
native flora will be recorded from the island, although
considerable areas in the northern and western pork
tions of the archipelago have been explored incom.
pletely.

Approximately 175 sets of vascular plant specimen
were collected on the island. Most of these are larg
sets, including a number of duplicates. Seeds wer
collected from a number of species. The lateness o
the season precluded significant collection of buds fo
cytological study.

Of particular interest was a collection of some 2
species of introduced plants from the rubbish dump
near the French base of Port aux Français. In this
disturbed area, many common European weedy
species have established themselves and are flowering
normally and apparently producing seed. Neverthe-
less, none of these species seems to have been able
to invade undisturbed parts of the island, although
there are many nearby areas with incomplete vegeta-
tion cover. Apparently, the climatic conditions of the
island are suitable for a wide variety of exotic plant
species, but soil conditions are unsuitable for their
colonization except in areas disturbed by man. Inter-
estingly, no exotic species have persisted around the
whaling station of Port Jeanne d'Arc, which was
abandoned about 1928. A few of the species consid-
ered as natives on Kerguelen are probably the result

Figure 1 (left). Pringlea antiscorbutica on Kerguelen Island. This
characteristic and spectacular species has been eliminated from
much of Kerguelen because of overgrazing by the introduced

rabbit.

Figure 2 (right). Stream cut through blanket peat near Pert
Jeanne d'Arc. Continuous peat columns as long as 7 motors

could be collected in such places as this.
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of introduction by man some time since the island's
discovery. Examples are Cerastium glomeratum and
Taraxamum ceratophorum. Both these species have
a wide but patchy distribution on the island.

In addition to the plant specimens, two peat cores
for pollen analysis were collected on the sides of stream
cuts through blanket peat. The two cores extended
to depths of 3 and 5 in 2). The shorter core
appeared to penetrate to blue clay of probably glacial
age. Hopefully, pollen and radiocarbon analysis of
these cores will shed significant new light on the post-
Pleistocene climatic and vegetational history of the
area. The Antarctic Convergence is presently nearby,
and changes in the island's vegetation may be a useful
indicator of past fluctuation of the location of the
convergence.

Fossils were collected near Port Jeanne d'Arc.
These fossil beds are considered to be of Miocene age,
and they contain a rich flora of species that do not
occur on the island today.

The success of the U.S. botanical expedition to
Kerguelen Island was due largely to the cooperation
of Territoire des Terres Australes et Antarctiques
Françaises and its chief administrator M. Pierre
Rolland. This organization supplied logistic and other
support throughout our stay. The cooperation and
friendliness of the French at Port aux Français is
gratefully acknowledged.

Antarctic work of the Aries expedition

JOSEPH L. REID and ARNOLD W. MANTYLA

Scripps Institution of Oceanography
University of California, San Diego

The research vessel Thomas Washington of the
Scripps Institution of Oceanography worked near
Antarctica on Leg II of the Aries expedition from
Jnuary 8 to February 22, 1971. The work was sup-
prted by the National Science Foundation. The pur-
pse of this leg was to study the circulation of the
afritarctic waters south of New Zealand and in par-
tcular the western part of the large cyclonic eddy that
Iii s north of the Ross Sea between about 155°E. and
130°W. longitude.

The expedition covered about 8,150 nautical miles.
Measurements of temperature, salinity, oxygen, and
nutrients were made from the surface to the bottom
at 60 positions (fig. 1); on 29 of these, salinity-
temperature-depth (STD) lowerings were made to
1,500 m. On four other stations STD lowerings were

I5O	 I6O	 7O

Figure 1. Positions of hydrographic stations, current meter sta-
tions, and camera stations on the second leg of the Aries expedi-

tion, January 8 to February 22, 1971.

made to the bottom (less than 1,500 m) with a few
Nansen bottles to check the bottom salinities and
temperatures. Seventeen free-vehicle drops were made,
and all were recovered. Five of these were of baited
cameras for photography of fish; in one case the film
did not advance, but the other four were successful.
Twelve of them were for current measurements;
deployments were for periods of 5 hours (test), 31,
51, 59, 63, 71, 78, and 99 hours, and for 25, 25 5 26
and 27 days. On one of the 25-day deployments only
the first 16 days were recorded (the recorder jammed
after the 16th day) ; complete records were obtained
on all of the others.

Net hauls for zooplankton were made at 20 stations.
At three locations (stations 20, 24, and 29) samples
were taken for determination of tritium, carbon
dioxide, oxygen isotopes, alkalinity, radium, and vari-
ous gases. At these three and five others, casts were
made for tritium and carbon-14 and for surface
radium. Surface salinity and temperature were meas-
ured continuously underway. The magnetometer was
operated nearly all of the 8,150 nautical miles traveled.
Depth was monitored continuously, and weather ob-
servations were made and reported routinely.

The general circulation of the Pacific sector of the
Antarctic Circumpolar Current is shown in fig. 2.
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Figure 2. Surface flow in
the Pacific sector of the
southern oceans (geopo-
tential anomaly at the
sea surface with respect
to 1000 decibars, in dy-
namic meters). Dots indi-
cate station positions.
Light shading indicates
depth less than 3 km.
Darker shading indicates

depth less than 1 km.
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Figure 3. Potential temperature and salinity at three stations,
showing characteristics from the Indian Ocean and from the
Pacific north and south of the Albatross Cordillera. Positions are
indicated in fig. 1. Depths (in km) are indicated along each curve.
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Figure 4. Temperature (T) in degrees celsius, salinity (S) in parts
per mille, oxygen (02) in milliliters per liter, and silicate (Si) in
micromoles at station 17, on the continental slope south of the

Balleny Islands at 65 0 59'S. 154026.5'E.

Earlier representations of this circulation have been
prepared by Deacon (1937), Sverdrup et al. (1942),
Reid (1961), the U.S. Navy Hydrographic Office
(1961), Ishino (1963), and Gordon (1967), and each
version, with the increasingly available data, has
shown greater detail. The particular feature empha-
sized in this version is the cyclonic gyre whose axis
extends from near the Balleny Islands (about 163°E.
at the Antarctic Circle) to near 60°S. 140°W. It was
the western part of this gyre that was observed by the
Aries expedition.

The complexities of the flow had been suggested in
a study of the exchange of characteristics between the
Atlantic and Pacific through the southern oceans
(Reid and Lynn, in press). Between the Macquarie
Ridge and about 120°W., the Albatross Cordillera
appears to have a strong influence on the direction of
flow. Near the cordillera in this region (fig. 2) the
isopleths appear to be constrained closely to the top
or north of the Macquarie Ridge for a substantial
distance and then to cross sharply to the south. The
strongest gradients of geopotential anomaly are found
at the constriction between the Campbell Plateau and
the Macquarie Ridge and at about 55°S. 145°W.,
where a great part of the flow crosses the cordillera,
turning abruptly from northeast to southeast.

On the downstream (southeastern) side of the
Albatross Cordillera, between about 130°W. and the
Balleny Islands (163°E.) there is an indication of
westward flow as part of a large cyclonic eddy. On the
other hand, the shape of the field (the low near tFe
Ballenys, the sharp southward turn toward Scott
Island at 180°, and the abrupt turn near 145°W.)
may be more consonant with a series of such eddis
than with a single large eddy. The maps of character-
istics in that area, as interpreted by Reid and Lynn
(in press), suggest a single eddy.

The westward flow south of the Ballenys was con-
firmed by the two current measurements made in that
area and by the deep-water characteristics. Lynn and
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Reid (1968) have noted that the Discovery data from
northwest of the Ross Sea show highly saline bottom
water, which must originate from the Ross Sea.
Jacobs et at. (1970) discuss the processes within the
Ross Sea leading to these high salinities, and Gordon
(1971 and in press) describes the distributions outside
the Ross Sea.

The Macquarie Ridge effectively separates the
Indian and Pacific deeper waters, and eastward of
there the Albatross Cordillera separates the Pacific
waters near Antarctica from those farther north. The

,deeper water characteristics reflect this separation.
Station 20, west of the rid ge, and station 24, north of
the cordillera, show very similar characteristics in the
circumpolar water below the salinity maximum (fig.
3), but the deepest, coldest water west of the ridge
(station 20) apparently does not cross the ridge and
is missing from the deep characteristics on station 24.
Station 30, east of the ridge and south of the cordil-
lera, has about the same characteristics as the others
in the range of potential temperature from 0.5° to
1°C. and of salinity from 34.70 to 34.72 9, but
above the salinity maximum the waters are much
colder, and the deeper water is much more saline.
Though stations 20 and 30 are at about the same
latitude, station 30 lies along the axis of the cyclone
(fig. 2); this may account for the differences in their
shallower characteristics. Since station 30 is not
separated from the Ross Sea by any major topographic
feature, it may receive a direct input of the bottom
water from the Ross Sea; this may account for the
high salinity of its deeper waters (Lynn and Reid,
1968). Gordon (in press) discusses these characteris-
tics in greater detail.

One of the most interesting results of Leg II of
he Aries expedition was the group of stations near
he antarctic continental slope between Victoria Land

Find George V Coast that showed unusual variations
n all characteristics (fig. 4). The layers at 1.7 and
.2 km depth of relatively cool water of lower salinity,
igher oxygen, and lower silicate suggest a recent
ear-surface source. These variations were first noted
nstation 12, and additional bottles were used on
ubsequent casts in that area. The features are real,
nd the column is stable.
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Eltanin Cruise 47

ROBERT E. HOUTZ

Lamont-Doherty Geological Observatory
of Columbia University

Cruise 47 of Eltanin was a 70-day, 12,200-nautical-
mile cruise that began in Fremantle on February 3,
1971, and ended in Melbourne on April 13, 1971
(see map). After stopping at the Kerguelen Islands
to put ashore a party of botanists, the ship continued
south to the pack ice, surveying and sampling the
Kerguelen Plateau for 40 days. The ship returned to
Melbourne after retrieving the Kerguelen Islands
party.

The shipboard scientific mission included three
basic programs: underway geophysics, physical
oceanography and geochemistry, and bottom sam-
pling. The objective of the Lamont-Doherty geo-
physical team was to obtain continuous underway
geophysical data during a survey of the Kerguelen
Plateau and to launch sonobuoys to determine crustal
structure. Bottom sampling was conducted by the
University of Southern California, Florida State
University, and the Smithsonian Institution. Their
objectives were to obtain suites of bottom samples
on both slopes of the plateau and north of Kerguelen
Island beneath the polar front. Flinders University
of South Australia required a series of Phleger cores
across the Southeast Indian Rise to complete a study
of the clay minerals in this region. The Lamont-
Doherty hydrographic group wished to determine
the physical properties of sea water on both sides of
the plateau, north of the Kerguelen Islands, alongside
the Amery Ice Shelf, and between Antarctica and
the plateau. Its program included the launching of
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pop-up recorders to measure bottom currents at
strategic locations. The Massachusetts Institute of
Technology geochemistry program required five large
samples of sea water in the deep ocean basins near
the Kerguelen Islands and near Australia.

Owing to equipment malfunctions (now repaired)
the sonobuoy program obtained only poor to fair
results. Pack ice and limited time prevented the
oceanographers from obtaining water samples near
the Amery Ice Shelf. All other objectives were
achieved satisfactorily.

Preliminary results are not yet available from the
station work, which requires a good deal of analysis.
However, underway geophysical investigations re-
vealed numerous significant bottom features at vari-
ance with the existing bathymetry: (1) Gribb Bank
does not exist in its plotted position (61'30'S. 88°E.),

if at all. (2) The eastern side of the plateau is nor-
mally faulted and very steep and appears to be a
mirror-image of Broken Ridge (to the north) but
is a much more complicated structure. (3) A ridge
spur northeast of the Kerguelen Islands was pre-
viously unreported and has an important effect on
bottom water circulation.

The sediments on the plateau and its flanks are
mostly 1 to 2 km thick. Slump structures and a sedi-
ment ridge exist on the eastern side. Basement veloc-
ities on the plateau are typically 5.0 to 5.5 km per
sec. Normal faulting within the plateau massif is
complex and includes repetitive basin-and-range
structures and numerous graben-horst systems. There
is evidence that much of the plateau has undergone
wave-base erosion and that it has subsided about
1,300 in 	the erosion.

Track of USNS Eltanin Cruise 47. Numbers show selected station locations.

DAVID H. ELLIOT and DONALD A. COATES

Institute of Polar Studies
The Ohio State University

The success of the 1969-1970 field season in the
Beardmore Glacier area (Elliot, 1970) provided a
consid'rable stimulus to the 1970-1971 field program
of the Institute of Polar Studies in the Queen Maud

Queen Maud Mountains
Mountains. The continuing program called for (1)
data collection for 1:250,000 reconnaissance geologi-
cal mapping of the Queen Maud Mountains,
regional correlation and stratigraphic study of the
Beacon sequence, (3) regional studies of the baseme t
rocks, (4) investigation of the late Cenozoic glacil
deposits, and (5) the search for more vertebrae
fossils.

The scientific staff ranged from eight to 14 duririg
the season. Ten geologists from The Ohio State Urü-
versity and one from the University of Wisconsin car-

Geological investigations in the
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ned out geological and geophysical programs. The
search for vertebrate fossils was conducted by verte-
brate paleontologists from the University of California
at Berkeley and The American Museum of Natural
History, New York. James Kitching, a vertebrate
paleontologist from the Bernard Price Institute for
Palaeontological Research, University of the Wit-
watersrand, Johannesburg, South Africa, participated
as an exchange scientist with the U.S. Antarctic Re-
search Program. His skill and knowledge of the South
African Triassic vertebrate faunas were invaluable
assets to the expedition. The scientists were supported
in the field by 16 officers and men of the VXE-6
helicopter detachment and six men from Antarctic
Support Activities of the U.S. Navy.

Camps at McGregor and Amundsen Glaciers

The first camp, consisting of four Jamesway huts,
was established on McGregor Glacier by a U.S. Navy
construction crew and occupied by the scientists on
November 8. Fieldwork began on November 10 and
continued without any major break until December 22
when the camp was moved to the Amundsen Glacier.
The McGregor campsite had been occupied by a
Texas Tech University geological expedition during
the 1964-1965 season; the skiway used then by the
LC-130 planes was still outlined by barrels, but to
avoid any possibility of striking buried objects, the
skiway was placed in a different position. Unfor-
tunately, this new skiway proved to have a number
of small crevasses crossing it diagonally, and on No-
vember 25 one was uncovered that might have caused
damage to a plane. So the old runway was intensively
probed and dragged, but no crevasses were found, and
it was used without incident until the camp was
closed. The snow surface on McGregor Glacier is the

120W	140W	160W	180	160E	140E

85SBennett
11,61, 01	

Platform	Dominion

Amunds:nj coalsock
O*W	 Bluff

	

ShocIleton G1.7	 Patric

	

, ) J	160
83*S	

/
	

Ramsey GI Beardmore
	

83 S

/	 Ross

l6 OW Ice

LEW

ARCTICA\ f-8Is	
S 6 elf

9OE

Em

crusty type which develops in areas of little wind.
Parts of the surface will support a man, but other
parts will let him break through and drop 20 to
25 cm to the next crusty layer. The LC-130 planes
always break through the top surface and pack the
snow beneath. Probing for crevasses is difficult because
crusty layers beneath the surface stop the probe even
in snow bridges within crevasses. Light winds at the
McGregor campsite made helicopter maintenance and
other camp work far easier than it was at Coalsack
Bluff the previous year and at the Amundsen Camp
later.

Although investigations from the McGregor Glacier
camp were principally in the Shackleton and Ramsey
Glacier areas, geologists worked at points as far dis-
tant as the Dominion Range at the head of the
Beardmore Glacier and Mount Patrick near the
mouth of the Beardmore. The helicopters flew a
heavy schedule almost every day, and much was
accomplished.

David Elliot and James Collinson returned to
McMurdo and the United States in mid-December,
and Donald Coates took over from Elliot as scientific
leader. The move to the Amundsen Glacier camp,
constructed by the U.S. Navy, was accomplished on
December 22. This camp (0.5 km southeast of the
1963-1964 camp of Long and others) was colder
and windier than the McGregor Glacier camp and
more typical of the Transantarctic Mountains. Work
from this camp suffered more weather delays than at
McGregor Glacier, but by late January all major
objectives were accomplished, and the camp was
closed on January 21.

Geological investigations

The Queen Maud Mountains have been investi-
gated by a number of geological field parties (La
Prade, 1970; Long, 1965; McLelland, 1967; Minshew,
1966; McGregor, 1965a,b; Wade et al., 1965), and
therefore the scientific program this season concen-
trated on specific problems rather than a regional
survey. The stratigraphy is set out in the table; the
formation names established earlier in the Queen
Alexandra Range, 200 km to the northwest (Barrett,
in press), are used because the individual units es-
tablished there are recognizable also in the Queen
Maud Mountains.

Information was gathered for the completion of
The Cloudmaker and Plunket Point quadrangles and
for compilation of five more quadrangles covering the
area between the Shackleton Glacier and the Scott
Glacier.

Edmund Stump studied the metasedimentary and
metavolcanic basement rocks. He found that the Late
Precambrian metasedimentary Goldie Formation and
its probable equivalent, the La Gorce Formation, crop
out only northwest of the Ramsey Glacier and in the
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Geologic section of the Queen Maud Mountains.

Thickness,
Age	 Formation	Group or Supergroup	 Description	 m

Late
Cenozoic

Sirius

Jurassic	 Kirkpatrick Basalt	Ferrar Group

Ferrar Dolerite

Prebble
Falla	

Beacon
Triassic	

Fremouw	
Supergroup

Buckley

Permian	 Fairchild	 Beacon
Mackellar	 Supergroup

Pagoda

Devonian	Alexandra	 Beacon
Supergroup

Recent lateral moraines

Semilithified till with water-sorted lenses

Tholeiitic basalts, a few sedimentary inter-	 420+
beds with conchostracans
Sills and dikes of tholeiitic dolerite through-
out pre-Jurassic rocks
Pyroclastic and laharic deposits	 460+
Sandstone, shale, Dicroidiurn	 200+
Arkosic sandstone, green-gray mudstone	 700+
Lystrosaurus zone fauna near base

Arkosic and volcanic sandstone, dark-gray	 450
shale, coal, Glossopteris
Massive arkosic sandstone	 200
Medium to dark-gray shale, with sand-	 160
stone interbeds
Tillite, sandstone, mudstone, interbedded	 3-150

Sandstone, cross-bedded, fine to coarse	 0-90+
grained, buff

Cambrian	Henson Marble	 Marble, coarse-grained, gray to white, with
Leverett	 minor intercalated clastic layers
Wyatt	 Ross	 Massive, dark, silicic volcanics, minor units
Taylor	 Supergroup	of marble and cross-bedded quartzite

Late	 Goldie	 Metagraywacke and shale, black, thin- to
Precambrian	La Gorce	 thick-bedded

southern Amundsen and Scott Glacier areas, the
intervening area being formed of the much less de-
formed volcanics of the Wyatt and Taylor Formations
and of the Queen Maud Batholith. On the Nilsen
Plateau the metavolcanic rocks are clearly uncon-
formable on the metasedimentary rocks. John
Burgener of the University of Wisconsin mapped and
sampled the Queen Maud Batholith for a geochemical
study.

Donald Coates made a regional study of the
Permian tillite, which covers the post-Devonian
erosion surface. The tillite ranges from silty with
scattered pebbles to sandy with boulders. It is 3 to
10 m thick over extensive areas of the fiat, post-
Devonian Maya erosion surface and as much as
150 m thick in small areas. Coates also carried out
a regional reconnaissance gravity survey to extend
the work of the previous season.

Helmut Ehrenspeck investigated postglacial Per-
mian sediments and collected Glossopteris from the
Buckley Formation. He also measured and sampled
Lower Triassic sedimentary rocks. James Collinson
studied the Triassic stratigraphy and in particular
the vertebrate fossil-bearing beds of the lower
Fremouw Formation. Both the Fremouw and the Falla
Formations, defined in the Queen Alexandra Range,
were recognized in this area. The stratigraphy of the
Triassic, like that of the Permian, is remarkably

uniform throughout the central Transantarctic Moun-
tains, and formations are relatively easy to correlate
over long distances despite this being a terrestrial
sequence. David Elliot investigated several Triassic
sequences and one reported Triassic sequence in
the Dominion Range that turned out to be Permian.
He also assisted Vaughn Wendland in a detailed
study of the Jurassic lavas at Mount Bumstead and
collected conchostracans from Mauger Nunatak, a
locality from which Paul Tasch had hoped to collect
the year before but was unable to reach because of
weather conditions.

Paul Mayewski and R. P. Goldthwait studied
glacial geology and discovered deposits of an early
stage of glaciation in several areas.. These deposits
are especially well preserved on Bennett Platform
and near Plunket Point in the Dominion Range. They
correlate with the Sirius Formation, which was first
investigated by Mercer (in press) at Mount Sirius
near Coalsack Bluff. Investigation of the Sirius
Formation will be extended to the McMurdo region
in the 1971-1972 season. Evidence was also found
indicating former higher levels of the Shackleton
Glacier and other major outlet glaciers.

Exciting paleontological discoveries

Undoubtedly, the most exciting discoveries were
in vertebrate paleontology. On the first day of field-

116	 ANTARCTIC JOURNAL



awfiadgffiviam

work, as happened also last season at Coalsack Bluff,
a major fossil locality was discovered. This season
Collinson found fossil bones and a Thrinaxodon cast
on the lower slopes of Mount Kenyon, and sub-
sequently four more major sites were discovered by
vertebrate paleontologists James Kitching, Tom Rich,
and John Ruben and by others. However, almost all
prospecting and collecting was done by the vertebrate
aleontologists. At Coalsack Bluff, the fossils are

disarticulated fragments in channel sandstones and,
4lthough not badly waterworn, are far from ideal,
lecause identification of amphibians and reptiles
rquires adequate skull material. The only species
Positively identified so far from the 1969-1970 finds
at Coalsack Bluff is Lystrosaurus murrayi (Colbert,
ii press), which is the most common species in the
Lystrosaurus Zone of lower Triassic age in the Karroo
s quence of South Africa. In the Shackleton Glacier
area, however, the vertebrate fossils occur not only

s disarticulated bones in sandstones but also as articu-
I ted skeletons. These occur in fine-grained sandstone
nd siltstone that was deposited in the floodplain
djacent to the streams depositing the coarse channel

sandstone. These fossiliferous rocks have yielded
abundant Lystrosaurus murrayi and several specimens
of Thrinaxodon, an advanced mammal-like reptile.
Other elements of the fauna include thecodont rep-
tiles and labyrinthodont amphibians, but identification
must await further study by James Kitching and
Edwin Colbert, who are currently studying the
collection from Coalsack Bluff. Nevertheless, certain
preliminary conclusions can be drawn from the new
fauna: (1) the fauna collected this season appears
to be very similar to the fauna of the Lower Triassic
Lystrosaurus Zone of the Karroo sequence and (2)
this great similarity is substantial evidence for
Gondwanaland and continental drift. Lystrosaurus
was the first definitive evidence for land connection
between Antarctica and the other southern continents,
but it is only one genus. Now the varied vertebrate
fauna strengthens greatly the argument for sub-
stantial land connection.

The fossils collected in the 1970-1971 season are
under study at present, and a preliminary report is
in preparation (Kitching et al., in preparation). The
discovery of five major fossil sites in one season is
remarkable and suggests that vertebrate fossils are
widely distributed. However, Antarctica is not the
ideal place for field work, and it may be many years
before the full extent of the fauna is determined and
comparisons made with the faunas from the other
Gondwana continents.

Accomplishments since 1969

The scientists were ably assisted in the field by
Philip Colbert, Stephen Etter, and Vaughn Wend-
land, and various members of the U.S. Navy Support

Force. We would like to thank the U.S. Navy for
the support we have had during the last two field
seasons. Much of the work accomplished would have
been extremely arduous and time-consuming, and
no small part of it would have been impossible with-
out the use of helicopters. Perhaps we can best ex-
press our thanks by listing some of the accomplish-
ments and discoveries of the 1969-1970 and 1970-
1971 field seasons:

1. Discovery of Lystrosaurus at Coalsack Bluff
(Colbert, in press).

2. Discovery of five major vertebrate localities in
the Shackleton Glacier area (Kitching et al.,
in preparation).

3. Discovery at Mount Augusta of the paleobotani-
cally very important silicified peat related to
the Glossopteris flora (Schopf, 1970).

4. Discovery also of Triassic silicified peat related
to the Dicroidium flora.

5. Discovery of Jurassic Holostean fish (Schaeffer,
in preparation).

6. Discovery of new localities of conchostracan
fossils (Tasch, 1970).

7. Regional mapping, which has gathered enough
information for 1:250,000 reconnaissance geo-
logic maps covering the area from the Queen
Alexandra Range to the Scott Glacier.

8. Discovery of extensive areas of late Cenozoic
tillite that is probably related to the early stages
of glaciation of Antarctica (Mercer, in press;
Mayewski, in preparation).

9. Regional correlation and interpretation (much
of it still in the stage of data reduction) of the
basement rocks and the Beacon strata. Published
results stemming from the 1969-1970 season
include Gunner and Faure (in press), Coates
(in press), Elliot et al. (1970, in press).
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Paleontological investigations
in the McGregor Glacier area

JAMES W. KITCHING

Bernard Price Institute
for Palaeontological Research

University of the Witwatersrand, Johannesburg

Readers may recall the discovery of a large number
of tetrapod fossil remains—including the genus
Lystrosaurus—at Coalsack Bluff during the 1969-
1970 austral summer and the impact this discovery
had on geological thought.

As a continuation of the 1969-1970 exploration,
three paleontologists—Mr. Thomas H. Rich of the
American Museum of Natural History, Mr. John A.
Ruben of the University of California (Berkeley),
and the writer—carried on investigations during
1970-1971 in two localities: the McGregor Glacier
area (November 10 to December 22) and Amundsen
Glacier (December 22 to January 7). Working with
others under the scientific leadership of Dr. David
Elliott of The Ohio State University, the three men
had as their main objective the exploration of the
Frernouw Formation, a sequence of horizontal sanà-
stones and mudstones deposited during the eary
Triassic. The extensive Fremouw deposits, intruded
and capped by Ferrar dolerite dykes and sills, bear
a remarkable similarity to the lower Triassic sedi -
ments characteristic of the Karroo Basin of South
Africa.

On the first day in the field, Dr. James Co11insoi
of The Ohio State University discovered an almost
complete skeletal impression of the mammal-like
reptile Thrinaxodon in a thick sandstone horizon
the base of Mount Kenyon on the western slope of
a hill now called Thrinaxodon Cul (85°12'.
174°19'W.). Later, other specimens of the same
genus were discovered 450 m east of the first di-
covery. Lystrosaurus and some small lizard-like rep-
tiles were also recovered from this locality, and a rich
fossil bone bearing channel in a sandstone horizon
was located at the base of Thrinaxodon Cul.

From Mount Kenyon the activities of the pale-
ontologists were extended to Kitching Ridge (85' 12'S.
177'06'W.), Mount Rosenwald, Collinson Ridge
(85 0 13 1S. 175 0 21'W.), part of Halfmoon Bluff,
Shenk Peak, and as far afield as Graphite Peak, where
the first indication of vertebrate fossils in the Ant-
artic was discovered by Peter Barrett during the
austral summer 1967-1968.

Vertebrate fossils from the Antarctic are character-
ized by the genus Lystrosaurus, a highly specialized,
mammal-like reptile especially abundant in the lower
Triassic beds of South Africa. Discovery of this
genus a year ago afforded a definite clue to the close
relationship between the ancient land-dwelling reptiles
of South Africa and Antarctica. In addition to
Lystrosaurus, the fossil remains of small thecodonts,
labyrinthodont amphibians, the skulls and skeletons
of Thrinaxodon, and a small reptile known as
Procolophon were recovered, as well as a large number
of small lizard-like reptiles most probably belonging
to the suborder Captorhinomorpha and the order
Eosuchia.

Thrinaxodon, like Lystrosaurus and Procolophon,
is characteristic of the reptile fauna represented in
the Lower Triassic deposits of South Africa. The
collections from the last two seasons suggest beyond
reasonable doubt that Antarctica and Africa were
connected during Triassic times, forming the ancient
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supercontinent Gondwanaland. All the fossil reptilian
remains from Antarctica are those of terrestrial ani-
mals that could have moved back and forth only by
way of an extensive dry-land connection. This evi-
dence of a land-living fauna inhabiting a broad
continental region is another factor of utmost impor-
tnce supporting the theory of continental drift.

understanding of the relationships among the terrace
sediments, the fluctuations of glaciation, and the
periglacial phenomena will also result from the studies.

We thank the National Science Foundation for its
invitation to participate in USARP field activities,
and the pilots and crews of VXE-6 for assistance
in the field.

Belgian exchange scientists
in the dry valleys

T. VAN AUTENBOER

Belgian Antarctic Expeditions

The dry valleys west of McMurdo Sound have
been studied by a host of scientists representing a
very wide scope of interests. As a result, much general
information exists about the valleys, and several
reconnaissance maps of the glacial deposits have
been prepared. However, detailed and systematic
studies are still lacking in some fields. This fact was
kept in mind when our 1970-1971 geology program
was established in collaboration with Dr. P. Calkin
of the University of Buffalo in New York.

Dr. R. Paepe (Belgian Geological Survey), whose
main interest is in the fossil permafrost features of
the European Pleistocene, and Mr. E. Paulissen
(National Center for Geomorphology), interested in
geomorphologic mapping, carried out the program.
Paying attention to stratigraphy, sedimentology, and
periglacial phenomena of the terraces, the geologists
spent the first half of the season in the Taylor Valley
around Lake Fryxell and the second half in the same
valley near the Ross Sea. Several well exposed (up
to 100 m long and 10 to 15 in sections through
the terraces were mapped and the lithostratigraphy
recorded in great detail. Numerous samples were
taken for mineralogical, morphometric, and grain-
size analyses.

Small-scale geomorphologic mapping over the lower
Taylor Valley was carried out. Special attention was
paid to the distribution and relationship between
deposits caused by local glaciation, drainage glaciers,
and Ross Ice Shelf invasions. Additionally, longitudi-
nal profiles along valleys cutting the terraces were
measured around Lake Fryxell and near the Ross
Sea. Indications are that several terrace levels are at
similar heights on both sides of lower Taylor Valley.
This work will establish the relationship between the
two topographic bases (or levels) conditioning the
erosion process in each area. We hope that a better

Geologic studies of basement rocks
in southern Victoria Land

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

Department of Geology
University of Wyoming

During the 1970-1971 field season, a field party
mapped basement rocks on Skelton Glacier. It had
been hoped that the heavy snowfall that had ham -
pered field work in 1969-1970 would not be as se-
vere. Unfortunately, the area between Baronick and
Cocks Glaciers was again marked by heavy snow and
high winds. Despite the weather problems, it was
possible to map the general geology with the aid of
low-level aerial photographs taken in early Decem-
ber by the U.S. Navy's Antarctic Development Squad-
ron Six.

The Ant Hill Limestone between Hobnail Peak
and Cocks Glacier is complexly folded, but it has been
possible to subdivide the formation by use of top and
bottom criteria into five lithologic units. From oldest
these are thin layered metalimestone, graywacke-mud-
stone, quartzite, slate, and metalimestone. The pre-
vailing strike of bedding in these units is east, chang-
ing to north-northeast near Hobnail Peak. The major
structural feature north of Cocks Glacier is an east-
plunging syncline with its southern limb cut out by a
major northeast-striking fault. The east-trending
structural pattern is disrupted by later north-striking
fold systems.

Despite a careful search of bedding planes, no fos-
sils were found in the Ant Hill Limestone. Some orbi-
cular structures, which may be organic features, were
found in the limestone near Cocks Glacier.

Work has continued on samples collected during the
1969-1970 field season in the Meserve Glacier area.
The rocks exposed between the Meserve and Good-
speed Glaciers are now known to include mineral as-
semblages containing potassium feldspar, biotite, silli-
manite, cordierite, plagioclase, quartz, and garnet, and
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thus should be assigned to the highest subfacies of the
amphibolite facies. The appearance of cordierite in
these rocks is anomalous and is probably explained by
the unusual bulk chemistry of cord ierite-bearing rocks.
Calcsilicate rocks include assemblages containing wol-
lastonite, diopside, scapolite, tremolite, phlogopite,
garnet, and calcite and other assemblages containing
forsterite, chondrodite, phlogopite, calcite, and chlo-
rite.

The rocks are openly folded about a northwest-
trending axis superimposed coaxially on an isoclinal
fold system. There is some indication of a still earlier,
northeast-trending, isoclinal fold system. The Theseus
granodiorite is now known to have been emplaced
both synkinematically and postkinematically and is in
part older and in part younger than microdiorite dikes
in this area. The peak between the Hart and Good-
speed Glaciers is underlain by a quartzo-feldspathic
orthogneiss; but other quartzo-feldspathic gneisses, in-
cluding augen and porphyroblastic gneisses, are inter-
preted as paragneisses, possibly with metasomatic
modifications.

older episode is represented by three irregular quartz
diorite stocks, the westernmost of which contains small
concentrations of chalcopyrite and other copper min-
erals. The mineralized area was mapped in detail,
and it is evident that mineralization is related to em-
placement of one of two younger granodiorite stocks
in the range. In the western part of the Guettari
Range, Mount Laudon and surrounding nunatal$s
are made up in large part of an intrusive complex
ranging from coarse-grained, well-foliated diorite
nonfoliated quartz diorite—that is cut by a quartz
diorite-granodiorite stock. The eastern part of the
range is made up of an irregularly zoned pluton cor
sisting mostly of quartz diorite and diorite. Separate
quartz diorite and granodiorite plutons occur in t 
western part of the Hutton Mountains; except for o 
concentrically zoned quartz diorite stock, mineralogk
composition in both types of plutons is relatively
homogeneous. In the eastern part of the range, plu-
tonic rocks are nearly absent, and strongly folded bit
nonmetamorphosed fossiliferous beds of the Latacy
Formation are exposed (see photo).

Geologic studies of the Lassiter Coast*

PAUL L. WILLIAMS and PETER D. ROWLEY

U.S. Geological Survey, Denver, Colorado

Geologic study of the Lassiter Coast continued with
mapping of the Rare and Guettard Ranges and the
Hutton Mountains, which constitute the middle third
of the project area. The rocks, like those of the Latady
and Scaife Mountains to the south (Williams, 1970),
consist of intensely folded north-northeast-striking
beds of fine-grained marine geosynclinal clastics—the
Latady Formation—intruded by plutonic rocks in
bodies that generally are from 5 to 20 km in diameter.
The Latady Formation is of Late Jurassic age (middle
and late Kimmeridgian of England) as indicated
by several ammonite genera and certain species of
Inoceramus and Buchia that are identical or closely
related to mollusks in New Zealand, Australia,
Indonesia, and India (Ralph W. Imlay, U.S. Geo-
logical Survey, written communication, 1970).

The plutonic rocks represent at least two postfold-
ing intrusive episodes; plutons of the younger episode
are generally more silica-rich. In the Rare Range, the

* Publication authorized by the Director, U.S. Geological
Survey.
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Folded rocks of the Latady Formation in the Guettard Rang.,
Lassiter Coast.

Age of the plutons is unknown, except that they ae
younger than the Upper Jurassic Latady Formation
and the deformation of the Latady Formation. GeÔ-
chronologic studies of igneous rocks throughout the
area, in addition to paleomagnetic, petrologic, and
geochemical studies, are now being made.

The field party was made up of five geologists—
Paul L. Williams (party leader), Peter D. Rowley,
Willis H. Nelson, Richard L. Reynolds, and Arthur
B. Ford—and four topographic engineers—Eberhard
G. Schirmacher (topographer in charge), Ronald F.
Whiting, Robert L. Johnson, and Antonio I. Malva-
Gomes. The party was placed in the field by VXE-6
on November 11, 1970, and was evacuated on Febru-
ary 5, 1971; time in the field was 87 days.
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Topographic mapping:
field operations, 1970_1971*

RUPERT B. SOUTHARD, JR.

Topographic Division
U.S. Geological Survey

The U.S. Geological Survey Topographic Division
assigned four topographic engineers and technicians
to Antarctica for the 1970-1971 austral field season.
These men were part of an eight-man Geological Sur-
vey party (the other four were geologists) that con-
tinued reconnaissance topographic and geologic map-
ping in the Lassiter Coast area of eastern Ellsworth
Land. This was the second year of a 3-year program;
the final work is tentatively planned for the 1972-1973
austral season.

The topographers established a geodetic survey over
about 19,500 sq km by expanding the previous year's
work northward from the Wetmore Glacier astro-
nomic station to 73°S. and between 62° and 65°W.
During most of the season the topographic party op-
erated independently of the geologic team. Traveling
by motor toboggans, it completed 233 km of electronic
traverse, monumented 10 primary stations, and inter-
sected 36 secondary stations.

Plans for the third season include an expansion of
this survey net eastward along the 73°S. parallel to
the Weddell Sea coast and a secondary expansion
southward through the Sweeney Mountains from the
terminal control station of the 1969-1970 survey in
the Hutton Mountains. The geodetic control estab-
lished during these three field seasons will enable the
U.S. Geological Survey to compile and publish six

250,000-scale reconnaissance topographic maps cov-
ering approximately 78,000 sq km.

Before deployment to the Lassiter Coast, the field
party established geodetic control at Williams Field
for Antarctic Development Squadron Six (VXE-6)
t? test and evaluate the Litton 51 inertial navigational
unit and for a phototheodolite survey of the Meserve
and Wright Lower Glaciers by Dr. Sergei Miagkov,
the U.S.S.R. exchange scientist for 1970. The party
also remeasured the Wetmore glaciological strain net
markers that had been established in 1969-1970 for
Dr. Paul Williams of the U.S. Geological Survey.

The Topographic Division assigned a program
coordinator and aerial photographic specialist to Ant-
arctica for the austral summer. He assisted National
Science Foundation and U.S. Navy personnel in mat-
ters pertaining to geodesy, photography, photogram-
metry, and cartography and counseled the Geological
Survey field party.

* Publication authorized by the Director, U.S. Geological
Survey.

For the third consecutive year no new aerial photog-
raphy was obtained for the 1: 250,000-scale reconnais-
sance topographic mapping program. However, com-
plete coverage was obtained over the proposed
1:50,000-scale orthophotomapping project in the
Wright-Taylor-Victoria Valley area. Plans are being
formulated to establish the horizontal and vertical
control required for this eight-quadrangle project
(which covers nearly 5,700 sq km) as part of the
Topographic Division's field program next season
(1971-1972). The first 1:50,000-scale orthophoto-
maps will probably be available on a limited basis in
1973 or 1974.

The special aerial photographic program in support
of the USARP investigators and the U.S. Navy sup-
port units was moderately successful. Photography in-
cluded tricamera coverage of Franklin Island in the
Ross Sea and the Tomilin Glacier off the Oates Coast
for map revision, repetitive vertical large-scale
(1:2,000) coverage of the Cape Hallett rookery for
an Adélie penguin census, and tricamera large-scale
(1:2,000) coverage along certain geographic parallels
and meridians for the initial census of crabeater and
Weddell seals.

Other photography included vertical false-color
coverage of Mount Melbourne, annual coverage of
the U.S. stations and related support facilities, and
coverage of two specially protected areas—No. 5
(Beaufort Island) and No. 7 (Cape Hallett).

The special negatives were printed at the U.S. Navy
photographic laboratory in Christchurch, New Zea-
land, and delivered to the field investigators.

All aerial negatives were shipped to the U.S. Geo-
logical Survey and are on file at its Antarctic Map
and Aerial Photography Library at the Branch of Spe-
cial Maps, 8300 Colesville Road, Silver Spring, Mary-
land 20910. Inspection prints of all aerial negatives
from this and previous antarctic operations may be
seen there Monday through Friday from 9 a.m. until
4 p.m. or by special appointment.

Shackleton Range geological survey
1970-1971

PETER D. CLARKSON

British Antarctic Survey
Department of Geology, University of Birmingham

During 1970-1971, a third journey to the Shackle-
ton Range was made to continue the geological work
of the two previous seasons (Antarctic Journal, vol.
IV, no. 4, p. 139; vol. V, no. 4, p. 107). A U.S.
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LC-130 landed the British party of four men with
three dog teams and supplies for 70 days on Stratton
Glacier, at the western end of the Shackleton Range.

R. B. Wyeth, assisted by G. K. Wright with one
dog team, carried out detailed field mapping around
Blaikiock Glacier using the landing-site supply depot,
while P. D. Clarkson, assisted by M. A. Warden with
two dog teams, carried out reconnaissance and de-
tailed field mapping in the Read and Herbert Moun -
tains using both the landing-site depot and depots
established in previous seasons.

At the western end of the range, Wyeth made a
detailed study of the Turnpike metamorphics to the
south and west of the head of Blaiklock Glacier. At
the type locality (Turnpike Bluff), this is a sequence
of quartzites and highly cleaved slates of unknown
thickness, with the strike of cleavage and original bed-
ding generally east—west and following the major
structural trend of the range. This group is brought
against the basement rocks of the Shackleton meta-
morphics by an east—west fault south of Mount Pivot.

The Shackleton metamorphics in this area form
the dividing ridge system between Stratton and Blaik-
lock Glaciers and also extend westwards through
Mount Homard and Mount Pivot. These rocks are
primarily medium-grade gneisses and schists with
some amphibolites and occasional marbles, which are
in general similar to the basement rocks throughout
the range.

In the northwestern part of the range, across the
mouth of Blaiklock Glacier, are the sedimentary
Blaiklock beds. In the area of Mount Provender, Pratt
Peaks, and Mount Gass, the lower group of thinly
bedded sandstones with grit, shale, and conglomerate
bands lies unconformably on the Shackleton meta-
morphics. The upper group of grits with feldspathic
and heavy mineral horizons occurs around Trey Peaks,
Mount Haslop, and Mount Lowe, but the contact
with the Shackleton metamorphics was not seen in
this area. The intermediate group is not exposed, but
it is presumed to lie beneath Blaikiock Glacier. The
only evidence of this group is shale debris in moraine
below Pratt Peaks. These shales contain inarticulate
brachiopods, the only fossils found so far in the range.
Throughout the Blaikiock beds sedimentary structures
are common and, with other criteria, suggest a local
source area, probably on the Shackleton metamor-
phics.

In the Read Mountains, work continued eastwards
from Glen Glacier. The main rock types encountered
were medium-grade gneisses, although a granite mass
was found southwest of The Ark. Farther east is a
small outcrop of fiat-lying quartzite thrust over
gneisses. A similar contact but dipping to the south
was found about 8 km to the northeast. Here the
quartzites are overlain by calcareous sediments and
a sequence of slates of unknown thickness. This group

presumably belongs to the Turnpike metamorphics,
but the presence of grit and conglomeratic bands in
this area suggests that it represents a different part of
the succession to the rocks at Turnpike Bluff. It was
not possible to follow the sequence through to the
slates and quartzites immediately north of the Read
Mountains escarpment, but they appear to belong to
a similar level in the succession. Further work in this
area was curtailed by bad weather.

The main objective in the Herbert Mountains was
to extend previous reconnaissance mapping. It now
appears that the mountains can be divided into three
groups. The central and northern group comprises
mainly acidic gneisses, which become more basic
southwards until a very thick sequence of amphibo-
lites is reached. The eastern ridges are essentially
basic garnet-gneisses, with amphibolites and calcaré-
ous paragneisses to the south. South and west of
Mount Absalom is a variety of gneisses and schists
with a prominent outcrop of marble, and most of
these rocks are well folded.

Dolerite dykes were found in the central Herbert
Mountains and at Pratt Peaks. Hopefully, these dykes
will provide useful paleomagnetic and age data, par-
ticularly the dyke at Pratt Peaks because it intrudes
the Blaikiock beds.

Despite the initial delay and long periods of poor
weather in the Read and Herbert Mountains, the
season was successful, although some areas were not
examined in as much detail as was originally intended.
Thanks are due to the National Science Foundation
and USARP for their assistance, and especially to
Commander D. B. Eldridge and the officers and men
of VXE-6 who flew the missions.

Structural studies in the Scotia Arc:
Canal Beagle, Tierra del Fuego

IAN W. D. DALZIEL

Lamont-Doherty Geological Observatory
Columbia University

Through the courtesy of Juan Pedrals G., adminis-
trator, and Eduardo Gonzales P. of the Departamento
de Exploraciones, Empresa Nacional del Petroleo
(National Petroleum Company of Chile, ENAP),
the author was able to undertake field work along
the shores of Canal Beagle in southern Tierra del
Fuego during July 1970. He accompanied two ENAP
geologists, Rail Cortés R. and Sergio Cespedes H.,
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who were carrying out regional geologic studies of
Magallanes Province, on board the chartered cutter
Juan. The weather was excellent for field work despite
the season. Limited daylight (approximately 0800-
1700 hours) imposed the only restriction. The author's
work forms part of a continuing study of the tectonic
history of the Scotia Arc region supported by the
National Science Foundation (Daiziel, 1969, 1970,
and 1971; Dalziel et al., 1970).

As noted by Kranck (1932, p. 116), sediments
belonging to the Yahgan Formation of Isla Navarino,
Isla Hoste, and Isla Gordon can be traced across
Brazo Noroeste of Canal Beagle (north of Isla
Gordon) into Cordillera Darwin in the vicinity of
$eno Garibaldi (see map). Here the sediments were
found to be structurally overlain by acidic and basic
igneous rocks and by metasediments of unknown
affinities. All have been involved in complex poly-
phase deformation. The metasedirnents have been
immvolved in high grade regional metamorphism and
syntectonic regional migmatization. The deformed
rocks are cut by acidic plutons. Hence, pretectonic,
syntectonic, and posttectonic granitic rocks can be
recognized.

The structure is dominated by a mylonitic foliation
that is parallel to the compositional layering and the
axial surface of isoclinal folds, and by an associated
mineral elongation lineation. The folds, foliation,
and lineation are deformed by typical secondary
structures such as asymmetric folds with an accom -
panying crenulation or strain-slip axial surface
fQliation.

Thus the present work confirms the suggestions in
Kranck's classic study of the Fuegian Andes (Kranck,
1932), recently supported by Katz (1964), that
Yahgan sediments were involved in the deformation
of the so-called Cordillera Darwin (or Central
Cordillera) "high-metamorphic" schists. Therefore,
the major stratigraphic problem of the cordillera is
to separate the late Mesozoic metamorphic rocks
from the older "basement" schists that can be recog-
nized along its northern margin in Seno Agostini and
the fords south of Seno del Almirantazgo.

Previous work by the author (Cortés and Daiziel,
1970; Dalziel, 1970 and in press; Dalziel and Elliot,
in press) indicates that elsewhere in the Patagonian
and Fuegian Andes the effects of the late Mesozoic-
earliest Tertiary Andean orogeny were restricted to
a single important deformation phase, low grade
regional metamorphism, and posttectonic granitic
intrusions. Deformation and metamorphism com-
parable to that of the orthotectonic belts of the
Appalachian-Caludonian and Alpine orogens seem
to have been confined to Cordillera Darwin (cf.
Katz, 1964).

Material was collected for microscopic studies
of deformation /metamorphism relationships, paleo-
magnetic analysis, and geochronologic analysis.
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Structural studies in the Scotia Arc:
the South Orkney Islands.

R/V Hero Cruise 71-1
IAN W. D. DALZIEL *

Lamont-Doherty Geological Observatory
Columbia University

The South Orkney Islands phase of Hero Cruise
71-1 took place during February and March 1971.
It started from Palmer Station and terminated at
Punta Arenas, Chile. The purpose of the cruise was
to study the geology of the South Orkneys as part
of a continuing program supported by the National
Science Foundation to elucidate the structure and
tectonic history of the Scotia Arc (Dalziel, 1969,
1970, 1971, and in press; Dalziel et al., 1970). The
author was assisted by Stephan and Alice Brocoum
and Mark Barsdell, all of Columbia University.

The South Orkney Islands are located on the
South Scotia Ridge some 650 km east of the Ant-
arctic Peninsula. Geologically they are composed
(see map) of a metamorphic complex of unknown
age, comparable to that of Elephant, Gibbs, and
Clarence Islands in the South Shetlands group, a
thick succession of graywackes and shales comparable
to the probably late Paleozoic Trinity Peninsula

*Senior scientist, Cruise 71-1, South Orkneys phase.

Series of the Antarctic Peninsula, and late Mesozoic
conglomerates. The metamorphic (and late Mesozoic)
rocks are cut by a few undeformed diabase dikes.
Earlier work in the group has been carried out by
members of the Scottish National Antarctic Expedi-
tion (Pine, 1905 and unpublished), and by the
British Antarctic Survey (Adie, 1964).

Owing to the rugged nature of their terrain it
proved most efficient to study Laurie, Powell,
Fredriksen, and Coronation Islands (see map) using
the ship as a base and making landings using an
inflatable rubber boat. Over 150 landings were made
on Laurie Island, 10 on Powell Island, eight on
Fredriksen Island, and two on Coronation Island.
Signy Island was studied for 3 1/2 weeks from a base
camp.

Preliminary scientific results

Laurie Island. The whole highly indented coastline
was mapped in detail. The suggestion by Matthews
and Maling (1967, p. 2) of the presence of late
Mesozoic conglomerates is incorrect unless these rocks
are confined to nunataks. Only rocks of the Gray-
wacke-Shale Formation (formerly Graywacke-Shale
Series) were seen.

In lithology and structural style the Graywacke-
Shale Formation is virtually indistinguishable from
the Trinity Peninsula Series, the Miers Bluff Forma-
tion in the South Shetland islands, and some rocks
of the Madre de Dios basin in Chile previously
studied by the author (Dalziel, 1969, 1970, and in
press; Dalziel et al., 1970).

The rocks are highly deformed but essentially
unmetamorphosed. The reported north-northwest to
south-southwest trending strike and fold axis orienta-
tion (Pine, 1905 and unpublished; Adie, 1964) is
in fact confined to a narrow zone near the Argenti ae
base Orcadas, built on the site of the Scottish Expedi-
tion's base. The dominant strike is east-west in tae
central part of the island and north-south at trie
east end. Large-scale recumbent and reclined folds
involving over 1,500 m of strata are present, arid
their limbs are deformed by later structures.

Fredriksen Island. Although similar to the Gr y-
wacke-Shale Formation of Laurie Island, the sequence
on Fredriksen Island contains more shale. The rocks
are again highly deformed but unmetamorphos d.
They generally dip at moderate angles to the souh-
southwest. British Antarctic Survey geologists rep rt
the presence of a "greenstone" sill at one locality.

Powell Island. The southern part of the island
consists of flat-lying late Mesozoic conglomerates.
The northern part is composed of medium grade
metamorphic rocks like those of Signy and Corona-
tion Islands, and not Graywacke-Shale Formation
as previously mapped (Adie, 1964, p. 129; Matthews
and Maling, 1967, fig. 1). The metamorphics have
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undergone at least two episodes of deformation. The
structure is dominated by gently south-plunging
asymmetric folds with an easterly vergence (sense of
overturning). These refold small isoclinal folds. The
gentle east to west folding of the conglomerates
(Adie, 1964) may be the effect of initial dip rather
than diastrophic deformation.

Signy Island. The metamorphic rocks of Signy
Island have been affected by at least three deforma-
tion episodes. The north to south trending, gently
plunging asymmetric folds described earlier (Adie,
1964; Matthews and Maling, 1967; Thomson, 1968)
are in fact the second set of structures. They refold
isoclinal folds recognizable only on a mesoscopic
scale, and their axial surfaces are locally warped by
open flexures. The asymmetric folds consistently over-
tlrn to the west rather than the east as stated else-
where (Adie, 1964, p. 128). One macroscopic fold
of this type runs the length of the island. The struc-
ture indicates that the stratigraphic succession is more
complex than that advanced by Matthews and Maling
(1967), and it does not support their contention
that an unconformity is present within the sequence.

The structural and metamorphic history of the
rocks on Signy Island is very similar to that of the
rocks examined during the 1969-1970 season on
Elephant Island in the South Shetland group (Daiziel
et al., 1970).

Coronation Island. Two landings were made on
Coronation Island, mainly to collect oriented speci-

mens from the diabase dikes for paleomagnetic
analysis. The metamorphic country rocks on Corona-
tion immediately north of Signy Island have a struc-
tural history similar to the rocks there.

Material was collected for petrologic study from
all the islands visited, and from Laurie Island for
geochronologic analysis and examination for micro-
fossils.

This work could not have been accomplished with-
out the cooperation and seamanship of Captain
Richard J . Hochban and the crew of R/V Hero.
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Seismic refraction measurements
at Byrd Station

HEINZ KOHNEN and CHARLES R. BENTLEY

Department of Geology and Geophysics
University of Wisconsin

Seismic investigations in Antarctica and Greenland
have shown that wave velocities in ice are affected by
anisotropic crystal orientation and by different modes
of densification. To study these effects, seismic refrac-
tion measurements were made near Byrd Station,
where densities and crystal orientations through the
ice sheet are known from deep and shallow drill holes.

The refraction measurements comprised a common-
reflection-point profile 10 km long (profile I) and two
single-ended profiles 10.5 km long (profile II) and
7.7 km long (profile III), angled 60° to one another.
The common central point of the profiles was 10 km
southeast of the station. The ice thickness at the cen-
tral point was found to be 2,030 m, approximately
100 m less than at Byrd Station.

The geophone spacing was generally 30 m. Closer
spacings of 2 m on the first 92 m and then 5 to 15 m

out to 700 m were chosen for a detailed study of the
velocity distribution in the upper few hundred meters
of the finn layer. Distances were measured with a
50-rn tape with an estimated error of less than 0.1
percent. An HTL 7000B seismograph system was used
together with 7- and 20-Hz vertical geophones and
7-Hz horizontal geophones.

The maximum velocities from the refraction pro-
files, corresponding t6 propagation in ice of density
0.91 g/cm 3 , are—

Profile I:	V, = 3.863 ± 0.003 km/sec
V	1.949 ± 0.017 km/sec

Profile II:	V = 3.857 ± 0.004 km/sec
V5 = 1.949 ± 0.016 km/sec

Profile III:	V, = 3.859 ± 0.004 km/sec
= 1.950 ± 0.013 km/sec

and from these results we can give the overall mean
velocities for horizontally traveling P- and S-waves
as V, = 3.860 ± 0.003 km/sec and V = 1.949 ±
0.010 km/sec. The maximum depth of penetration for
both wave types is approximately 200 m. Fig. 1 shows
the reduced P-wave travel time curve for profile II.

A mean attenuation constant for P-wave ampli-
tudes of a = 0.18 X 10 3m' at 100 Hz has been
calculated. This value is smaller by a factor of about
2 than the attenuation constants derived by Robin
(1958) for the antarctic ice sheet and Kohnen (1969)
for the Greenland ice sheet. In the investigations at
Byrd Station the amplitudes were not affected by
automatic gain control, and the recording system was
carefully calibrated.

A plot of attenuation constant versus frequency
(fig. 2) gives a linear relationship of the form a =
(0.15 f + 3) >< 10- s with a correlation coefficient of
0.95. A linear law is consistent with the theory of
White (1966), in which attenuation is related to
sliding and static friction at the grain boundaries in
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granular media. Extrapolating with the aid of in-
vestigations by Attewell and Ramana (1966), which
extend the linear relationship of solids over a wide
frequency range, a comparison can be made with the
results of Westphal (1965) and Langleben (1969).
The difference at a frequency of 2.5 kHz, where
Rayleigh scatter is still insignificant, probably reflects
the temperature dependence of the attenuation con-
stant. Assuming other effects to be negligible, we
calculate an activation energy of 6.2 kcal/mole,
whereas the activation energy for basal and nonbasal
slip in a single crystal, and also for self-diffusion, has
generally been determined to be about 16 kcal/mole
(e.g., Higashi, 1969).

In addition to the refraction measurements, a re-
flection profile was shot along the route between Byrd
Station and the longwire substation. The depth sound-
ings show an increase of ice thickness from 2,120 m
about 4 km from Byrd Station to 2,655 m halfway to
longwire, then a slight decrease of thickness to 2,580
m about 4 km from longwire.
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Structural glaciology of Meserve Glacier
Phase 3
T. HUGHES

Institute of Polar Studies
The Ohio State University

Field investigation of the mode of flow of Meserve
Glacier consisted of three major phases: (1) the sur-
face strain field, deduced from a triangulation strain

network tied to control survey stations established
in 1965-1966; (2) the basal strain field near the edge
of the glacier, deduced from the deformation of a 100-
rn-long tunnel and two holes bored from the top of
the glacier into the tunnel, 1965-1968; and (3) the
internal strain field down the centerline of the glacier,
deduced from the deformation of three holes bored
from surface to bedrock at sites G3, G4, and G5
(see fig.), drilled in 1968-1969. The results of phases
1 and 2 have been published by Holdsworth (1966,
1967, 1969a, b), principal investigator for all three
phases, and by Holdsworth and Bull (1970). The
results of phase 3 analyzed to date are summarized
here.

In phase 3, I supervised resurveying of the sur-
face strain network of phase 1, relogging of the bore-
holes of phase 2, and—the primary objective—drilling
of the boreholes at sites G3, G4, and G5. I was
assisted by Messrs. Maurice J . McSaveney, Friedrich
L. Belzer, and John D. Gunner. Dr. Cohn B. Bull and
Dr. John F. Nye joined us in January 1969. Tem-
perature and initial inclinations of the boreholes were
logged in January 1969, and inclinations of boreholes
G4 and G5 were relogged by Holdsworth in January
1970 and by Mr. Olav Orheim and myself in Febru-
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ary 197 1. Water seepage had closed the upper 2 m
of borehole G3, which could not be fully reopened
during the few days available to us in February 1971.

The figure shows the temperature profiles of the
G3 3 G4, and G5 boreholes and the inclinations of
boreholes G4 and G5 between January 1969 and
February 1971. The curves are not corrected for
azimuth. It appears that longitudinal compression
dominates deformation at depths above 20 in
that simple shear dominates deformation at depths
below 20 m. This is consistent with the conclusion of
Holdsworth (1969b), deduced from an analysis of
data from phases 1 and 2. The temperature curves
approximately superimpose for an adiabatic lapse rate
of about 1°C. per 100 in
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Magnetospheric research
at Siple Station, Antarctica

J . KATSUFRAKIS

Radioscience Laboratory
Stanford University

Results of the scientific program at Siple Station
during the austral summer 1970-1971 far exceeded

expectations. It is now clear that Siple Station can
play a fundamental role in future studies of magneto-
spheric physics.

For several years, intense VLF emissions have been
observed at latitudes near the plasmapause. In addi-
tion, VLF emissions have been observed that were
generated by whistlers and signals from VLF trans-
mitters. Since particle precipitation could be part of
the wave-particle interaction process involved in VLF
emission generation, it was proposed to conduct
wave-particle interaction experiment at Siple Station,
which is near the plasmapause.

Stanford University made ground-based broadband
(0.2 to 30 kHz) VLF measurements, and the Univer-
sity of Maryland made simultaneous X-ray measure-
ments on balloon-borne particle detectors. During
balloon flight 6, launched on January 2, 1971, there
was a one-to-one correlation between X-ray bursts of
short duration and VLF risers. This correlation was
observed several hundred times over a period of
approximately 2 hours. Samples of these data are
illustrated in the figure.

The experiment, based on the observation of natural
VLF emissions, will now be extended to manmade
VLF signals transmitted from Siple Station using the
21-km-long elevated dipole antenna also installed
during the austral summer of 1970-1971.

The process of controlling particle precipitation by
artificial wave injection and observing the resultant
X-rays, airgiow, and absorption flow becomes poten-
tially one of the most far-reaching projects for Siple
Station. This experiment in conjunction with the
others proposed for Siplq Station will provide data
needed in explaining important physical processes
taking place in the ionosphere and magnetosphere.
Furthermore, the controlled nature of the experiments
provides certain "laboratory" conditions to alleviate
the vexing problems of magnetospheric research.

The accomplishments of the past austral summer
could only have been possible through the extensive
support provided by the National Science Foundation
and the U.S. Navy.
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Frequency-time (VLF), amplitude-time (VLF), and X-ray counts-time records showing a one-to-one correlation between VLF emissions and
X-ray bursts. Data were recorded at Siple Station on January 2, 1971.
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Conjugate geomagnetic studies
near the plasmapause

L. J . LANZEROTTI, H. P. LIE, and N. A. TARTAGLIA

Bell Telephone Laboratories

A new program of intensive conjugate magnetic
field studies near the average plasmapause position
(L4) was begun during the last austral summer.
Measurements were taken at Siple Station, Antarctica,
and at three stations spaced at 70-km intervals on a
north-south line in Quebec, Canada—Girardville, St.
Hedwidge (near Roberval), and Lac Rebours. These
measurements were part of a program for the study
of magnetospheric phenomena and the development
of magnetospheric diagnostics by measuring and
analyzing naturally occurring geomagnetic noise and
coherent pulsations. The studies will extend, in both
time resolution and frequency, the previous magnetic
bay studies of Boyd (1963) and the single-axis meas-
urements of Campbell (1968) using the conjugate
stations Eights and Baie St. Paul.

All four stations have temperature-compensated
three-axis fluxgate magnetometers with an
noise level and with a range of ± 1000 y. The field
values, measured for each of the three axes to a
resolution of 0.06 y, are sampled at 2-second intervals
and incrementally written in a computer-compatible
format on magnetic tape. Housekeeping parameters
are recorded every 10 minutes to provide a monitor
of the overall system performance. A crystal-controlled
digital clock maintains a time reference accurate to

within 1 second over the 1-month period (2 weeks
at Siple) between tape changes. At Siple, the outputs
of two of the axes are displayed on a chart recorder
for real-time correlative use with the other station
geomagnetic observations.

The three Canadian stations, installed in facilities
of the Bell Telephone Company of Canada, began
recording during October 1970. The Siple instrument
began routine recording on December 14 and con-
tinued to record until the station was closed at the
end of January.

One area of current data analysis concerns the study
of magnetospheric noise and pulsations that followed
the large geomagnetic storm of December 14, 1970.
This storm, which was recorded as an 1400 y
negative bay at L4, was both preceded and followed
by several days of geomagnetic quiet. The magnetic
bay and three of the succeeding quiet days recorded
by the H-component sensor at Lac Rebours are shown
in fig. 1. At the top of this figure is an expanded
plot of the daytime data recorded during December
15, the day following the large bay. At the bottom
of the figure are plotted the 3-hour Kp values.

The dynamic power spectral analysis (Tartaglia,
1970) of the H-component from three of the stations
during the period 1100-1500 UT (0600-1000 LT)
on December 15 is shown in fig. 2. Although there
are intervals of enhanced bands of activity in fig. 2,
a detailed examination of the three field components
shows that there were no coherent pulsations during
this time or, indeed, during the entire period 1100-
2300 UT (shown in an expanded view in fig. 1). In
fact, study of the daytime data from the four stations
shows that distinct pulsations do not begin to appear
until approximately 2 days after the storm.

Figure	1.	H-component
magnetic	field	intensity
measured at Lac Rebours,
December 14 to 17, 1970. At
top is an expanded view of
the H-component data from
0600 to 1800 LT on Decem-
ber 15. At bottom are
plotted the 3-hour Kp

indices.
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It is clear from the spectra plotted in fig. 2 that
measurements of the overall magnetic disturbance
(magnetic noise) taken at the three stations were
very similar. This similarity remained throughout the
daytime of December 15 although the geomagnetic
noise, decreased in intensity.

The similarity of the geomagnetic noise can further
be examined by computing a noise "power index" P,
defined here as the 5-minute average of the total power
in the spectral band with a period of 10 to 64 seconds.
This index for the H-component is plotted in fig. 3
for the three stations for the entire 12-hour daytime
interval on December 15. The similarity of the power
spectral density as measured at the three stations is
readily apparent.

The absence of distinct coherent pulsations during
December 15 could be due to low plasma densities
outside the plasmapause following the large storm.
Typically, densities of 0.1 to 1.0 particle per cm3
are measured by satellites beyond the plasmasphere

boundary (Harris et al., 1970). If the pulsations ob-
served on later days are due to odd-mode magneto-
spheric eigen-oscillations, then the work of Kitamura
and Jacobs (1968) suggests that for the densities
quoted above, the predominant pulsation periods
should be less than 10 sec. The observed reappearance
of pulsations on later days suggests a filling of the
plasmasphere, as observed in whistler measurements
(Park, 1970).

Although coherent pulsations were not observed on
December 15, the similarity of the measurements of
magnetic noise near conjugate locations in both
hemispheres is highly significant in that it suggests a
magnetospheric—in contrast to an ionospheric—
origin for the noise. This noise could well be generated
during the repopulation of the plasmasphere. The
conjugacy of such magnetospheric noise as a function
of magnetic conditions and local time is being studied
further to help elucidate plasmasphere processes and
dynamics.

10

Figure 2. Dynamic power
spectra of the H-component
field intensity from Siple,
Lac Rebours, and Girard-
yule from 0600 to 1000 LT,

December 15, 1970.

Figure	3.	Geomagnetic
noise-power index from the
H-component data recorded
at the three stations during
the daytime hours 0600 to
1800 LT, December 15. Hori-
zontal bars indicate periods
of electrical interference in

the Sipte data.
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Energetic electron precipitation
near the plasmapause

T. J . ROSENBERG

Institute for Fluid Dynamics and Applied Mathematics
University of Maryland

At Siple Station during the 1970-1971 austral
summer, the University of Maryland's Institute for
Fluid Dynamics and Applied Mathematics balloon
group measured bremsstrahlung X-rays to study
energetic electron precipitation from the magneto-
sphere. The results of the measurements will be used
to study the magnetosphere and the ionosphere
near the plasmapause. (For a description of the
plasmapause, see Antarctic Journal, vol. V, no. 4,
p. 115-116.)

The program had two principal objectives. One
was to determine the degree of correlation between
energetic electron precipitation (E e > 25 keV), as
manifested by bremsstrahlung X-rays' at balloon
heights, and various types of VLF emissions recorded
by groundbased receivers. Since the plasmapause is
a region of enhanced wave activity, it seemed appro-
priate to look there for a high degree of correlation
between temporal features in electron precipitation
and VLF noise.

The other objective was to determine whether the
equatorward extent of electron precipitation events
associated with magnetic storms and substorms coin-
cides with the position of the plasmapause. Because
under magnetically quiet conditions the plasmapause
would lie poleward of balloons launched from Siple

Station, enhanced magnetic activity during a flight
would cause the plasmapause to shift equatorward
of the balloon position. Multiple passes of the plasma-
pause over the balloon, both equatorward and pole-
ward, could occur under suitable conditions.

With the assistance of Stanford University per-
sonnel, eight launches were made from December 19,
19705 to January 12, 1971; flight durations ranged
from 10 to 24 hours. When balloons were aloft,
continuous broadband VLF recordings were made
by Stanford University at Siple Station, and similar
recordings were made at Siple's conjugate point near
Roberval in Quebec, Canada. VLF receivers pro-
vided by the Norwegian Institute of Cosmic Physics
were also flown on three balloons.

Several simultaneous electron precipitation and
VLF events of interest were recorded. Though data
analysis is still in an early stage, one significant
result can already be reported. It was found that
short duration bursts of X-rays with energies greater
than 30 keV were correlated one-to-one with dis-
crete VLF rising tones in the 1.5- to 4.5-kHz band.
Several hundred examples of this correlation were
noted over a 1-hour period. To our knowledge, these
data represent the first direct experimental evidence
for an electron precipitation effect related to cyclo-
tron resonance on magnetospheric field lines. Further-
more, since discrete rising tone emissions can be
stimulated artificially using groundbased transmitters
operating in the VLF range, these data also suggest
that the controlled stimulation of VLF emissions will
lead to the controlled precipitation of energetic elec-
trons into the ionosphere.

Experiments of this type will be carried out in the
next several years to examine this relationship.
Coming at a time of increased emphasis on ground-
based methods to study the magnetos phere, our first
season's effort offers exciting possibilities for future
study of the physics of magnetospheric wave-particle
interactions at moderate cost and under laboratory-
like conditions.

Solar and magnetospheric studies
at Byrd Station, summer 1970-1971

D. S. PEACOCK, A. CSOEKE-POECKH,
R. GOLD, and F. WHITE

University of Denver

The University of Denver group arrived at Byrd
Station on December 24, 1970, to continue and extend
the investigation of energetic particle influx made by
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Balloon inflated and ready for launch.

Dr. J . Barcus on three previous expeditions to Byrd
Station (L=7). Our main aims were to study the
diurnal variation in the "quiet time" cutoff and the
rapid fluctuations of magnetospherically accelerated
particles (period approximately 0.1 to 10 sec).

As in previous years we used balloon-borne scintil-
lator crystals and Geiger counters to detect primary
and secondary particles at 5 to 8 g per sq cm residual
atmospheric depth. However, to get the time resolu-
tion required for the second part of the study, an
improved detector was used with a pulse code modula-
tion (PCM) telemetry system.

The ground receiving station was set up by January
1 5 1971, payloads were checked out, and then the
waiting started. We were using a new type of balloon
consisting of 20-rn-diameter superpressure spheres
fabricated of bilaminated mylar (see photo). It had
never been used in the Antarctic, and we were cau-
tious about launching it in anything more than a
5-knot surface wind. (Byrd Station is notoriously
windy.)

The first launch on January 15 was a failure inas-
much as the balloon did not float at the design alti-
tude. Urgent calls to the balloon manufacturer were
met with new recommendations on helium inflation.
The second (and last) balloon was successfully
launched on January 26, 1971.

A solar particle event began early on January 25
and lasted for about 5 days (it was the largest such
event since January 1967). A sudden-commencement
geomagnetic storm occurred on the 27th, following
the solar outburst by some 50 hours. We tracked the
balloon and received data continuously for 3 days.
We are now analyzing these data automatically using
a Data General mini-computer.

The expedition yielded two major achievements.
The viability of superpressure balloons for antarctic
use was demonstrated, and data were obtained on a
large solar particle event and associated sudden-
commencement geomagnetic storm with better time
resolution than ever has been obtained before.

The authors are indebted to the many USARP and
U.S. Navy personnel who provided valuable assistance
at Byrd Station.

VLF dielectric and loss properties
of the ice sheet at Byrd Station

IRENE C. PEDEN

Department of Electrical Engineering
University of Washington

Byrd Station's longwire substation was visited in
November and December 1970 by Mrs. Julia Vickers
of Christchurch, N.Z., and the author, members of a
research team carrying out one of the last experiments
ever performed with the 21-mile dipole antenna that
distinguished the station. The goal was to determine
the dielectric and loss (permittivity) properties of
the ice—frequency-dependent parameters that in-
fluence the behavior of very low frequency antennas
and radio propagation in the polar regions. Even the
deepest layers of the ice sheet constitute part of the
electromagnetic environment of VLF waves used to
probe the upper atmosphere, and they cannot be
neglected in connection with accurate descriptions
using groundbased instrumentation (Webber and
Peden, 1970).

The complex permittivity of the antarctic ice sheet
had not been measured over the VLF band until last
summer. The unique advantage of the technique used
is its capability for yielding, from near-field surface
measurements alone, effective bulk average per-
mittivity figures that incorporate the influence of deep
ice that is not accessible to direct measurement.

For each of the frequencies selected (5.0, 7.5, 10.0,
12.8 5 17.5, and 20.0 kHz), the dipole was energized
and a trackmaster vehicle equipped with instruments
was driven along a baseline 100 m from and parallel
to the main road between longwire and Byrd Station,
the road being perpendicular to the dipole antenna.
A wooden sled dragged behind the vehicle carried a
loop receiving antenna that fed into battery-operated
amplitude-measuring equipment. Signals were re-
turned to the station by VLF-modulated telemetry
for phase comparison at the transmitter. An operator
in the longwire substation electronics laboratory read
and recorded phase information as a function of
distance from the terminals of the long antenna; the
station and vehicle were in voice contact at all times.
Surface magnetic field data were recorded and plotted
continuously during the course of the experiment and
hand-carried back to Seattle for computer data re-
duction that is still under way.

Preliminary results indicate that the relative com-
plex permittivity on an effective bulk average basis
varies smoothly with frequency in a characteristic way
known as the Cole-Cole plot or Argand diagram
(Evans, 1965; Peden et al., 1971). There is evidence,
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not unexpected, of a spread in the relaxation fre-
quencies that characterize the ice sheet. The spread is
around a mean value that agrees well with measured
values obtained for natural ice in other locations. The
data reduction procedure also yields an average figure
for the depth of the ice over the 15-km baseline that
agrees within 10 percent of an average value obtained
from seismic reflection measurements made later in
the season over the same path (H. Kohnen, University
of Wisconsin, personal communication).
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Atmospheric particle and gas sampling
at McMurdo and South Pole Stations

ROBERT A. DUCE

Graduate School of Oceanography
University of Rhode Island

and

WILLIAM H. ZOLLER and ALUN G. JONES

Department of Chemistry
University of Maryland

There is strong evidence that particulate matter,
both from pollution and natural sources, is trans-
ported great distances in the atmosphere. Murozumi,
Chow, and Patterson (1969) state that the relatively
high concentrations of lead they found in Greenland
and antarctic ice cores are due to lead smelters and
the burning of lead alkyls in urban areas. Prospero

(1968) has shown that dust originating from the
Sahara is carried by trade winds across the Atlantic
Ocean to Barbados. Comparison of trace metal ratios
in atmospheric particulate matter with similar ratios
in possible source areas (for example, the ocean,
crustal weathering, urban air pollution) can often
indicate the source of the individual trace metals in
the air.

The sea is the only natural source for the halogens
(Cl, Br, and I) in the antarctic atmosphere, and there
are no large-scale pollution sources for these elements
in this region. A study of the halogen content of the
antarctic atmosphere at coastal and inland stations
offers the opportunity to investigate the variation of
gaseous and particulate halogen concentration as one
moves away from the source area—the sea.

Approximately 250 atmospheric particulate samples
and 25 gas samples were collected during November-
December 1970 at McMurdo Station and Pole Sta-
tion. Particulate samples for trace metal analysis
were collected on 8- by 10-inch Delbag polystyrene
filters using polyethylene filter holders and Gelman
high volume pumps. Each sample represented between
7,000 and 20,000 standard cubic meters of air. In
addition, particles were collected on 47-mm-diameter
Millipore filters using stainless steel holders for
halogen analysis and Teflon holders for trace metal
analysis. For each of these samples, 50 to 100 standard
cubic meters of air was filtered. Gaseous iodine and
bromine were collected on activated charcoal after
an electrostatic precipitator removed the particulate
matter from the air stream.

Atmospheric samples at McMurdo were collected
from a tower 170 m above sea level approximately
1 mile north of the main camp as well as in the
camp itself. At Pole Station, the primary sampling
location was a tower approximately 350 m upwind
of the main camp. Some samples were also collected
within the station area.

Samples are being processed for trace metal analysis
by neutron activation and atomic absorption for Na,
Mg, Ca, K, Sr, Pb, Mn, Fe, Al, V, and Cu. There
was a serious problem of contamination of McMurdo
samples by local weathering products (dust, pumice,
etc.), which may render much of the trace metal data
at that site useless for study of global transport.

Preliminary results of the halogen analyses are
given in the table.

Preliminary halogen concentrations in the atmosphere at two antarctic stations and in Hawaii.

McMurdo	 South Pole	 Hawaii
Sample	 Cl	Br	I	Cl	Br	I	Cl

	
Br	I

g/m'	ng/m'	ng/m'	g/m'	ng/m'	ng/m'	AgIm'
	ng/m'	ng/m8

Particulate	 -0.2	-1.3	 <0.01	 -0.7
	

9	'-3
Gars	 -	--'8	-2	-	-8
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Particulate I and Br concentrations at Pole Station
are about 50 percent of their value at McMurdo,
while the Cl concentration is at least a factor of 20
lower at Pole than at McMurdo. This suggests that
I and Br are found in smaller particles with a longer
residence time than Cl, as suggested by Duce et al.
(1967) for samples collected in Hawaii. All particu-
late halogen concentrations are considerably below
those found in Hawaii. Gaseous iodine and bromine
levels are similar at both Pole and McMurdo Stations,
indicating a long residence time for these gases in the
relatively particle-free antarctic atmosphere. Con-
centrations of both elements are a factor of 5 to 6
lower than in similar samples collected in the tropical
marine atmosphere in Hawaii.

Particulate halogen concentrations at McMurdo
vary considerably with wind speed and direction, and
there is evidence that the station produces particulate
and perhaps gaseous halogen pollution products. This
indicates a need for automatic control of pump opera-
tion depending upon wind speed and direction in any
future sampling in Antarctica.
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Preliminary results indicate that the region north
of "Second Crater" (3 km north of McMurdo Sta-
tion) offers substantially reduced radio-frequency
noise levels compared to sites closer to McMurdo
Station and Scott Base.

Other research projects
active during the 1970-1971 summer

Bioenergetics of an antarctic ecosystem. University
of California (Davis). Principal investigator: Frapk
E. Strong.

Chlorinated hydrocarbons: patterns and effects
upon the reproductive capacity of antarctic pelagic
sea birds. University of California (Davis). Principal
investigator: Harold S. Olcott.

Physiological ecology of cryophilic algae in Antarc-
tica. Oregon State University. Principal investigator:
Herbert C. Curl, Jr.

USARP personnel, 1970-1971
Electromagnetic noise survey

on Ross Island
MICHAEL J. SITES

Center for Radar Astronomy
Stanford Electronics Laboratories

During the early part of November 1970, Dr.
George Stuart of the New Zealand Department of
Scientific and Industrial Research and Dr. Michael
Sites of Stanford University made measurements of
the electromagnetic noise environment at selected
locations around McMurdo Station and Scott Base.
Measurements were taken in the VLF region and in
the 150-kHz to 32.0-MHz region in order to find a
site that might be suitable for sensitive receiving
equipment.

This list of field personnel comprises United States
Antarctic Research Program scientists, their assistants, and
program administrators who have worked this season in
Antarctica, on the subantarctic Kerguelen and Falkland
Islands, and at USARP headquarters in Christchurch, New
Zealand. Those who worked at more than one location are
listed under their principal location only. Not listed are
persons aboard U.S. vessels that operated south of 60°S.
but did not call at antarctic stations.

Summer 1970-1971

Alpha Helix, R/V

Green, David G., biology, State University of New York
Hammel, Harold T., biology, University of California,

San Diego
Hargens, Alan R., biology, University of California,

San Diego
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Johansen, Kjell, biology, University of Washington
Millard, Ronald W., biology, University of Washington
Milsom, William, biology, University of Washington
Morgareidge, Kenneth R., biology, University of Ca li-

fornia, Los Angeles
Murrish, David E., biology, Case Western Reser ve

University
Orris, William, biology, University of California, S an

Diego
Scholander, Per F., biology, University of Californ ia,

San Diego
White, Fred N., biology, University of California, L os

Angeles

Amundsen-Scott South Pole Station

Cobb, William E., meteorology, National Weather Service,
NOAA

Duce, Robert A., ionospheric physics, University of
Rhode Island

,'Heaps, Kenneth L., meteorology, National Weather
Service, NOAA

Hobart, H. David, meteorology, National Weather Service,
NOAA

Leatz, Richard F., meteorology, National Weather Service,
NOAA

Muchmore, Harold G., biology, University of Oklahoma
Zoller, William H., ionospheric physics, University of

Maryland

Byrd Station

Chandler, Alan S., ionospheric physics, University of
Washington

Csoeke-Poeckh, Adam J . , ionospheric physics, University
of Denver

Gold, Robert E., ionospheric physics, University of Denver
Kohnen, Heinz, geophysics, University of Wisconsin
Kososki, Bruce A., geophysics, University of Wisconsin
Peacock, Dennis S., ionospheric physics, University of

Denver
Peden, Irene C., ionospheric physics, University of

Washington
Robertson, James D., geophysics, University of Wisconsin
Schulz, John C., ionospheric physics, University of

Washington
Spitz, A. Lawrence, ionospheric physics, Arctic Institute

of North America
Whitcomb, Jean P., ionospheric physics, Environmental

Research Laboratories, NOAA
White, Franklin E., ionospheric physics, University of

Denver

Christchurch, New Zealand

1-lanafee, William N., biology, University of California,
Los Angeles

Penney, Richard L., New Zealand representative, National
Science Foundation

Vigen, Oscar C., program administration, National Sci-
ence Foundation

Deception Island

'Hughes, Terence J . , glaciology, Ohio State University
Orheim, Olav, glaciology, Ohio State University
Shultz, Charles H., geology, Ohio State University

Wintered over 1970.
' Also at McMurdo Station.

Falkland Islands

Baker, John R., biology, Iowa State University
Weller, Milton W., biology, Iowa State University

Hallett Station 7d 7 /4i4''-t'
Coulter, Malcolm C., biology, University of California,

Berkeley
Derksen, Dirk V., biology, Iowa State University
Fredrickson, Leigh H., biology, Iowa State University
Friedmann, Herbert, biology, Los Angeles County Museum
Hatch, Jeremy J . , biology, University of Massachusetts
Jones, Alun G., ionospheric physics, University of Rhode

Island
Risebrough, Robert W., biology, University of California,

Berkeley
Steffen, Charles L., biology, Iowa State University
Weinrich, Jerome A., biology, Iowa State University

Kerguelen Islands

Bratt, Geoffrey C., biology, University of Tasmania
Engel, John J., biology, Michigan State University
Harris, Richard C., biology, Michigan State University
Imshaug, Henry A., biology, Michigan State University
Monod, Jean L., biology, University of California,

Berkeley
Young, Steven B., biology, Ohio State University

Lassiter Coast

Ford, Arthur B., geology, U.S. Geological Survey
Johnson, Robert L., topographic engineering, U.S. Geo-

logical Survey
Malva-Gomes, Antonio I., topographic engineering, U.S.

Geological Survey
Nelson, Willis H., geology, U.S. Geological Survey
Reynolds, Richard L., geology, U.S. Geological Survc
Rowley, Peter D., geology, U.S. Geological Survey
Schirmacher, Eberhard G., topographic engineering, U. S.

Geological Survey
Whiting, Ronald F., topographic engineering, U.S. Geo-

logical Survey
Williams, Paul L., geology, U.S. Geological Survey

McMurdo Station

Ahmed, Ahmed I., biology, University of California, Davis
Austin, William T., program administration, National

Science Foundation
Bresnahan, David M., program administration, National

Science Foundation
Brownworth, Frederick S., cartography, U.S. Geological

Survey
Cameron, Roy E., biology, California Institute of

Technology
Chan, Stephen M., biology, University of California, Davis
Denison, David M., biology, University of California,

San Diego
Eberhardt, L. Lee, biology, University of Washington
Erickson, Albert, biology, University of Idaho
Farwell, Charles J . , biology, University of California,

San Diego
Feeney, Robert E., biology, University of California, Davis
Flory, Robert F., geology, University of Wyoming
Hammond, Douglas D., Jr., biology, University of Cali-

fornia, San Diego
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McMurdo Station—continued

Heer, Ray R., Jr., program administration, National
Science Foundation

Hess, Wilmot N., ionospheric physics, Environmental
Research Laboratories, NOAA

Ho, Charles Y., biology, University of California, Davis
Hofman, Robert J . , biology, University of Minnesota
Huffman, Jerry W., program administration, National

Science Foundation
Kaufmann, Gerald W., biology, University of Minnesota
Knox, John S., biology, Virginia Polytechnic Institute and

State University
Kuehn, David W., biology, University of Minnesota
Lacy, George H., biology, California Institute of

Technology
Marsh, James B., biology, University of California, Davis
Means, Gary E., biology, University of California, Davis
'Miagkov, Sergei M., geology, Moscow State University,

U.S.S.R.
Morelli, Frank A., biology, California Institute of

Technology
Moulton, Kendall N., program administration, National

Science Foundation
Oehlenschlager, Richard J . , biology, University of

Minnesota
Otis, J . , biology, University of Minnesota
Owen, Thomas B., program administration, National Sci-

ence Foundation
Paepe, Roland R., geology, Belgian Geological Survey
Paterson, Robert A., biology, Virginia Polytechnic Institute

and State University
Paulissen, Etienne L. L., geology, Belgian National Center

for Geomorphology
Reichle, Richard A., biology, University of Minnesota
Renirie, Jack, public information, National Science

Foundation
Shepherd, Donald C., USARP representative, National

Science Foundation
Siniff, Donald B., biology, University of Minnesota
Sites, Michael J . , ionospheric physics, Stanford University
Smith, Philip M., program administration, National Sci-

ence Foundation
Speck, S. Martin, program administration, National Sci-

ence Foundation
Stewart, James R., diving, University of California, San

Diego
Vandenheede, Jack R., biology, University of California

Davis
Zochol, Frank W., geology, University of Wyoming

Dale, Robert L., USARP representative, National Science
Foundation

Douglas, Everett L., biology, University of Missouri
Dunkle, Richard L., biology, University of California,

Davis
Hemmingsen, Edvard A., biology, University of California,

San Diego
Kooyman, Gerald L., biology, University of California,

San Diego
Pearson, James W., biology, University of California, Davis
Quam, Louis 0., program administration, National Sci-

ence Foundation
Richardson, Michael D., biology, Oregon State University
Samsel, Gene L., biology, Virginia Polytechnic Institute

and State University
Schroeder, Joseph P., biology, University of California,

San Diego
'Shabica, Stephen, biology, Oregon State University
Smith, James A., biology, University of California, San

Diego
Wodehouse, Edmund B., biology, Virginia Polytechnic

Institute and State University

Siple Station

Christoph, Klaus J . , ionospheric physics, University of
Maryland

Flint, Robert B., Jr., ionospheric physics, Stanford
University

Grossenbacher, Ernest P., ionospheric physics, University
of Maryland

Holtet, Jan A., ionospheric physics, University of
Maryland

Katsufrakis, John P., ionospheric physics, Stanford
University

Lie, Hans P., ionospheric physics, Bell Telephone
Laboratories

'Paschal, Evans W., ionospheric physics, Stanford
University

Rosenberg, Theodore J . , ionospheric physics, University
of Maryland

Trimpi, Michael L., ionospheric physics, Stinford
University

South Orkney Islands

Barsdell, Mark, geology, Columbia University
Brocoum, Alice V., geology, Columbia University
Brocoum, Stephan J . , geology, Columbia University
Dalziel, Ian W. D., geology, Columbia University

Transantarctic Mountains

McMurdo Station—Cape Crozier

Müller-Schwarze, Christine B., biology, Utah State
University

Müller-Schwarze, Dietland, biology, Utah State University
Oelke, Hans, biology, Museum of Natural History, Han-

over, Germany
Sandved, Kjell B., biology, Smithsonian Institution
Schlatter, Roberto P., biology, Johns Hopkins University
Wood, Robert C., biology, Johns Hopkins University

Palmer Station

Crawshaw, Larry I., biology, University of California,
San Diego

Burgener, John D., geology, University of Wisconsin
Coates, Donald A., geology, Ohio, State University
Colbert, Philip V., paleontology, Museum of Northern

Arizona
Collinson, James W., geology, Ohio State University
Ehrenspeck, Helmut E., geology, University of California,

Santa Barbara
Elliot, David H., geology, Ohio State University
Etter, Stephen D., geology, Ohio State University
Goldthwait, Richard P., geology, Ohio State University
Kitching, James W., paleontology, University of the

Witwatersrand, South Africa

'Wintered over 1970.
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Mayewski, Paul A., geology, Ohio State University
Rich, Thomas H., paleontology, American Museum of

Natural History
Ruben, John A., paleontology, University of California,

Berkeley
'Stump, Edmund, geology, Yale University
Wendland, Vaughn P., geology, Ohio State University

Winter 1971
Aiundsen-Scott South Pole Station

Brougham, Gary W., geomagnetism-seismology, National
Ocean Survey, NOAA

Gadsden, Charles T., Jr., meteorology, National Weather
Service, NOAA

Hernandez, Hilario L., Jr., meteorology, National
Weather Service, NOAA

' Jackson, Bernard V., geophysics, University of California,
Los Angeles

Siegner, George C., ionospheric physics, Environmental
Research Laboratories, NOAA

Stelle, Kellogg S., ionospheric physics, Bartol Research
Foundation

Urbanak, Richard L., meteorology, National Weather
Service, NOAA

Byrd Station

Shirochkov, Aleksandr V., geophysics, Arctic and Ant-
arctic Research Institute, U.S.S.R.

McMurdo Station

Balough, Michael J . , satellite geodesy, University of
Texas, Austin

Berg, Merlin F., operational support, Holmes & Narver,
Inc.

Dreffin, David B., ionospheric physics, Bartol Research
Foundation

Golden, B. Fritts, operational support, Holmes & Narver,
Inc.

'Peterman, K. Russell, satellite geodesy, University of
Texas, Austin

Priddy, Allan R., operational support, Holmes & Narver,
Inc.

Ross, Oliver R., satellite geodesy, University of Texas,
Austin

Stilborn
'

James R., ionospheric physics, McDonnell-
Douglas Astronautics Co.

Tucker, Donald L., operational support, Holmes & Narver,
Inc.

Palmer Station
1 Berry, Dale L., biology, Texas Tech University
Davis, Brent L., biology, Texas Tech University

Vostok Station

'Billey, John P., ionospheric physics, Stanford University	Vance, Dale L., ionospheric physics, Environmental Re-
Gester, Ronald L., meteorology, National Weather Service,	search Laboratories, NOAA

NOAA
Holcomb, Leroy G., ionospheric physics, Environmental

Research Laboratories, NOAA	 1 Station Scientific Leader.

Deep Freeze wintering personnel, 1971
At the conclusion of the 1970-1971 austral summer operation, 190 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 Antarctic
Support Activities (ASA), Naval Nuclear Power Unit (NNPU), or Antarctic Development Squadron Six (VXE-6).

South Pole Station

ldrich, Jack T., RM2, ASA
urns, Fred J . , BU1, ASA

Gallen, Kevin P., LTJG (CEC), ASA,
Officer in Charge
everley, Harry W., BU1, ASA
urry, Harry A., EM2, ASA

ones, Mac L., UT2, ASA
ealey, Gerald P., LT (MC), ASA

Maners, James A., CE3, ASA
McGuire, Lawrence E., HMI, ASA
Netherland, Bobbie D., EOC, ASA
Sorrell, Bruce A., SK3, ASA
Stohibom, Peter G., ET1, ASA
Treadway, Jack, CM1, ASA
Wyland, Kenneth D., RM1, ASA

Darden, Willie E., Jr., E03, ASA
Hankins, David R., UT3, ASA
Hargraves, Robert F., RM1, ASA
Hope, Hartwell E., EM2, ASA
Hoyt, Ronnie A., LT (CEC), ASA,

Officer in Charge
Ivie, James C., CM1, ASA
Knight, Harry II., CSI, ASA
Lewandouski, Matthew F., SK2, ASA
Long, Don W., HM I, ASA
Nicholson, Robert L., UT1, ASA
Peterson, Neil T., Jr., LT (MC), ASA
Russell, Gregory G., ETN2, ASA
Shreffler, Charles, BU1, ASA
Wood, David A., CMCN, ASA

McMurdo Station

Adams, Jerrold L., BU2, ASA
Anderson, Forrest D., SK2, ASA
Anderson, Robert J . , FN, ASA

Anderson, Russel F., HMI, NNPU
Andrews, Dale L., HMC, NNPU
Antiporta, Cruz B., UT2, ASA
Arcuni, Albert A., LCDR (CEC),

NNPU, Officer in Charge
Ashenden, Melvin C., CECS, NNPU
Baker, Billy A., RMC, ASA
Barker, Paul E., CE1, ASA
Barrow, Jimmy S., RM2, ASA
Barstow, Jefferson W., SK3, ASA
Bayless, Robert D., RM3, ASA
Bayne, James L., HM2, ASA
Beal, Clarence E., CS2, ASA
Berube, Michael J . , ETR2, ASA
Bost, Raymond R., Jr., E02, NNPU
Bowling, John M., Jr., RM1, ASA
Bozoti, David J., HM1, ASA
Brase, Richard T., ETN2, ASA
Brynelson, Michael U., CA, ASA
Buck, Varnon R., YN1, ASA
Burlingame, William R., RM2, ASA

Byrd Station

Cliff, Robert C., RM2, ASA
Cotham, Norman H., CE1, ASA
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McMurdo Station-continued

Calderon, Fred J . , UT1, ASA
Carter, John C., BUCN, ASA
Chambers, Thomas B., III, SK3, ASA
Clopton, Raymond L., SKI, NNPU
Clover, Willis B., Jr., UT2, NNPU
Cobb, Robert 0., CEC, NNPU
Colby, Stanley C., UTC, ASA
Condon, Barnard J . , AC1, ASA
Conrad, Thomas P., DC2, ASA
Cook, Ray E., CEC, ASA
Daniels, Charles R., UT1, ASA
Dinsmore, Robert L., HMC, ASA
Dozier, Ralph E., Jr., SW2, NNPU
Dukklaw, Donald L., ET1, ASA
Dulaney, Jerry D., HMC, NNPU
Edwards, James D., SN, ASA
Elkins, Randolph H., LTJG, ASA
Elkins, William B., CM1, ASA
Elyard, Ernest W., MRC, ASA
Emerson, Kenneth E., CS!, ASA
Esquire, Robert G., LT (DC), ASA
Everette, Richard M., ETN2, ASA
Farley, Kenneth F., EN1, ASA
Flick, Arthur B., LTJG (SC), ASA
Foote, Kenneth W., CM3, ASA
Gallant, Michael D., RM3, ASA
Garon, Paul A., CE3, ASA
Goepfert, Eric R., LTJG (CEC), ASA
Gogel, Joseph R., AG1, ASA
Goodfield, Martin C., SFC, USA,

NNPU
Graham, Michael J . , RM2, ASA
Gramling, Lawrence R., ET1, ASA
Groover, John A., EOl, NNPU
Groshong, Timothy P., RM3, ASA
Haddock, Dennis E., SK3, ASA
Hall, Homer H., Jr., DC I, ASA
Harmon, John E., CE3, ASA
Harrell, Anthony G., CM2, ASA
Harvey, Paul A., TSGT, USAF, NNPU
Haviland, Donald P., CE3, ASA
Havlin, Dennis L., CM2, ASA
Haynes, Irvin A., Jr., RM2, ASA
Hendricks, Oscar L., ETCS, ASA
Hilden, John R., SK3, ASA
Hinojosa, Raul A., SFC, USA, NNPU
Hobson, Timothy W., 1C2, ASA
Hoffman, Thomas J . , AG2, ASA

Howard, Matthew A., RM2, ASA
Huntone, Arthur W., EO!, ASA
Jakulewicz, Charles S., CMC, NNPU
Kearney, Peter M., SKSA, ASA
Kees, Billy W., SH3, ASA
Kelley, Frank A., SN, ASA
Kent, Larry S., ETN3, ASA
Klett, Thomas F., TSGT, USAF,

NNPU
Knowles, James E., RM1, ASA
Kopplin, Richard C., RM1, ASA
Krouse, Thomas M., RM3, ASA
Lame, Paul A., FN, ASA
LaKey, Jessie K., CMC, ASA
Law, David E., CE3, ASA
Lesher, John Q . , LCDR (CHC), ASA
Lettman, Lincoln H., Jr., BUC, ASA
Linn, Paul E., CW02, NNPU
Loughmiller, Edward J . , CM!, ASA
Lucas, Frank R., RM2, ASA
Lyda, James A., UT3, ASA
MacDonald, Bruce R., LT (MC), ASA
Marcum, Kenneth R., PH2, VXE-6
Mattox, Benjamin G., Jr., CDR, ASA,

Officer in Charge and Commander,
ASA Detachment Alpha

McCarthy, James F., Jr., DK2, ASA
McCracken, David C., SH3, ASA
McGranaghan, Jerome E., Jr., CE3,

ASA
Miller, Frederick P., HMC, NNPU
Money, Dennis W., CA, ASA
Mumma, Gilbert J . , CM3, ASA
Murphy, Melvin J . , UT!, ASA
Myers, Dudley D., Jr., SK2, ASA
Myers, Fletcher D., EMI, ASA
Neeley, Charles H., CE2,ASA
Nevill, Fred M., DT2, ASA
Newman, Elbert W., CE!, NNPU
Nightingale, Alfred K., Jr., UT3, ASA
Obey, Robert H., CEC, NNPU
O'Connor, Arthur C., CE2, NNPU
Pangborn, Kenneth R., BT3, ASA
Pollock, Herbert W., UTCM, NNPU
Pruitt, Michael H., RM2, ASA
Pullman, George R., E01, ASA
Pytlik, Donald R., SH2, ASA
Reiling, Wayne G., UT1, ASA
Remmers, Bernard R. R., CS3, ASA
Reynolds, Ronald R., BU3, ASA

Rollings, Peter R., EM2, ASA
Ross, Pellam L., Jr., BU1, ASA
Roy, Tom H., PN3, ASA
Sawyer, Paul L., HM2, ASA
Schnabel, Steven W., RMSN, ASA
Schuler, Wilford L., SH2, ASA
Schweibinz, Edward R., CE1, NNPU
Seib, Robin L., AG2, ASA
Simpson, James F., EA3, ASA
Sisk, Wallace A., Jr., CE1, NNPU
Slivonik, Wesley W., ETN2, ASA
Smith, Wayne B., ETN2, ASA
Stewart, Marvin G., EOl, ASA
Stickels, Kirk F., DC2, ASA
Strawbridge, Lester R., E02, NNPT.!
Taylor, Jerry K., HM2, ASA
Terwey, Carl L., CMCN, ASA
Thomas, Leemon D., Jr., PCSN, ASA
Thompson, Bobby L., CSC, ASA
Tomsyck, Kenneth J . , SF!, ASA
Toussaint, Phillip A., CS2, ASA
Turner, John R., SW3, ASA
Turner, Roger D., CS2, ASA
Vaughn, Dudley R., E02, ASA
Wagner, Harry A., SW3, ASA
Waidelich, Timothy L., RM3, ASA
Walsh, William J . , Jr., E03, ASA
Webb, Charles E., UT!, ASA
Westermark, Jay W., E02, ASA
Whitney, Stephen H., SK3, ASA
Wilson, Richard A., SK2, ASA
Wolf, Douglas M., SK2, ASA
Wright, Jeffrey J., CE3, ASA
Zapp, Terrence B., RM2, ASA
Zinsmeister, Richard E., SKC, ASA

Palmer Station

Campleman, Richard, CEC, ASA
Fenton, Ernest R., LTJG (CEC), AS.

Officer in Charge
Mahalak, Lawrence W., LT (MC),

ASA
Poitevint

'
Bobby J., RM1, ASA

Ross, Barry S., SK2, ASA
Snyder, Ralph L., CM2, ASA
Warren, Troy M., CS!, ASA
Welday, Dewitt L., HM1, ASA
Woodbury, Frank H., UT!, ASA

Population of U.S. stations, 1970-1971
Station	Summer average	Winter

Navy USARP	Navy USARP

'Includes one Soviet exchange scientist. Not included is
one U.S. exchange scientist at the Soviet station Vostok.

2 Includes persons at remote field camps for varying
periods.

U.S. scientists receive Soviet medal
The U.S.S.R. Academy of Sciences has awardeda

Soviet medal commemorating the 150th anniversay
of Bellingshausen's voyage to the Antarctic to five
U.S. scientists. As announced in an earlier Antarctic
Journal (vol. V, no. 4, p. 151), Dr. Victor P. Hessler
and Mr. F. Michael Maish of the National Oceanic
and Atmospheric Administration each received a
medal. During the SCAR Meeting in Oslo in August
1970, three others were similarly honored: Dr. Camp-
bell Craddock, University of Wisconsin; Dr. Laurence
M. Gould, University of Arizona; and Mr. Morton J.
Rubin, National Oceanic and Atmospheric Adminis-
tration.
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Support activities

Air operations
Deep Freeze 71

DAVID B. ELDRIDGE, JR.

Commander, U.S. Navy
Commanding Officer

Antarctic Development Squadron Six

Antarctic Development Squadron Six (VXE-6)
cmpleted its 16th consecutive season of logistic sup-
port for the U.S. Antarctic Research Program on
March 8, 1971, when the last LC-130 Hercules re-
turned to the Naval Air Station at Quonset Point,
Rhode Island.

Despite the loss of two aircraft-an LC-130 Her-
cules and a C-121 Super Constellation-all require-
ments placed on the squadron were met. Air opera-
tions for Deep Freeze 71 totaled more than 6,800
hours of flight (table 1).

Early-season flights

Air operations began on October 7, 1970, when all
seven VXE-6 planes (five LC-130s and two C-121s)
left Christchurch, New Zealand, for Williams Field
at McMurdo Station. Six made routine flights and
landed safely. The remaining C-121 Super Constella-
tion departed Christchurch with favorable weather
predicted for its 2,100-nautical-mile flight, but after
it passed the point of safe return a storm at Williams

Field reduced the ceiling and visibility to zero. The
plane landed in a blizzard and swerved off the run-
way. The 68 passengers and 12 crewmen were not
seriously injured, but the aircraft was damaged be-
yond economical repair.

This early season storm lasted for 3 days and de-
layed the opening of Hallett and Brockton Stations
until October 10 and 11. Hallett Station's skiway
served as an emergency airfield until early December,
when excessive meltwater closed the skiway. Brockton,
a three-man station on the Ross Ice Shelf, provided
weather information to McMurdo Station.

The first flight to Byrd Station in almost 9 months
was made on October 14 with 21 relief personnel and
2.6 short tons of supplies.

For the next 7 days, VXE-6 concentrated on mov-
ing people, equipment, and supplies from Christ-
church to McMurdo Station. Then, with the New
Zealand backlog out of the way, intracontinental
operation resumed on October 20 with an attempted
medical evacuation flight to Pole Station. Poor
weather at the Pole forced postponement until
October 31.

By the end of October all squadron personnel were
in place: 270 at McMurdo Station (150 of these at
Williams Field), 100 at Harewood Airport, Christ-
church; and 12 remaining at Quonset Point.

In addition to the loss of the C-121, two other
factors limited air operations. First, in the LC-130Fs
an airframe change that added 2,000 pounds to the
center wing beam reduced the cargo capacity to 6,000
pounds on flights between New Zealand and Mc-
Murdo Station. Second, in the single LC-130R, a

Table 1. Flight hours by naval aircraft for intra.Antarctic and intercontinental flights, Deep Freeze 71.

Type	Direct	Direct

of	science	science
aircraft	support	support

	

(N.Z.)	(U.S.)

LC-130	24.4	500.1
C-121
Ull-11)	14.4	474.4
LH_34D	196.8	207.5
HH-52	5.1	75.2

Total	240.7	1,257.2

July-August 1971

Mainte- Deploy-ment/ McMurdo
nance redeploy logistic

	

flights	ment	flights

	

240.6	266.4	1,362.6

	

15.2	542.5	143.1
21.3
20.7

	

297.8	808.9	1,505.7

Hallett Brockton	Byrd

43.8	34.6	1,057.3

43.8	34.6	1,057.3

Pole	Other	Total

900.1	164.4	4,594.3

	

4.0	704.8

	

20.2	530.3

	

171.8	596.8

	

311.3	391.6

900.1	671.7	6,817.8
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ski-landing strut damaged early in the season was
replaced at Christchurch by an F-model strut, since
an R-model strut was not readily available. This re-
duced the maximum gross weight of the aircraft from
155,000 to 135,000 pounds for wheeled operations.
Ski operations, already limited to 135,000 pounds,
were not affected.

In spite of these limitations, 2,985 tons of fuel
and cargo and 1,665 passengers were airlifted from
McMurdo Station to other antarctic stations and
camps (table 2).

Remote field party support

An ASA construction crew was airlifted to Mc-
Gregor Glacier on November 2 to build a field camp
and was followed 6 days later by a 15-man scientific
party. To support the party three UH-1D Huey
helicopters arrived the same day from McMurdo Sta-
tion, having refueled en route from an LC-130
tanker that landed on the Ross Ice Shelf near Beard-
more Glacier. On December 23 the three UH—lDs
accompanied the scientists to a new camp at Amund-
sen Glacier, where they stayed until January 19. They
then were returned to Williams Field aboard LC-130s,
one for winter storage at McMurdo Station, and the
other two for return to Quonset Point. Over the sea-
son, these three helicopters completed 488.8 flight-
hours in support of science.

On November 12 an eight-man U.S. Geological
Survey party was flown to the Lassiter Coast. Adverse
weather had thwarted two previous attempts to place
the party. On February 6, an LC-130 returned the
party to McMurdo Station.

A New Zealand party of eight from Victoria Uni-
versity was flown to Skelton Névé on November 17.
On January 6, an LC-130 flew the investigators from
Skelton Névé to the Horseshoe Mountains. The Her-
cules returned to Williams Field and landed without

Table 2. Flights from McMurdo Station to antarctic stations
and camps, Deep Freeze 71.

Station/	Number	of	Tonnage'	Passengers
camp	round trips	To	From	To From

Pole	 152	1,307.0	123.5	817	838
Brockton	9	29.7	6.1	23	23
Byrd and

longwire	174	1,313.8	165.9	496	508
Hallett	 14	36.7	29.7	120	100
McGregor and

Amundsen
Glaciers	43	216.0	14.2	115	80

Siple	 8	38.0	5.8	28	28
Vostok	 3	12.0	3.3	27	27
Other	 21	32.2	14.3	39	36

Total	424	2,985.4	362.8	1,665 1,640

'Includes petroleum products, dry cargo, and passengers.

At Skelton Névé, motor toboggans are placed in position for
hauling cargo upon arrival of an LC-30 Hercules.

incident even though the forward right ski strut was
discovered to be fully extended, causing the front Of
the ski to droop about 20° from its normal position.
Later flights took the New Zealanders to the Darin
Mountains and returned them to Williams Field.

On November 30 two LC-130s placed a Norwegin
party in the Sverdrup Mountains and a British Art-
arctic Survey party in the Shackleton Mountains. The
aircraft flew from Williams Field to the British Halley
Bay Station via the Pole. At Halley Bay Station one
Hercules, fitted with a 3,600-gallon internal fuel tark,
served as a refueling tanker while the second Hercules
shuttled to the Sverdrup Mountains and the Shackle-
ton Range.

The British and Norwegian parties were recovered
on February 2. Two Hercules, one again configured
as a tanker, flew to Halley Bay after refueling at the
Pole. The British party was returned to Halley Bay,
and the LC-130 flew to South Africa's SANAE Station
to airdrop a surveyor's almanac before picking up the
Norwegian party. The two Hercules returned to
McMurdo Station by way of the Pole.

Two other field parties received VXE-6 support
during Deep Freeze 71. A California Institute of
Technology four-man party investigating soils at high
latitudes was flown by L6-130 to Mount Howe on
December 23 and to the Amundsen Glacier camp on
January 12. Dr. Sergei Miagkov, the Soviet exchange
scientist at McMurdo Station, was flown to the Mc-
Gregor Glacier camp.

Attempts were made in November to fly three
scientific teams into Siple Station. Severe weather
frustrated each attempt until December 7, when the
put-in was accomplished. During the season, LC-130s
completed eight flights to Siple. The last scientists arid
support personnel were recovered on January 29.

This season's experience at Siple Station points out
the most significant obstacle to remote air operations:
lack of weather information. The flights aborted thie
to weather cost 24.1 flight-hours. With fewer than
30 weather stations on the continent, this situation
can be expected to continue.

140	 ANTARCTIC JOURNAL



Transoceanic flights

As in past years, VXE-6 C-121s, U.S. Air Force
Military Airlift Command C-141s, and MAC charter
flghts transported most passengers between the United
S4ates and New Zealand. During the deployment to
Niew Zealand, VXE-6 carried 364 passengers south-
b9und and later redeployed 178 passengers.

The Super Constellations usually handle passenger
fl ghts between Christchurch and McMurdo Station.
However, during Deep Freeze 71 the C-121s com-
peted only eight flights between Antarctica and New
Zaland, moving 308 passengers and 15.9 tons of
cargo southbound and 151 passengers and 3.6 tons
o! cargo northbound. The LC-130s, on the other
hind, completed 115 flights between Antarctica and
New Zealand. They carried 1,215 passengers and
19.3 tons of cargo southbound and 1,528 passengers
a 1d 81.6 tons of cargo northbound.

MAC provided one B-707, one C-133, two DC-8,
arpd 17 C-141 flights between the United States and
Christchurch during the deployment and redeploy-
rrent. Three helicopters, 131 tons of cargo, and 2,784
passengers were carried on these flights. In 2 weeks
of flying beginning October 28, 12 C-141 flights and
one C-133 flight brought 251 tons of cargo and 260
passengers from Christchurch to Williams Field.

Flights between New Zealand and Antarctica were
supplemented by three turnaround flights by C-130H
Hercules from the Royal New Zealand Air Force.
"Operation Ice Cube Six" carried 30 tons of high
priority cargo to Williams Field for U.S. and New
Zealand antarctic operations.

A second VXE-6 plane was destroyed during the
summer season, again with no loss of life. An LC-130
was taxiing for a takeoff under poor visibility and sur-
face definition conditions. The right wing hit the
ice surface, broke the wing between the engines, and
set the fuel on fire. High winds fanned the fire, and
the burning fuel created an explosive hazard that
forced the crash crew to abandon its efforts to save
the remainder of the aircraft.

Maintenance

The squadron had an operationally ready figure of
79.7 percent for the summer season. Most of the re-
maining 20.3 percent reflected required scheduled
maintenance.

Scheduled maintenance occurred at Christchurch,
Williams Field, and McMurdo Station; unscheduled
maintenance occurred at Byrd Station and the camps
at McGregor and Amundsen Glaciers.

Christchurch. The cold temperatures, high winds,
and lack of hangars in Antarctica for the fixed-wing
aircraft make it necessary to do major maintenance,
including calendar and special inspections in New
Zealand. The one hangar at Harewood Airport is

U.S. Navy

An LC-130 engine is checked at Williams Field.

not large enough to meet squadron needs, and during
Deep Freeze 71 there were times when wind pre-
vented aircraft from being repaired outside.

National Airways Corporation provided four quick-
engine-change stands. Two were sent to Williams
Field, where they will be tested next season. The other
two received limited use at Christchurch, and it ap-
pears that their use will speed LC-130 engine changes.

A six-man field team from the Naval Air Rework
Facility, Cherry Point, North Carolina, was sent to
New Zealand to repair a crack in the engine truss
mount of a Hercules. The aircraft was operating
again 7 days after the crack was discovered.

Williams Field. The major time-consuming main-
tenance work at Williams Field was the replacement
of 29 LC-130 propeller valve housings that had failed
because of internal leakage and propeller fluctuations.
Probable cause of the failures were the internal filters,
which had never been scheduled for cleaning or re-
placement.

McMurdo Station. A crack in the tail pylon mount-
ing bracket of an LH-34D, discovered during a cal-
endar inspection, was repaired in 6 days by a two-man
team called in from the Naval Air Rework Facility
at Pensacola, Florida.

Field maintenance. Although major maintenance is
not planned for field locations, two engines were

July—August 1971	 141



changed in the field this season. In mid-November a
UH-11) engine failed after a compressor stalled 500 ft
over the McGregor Glacier camp. The pilot made an
autorotation landing without injury or damage; later,
the engine was replaced.

When an LC-130 propeller struck a snow bank
during a crosswind whiteout landing at Byrd Station,
the propeller was damaged and the engine surged,
making replacement necessary. Two Hercules flights
brought mechanics, equipment, and parts to Byrd,
and in brutal weather—zero visibility, low tempera-
tures, blowing ice crystals—the change was made.
Working in shifts, the crew finished the job in 24
hours. Under normal conditions, a Hercules engine
can be changed in 6 hours. Problems also included
lack of proper equipment and a fatigued maintenance
crew. In some instances, intricate engine parts re-
quired working without gloves.

Scientific operations

A Litton Industries LTN-51 inertial navigation sys-
tem was tested on an LC-130 in November to
determine if an inertial platform can be alined at high
latitudes and still give accurate position information.
The system was tested on 12 flights (90 flight hours)
before one unit of the four-unit system failed. The
flights proved to the Naval Air Systems Command
that an inertial platform can be alined at a location
such as Williams Field and indicated that such a
system can provide position information as accurate
as that given by equipment now in the LC-130s.

A camera-equipped LC-130 photographed 1,695
nautical miles of flight line and produced 9,527 nega-
tives for an animal and bird census and for photo-
interpretation of rock and ice surfaces.

Five special photographic projects of the National
Science Foundation were completed, and two more
were partially completed. Vertical and oblique photo-
graphs were taken of all U.S. air facilities in Antarc-
tica. Some photographic-mapping and seal census
missions were completed by VXE-6 helicopters.

Helicopter operations

Lack of navigational aids limited the UH-11) heli-
copters to line-of-sight navigation in the central Trans-
antarctic Mountains, and weather—especially high
winds and heavy turbulence—threatened each mis-
sion. Nevertheless, the Hueys flew 530 hours this sea-
son, 90 percent of them for direct science support.

Five LH-34D helicopters are usually assigned to
VXE-6: three in Antarctica for scientific support and
two either undergoing major repair or enroute by ship
to Antarctica. Because an LH-34D was lost during
Deep Freeze 70, an additional one was flown to
McMurdo in the early season in the C-133.

U.S. Navr

A UH-11) "Huey" is unloaded from a C-133 at Williams Field.
"Hueys" are carried to remote camps in LC-130s after removal of

main and tail rotors.

The LH-34Ds, which operate within 250 nautica
miles of McMurdo Station, supported work in the
U.S. scientific program, the New Zealand scientifi
program, and Navy-sponsored activities. Also, th
LH-34Ds shuttled high priority cargo and passengerS
between McMurdo Station and Williams Field afte
the ice road became too soft for vehicles. Radio re
ceivers and directional antennas were installed in the
cargo compartment of one LH-34D to track the
movements of transmitter-equipped seals.

HH-52A helicopters from three U.S. Coast Guard
icebreakers— Westwind, Burton Island, and Staten
Island—also gave support. During one operation, a
Staten Island 1-IH-52A crashed on Mt. Erebus during
a flight to Cape Bird. Although the four passengers
and crew were removed without injury, the helicopter
was abandoned.

Pararescue team

The VXE-6 pararescue team, first organized in
1956, made 75 practice parachute jumps during Deep
Freeze 71. New team members received training in
ice rescue and ice and snow traversing.

Construction report
Deep Freeze 71

HUGH F. BOYD, III

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

Under the general supervision of the U.S. Naval
Support Force, Antarctica, the Naval Construction
Battalion Unit 201 (NCBU-201), deployed from
Davisville, Rhode Island, with six officers and 208 en-
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listed men, started or finished some 24 projects this
past austral summer at U.S. stations in Antarctica. It
was the fifth and last season of antarctic construction
for NCBU-201. The unit was deactivated on May 7,
1971, and will be replaced next season by Naval Mo-
bile Construction Battalion 71 (NMCB-71).

McMurdo Station

The most significant project at McMurdo Station
ths past season was the completion of an administra-
tion building. The building shell had been erected
duing Deep Freeze 70, and internal finishing was
completed this season. The two-story, 1,100-sq-m fa-
cilty contains the offices of Task Force 43 and Ant-
arctic Support Activities. Many functions, including
the communications and weather operations, have
been consolidated in this single location.

Much of the construction effort at McMurdo Sta-
tion was devoted to the erection of new buildings. A
12 by 30-rn two-story uninsulated and unheated food
warehouse was completed in late January. A similar
building but with insulation was completed for use
as a flammable-stores warehouse. A builder's trades
and grounds maintenance building of the same design
but with different internal finishing was finished in
early February.

Work on the water and sewage systems has been
going on for several years. During Deep Freeze 71 a
new water distillation unit was installed and is pro-
ducing at a rate of 38 liters per minute, substantially
increasing the fresh water supply at McMurdo. Fresh
water lines were installed to VXE-6 shops and offices,
and water and sewer lines were linked to the new ad-
ministration building and the Berg Field Center. Al-
most 240 rn of lines were installed in a project that
required the construction of two under-road cross-
ings. Heat tape and insulation were applied to the
lines.

The second increment of the Elliott Quay protec-
tive facing—construction of 46 m and repair of
10 rn—was completed this season. Progressive deteri-
oration of the ice shelf wharf has required cargo ships
to change their positions while unloading. This is
hazardous and time consuming. By Deep Freeze 73
the protective facing should be long enough to elimi-
nate the need for a position change while unloading.
While the protective facing was being installed, USNS
Pvt. John R. Towle struck the wharf, damaging four
sections. Shortly after they were repaired, USNS
Wyandot struck and damaged the facing three times.
Underwater cutting equipment will be required next
season to repair these sections. The use of fenders to
protect the facing is being studied.

Thirteen huts at McMurdo Station were disman-
tled this season. Ten Jamesway berthing huts were dis-

mantled and the sections stored for future use; two
of the huts were re-erected elsewhere, saving $5,000.
One jumbo Quonset hut was taken down, and the
matting, lumber, and electrical fixtures were salvaged,
saving more than $100,000. These salvaged materials
will be stored at McMurdo until needed. Two T-5
prefabricated, modular buildings were also disman-
tled. One will be sent to Siple Station early in Deep
Freeze 72, and part of the second will be erected in
support of construction at the new Pole Station.

The major earthwork project this season was the re-
alinement of Scott Base road, now 55 percent com-
plete. When finished, all grades in excess of 10 de-
grees will have been eliminated. During the past
season 9,200 cu m of permafrost and rock were blasted
out and more than 18,000 cu m of fill placed.

Lack of material prevented completion of a 92-rn
insulated water line from the nuclear power plant to
McMurdo Sound, although the metal supports and a
temporary 46-m line were installed.

Several complaints about inconsistencies in the
heating system in the permanent buildings led to in -
vestigation and partial correction of the system by the
technical representative for Air Balance Corporation.
Remaining problems will be corrected during Deep
Freeze 72.

The foundation pad for the incinerator was incom-
plete at the end of the season. More than 6,000 cu m
of fill were placed at the construction site, but 3,000
cu m are required.

Other projects completed at McMurdo included
the relocation of the two units that make up the bal-
loon inflation building and construction of an 18- by
46-rn concrete pad for the combined fire house and
telnhone exchange building. CBU-201 also assisted
a Naval Civil Engineering Laboratory field investiga
tion team and built a pontoon assembly to act as a
docking fender for Maumee.

Other station construction

Construction began on the new Pole Station this
year with less than expected success. Less than half
of the foundation was prepared, and 60 percent of the
utilidor trench was dug. The new station is scheduled
to be completed in early Deep Freeze 74.

Two plywood top hats were constructed at the ex-
isting Pole Station. A third 6.7- by 18- by 3-rn top
hat—designed to relieve the pressure of the snow on
the station buildings—was not finished due to a lack
of materials.

Phase 1 of the Siple Station construction project
was completed during this season. This consisted of
deactivating Byrd Station's longwire substation after
seasonal scientific projects were completed and remov-
ing the station to McMurdo, where it is being re-
habilitated extensively.
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Several projects scheduled for Byrd Station were
cancelled when the decision was made to close that
station after the Deep Freeze 72 summer season. Con-
siderable ice was removed from the tunnels at Byrd
by CBU-201 personnel.

Future construction

An ambitious construction program is planned for
Deep Freeze 72. At Pole Station, the wonder arch,
the snow foundation, the utilidor, and the geodestic
dome are scheduled to be completed.

The three vans removed from the Byrd longwire
substation will be installed under the wonder arch at
Siple Station along with one of the T-5 buildings
from McMurdo. Three vans previously used at the
Little Jeana weather facility are being rehabilitated
at McMurdo and will be placed at Brockton Station.
The vans presently on the ice shelf will be returned
to McMurdo for refurbishing.

The men who remain at McMurdo Station will
erect a new fire station/ telephone exchange, an in-
cinerator facility, a communications transmitter build-
ing, and Holiday Inn van units for berthing at
Williams Field. In addition, extensive earthwork is
scheduled for the -Scott Base road and the helicopter
landing pad. A line for jet fuel will be installed from
McMurdo to a terminus at Scott Base for truck or
sled transport of the fuel to Williams Field. The Deep
Freeze 72 construction season should be as demand-
ing and as exciting as any to date.

Key construction personnel

Task Force 43 Assistant Chief of Staff for Civil
Engineering—Lt. Comdr. Thomas L. Boennighausen,
CEC, U.S. Navy; Construction and Equipment Offi-
cer—Capt. Philip L. Hall, U.S. Army; Officer in
Charge, NCBU-201—Lt. John E. Perry, Jr., CEC,
U.S. Navy.

Nuclear power operations
Deep Freeze 70-71

MYRON H. BELL

Chief Warrant Officer, U.S. Navy
Naval Nuclear Power Unit

Fort Belvoir, Virginia

During 1970, the PM-3A nuclear power plant pro-
vided electrical power to McMurdo Station at a
somewhat lower availability rate than in previous

years. This was caused primarily by an extension f
the Deep Freeze 70 annual maintenance period to
complete necessary modifications, a midwinter shut-
down for refueling, and the early initiation of the
Deep Freeze 71 annual maintenance period. Major
summer projects included an extensive turbine over-
haul, the installation of a third water distillation unit,
and the acid cleaning of the steam generator.

The PM-3A was at power for just under 6,000 ir
during calendar 1970 for an availability of 68 perce t.
A total of 6,736,000 kwh of electrical energy was sup-
plied (table 1), and 1,924,000 gallons of fresh watr
were produced (table 2). An additional 3,535,090
gallons of fresh water were produced by nonnuc1er
means.

Crew relief

The PM-3A replacement crew arrived in October
1970 and took over operation of the plant on Novem-

Table 1. PM-3A electrical energy production, 1962-1970.

Diesel-fuel
equivalent'

Calendar	Hours at	Availability Megawatt-hours	
of net

year power (percent) delivered 
production
(thousand
gallons)

2 1962	 -	- -	1,803	134
2 1963	 -	-	33268	242

1964	3,146	64	2,410	179
1965	5,333	61	5,240	389
1966	6,782	77	6,780	503
1967	7,555	86	7,400	549
1968	7,471	85	73680	570
1969	6,911	79	7,620	565
1970	5,986	68	6,736	499
1962-1970	43,184	74	48,937	3,630

'The conversion figure of 13.48 kwh per gallon of diesel
fuel is derived from actual McMurdo diesel plant operations
in 1967.

2 Contractor's tests, January 1, 1962, to June 9, 1964.
Estimated.
June 10 to December 31 only. See note 2.

Table 2. PM-3A water distillation, 1967-1970.

Calendar	Water distilled Diesel fuel equivalent
by nuclear energy of net productionyear	(thousand gallons) (thousand gallons)'

1967	 1,943	 57
1968	 2,168	 63
1969	 2,647	 77
1970	 1,924	 56

'The conversion figure of 34.28 gallons of water per
gallon of diesel fuel is derived by using the auxiliary boiler
usage of 17.5 gallons of diesel fuel per hour and the distilla-
tion unit's normal output of 600 gallons of water per hour.
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ber 9, when Lt. Comdr. Albert A. Arcuni, CEC, USN,
relieved Lt. Comdr. Ralph R. Reynolds, CEC, USN,
as officer in charge. This complete annual turnover of
operating crews is made possible by retaining within
the Navy nuclear shore program one-third of each re-
placed crew to form the nucleus of subsequent crews
a d by having a vigorous and effective training pro-
gram. Before his deployment, each crew member al-
ready has achieved the experience and qualifications
necessary for his assigned position. As a result of ex-
t nsive experience and predeployment training the
new crew is equipped to obtain maximum value from
an intensive overlap training period at the PM-3A,
and within approximately 30 days the new crew is
fully qualified to operate the plant safely and effi-
cintly.

Tirbine overhaul

As a result of recommendations made after a Janu-
ary 1968 inspection, the turbine was overhauled in
December 1970 and January 1971. The turbine rotor,
interstage diaphragms, and worn bearings were re-
placed. A major problem developed when it was dis-
cevered that the turbine diaphragms had not been
machined to the correct specifications. The incorrect
tolerance widened the clearances between the rotor
arid the diaphragms. Special procedures were devel-
oped for the initial turbine startup, however, and all
startup tests were completed satisfactorily. No further
problems have been encountered.

New water distillation units

Decreasing water production rates and excessive
mintenance problems with the two carbon steel flash
evaporator units during calendar 1969 and 1970
prompted an intensive study of the PM-3A sea water
distillation plant. The study showed that extensive
corrosion of the carbon steel components had blocked
theflow path. A new flash evaporator unit with
copper-nickel components was installed and placed in
service in February 1971. The unit has a design life
of 20 years.

An invitation to bids for the fabrication of a second
copper-nickel flash evaporator was recently released.
The bid package contains an option clause for the
procurement of a third unit of this type. Tentative
plans call for delivery of the second unit during the
Deep Freeze 72 austral summer, with the third unit
tofol1ow a year later. These two new units will re-
plce the remaining carbon steel units and will pro-
vide the necessary production capacity to meet the
needs of McMurdo for the foreseeable future.

July—August 1971

Antarctic Support Activities
Deep Freeze 71

COMMANDER and STAFF

Antarctic Support Activities

Public works

Antarctic Support Activities (ASA) is the branch
of the Naval Support Force that operates the U.S.
stations.

To begin the season, the public works department
cleared the annual ice runway and removed the win-
ter's snow accumulation at McMurdo Station. Later
in the season, abnormally high temperatures practi-
cally destroyed the snow roads, skiways, and ice run-
ways. The Outer Williams Field emergency runway
was soon abandoned, but constant dragging and grad-
ing of the skiway and parking areas at Williams Field
kept it operating. The galley at Williams Field, begin-
ning to settle in the slush, was moved to a safer loca-
tion by the men of the wintering-over detachment.
The snow road from Scott Base to Williams Field
succumbed to the sun, and overland transport had to
be carried on by tractor train and helicopter. In late
.January, temperatures dropped to seasonal norms, and
the snow road was rebuilt.

Over the season, the men of the public works de-
partment generated 2,482,000 kilowatt-hours of elec-
trical power, inspected all pressure-fired boilers, over-
hauled equipment, repaired and maintained hundreds
of pieces of rolling stock and specialized equipment,
tested new vehicles, constructed a 28-section pontoon
for ship offloading and assisted in offloading three
ships, and performed the many routine and not-so-
routine housekeeping tasks.

Aviation and weather services

The air facility at McMurdo Station comprises two
perpendicular skiways on the ice shelf, an ice runway
on the adjacent annual sea ice, and a crosswind ice
runway 11 km from the skiways on the ice shelf.
Hallett Station has an annual sea-ice runway, and
Pole and Byrd Stations have skiways. As in previous
years, they were graded, and the ice runways were
plowed, leaving a thin covering of snow or chipped
ice on the surface to provide friction and prevent
melting of the landing surface. Detachment Bravo
operated the air traffic control center at McMurdo
Station and navigational aids at the other fields.

Detachment Charlie provided weather services at
McMurdo Station and Christchurch for flights to,
from, and within the continent of Antarctica in addi-

145



U.S. Navy

Weather building at Hallett Station.

tion to its duties of supporting programs of the World
Meteorological Organization and the National Science
Foundation. Besides standard weather observations,
meteorological information was obtained using
GMD-1B radiosonde equipment and the ESSA 8,
ITOS 1, Nimbus IV, and NOAA 1 satellites. Nimbus
IV, activated in December and fully operational in
January 1971, produces outstanding pictures and has
proved to be a most useful meteorological aid.

Communications

Radio communications during Deep Freeze 71 were
generally excellent. Total blackouts—which occurred
in November, December, and January—lasted only 9
days. Some sporadic ionospheric disturbances were ex-
perienced in mid-November.

Almost 100,000 messages were processed during the
operating season. Communications circuitry to handle
these messages includes teletype, voice, facsimile, and
continuous wave ties that link McMurdo Station with
Christchurch and with the outlying stations and field
parties. Messages also were processed for all Task
Force ships operating south of 60°S. Air/ground cir-
cuits handled the vital aircraft communications for
flights to New Zealand, Pole and Byrd Stations,
Halley Bay, the dry valleys, and other points.

Weather data were exchanged daily with Mob-
dezhnaya (Soviet), Dumont d'Urville (French), and
Casey (Australian) Stations.

Logistics

Resupply via surface vessels was highly successful
in Deep Freeze 71. USNS Put. John R. Towle deliv-
ered 3,120 short tons of cargo, and USNS Wyandot
1,890 short tons, to McMurdo Station. Using small
amphibious landing craft, Wyandot also delivered 115
short tons of cargo to Palmer Station while en route
to McMurdo.

Five to six dockside days per ship are required to
offload materials and supplies destined for use at

McMurdo Station, the outlying stations Byrd, South
Pole, Hallett, Brockton, and Siple, and the temporary
field camps. VXE-6 LC-130s fly the materials to the
remote locations. The majority of this material is ear-
marked for each station prior to its loading at the
Construction Battalion Center, Davisville, Rhode
Island.

Another resupply operation takes place earlier In
the season. High priority items, usually consisting f
materiel needed early in the summer season, are se it
to Christchurch before the season opens, then flown
in after opening day. Usually one commercial ship is
used for this so-called kilo-air operation; it is loaded
at Davisville in late August or early September. On
arrival of the main force at McMurdo Station in ealy
October, this cargo is flown by VXE-6 and MAC
aircraft from Christchurch. Over 275 short tons jof
kilo-air cargo were flown in during Deep Freeze 71.

Material and equipment received via Military Sea-
lift Command ships are offloaded primarily by the
U.S. Naval Cargo Handling and Port Group, Detach-
ment Echo, assisted by personnel from units at Mc-
Murdo Station. Detachment Echo is formed in late
December at Williamsburg, Virginia, and arrives at
McMurdo a week before the first surface vessel. The
group unloads the ships and backloads salvagable
materials and equipment slated for overhaul.

Included in the annual resupply are foodstuffs.
Palmer Station receives its food supply directly from
the United States via USNS Wyandot. The remainder
of the continent's provisions are shipped to the main
food storage warehouses at McMurdo Station. All
other U.S. outlying stations are supplied from
McMurdo.

Not all food and repair parts are purchased in the
United States. Considerable food and materials are
procured by Detachment One, U.S. Naval Support
Force, Antarctica, permanently based in Christchurch.
Under a United States-New Zealand agreement, 1e-
tachment One may procure materials and services
the New Zealand market. New areas of support c4n
sistently are being explored in New Zealand.

Fuel delivery

Fuel often has been called the "life blood" of Ant-
arctica. The fuel depot at McMurdo Station consists
of 18 welded-seam, fixed-roof storage tanks and a
central pumping station. The fuel tanks, which can
hold 8 million gallons, are on the outskirts of I\f1c-
Murdo Station and in the area between McMurdo
and New Zealand's Scott Base. The pumping station
is at Hut Point, near the tanker offload manifoldsat
Elliott Quay.

The Williams Field fuel farm consists of eight
25,000-gallon collapsible rubber fuel bladders and
portable filtering equipment, meters, hose, valves, and

146	 ANTARCTIC JOURNAL



nozzles to fuel aircraft safely. The usual fuel capacity
at Williams Field is 125,000 gallons of jet fuel and
75,000 gallons of diesel fuel. These two products are
delivered to Williams Field by a hose line and/or
mobile tankers. The jet fuel (used in LC-130s as well
as in pure jets) is pumped from the McMurdo fuel
depot to Williams Field via a 4-inch rubber hose line,
utilizing a booster pump from a station on the annual
ice. The diesel fuel is delivered to Williams Field en-
tirely by mobile tankers, as is the jet fuel after the an-
nual ice becomes unsafe and the hose is retrieved.
Jet and diesel fuel is delivered to Byrd and South
Pole Stations by aircraft with removable tanks in-
stalled in the interior of the fuselage. Automotive gas-
oline is delivered by aircraft in 55-gallon drums.

Hallett and Palmer Stations receive all petroleum
products via U.S. Coast Guard icebreakers during the
summer season. Hallett Station's fuel depot is a
welded-seam storage tank with a capacity of 100,000
gallons of diesel fuel. The Palmer Station fuel farm
consists of two 125,000-gallon steel welded tanks of
marine diesel fuel.

All petroleum products are delivered to McMurdo
Station by the USNS Maumee, a hugh T-5 class
tanker. During the Deep Freeze 71 season, it delivered
5,339,000 gallons of products to McMurdo in only 47
hours of pumping time. Formerly, many trips to Mc-
Murdo Station were required each year by one or
more smaller tankers to refuel the station; the use of
Maumee makes the operation safer, more efficient,
and faster.

Health care

During Deep Freeze 71, the medical department
processed 1,522 sick call visits, a 40-percent reduction
from the previous year. The vast majority involved
upper respiratory infections and minor degrees of
rnusculo-skeletal traumas. Conditions such as these
are common among people who work with heavy
equipment and perform strenuous physical labor in
a dry, severe climate. Intermittent influxes of visitors
with their foreign, viral germs also contribute to these
ailments.

United States inspects four foreign stations

FRANK C. MAHNCKE

U.S. Arms Control and Disarmament Agency

During February and March 1971, the United
States inspected four foreign stations in Antarctica.
Acting under Article VII of the Antarctic Treaty, a
six-man inspection team planned to travel from Mc-
Murdo to Palmer Station on the USCGC Staten
Island, inspecting coastal stations as weather and ice
conditions permitted.

The team left McMurdo on February 12 and in-
spcted Dumont d'Urville (France), Casey (Austra-
lia), Mirnyy (Soviet Union), Mawson (Australia),
and, while at Mawson, the M/V Nella Dan. Owing to
hull damage sustained near Mawson, the voyage was
terminated on March 2, and the damaged Staten
Island headed for Melbourne.

The inspection team was cordially received at each
station. All facilities were opened to it, and all pro-
grams were described freely by station personnel. The
observed activities at each station were in compliance

with the provisions and the spirit of the Antarctic
Treaty and its associated regulatory regime.

The inspection team was led by Kenneth Kerst of
the Department of State and comprised Richard Gar-
vey, Capt., U.S. Navy, on detached service with the
Arms Control and Disarmament Agency; Victor
Hammond, an electronics engineer with the Depart-
ment of Defense; Clyde Jones, a zoologist with the
Fish and Wildlife Service; Frank Mahncke, an oper-
ations analyst with the Arms Control and Disarma-
ment Agency; and Charles Roberts, a polar meteorol-
ogist with the National Weather Service.

The Treaty provides that officially designated ob-
servers ". . . shall have complete freedom of access at
any time to any and all areas of Antarctica [and] all
stations, installations and equipment within those
areas . . ." Regular readers of the Antarctic Journal
will recall that inspections have been conducted by
Argentina, Australia, New Zealand, the United King-
dom, and the United States (Smith, 1967).

Dumont d'Urville Station

The inspection team arrived at Dumont d'Urville
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Mr. Victor Hammond enters a building at Mirnyy Station

by helicopter in the morning of February 21 and was
met by Bernard Barriquand, leader of the 21st French
Antarctic Expedition, who invited them to stay for
lunch and for as long a visit as they desired.

Dumont d'Urville, on Petrel Island, is a modern,
spacious station that has been developed extensively
since the International Geophysical Year. Buildings
are constructed of a plastic sandwich material with ex-
terior steel frames. This season a two-story dormitory
with individual rooms was being completed. The pop-
ulation is approximately 60 in the summer but drops
to 30 in the winter.

A full scientific program is conducted, and the first
phase of a centralized data collection center was com-
pleted this summer. Equipment racks for very-low-
frequency, riometer, ionosonde, and satellite data col-
lection and for telemetry antenna control are arranged
in an "L." Facing the center of the "L" is a console
from which the equipment is supervised and the tele-
metry antenna controlled. Five technicians operate the
center continuously on a rotating watch.

The biological program includes surveys of local
birds and mammals, long-term studies of population
dynamics, and specialized projects reflecting individ-
ual expertise. Eight bird species have rookeries within
275 m of the station. Efforts are made to prevent dis-
turbance of these areas: no one may enter a rookery
unless accompanied by a biologist, and buildings and
dumps are located to minimize disturbance.

Casey Station

Although the motor vessel Thala Dan did not need
Staten Island's assistance to resupply Casey as had
been expected, Casey invited the inspection team to
pay a call and take out the last mail for the season.
This was done on February 21, and Jeff Walter, the
station leader, escorted Mr. Kerst on a general tour
while the rest of the team, divided by specialty, visited
station facilities with Casey staff members.

Casey, the replacement for Wilkes Station, has a
unique and successful design chosen to minimize snow
accumulation. Twelve buildings are set on elevated
frames in a line across the prevailing wind with a
half-round passageway, facing the wind, connecting
them.

Two geophysical traverses are planned for 1971.
During a 2-month autumn traverse, glacial strain net
and ice thickness measurements will be made inland
for 70 km from the Casey ice cap dome. A 4-month
spring-summer traverse will carry these measurements
an additional 500 km along the line of the Wilkes-
Vostok traverse of 1962. Two large Nodwell tractors
will carry an X-band navigational radar and a 100-
MHz ice-sounding radar that will continuously record
ice thickness on 35-mm film. Two D-4 tractors will
pull sleeping caravans and fuel sledges.

Mirnyy Station

Arriving near the U.S.S.R.'s Mirnyy Station in the
afternoon of February 23, Staten Island was warned
away from shallow water by radio and signal rockets
sent up from the station. After lying off overnight, the
inspection team arrived by helicopter at Mirnyy the
next morning. The team was welcomed by the station
chief, V. M. Rogachev, and members of the 15th
(outgoing) and 16th (incoming) Soviet Antarctic
Expeditions.

Built during the IGY, Mirnyy has had a continual
snow drifting problem. Many buildings are covered
by snow, and entrance is often through a rooftop
hatch. Komsomol'skaya Hill, on which many of the
scientific buildings are located, remains relatively
snow free.

The station had been the headquarters for the So-
viet antarctic program, but this function was trans-
ferred to Molodezhnaya this season. Mirnyy still main-
tains an active program of antarctic observations. A
camera for photographing satellite passages is oper-
ated from a building with a removable roof on Kom-
somol'skaya Hill. Photographs are processed on-station
and returned to Moscow where the data are read and
added to those from other stations participating in the
International Satellite Geodesy Program.
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Mirnyy receives weather pictures from the Nimbus
IV, ESSA 8, and ITOS 1 satellites. Facsimile maps,
forecasts, and weather bulletins are prepared for the
antarctic areas between 40°E. and 140°E. A teletype
station relays forecasts and receives synoptic reports
from other stations.

Five scientists using aqualungs were making experi-
mental dives to depths of 50 m this summer. They
were also gathering biological samples from the local
seabed.

Following a postinspection luncheon, the weather
closed in quite suddenly, and the helicopters could not
return to Staten Island. Despite having two Soviet ex-
pedition complements at the station, the Soviets went
out of their way to provide comfortable overnight ac-
commodations for their 12 guests—six observers and
siy. helicopter crewmen.

During the night, a helicopter blade was damaged
by 60-knot winds. The next day was a race against
the weather to get new blades from Staten Island and
to clean the engines of snow and warm them up.
Mirnyy personnel were helpful throughout, assisting
with the difficult transfer of the new blades from ship's
boat to shore and providing a crane, tractors, and an
arcraft preheater. By midafternoon the work was
completed, and the helicopters flew back to the Staten
Island.

Mawson Station

The Australian Mawson Station was inspected on
February 28. As had become standard practice, the
team broke into specialized groups during the inspec-
tion. W. B. R. Smith, officer in charge for 1970, and
L. E. Macy, officer in charge for 1971, took Mr.
Kerst on a general tour of the station facilities.

The station is located in an open rock bowl that
forms a small harbor. Although the area is subject to
katabatic winds, the station is snow free in the sum-
mer, and the harbor provides a well protected an-
chorage.

A team of 25 men, supported by three small heli-
copters and a fixed-wing aircraft, spent 4 weeks in the
Prince Charles Mountains conducting a general geo-
logical survey and establishing control points for aerial
photography. This work completed a set of ground
control points connecting Mawson and Davis Stations
through the Prince Charles Mountains. Geological
and biological collections were made. The work will
be continued next summer, and in support of that an
autumn depot-laying traverse and a similar spring
traverse will be made.

Every effort is being made at Mawson to minimize
disturbance of local bird and mammal colonies. For
exmple, the same person dressed the same way is the
only person to enter a colony. The station's 22 sledge

July–August 1971

The Danish vessel Nella Dan was inspected while unloading cargo
at Mawson Station.

dogs, used for expeditions to outlying biological re-
search sites, are kept closely tethered. Station refuse
is handled carefully, and the exposed areas are swept
of refuse after cargo handling or construction. The
station has adopted the motto: "Keep Antarctica
White."

Following the inspection, the team was invited to
lunch aboard the Danish vessel M/V Nella Dan,
which was unloading cargo at Mawson. After lunch,
two team members remained to inspect the ship in
the company of the Master, Capt. Hans A. J . Nielsen.
The Nella Dan, ice strengthened and designed for
polar operations, carries a year's provisions and can
wait out any ice conditions. As there are no pier fa-
cilities at Mawson, cargo is offloaded to an amphibi-
ous vehicle and carried ashore.

While the inspection team was at Mawson, Staten
Island struck a submerged pinnacle, causing flooding
in several compartments. Since the icebreaking capa-
bility was reduced, the inspection voyage was ended,
and the Staten Island withdrew from antarctic waters,
arriving in Melbourne on March 15.

Results

The inspection team was received by the host sta-
tions in the spirit of open international cooperation
that has characterized the Antarctic during the 10
years that the Antarctic Treaty has been in force.
Team members were welcomed everywhere, and all
facilities and programs were opened to them.

No military activities, armaments, or nuclear waste
disposal were seen by the inspection team, and all ob-
served scientific programs were in accord with previ-
ously published plans. The stations were observing
sound procedures for the conservation of living re-
sources.

Reference

Smith, Lewis 0. 1967. U.S. observers inspect foreign ant-
arctic stations. Antarctic Journal of the U.S., 11(4): 145.
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Univ. of Washington

Joseph 0. Fletcher to head
Office of Polar Programs

Mr. Joseph 0. Fletcher has been appointed Head,
Office of Polar Programs, effective September 1, 1971.

Mr. Fletcher, currently a research professor of
oceanography and atmospheric sciences at the Univer-
sity of Washington, has been a research scientist with
the Rand Corporation in Santa Monica, California,
since 1963. His scientific interests include the effect
of polar ice on world climate, about which he has
written numerous research papers. Mr. Fletcher brings
with him expertise in problems of the environment,
especially as they relate to the polar regions.

On June 1, 1971, Dr. Louis 0. Quam, acting head
of the Office of Polar Programs since December 1969,
resumed his duties as chief scientist for the office.
Mr. Philip M. Smith serves as acting head until Sep-
tember 1, when he will revert to the deputy head
position.

Philatelic mail for Deep Freeze 72

Philatelic covers will be accepted during the Deep
Freeze 72 season by two U.S. stations in Antarctica and
by three Deep Freeze ships. McMurdo Station and
Amundsen-Scott South Pole Station postmarks may be
obtained by placing two addressed envelopes, each
bearing U.S. postage at letter mail rate,* in an enve-
lope 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-
sired, the single submitted cover should have either
"McMurdo" or "Pole" written in the lower left cor-
ner. These covers must arrive at Davisville by Septem-
ber 1, 1971, to be processed for shipment to Antarctica.
Cancellations will be applied during the austral win-
ter, and collectors may expect to receive the covers
between April and June 1972.

Ship cancellations may be obtained by sending cov-
ers to Deep Freeze Philatelic Mail, followed by the
name and address of the ship whose postmark is de-
sired. These covers must be received by November 1,
1971. The ships' addresses are:

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

USCGC Southwind (WAGB-280), FPO New
York, New York 09501.

USCGC Northwind (WAGB-282), FPO Seattle,
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 author-
ized 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

The following translations, prepared for the Polar
Information Service of the National Science Founda-
tion, are available at $3 per copy from the National
Technical Information Service, Springfield, Virginia
22151:

Academy of Sciences of the U.S.S.R. Antarctica.
Commission Reports 1967. V. A. Bugaev, Chief Edi-
tor. 1969. 222 p. (TT 70-50088).

Arctic and Antarctic Research Institute. The Phys-
ics of Ice. V. V. Bogorodskii, Editor. 1970. (its Trans-
actions, vol. 295.) 157 p. (TT 70-50158).

Doronin, Yu. P. Thermal interaction of the Atmo-
sphere and the Hydrosphere in the Arctic. Arctic and
Antarctic Scientific Research Institute. 1969. 244 P.
(TT 70-50091).

* Foreign co l lectors may use International Reply Coupons
to defray postal charges.
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